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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products
or to discontinue any product or service without notice, and advise customers to obtain the latest
version of relevant information to verify, before placing orders, that information being relied on
is current and complete. All products are sold subject to the terms and conditions of sale supplied
at the time of order acknowledgement, including those pertaining to warranty, patent
infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the
time of sale in accordance with TI's standard warranty. Testing and other quality control
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific testing
of all parameters of each device is not necessarily performed, except those mandated by
government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE
POTENTIAL RISKS OF DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR
ENVIRONMENTAL DAMAGE (“CRITICAL APPLICATIONS”). TI SEMICONDUCTOR
PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR WARRANTED TO BE SUITABLE FOR
USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.
INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY
AT THE CUSTOMER’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards must be provided by the customer to minimize inherent or procedural
hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not
warrant or represent that any license, either express or implied, is granted under any patentright,
copyright, mask work right, or other intellectual property right of Tl covering or relating to any
combination, machine, or process in which such semiconductor products or services might be
or are used. TI's publication of information regarding any third party’s products or services does
not constitute TI's approval, warranty or endorsement thereof.

Copyright © 2000, Texas Instruments Incorporated



INTRODUCTION

The new Texas Instruments (TI™) AVC (Advanced Very-Low-Voltage CMOS) logic family
provides designers the tools to create tomorrow’s advanced high-speed systems with
propagation delays of less than 2 ns. Although optimized for 2.5-V systems, AVC logic
supports operating voltages between 1.2 V and 3.6 V. The AVC family features TI's new
Dynamic Output Control (DOC™) circuitry, which dynamically lowers circuit output impedance
during signal transition for fast rise and fall times, then raises the impedance after signal
transition to reduce ringing.

Trends in digital electronics design emphasize lower power consumption, lower supply
voltages, faster operating speeds, smaller timing budgets, and heavier loads. Many designs
are making the transition from 3.3 V to 2.5 V, with bus speeds increasing beyond 100 MHz.
Signal integrity need not be compromised to meet these design requirements. The Tl AVC
family is designed to meet the needs of these high-speed, low-voltage systems, including
next-generation high-performance workstations, PCs, networking servers, and
telecommunications switching equipment.

Key features are:

® Sub-2-ns maximum tyq at 2.5 V for AVC16245

® Designed for next-generation, high-performance PCs, workstations, and servers
® DOC circuitry enhances high-speed, low-noise operation.

® Supports mixed-voltage systems

® Optimized for 2.5 V; operable from 1.2 V to 3.6 V

® Bus-hold option eliminates need for external resistors on unused input pins.

® |off supports partial power down.

For more information on these or other Tl products, please consult the Tl Worldwide Technical
Support list in the back of this data book, or visit the TI logic web site at
http://www.ti.com/sc/logic.

DOC and Tl are trademarks of Texas Instruments Incorporated.
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PRODUCT STAGE STATEMENTS

Product stage statements are used on Texas Instruments data sheets to indicate the
development stage(s) of the product(s) specified in the data sheets.

If all products specified in a data sheet are at the same development stage, the appropriate
statement from the following list is placed in the lower left corner of the first page of the
data sheet.

PRODUCTION DATA information is current as of publication date. Products conform
to specifications per the terms of Texas Instruments standard warranty. Production
processing does not necessarily include testing of all parameters.

ADVANCE INFORMATION concerns new products in the sampling or preproduction
phase of development. Characteristic data and other specifications are subject to
change without notice.

PRODUCT PREVIEW information concerns products in the formative or design
phase of development. Characteristic data and other specifications are design
goals. Texas Instruments reserves the right to change or discontinue these products
without notice.

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first
statement below is placed in the lower left corner of the first page of the data sheet.
Subsequent pages of the data sheet containing PRODUCT PREVIEW information or
ADVANCE INFORMATION are then marked in the lower left-hand corner with the appropriate
statement given below:

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA
information current as of publication date. Products conform to specifications per the
terms of Texas Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

ADVANCE INFORMATION concerns new products in the sampling or preproduction
phase of development. Characteristic data and other specifications are subject to
change without notice.

PRODUCT PREVIEW information concerns products in the formative or design
phase of development. Characteristic data and other specifications are design
goals. Texas Instruments reserves the right to change or discontinue these products
without notice.
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

INTRODUCTION

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council
ofthe Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical Commission
(IEC) for international use.

operating conditions and characteristics (in sequence by letter symbols)

Ci

Cio

fmax

IBHH

IBHL

IBHHO
IBHLO
lcc

Alce

lcEX

li(hold)

Input capacitance
The capacitance of an input terminal of the device

Input/output capacitance

The capacitance of an input/output (I/O) terminal of the device with the input conditions applied that,
according to the product specification, establishes the high-impedance state at the output

Output capacitance

The capacitance of an output terminal of the device with the input conditions applied that, according
to the product specification, establishes the high-impedance state at the output

Power dissipation capacitance

Used to determine the no-load dynamic power dissipation per logic function (see individual circuit
pages): Pp = Cpg Vec? f+lcc Vee

Maximum clock frequency

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence
while maintaining stable transitions of logic level at the output with input conditions established that
should cause changes of output logic level in accordance with the specification

Bus-hold high sustaining current

The bus-hold circuit can source at least the minimum high sustaining current at V| min. Igyy should
be measured after raising V| to V¢ and then lowering it to Vi min.

Bus-hold low sustaining current

The bus-hold circuit can sink at least the minimum low sustaining current at V| max. Igy should be
measured after lowering V,y to GND and then raising it to V| max.

Bus-hold high overdrive current

An external driver must sink at least Igyyo to switch this node from high to low.

Bus-hold low overdrive current
An external driver must source at least Igq o to switch this node from low to high.

Supply current
The current into* the V¢ supply terminal of an integrated circuit

Supply current change

The increase in supply current for each input that is at one of the specified TTL voltage levels rather
than O V or Ve

Output high leakage current

The maximum leakage current into* an output that is in a high state and Vg = V¢

Input hold current

The input current that holds the input at the previous state when the driving device goes to the
high-impedance state

*Current out of a terminal is given as a negative value.
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

IiH

loHs

loLs

lozpD

lozpu

jitter

jitter(RMS)

High-level input current
The current into* an input when a high-level voltage is applied to that input

Low-level input current
The current into* an input when a low-level voltage is applied to that input

Input/output power-off leakage current

The maximum leakage current into* an input or output terminal of the device with the specified voltage
applied to the terminal and Ve =0V

High-level output current

The current into* an output with input conditions applied that, according to the product specification,
establishes a high level at the output

Static high-level output current

The static and testable current into* a Dynamic Output Control (DOC™) output with input conditions
applied that, according to the product specifications, establishes a static high level at the output. The
dynamic drive current is not specified for devices with DOC outputs because of its transient nature;
however, it is similar to the dynamic drive current that is available from a high-drive (nondamping
resistor) standard-output device.

Low-level output current

The current into* an output with input conditions applied that, according to the product specification,
establishes a low level at the output

Static low-level output current

The static and testable current into* a Dynamic Output Control (DOC) output with input conditions
applied that, according to the product specifications, establishes a static low level at the output. The
dynamic drive current is not specified for devices with DOC outputs because of its transient nature;
however, it is similar to the dynamic drive current that is available from a high-drive (nondamping
resistor) standard-output device.

Off-state (high-impedance state) output current (of a 3-state output)

The current flowing into* an output with the input conditions applied that, according to the product
specification, establishes the high-impedance state at the output

Power-down off-state (high-impedance state) output current (of a 3-state output)

The current flowing into* an output that is switched to or held in the high-impedance state as the device
is being powered down to Vcc =0V

Power-up off-state (high-impedance state) output current (of a 3-state output)

The current flowing into* an output that is switched to or held in the high-impedance state as the device
is being powered up from Ve =0V

Jitter

Dispersion of a time parameter of the pulse waveforms in a pulse train with respect to a reference time,
interval, or duration. Unless otherwise specified by a mathematical adjective, peak-to-peak jitter is
assumed.

RMS jitter
The root mean square jitter, one-sixth of the maximum peak-to-peak jitter

*Current out of a terminal is given as a negative value.
DOC is a trademark of Texas Instruments Incorporated.
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

SR

tgis

tf

tPHL

tpHZ

Slew rate

The average rate of change (i.e., V/ns) for a waveform that is changing from one defined logic level to
another defined logic level

Access time

The time interval between the application of a specified input pulse and the availability of valid signals
at an output

Clock cycle time

Clock cycle time is 1/fnax

Disable time (of a 3-state or open-collector output)

The propagation time between the specified reference points on the input and output voltage

waveforms with the output changing from either of the defined active levels (high or low) to the

high-impedance (off) state

NOTE: For 3-state outputs, tgis = tpHz Or tp| z. Open-collector outputs change only if they are low at
the time of disabling, so tgis = tpLH-

Enable time (of a 3-state or open-collector output)

The propagation time between the specified reference points on the input and output voltage
waveforms with the output changing from the high-impedance (off) state to either of the defined active
levels (high or low)

NOTE: In the case of memories, this is the access time from an enable input (e.g., OE). For 3-state
outputs, tep = tpzH Or tpz| . Open-collector outputs change only if they are responding to data
that would cause the output to go low, so tep = tpH| -

Fall time

The time interval between two reference points (90% and 10%, unless otherwise specified) on a

waveform that is changing from the defined high level to the defined low level

Hold time

The time interval during which a signal is retained at a specified input terminal after an active transition
occurs at another specified input terminal

NOTES: 1. The hold time is the actual time interval between two signal events and is determined by
the system in which the digital circuit operates. A minimum value is specified that is the
shortest interval for which correct operation of the digital circuit is to be expected.

2. The hold time may have a negative value, in which case, the minimum limit defines the
longest interval (between the release of the signal and the active transition) for which correct
operation of the digital circuit is to be expected.
Propagation delay time
The time between the specified reference points on the input and output voltage waveforms with the
output changing from one defined level (high or low) to the other defined level (tpq = tpyL OF tpLH)
Propagation delay time, high-to-low level output
The time between the specified reference points on the input and output voltage waveforms with the
output changing from the defined high level to the defined low level
Disable time (of a 3-state output) from high level

The time interval between the specified reference points on the input and the output voltage waveforms
with the 3-state output changing from the defined high level to the high-impedance (off) state
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

tpLH

tpLz

tpzH

tpzL

tsk(i)

tsk()

tsk(o)

tsk(p)

tsk(pr)

Propagation delay time, low-to-high level output

The time between the specified reference points on the input and output voltage waveforms with the
output changing from the defined low level to the defined high level

Disable time (of a 3-state output) from low level

The time interval between the specified reference points on the input and the output voltage waveforms
with the 3-state output changing from the defined low level to the high-impedance (off) state

Enable time (of a 3-state output) to high level

The time interval between the specified reference points on the input and output voltage waveforms
with the 3-state output changing from the high-impedance (off) state to the defined high level

Enable time (of a 3-state output) to low level

The time interval between the specified reference points on the input and output voltage waveforms
with the 3-state output changing from the high-impedance (off) state to the defined low level

Rise time

The time interval between two reference points (10% and 90%, unless otherwise specified) on a
waveform that is changing from the defined low level to the defined high level

Input skew

The difference between any two propagation delay times that originate at different inputs and terminate
at a single output. Input skew describes the ability of a device to manipulate (stretch, shrink, or chop)
a clock signal. This is typically accomplished with a multiple-input gate wherein one of the inputs acts
as a controlling signal to pass the clock through. tsk(i) describes the ability of the gate to shape the pulse
to the same duration, regardless of the input used as the controlling input.

Limit skew

The difference between 1) the greater of the maximum specified values of tp| y and tpy and 2) the
lesser of the minimum specified values of tp| |y and tpy . Limit skew is not directly observed on a device.
Itis calculated from the data-sheet limits for tp 1y and tp . tsk(y quantifies for the designer how much
variation in propagation delay time is induced by operation over the entire ranges of supply voltage,
temperature, output load, and other specified operating conditions. Specified as such, tgk) also
accounts for process variation. In fact, all other skew specifications [tsk (o). tsk(i): tsk(p). @nd tsk(pn)] are
subsets of tgi(j); they are never greater than tgy ).

Output skew

The skew between specified outputs of a single logic device with all driving inputs connected together
and the outputs switching in the same direction while driving identical specified loads

Pulse skew

The magnitude of the time difference between the propagation delay times, tpy andtp 4, whenasingle
switching input causes one or more outputs to switch

Process skew

The magnitude of the difference in propagation delay times between corresponding terminals of two
logic devices when both logic devices operate with the same supply voltages, operate at the same
temperature, and have identical package styles, identical specified loads, identical internal logic
functions, and the same manufacturer

1-8
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

VIH

ViL

VoH

VoHs

VoL

VoLs

VT+

Setup time

The time interval between the application of a signal at a specified input terminal and a subsequent
active transition at another specified input terminal

NOTES: 1. The setup time is the actual time interval between two signal events and is determined by
the system in which the digital circuit operates. A minimum value is specified that is the
shortest interval for which correct operation of the digital circuit is specified.

2. The setup time may have a negative value, in which case the minimum limit defines the
longestinterval (between the active transition and the application of the other signal) for which
correct operation of the digital circuit is specified.

Pulse duration (width)

The time interval between specified reference points on the leading and trailing edges of the pulse

waveform

High-level input voltage

An input voltage within the more positive (less negative) of the two ranges of values used to represent
the binary variables

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which
operation of the logic element within specification limits is to be expected.
Low-level input voltage

An input voltage within the less positive (more negative) of the two ranges of values used to represent
the binary variables

NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which
operation of the logic element within specification limits is to be expected.

High-level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification,

establishes a high level at the output

Static high-level output voltage

The static and testable voltage at a Dynamic Output Control (DOC) output with input conditions applied

that, according to the product specifications, establishes a static high level at the output. The dynamic

drive voltage is not specified for devices with DOC outputs because of its transient nature.

Low-level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification,

establishes a low level at the output

Static low-level output voltage

The static and testable voltage at a Dynamic Output Control (DOC) output with input conditions applied

that, according to the product specifications, establishes a static low level at the output. The dynamic

drive voltage is not specified for devices with DOC outputs because of its transient nature.

Positive-going input threshold level

The voltage level at a transition-operated input that causes operation of the logic element according

to specification as the input voltage rises from a level below the negative-going threshold voltage, V1_

Negative-going input threshold level

The voltage level at a transition-operated input that causes operation of the logic element according
to specification as the input voltage falls from a level above the positive-going threshold voltage, V14
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EXPLANATION OF FUNCTION TABLES

The following symbols are used in function tables on Tl data sheets:

§|o,o_n>N><'jleen—I

Qn
I
N

Toggle

high level (steady state)

low level (steady state)

transition from low to high level

transition from high to low level

value/level or resulting value/level is routed to indicated destination
value/level is re-entered

irrelevant (any input, including transitions)

off (high-impedance) state of a 3-state output

the level of steady-state inputs A through H, respectively

level of Q before the indicated steady-state input conditions were established

complement of Qg or level of Q before the indicated steady-state input
conditions were established

level of Q before the most recent active transition indicated by { or T
one high-level pulse
one low-level pulse

each output changes to the complement of its previous level on each active
transition indicated by | or T

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output
persists so long as the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X together with T and/or |, this means the output s valid whenever
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state
levels. If the output is shown as alevel (H, L, Qq, or Qq), it persists so long as the steady-state input levels and the
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite
direction to those shown have no effect at the output. (If the output is shown as a pulse, I L or LI, the pulse follows
the indicated input transition and persists for an interval dependent on the circuit.)
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EXPLANATION OF FUNCTION TABLES

Among the most complex function tables are those of the shift registers. These embody most of the symbols used
in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift register.

FUNCTION TABLE

INPUTS OUTPUTS
CLEAR MODE cLOCK SERIAL PARALLEL on o %
S1 SO LEFT RIGHT | A B C D

L X X X X X X X X X L L L L
H X X L X X X X X X 1 Qao QB0 Qco Qpo
H H H T X X a b c d a b c d
H L H T X H H H H H Qan  QBn Qcn
H L H T X L L L L L L Qan  QBn Qcn
H H L T H X X X X X | Qn Qcn QbDn H
H H L T L X X X X X 1 Qn Qcn QbDn L
H L L X X X X X X X 1 Qa0 QB0  Qco  Qpo

The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs
will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect.

The second line shows that so long as the clock input remains low (while clear is high), no other input has any effect
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low
was established. Since on other lines of the table only the rising transition of the clock is shown to be active, the second
line implicitly shows that no further change in the outputs occurs while the clock remains high or on the high-to-low
transition of the clock.

The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are both
high then, without regard to the serial input, the data entered at A is at output Qp, data entered at B is at Qg, and so
forth, following a low-to-high clock transition.

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input
and the shifting of previously entered data one bit; data previously at Qa is now at Qg, the previous levels of Qg and
Qc are now at Q¢ and Qp), respectively, and the data previously at Qp is no longer in the register. This entry of serial
data and shift takes place on the low-to-high transition of the clock when S1 is low and SO is high and the levels at
inputs A through D have no effect.

The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left serial
input and the shifting of previously entered data one bit; data previously at Qg is now at Qp, the previous levels of
Qc and Qp are now at Qg and Q¢, respectively, and the data previously at Qa is no longer in the register. This entry
of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and SO is low and the
levels at inputs A through D have no effect.

The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line, the
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs
low was established.

The function table functional tests do not reflect all possible combinations or sequential modes.
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS

Itis normal Tl practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic symbol
based on the assumption of true data (D) inputs. Outputs that produce data in phase with the data inputs are called
Q and those producing complementary data are called Q. An input that causes a Q output to go high or a Q output
to go low is called preset (PRE). An input that causes a Q output to go high or a Q output to go low is called clear
(CLR). Bars are used over these pin names (PRE and CLR) if they are active low.

The devices on several data sheets are second-source designs, and the pin-name conventions used by the original
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting

circuits D and Q.

In some applications, it may be advantageous to redesignate the data input from D to D or vice versa. In that case,
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the
graphical symbols. Arbitrary pin numbers are shown.

AW IN [P

AW [N

C1
1D

Latch

> C1
1D

Flip-Flop

Ol

Ol

‘ @)

Q

O o =©
Alw | [N |e

Y
Py
m

AW |IN |

C1
1D

Latch

> C1
1D

Flip-Flop

Ol

Ol

The figures show that when Q and Q exchange names, the preset and clear pins also exchange names. The polarity
indicators () on PRE and CLR remain, as these inputs are still active low, but the presence or absence of the polarity
indicator changes at D (or D), Q, and Q. Pin 5 (Q or Q) is still in phase with the data input (D or D); their active levels

change together.
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THERMAL INFORMATION

In digital-system design, consideration must be given to thermal management of components. The small size of the
small-outline packages makes this even more critical. Figures 1-5 show the high-effect (High-K) thermal resistance
for the small-outline 14-, 16-, 20-, 24-, and 48-pin packages for various rates of airflow calculated in accordance with
JESD 51-7.

The thermal resistances in Figures 1-5 can be used to approximate typical and maximum virtual junction
temperatures. In general, the junction temperature for any device can be calculated using the following equation:

T, = Roa X P+ T,

where:
T3 = virtual junction temperature (°C)
Rgja = thermal resistance, junction to free air (°C/W)
Pt = total power dissipation of the device (W)
Tp = free-air temperature (°C)

JUNCTION-TO-AMBIENT THERMAL RESISTANCE
Vs
AIR VELOCITY

14-Pin Packages

130

120

\ \
110 —

PW

100
90

DB

70 D
60
50
40
30
20
10

Rgja— Junction-to-Ambient Thermal Resistance — °C/W

0 100 200 300 400 500
Air Velocity — ft/min

Figure 1
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THERMAL INFORMATION

Rgja—Junction-to-Ambient Thermal Resistance — °c/w

JUNCTION-TO-AMBIENT THERMAL RESISTANCE
Vs
AIR VELOCITY

16-Pin Packages
130

120
110
100

90

80\

DGV
PW

70 ——

60 D
50
40
30
20
10

0 100 200 300 400 500

Air Velocity — ft/min

Figure 2

JUNCTION-TO-AMBIENT THERMAL RESISTANCE

Roia— Junction-to-Ambient Thermal Resistance — °C/W

JUNCTION-TO-AMBIENT THERMAL RESISTANCE

VS
AIR VELOCITY
20-Pin Packages
130
120
110
100
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70 PW
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40
30
20
10
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Figure 3
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DEVICE NAMES AND PACKAGE DESIGNATORS

Example:

=

1 Standard Prefix
Example: SNJ — Conforms to MIL-PRF-38535 (QML)

2 Temperature Range
Examples: 54 — Military
74 — Commercial

3 Family

Examples: Blank — Transistor-Transistor Logic
ABT — Advanced BiCMOS Technology
ABTE — Advanced BiCMOS Technology/
Enhanced Transceiver Logic
AC/ACT — Advanced CMOS Logic
AHC/AHCT — Advanced High-Speed CMOS Logic
ALB - Advanced Low-Voltage BICMOS
ALS — Advanced Low-Power Schottky Logic
ALVC - Advanced Low-Voltage CMOS Technology
AS — Advanced Schottky Logic
AVC — Advanced Very-Low-Voltage CMOS Logic
BCT — BiCMOS Bus-Interface Technology
CBT — Crossbar Technology
CBTLV — Low-Voltage Crossbar Technology
F — F Logic
FB — Backplane Transceiver Logic/Futurebus+
GTL — Gunning Transceiver Logic
HC/HCT — High-Speed CMOS Logic
HSTL — High-Speed Transceiver Logic
LS — Low-Power Schottky Logic
LV — Low-Voltage CMOS Technology
LVC - Low-Voltage CMOS Technology
LVT — Low-Voltage BICMOS Technology
S — Schottky Logic
SSTL — Stub Series-Terminated Logic
TVC - Translation Voltage Clamp Logic

4 Special Features

Examples: Blank = No Special Features
D — Level-Shifting Diode (CBTD)
H — Bus Hold (ALVCH)
R — Damping Resistor on Inputs/Outputs (LVCR)
S — Schottky Clamping Diode (CBTS)

5 Bit Width

Examples: Blank = Gates, MSI, and Octals
1G - Single Gate
8 — Octal IEEE 1149.1 (JTAG)
16 — Widebus™ (16, 18, and 20 bit)
18 — Widebus IEEE 1149.1 (JTAG)
32 — Widebus+™ (32 and 36 bit)

6 Options

Examples: Blank = No Options
2 — Series-Damping Resistor on Outputs
4 — Level Shifter
25 — 25-Q Line Driver

7 Function

Examples: 244 — Noninverting Buffer/Driver
374 — D-Type Flip-Flop
573 — D-Type Transparent Latch
640 — Inverting Transceiver

8 Device Revision

Examples: Blank = No Revision
Letter Designator A-Z

9 Packages

Examples: D, DW — Small-Outline Integrated Circuit (SOIC)

DB, DL — Shrink Small-Outline Package (SSOP)

DBB, DGV — Thin Very Small-Outline Package (TVSOP)

DBQ — Quarter-Size Outline Package (QSOP)

DBV, DCK — Small-Outline Transistor Package (SOT)

DGG, PW — Thin Shrink Small-Outline Package (TSSOP)

FN — Plastic Leaded Chip Carrier (PLCC)

GKE, GKF — MicroStar BGA™ Low-Profile Fine-Pitch
Ball Grid Array (LFBGA)

N, NP, NT — Plastic Dual-In-Line Package (PDIP)

NS, PS — Small-Outline Package (SOP)

PAG, PAH, PCA, PCB, PM, PN, PZ —
Thin Quad Flatpack (TQFP)

PH, PQ, RC — Quad Flatpack (QFP)

10 Tape and Reel

Devices in the DB and PW package types include the R designation
for reeled product. Existing product inventory designated LE may
remain, but all products are being converted to the R designation.

Examples:
Existing Nomenclature — SN74LVTxxxDBLE
New Nomenclature — SN74LVTxxxADBR

LE — Left Embossed (valid for DB and PW packages only)
R — Standard (valid for all surface-mount packages)

There is no functional difference between LE and R designated
products, with respect to the carrier tape, cover tape, or reels used.

MicroStar BGA, Widebus, and Widebus+ are trademarks of Texas Instruments Incorporated.
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DEVICE NAMES AND PACKAGE DESIGNATORS

NOTIFICATION OF PACKAGE NOMENCLATURE ALIAS
(for Standard Linear and Logic device names of greater than 18 characters)

Tl is converting from its current order-entry system to a more advanced system. This conversion requires
modifications, both internal and external, to TI's current business processes. This new system will ultimately provide
significant improvements to all facets of TI's business — from production, to order entry, to logistics. One change
requiredis alimitation of Tl part numbers to no more than 18 characters in length. Based on customer inputs, Standard
Linear and Logic determined the least disruptive implementations as outlined below:

1. Package alias

Tlwilluse a package alias to denote specific package types for devices currently exceeding 18 characters in
length. Table 1 shows a mapping of package codes to an alias single-character representation.

Table 1
CURRENT
PACKAGE ALIAS
CODE

DL L
DGG/DBB G
DGV \Y
DLR LR — tape/reel packing
DGGR/DBBR | GR —tape/reel packing
DGVR VR — tape/reel packing

Current: SN74 ALVCH 162269A DGGR
New: SN74 ALVCH 162269A GR

2. Resistor-option nomenclature

For devices greater than 18 characters with input and output resistors, Tl will adopt a simplified
nomenclature to designate the resistor option. This will eliminate the redundant “2” (designating output
resistors) when the part number also contains an “R” (designating input/output resistors).

Input/Output Resistor
Output Resistor

/

Current: SN74 ALVCHR 16 2 245 A
New: SN74 ALVCHR 16 245A

There is no change to the device or data-sheet electrical parameters. The packages involved and the changes in
nomenclature are noted in Table 1.

These nomenclature changes are being gradually implemented. The first customer-visible conversions for Tl logic
devices will be made to data sheets. Over the next few months, Tl logic data sheets will be updated. These changes
in device nomenclature do not reflect a change in device performance or process characteristics.

*9 TEXAS
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SN74AVCH16244
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SN74AVC16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES141K — JULY 1998 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® Overvoltage-Tolerant Inputs/Outputs Allow
Widebus™ Family Mixed-Voltage-Mode Data Communications
® EPIC™ (Enhanced-Performance Implanted ® |4 Supports Partial-Power-Down Mode
CMOS) Submicron Process Operation
® DOC™ (Dynamic Output Control) Circuit ® ESD Protection Exceeds JESD 22
Dynamically Changes Output Impedance, — 2000-V Human-Body Model (A114-A)
Resulting in Noise Reduction Without — 200-V Machine Model (A115-A)
Speed Degradation ® |atch-Up Performance Exceeds 100 mA Per
® | ess Than 2-ns Maximum Propagation JESD 78, Class Il
Delay at 2.5-V and 3.3-V Vcc ® Package Options Include Plastic Thin
® Dynamic Drive Capability Is Equivalent to Shrink Small-Outline (DGG) and Thin Very
Standard Outputs With Igy and I of Small-Outline (DGV) Packages
+24 mA at 2.5-V V¢
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
321 1y =25°C Ta = 25°C
2 g | Process = Nominal 2.8 |- Process = Nominal
>| >' 24
2.4 / 0 2
% 2.0 I/ Vec =33V g 5 // //
< 2 =
2 / yd T 16 e
5 16 v 7/ a -
= I Vcc=25V 5 I / /
O 1.2 o 12
L // Vcec =18V II // l /
© 08 <O 0.8 7
Vee = 3-3V//\/3¢ =25 v/f [
0.4 0.4 r L |vec=18V
/ e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 16-bit buffer/driver is operational at 1.2-V to 3.6-V V¢, but is designed specifically for 1.65-V to 3.6-V V¢
operation.
The SN74AVC16244 is designed specifically to improve the performance and density of 3-state memory
address drivers, clock drivers, and bus-oriented receivers and transmitters.
The device can be used as four 4-bit buffers, two 8-bit buffers, or one 16-bit buffer. It provides true outputs and
symmetrical active-low output-enable (OE) inputs.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.

Copyright © 2000, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

standard

L]
warranty. Production processing does not necessarily include l
testing of all parameters. EXAS
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SN74AVC16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES141K — JULY 1998 — REVISED FEBRUARY 2000

description (continued)

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using | y¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16244 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
10E []1 “ 48|l 20E
1v1 ]2 47[] 1A1
1v2 I3 46[] 1A2
GND []4 45[] GND
1Y3 |5 44[] 1A3
1v4 [le 43]] 174
Vce [ 7 42 ] Vce
2v1 ]s 41[] 2A1
2v2 []o 0[] 2A2
GND [J10  39[l GND
2v3[Ju s8] 2A3
2v4 [J12 37[] 2n4
3v1[J13 36|l 3A1
3v2 14 3s]]3A2
GND [J15 34|l GND
3vy3[Jis  33[]3A3
3v4 [J17 32[]3A4
Vce [ 18 31 ] Vce
av1 [J19  30[] 4A1
ay2 [0  29[] 4A2
GND [J21  28[J GND
ay3 [J22  27[] 4A3
av4 ]2z 26[] 4n4
40E [|24  25|] 30E

FUNCTION TABLE
(each 4-bit buffer)

INPUTS OUTPUT
OE A Y
L L L
L H H
H X z

2-4
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SN74AVC16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES141K — JULY 1998 — REVISED FEBRUARY 2000

logic symbolT

10E
20E
30E
40E

1A1
1A2
1A3
1A4
2A1
2A2
2A3
2A4
3A1
3A2
3A3
3A4
4A1
4A2
4A3
4A4

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

1
48
25

EN1
EN2

24

47
46
44
43
41
40
38
37
36
35
33
32
30
29
27
26

EN3
EN4

2V

3V

4V

© || |0 |w (N

12
13
14
16
17
19
20
22
23

1yl
1y2
1Y3
1y4
2Y1
2Y2
2Y3
2Y4
3Y1
3Y2
3Y3
3Y4
4Y1
4Y2
4Y3
a4Y4

{’? TEXAS
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SN74AVC16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES141K — JULY 1998 — REVISED FEBRUARY 2000

logic diagram (positive logic)

__ 1 25
10E *D 30E ”D

47 \[ 2 36 \[ 13
1A1 P 1Y1 3A1 P 3vy1
46 \[ 3 35 \[ 14
1A2 P 1Y2 3A2 P 3y2
13 24 /: 5 1vs 3A3 2 /: 16 53
1a4 43 /: 6 1va 3aa 32 /: 17 ava

__ 48 __ 24
20E “D 40E D
41 \[ 8 30 \[ 19
2A1 P 2Y1 4A1 P 4y1
40 \[ 9 29 \[ 20
2A2 P 2Y2 4A2 P 4y2
A3 8 /: 1 ovs anz 21 /: 22_ 4v3
ona 37 /: 12 ova ans 28 /: 2 4va

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VOIAGE FANGE, VG « - o vttt ettt e e e e e e e e e e -0.5Vto4.6V
Input voltage range, Vi (See NOte 1) ... ..o -05Vto46V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) Lot e -05Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(seeNotesL1and 2) ...... ... -05VtoVece+05V
Input clamp current, Ik (V] < 0) oo e e -50 mA
Output clamp current, ok (Vo < 0) oo -50 mA
ContinUOUS OUPUL CUITENTE, 10 .« . oot ettt e e e e e +50 mA
Continuous current through each Vec or GND L. +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ............................... 70°C/W
DGVpackage .............ciiiiiiiiii. 58°C/W
Storage temperature range, Tggg -« .« ovvve i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.

2-6
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SN74AVC16244

16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES141K — JULY 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with IoH and I of +24 mAat2.5-V V. See Figure 1 for Vo vslop and VoH vs IoH
characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006, and
Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVC16244

16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES141K — JULY 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT mMAX| uNIT
loHs =100 A 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVpo=3.6V 0 +10 uA
loz Vo =Vcc or GND 3.6V +10 UA
Icc V| =Vcc or GND, lo=0 36V 40 A
) _ 25V 3.5
. Control inputs V| =Vcc or GND 33V s -
) _ 25V 6
Data inputs V| =Vcc or GND T3V 5
B G 25V 6.5
Co Outputs Vo =V or GND 33V v pF

T Typical values are measured at Tp = 25°C.

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

Vcc=15V Vcc=18V | Vcc=25V | Vcc=33V
FROM TO Vec=12V +0.1V +0.15V +02V +0.3V
PARAMETER | (n\puT) (OUTPUT) 10. 10. 10. +0. UNIT
TYP MIN  MAX| MIN MAX| MIN MAX]| MIN MAX
tod A 3.1 0.6 3.3 0.7 2.9 0.6 1.9 0.5 17| ns
ten OE 7.6 1.4 8 1.3 6.8 0.9 4 0.7 35| ns
tdis OE 7.2 1.7 7.3 1.6 6.2 1 4.3 1 35 ns
operating characteristics, Ta = 25°C
Vcc =18V |Vecc=25V | V=33V
PARAMETER TEST CONDITIONS e cc cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled c =0 f= 10 MH 23 27 33 .
. =0, = z
pd capacitance Outputs disabled L 0.1 0.1 0.1 P
3 1,
I EXAS
2-8 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




SN74AVC16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES141K — JULY 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=12VAND15V+0.1V

0 2xVce

2 kQ 31/‘ O Open

GND
2kQ T

From Output
Under Test

CL =15 pF

(see Note A) I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/Z
\ oV
| tsu th \
\ \
vVee
Data
Input XVC(:/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input % Veel2
|

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

TEST S1
tod Open

tpLz/tpzL 2xVce
tPHZ/tPZH GND

— ty —b}

| Vce

Input XVCch XVCch
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVC16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES141K — JULY 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

O 2xVce

1kQ SV O Open

TGND

From Output
Under Test
CL =30pF

(see Note A)

1 L.
L

LOAD CIRCUIT
- Vce
Timing
Input XVCC/Z
\ ov
| tsu th \
\ \
vVee
Data
Input XVCch XVCch
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input % Vcel2
|

\ \
tPLH —¢—P H—b:— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

w >

TEST S1
tpd Open

tpLz/tpzL 2xVce
tpHZ/tPZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

VoL +0.15V
———— VoL

‘ﬂ—tPHZ

|
| |
tzH —» e ¥

Output ———— VOoH
Waveform 2 VoH-0.15V
S1at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVC16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES141K — JULY 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=25Vx02V

O 2xVce
500 Q Si O Open
From Output TEST S1
Under Test l GND tpd Open
C_=30pF tpLz/tpzL 2xVce
500 Q
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
oty ——
v | Vee
Timing Vet CcC Input XVCch XVCch
Input cc ov ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Vcc/2 Sk Vcel2 Slat2xVcc VoL +0.15V
\ \ oV (see Note B) | T T T VoL
\ \ \
tPLH —¢—»! H—P‘—‘ tPHL tPzH —¥ :<— —» @tprz
\ Output
——— VoH Waveform 2
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G. tpLH and tpH_ are the same as tp.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES141K — JULY 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVcc

500 Q SV O Open

From Output

Under Test l GND
CL=30pF
(see Note A)I 500Q

LOAD CIRCUIT

. Vce
Timing Vecl2
Input ‘

oV
¢ .\' >
‘ t th |

su

| | v
CcC

Data

Input XVC(;IZ XVC(;IZ

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input 7’( Veel2

\
‘ \
tPLH —ﬂ—b\‘ H—+ tPHL

| ——— Von
Output Vce/2 Vcel2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce

tpHZ/tpZH GND

r—tw—ﬂ
\

‘ ‘ Vece
Input XVCC/2 XVCC/2
ov

VOLTAGE WAVEFORMS
PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tgp.
tpLH and tpy_ are the same as tpg.

O@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVCH16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES150E — DECEMBER 1998 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® Overvoltage-Tolerant Inputs/Outputs Allow
Widebus™ Family Mixed-Voltage-Mode Data Communications
® EPIC™ (Enhanced-Performance Implanted ® |4 Supports Partial-Power-Down Mode
CMOS) Submicron Process Operation
® DOC™ (Dynamic Output Control) Circuit ® Bus Hold on Data Inputs Eliminates the
Dynamically Changes Output Impedance, Need for External Pullup/Pulldown
Resulting in Noise Reduction Without Resistors
Speed Degradation ® Package Options Include Plastic Thin
® | ess Than 2-ns Maximum Propagation Shrink Small-Outline (DGG) and Thin Very
Delay at 2.5-V and 3.3-V V¢cc Small-Outline (DGV) Packages
® Dynamic Drive Capability Is Equivalent to
Standard Outputs With Igy and I of
+24 mA at 2.5-V V¢
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
327 Toac Ta = 25°C
2 g | Process = Nominal 2.8 - Process = Nominal
>| >' 24
2.4 / 0 2
‘% 2.0 // Vec =33V E 2.0 // //
< 2 =
2 / yd T 16 e
5 16 v 7/ a -
= I Vcc=25V 5 I / /
O 1.2 o 12
L // Vec =18V - // l /
© 08 >O 0.8 7
Vee = 3-3V//\/3¢ =25V / [
0.4 0.4 L~ 7 Nees18v
/ e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 16-bit buffer/driver is operational at 1.2-V to 3.6-V V¢, but is designed specifically for 1.65-V to 3.6-V V¢
operation.
The SN74AVCH16244 is designed specifically to improve the performance and density of 3-state memory
address drivers, clock drivers, and bus-oriented receivers and transmitters.
The device can be used as four 4-bit buffers, two 8-bit buffers, or one 16-bit buffer. It provides true outputs and
symmetrical active-low output-enable (OE) inputs.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.
PRODUCT PREVIEW information concerns products in the formative or . Copyright © 2000, Texas Instruments Incorporated
Speccalons are GeSign dode Toxas Ingscroms resares the ignt {y
iﬁgﬁlge or discontinuegthegse prbducts without notice. ¢ TEXAS
INSTRUMENTS
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PRODUCT PREVIEW

SN74AVCH16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES150E — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level.

This device is fully specified for partial-power-down applications using I y¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVCH16244 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
10E |1 “ 48] 20E
1v1 ]2 47[] 1A1
1v2 I3 46[] 1A2
GND [ 4 45|] GND
1v3 |5 44[] 1A3
1v4 []e 43[] 1A4
Vce [ 7 42 ] Vee
2v1 []s 41]] 2A1
2v2 []o 0[] 2A2
GND [J10  39]l GND
2v3[Ju s8] 2A3
2v4 [J12 37l 2A4
3vy1[J13 36l 3A1
3v2 [J14  35[]3A2
GND [J15  34|] GND
3vy3[Jis  33[]3A3
3v4 [J17 32[]3A4
Vce [ 18 31 ] Vce
av1 [J19  30[] 4A1
ay2 [J20  29[] 4A2
GND [J21  28[J GND
ay3 [J22  27[] 4A3
av4 [l2s  26]] 44
40E [|24  25|] 30E

FUNCTION TABLE
(each 4-bit buffer)

INPUTS OUTPUT
OE A Y
L L L
L H H
H X z

2-14
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SN74AVCH16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES150E — DECEMBER 1998 — REVISED FEBRUARY 2000

logic symbolT

10E
20E
30E
40E

1A1
1A2
1A3
1A4
2A1
2A2
2A3
2A4
3A1
3A2
3A3
3A4
4A1
4A2
4A3
4A4

1
48
25

EN1
EN2

24

47
46
44
43
41
40
38
37
36
35
33
32
30
29
27
26

EN3
EN4

2V

3V

4\7

© || |0 |w (N

12
13
14
16
17
19
20
22
23

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

1yl
1y2
1Y3
1y4
2Y1
2Y2
2Y3
2Y4
3Y1
3Y2
3Y3
3Y4
4Y1
4Y2
4Y3
a4Y4

{’? TEXAS

INSTRUMENTS
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PRODUCT PREVIEW

SN74AVCH16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES150E — DECEMBER 1998 — REVISED FEBRUARY 2000

logic diagram (positive logic)

__ 1 25
10E 30E

Y

47 \[ 2 36 \[ 13
1A1 P 1Y1 3A1 P 3y1
46 \[ 3 35 \[ 14
1A2 P 1Y2 3A2 P 3y2
13 /: 5 1vs 3A3 2 /: 16 3vs
1a4 43 /: 6 1va 3aa 32 /: 17 3va

__ 48 __ 24
20E “D 40E “D
41 \[ 8 30 \[ 19
2A1 P 2Y1 4A1 P ay1
40 \[ 9 29 \[ 20
2A2 P 2Y2 4A2 P 4y2
2A3 8 /: 1 ovs anz 21 /: 22 4v3
VLl /: 12 ova ans 28 /: 2 4va

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VOIAGE FANGE, VG « - o vttt ettt e e e e e e e e e e -0.5Vto4.6V
Input voltage range, Vi (See NOte 1) ... ..o -05Vto46V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) Lot e -05Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(seeNotesL1and 2) ...... ... -05VtoVece+05V
Input clamp current, Ik (V] < 0) oo e e -50 mA
Output clamp current, ok (Vo < 0) oo -50 mA
ContinUOUS OUPUL CUITENTE, 10 .« . oot ettt e e e e e +50 mA
Continuous current through each Vec or GND L. +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ............................... 70°C/W
DGVpackage .............ciiiiiiiiii. 58°C/W
Storage temperature range, Tggg -« .« ovvve i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.

2-16

{'f TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74AVCH16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES150E — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

t Dynamic drive capability is equivalent to standard outputs with loHq and lg of £24 mA at 2.5-V V. See Figure 1 for Vo vs IgL and
VoH Vs |pH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: Allunused control inputs of the device must be held at V¢ or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

*5‘ TEXAS
INSTRUMENTS
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PRODUCT PREVIEW

SN74AVCH16244

16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES150E — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN  TYPT  MAX | uNIT
loHs =100 A 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
V=057V 165V 25
IgHLT V=07V 2.3V 45 UA
V=08V 3V 75
V=107V 1.65V -25
IBHHS V=17V 2.3V -45 A
Vi=2V 3V -75
195V 200
IgHLOT V|=0toVce 27V 300 LA
36V 500
195V —200
IBHHO? Vi =0to Ve 27V -300 UA
36V -500
loff VjorVo=36V 0 +10| uA
loz Vo =Vcc or GND 36V +10 A
Icc V| =Vcc or GND, lo=0 36V 40 UHA
Control inputs 25V
Ci V| = Ve or GND 3V pF
Data inputs 25V
3.3V
B 25V
Co Outputs Vo =Vcc or GND 33V pF

T Typical values are measured at Ta = 25°C.
¥ The bus-hold circuit can sink at least the minimum low sustaining current at V)L max. IgHL should be measured after lowering VN to GND and

then raising it to V| max.

§ The bus-hold circuit can source at least the minimum high sustaining current at Vjy min. Igp should be measured after raising V| to Vcc and

then lowering it to Vi min.

T An external driver must source at least Igp o to switch this node from low to high.
# An external driver must sink at least IgHHQ to switch this node from high to low.

2-18
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SN74AVCH16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES150E — DECEMBER 1998 — REVISED FEBRUARY 2000

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

PARAMETER FROM TO Vec=12V Vcic 0:.11\'/5 Y Vcicozlsl -\? Y ch 0:.22\'/5 Y Vcic 02.33\'/3 Y UNIT
(INPUT) (OUTPUT)
TYP MIN MAX| MIN MAX| MIN MAX| MIN MAX
thd A Y ns
ten OE ns
tdis OE Y ns
operating characteristics, Tpa = 25°C
Vec =18V | Vec =25V | Ve =33V
PARAMETER TEST CONDITIONS ce ce cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled cl =0 £ = 10 MHz F
pd capacitance Outputs disabled L= P
3 1
I EXAS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-19

PRODUCT PREVIEW



PRODUCT PREVIEW

SN74AVCH16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES150E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=12VAND15V+0.1V

0 2xVce

2kQ SV O Open

GND
2kQ T

From Output
Under Test
CL=15pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
| |
tpzH —P :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVCH16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES150E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce
S1
O Open
From Output Lka / P TEST s1
Under Test l GND tpd Open
CL =30pF 1kO tpLz/tpzL 2xVce
(see Note A) I tPHZ/tPZH GND
LOAD CIRCUIT
—
| Vce
Timing Vee Input chclz chc/z
Veel2 ov
Input oV
VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input XVCC/Z XVCC/2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Veel2 Sk Vcel2 Slat2xVce VoL +0.15V
| \ oV (see Note B) ———— VoL

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

‘ﬂ—tPHZ

‘k——»

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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PRODUCT PREVIEW

SN74AVCH16244
16-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES150E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

O 2xVce
5000 51/ 0 open
From Output
Under Test l GND
CL =30pF
(see Note A) I 500Q
LOAD CIRCUIT
- Vce
Timing
Input XVCC/Z
\ oV
| tsu th \
\ \
Vce
Data
Input XVC(:IZ XVC(:/Z
oV

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input % Vcel2
|

\ \
tPLH —¢—P —p— tpyL

——— VOoH
Output Vcc/2 Vcc/2
VoL
VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

w >

TEST S1
tpd Open
tpLz/tpzL 2xVce
tpHZ/tPZH GND
— ty —b‘l
| Vce
Input XVCC/Z XVC(:IZ
oV
VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVce

} VoL +0.15V
\

(see Note B) . VoL
k_ |
tpzH —Hf —» @ tpHz
Output | ———— VOH
Waveform 2 VoH-0.15V

S1at GND

(see Note B) oV

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpz and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVCH16244

16-BIT BUFFER/DRIVER

WITH 3-STATE OUTPUTS

SCES150E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVce

From Output
Under Test
CL =30pF
(see Note A)

GND
500 Q

LOAD CIRCUIT

I

. Vce
Timing V2
Input ‘

oV
D
| tsu th

\
| | v
CcC
Data
Input XVC(;/Z XVC(;/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input f Vcel2

\ \
tPLH H H—+ tPHL

| ——— VoH
Output Veel2 Veel2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

500 Q SV O Open

TEST s1
tpd Open
tpLz/tpzL 2xVce
tpHZ/tPZH GND

oty —»
\ \

‘ ‘ Vece
Input XVCC/2 XVCC/2

ov

VOLTAGE WAVEFORMS
PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc VoL +0.3V
(see Note B) \ —— —— VoL

\
tPZH—ﬁ‘ :4— —» ‘“-tPHz

Output ———— VoH
Waveform 2 VoH-0.3V
S1at GND
(see Note B) oV

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzy are the same as tgp.
tpH and tpy|_ are the same as tpg.

®mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16245
16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES142L — JULY 1998 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® Overvoltage-Tolerant Inputs/Outputs Allow
Widebus™ Family Mixed-Voltage-Mode Data Communications
® EPIC™ (Enhanced-Performance Implanted ® |4 Supports Partial-Power-Down Mode
CMOS) Submicron Process Operation
® DOC™ (Dynamic Output Control) Circuit ® ESD Protection Exceeds JESD 22
Dynamically Changes Output Impedance, — 2000-V Human-Body Model (A114-A)
Resulting in Noise Reduction Without — 200-V Machine Model (A115-A)
Speed Degradation ® |atch-Up Performance Exceeds 250 mA Per
® | ess Than 2-ns Maximum Propagation JESD 78
Delay at 2.5-V and 3.3-V Vcc ® Package Options Include Plastic Thin
® Dynamic Drive Capability Is Equivalent to Shrink Small-Outline (DGG) and Thin Very
Standard Outputs With Igy and Ig of Small-Outline (DGV) Packages
+24 mA at 2.5-V V¢
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
321 1y =25°C Ta = 25°C
2 g | Process = Nominal 2.8 |- Process = Nominal
>| >' 24
2.4 / 0 2
§ 2.0 I/ Vec =33V g 5 // /
s / / : [/
5 16 / 5 16 /
a Vi 7/ s
= I Vcc=25V 5 I / /
O 1.2 o 12
L // Vcec =18V II // l /
© 08 >O 0.8 7
Vee = 3-3V//\/3¢ =25 v/f [
0.4 0.4 r L |vec=18V
/ e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 16-bit (dual octal) noninverting bus transceiver is operational at 1.2-V to 3.6-V V¢, but is designed
specifically for 1.65-V to 3.6-V V¢ operation.
The SN74AVC16245 is designed for asynchronous communication between data buses. The control-function
implementation minimizes external timing requirements.
This device can be used as two 8-bit transceivers or one 16-bit transceiver. It allows data transmission from the
A bus to the B bus or from the B bus to the A bus, depending on the logic level at the direction-control (DIR)
input. The output-enable (OE) input can be used to disable the device so that the buses are effectively isolated.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.

Copyright © 2000, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

standard

L]
warranty. Production processing does not necessarily include l
testing of all parameters. EXAS
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SN74AVC16245
16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES142L — JULY 1998 — REVISED FEBRUARY 2000

description (continued)

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using | y¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16245 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
1DIR[]1 “ 48[] 10E
1B1[] 2 47(] 1A1
182[] 3 46]] 1A2
GND[] 4 45[] GND
183[] 5 44[] 1A3
1B4[] 6 43]] 1A4
Vcc[ 7 42 ] Vce
1B5[] 8 a1]] 1A5
1B6[] 9 0[] 186
oNDlj10  39[l oD
187012 38[]1a7
1B8ll12  37[]1A8
2B1[l13  36[] 2a1
8214 35[) 242
oND[l1s  34[l oND
2B3[l16  33[]2a3
2B4[l17  32[] 24
VCC[ 18 31 ] Vce
2B5[]19  30[] 2A5
2B6[]20  29[] 2A6
oNDll2r 28|l oND
287022  27[] 2a7
2B8[l23  26[] 2a8
2DIR[24  25[] 20E

FUNCTION TABLE
(each 8-bit transceiver)

INPUTS
OE DIR
L B data to A bus
H A data to B bus

X Isolation

OPERATION

I r
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SN74AVC16245
16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES142L — JULY 1998 — REVISED FEBRUARY 2000

logic symbolT

10E
1DIR

20E
2DIR

1A1

1A2
1A3
1A4
1A5
1A6
1A7
1A8
2A1

2A2
2A3
2A4
2A5
2A6
2A7
2A8

TR (T

G3
3 EN1[BA]
3 EN2 [AB]
G6
6 EN4 [BA]
6 EN5 [AB]
1 [ )
vi « T
> 2V
3
5
6
8
9
11
12
V4 o« j—ls
> 5V
14
16
17
19
20
22
23

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

logic diagram (positive logic)

1B1

1B2
1B3
1B4
1B5
1B6
1B7
1B8
2B1

2B2
2B3
2B4
2B5
2B6
2B7

1DIR ) ( 2DIR 24 ) {
r i 48 1oe F 5 oE
1A1 47 2A1 36
2 1B1 13 2B1
v l v i
To Seven Other Channels To Seven Other Channels
3 1
EXAS
INSTRUMENTS
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SN74AVC16245
16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES142L — JULY 1998 — REVISED FEBRUARY 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

SUpply VOIAGE raNGE, VO G - - ot ettt e e e e e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) ........ ... -05Vto4.6V
Voltage range applied to any input/output
when the output is in the high-impedance or power-off state, Vo (see Note 1) .......... -05Vto4.6V
Voltage range applied to any input/output
when the output is in the high or low state, Vo (see Notes1and 2) ............. -05VtoVec+05V
Input clamp current, Ik (V1< 0) oot -50 mA
Output clamp current, Iog (Vo < 0) oo -50 mA
Continuous OULPUL CUITENE, 1o ... oo e +50 mA
Continuous current through each Vec or GND ... +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ...t 70°C/W
DGV opackage ... 58°C/W
Storage temperature range, Tggg ... vovvvii i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVC16245

16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES142L — JULY 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

\ Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

t Dynamic drive capability is equivalent to standard outputs with loHq and lg of £24 mA at 2.5-V V. See Figure 1 for Vo vs IgL and
VoH Vs |pH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES142L — JULY 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT MAX| uNIT
loHs =100 A 14Vt0o36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 1.4V 1.05
VOH lIOHS = —4 MA, Vi =1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14V1to3.6V 0.2
loLs =2 mA, ViL=049V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V 2.5 uA
loff ViorVpo=3.6V 0 +10 uA
loz* Vo =Vcc or GND, V| (OE)=Vce 3.6V +12.5 uA
Icc V| =Vcc or GND, lop=0 36V 40 A
_ ) _ 25V 3
Ci Control inputs V| =Vcc or GND 33V 3 pF
_ B 25V 9
Cio A or B ports Vo =Vcc or GND 33V 5 pF

T Typical values are measured at Ta = 25°C.
¥ For 1/0 ports, the parameter 1oz includes the input leakage current.

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

_ Vcc=15V Vcc=18V | Vcc=25V | Vcc=33V
PARAMETER FROM TO Vec= lzv +0.1V +0.15V +0.2V +0.3V UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX| MIN MAX| MIN MAX| MIN MAX
tod AorB BorA 3.9 0.8 4 0.7 3 0.6 1.9 0.5 17| ns
ten OE AorB 8.4 1.5 9.2 1.4 7 1 4.3 0.7 3.7 ns
tdis OE AorB 8.4 2.3 9.3 2.2 7 1.1 4 1.2 39| ns

operating characteristics, Tp = 25°C

V =18V |V =25V |V =33V
PARAMETER TEST CONDITIONS cc cc ce UNIT
TYP TYP TYP
Power dissipation Outputs enabled 35 38 44
Cpd 1SS el CL=0, f=10MHz pF
capacitance Outputs disabled 6 6 7

{'f TEXAS
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PARAMETER MEASUREMENT INFORMATION
Vec=12VAND15V+0.1V

0 2xVce

2 kQ 31/‘ O Open

GND
2kQ T

From Output
Under Test

CL =30 pF

(see Note A) I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/Z
\ oV
| tsu th \
\ \
vVee
Data
Input XVC(:/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input % Veel2
|

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

TEST S1
tod Open

tpLz/tpzL 2xVce
tPHZ/tPZH GND

— ty —b}

| Vce

Input XVCch XVCch
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce

1kQ SV O Open

TGND

From Output
Under Test
CL =30pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVCC/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1 ‘
Slat2xVcc | VoL +0.15V
(see Note B) | ———— VoL

]
tzH —» = B e tphz
Output |
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVC16245
16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES142L — JULY 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=25Vx02V

0 2xVce
500 Q SV O Open
From Output TEST o1
Under Test l GND oo Soen
CL =30pF 500 Q tpLzZ/tpzL 2xVce
(see Note A) I torgltoat oD
LOAD CIRCUIT
— ty —N‘
| Vee
Timing Vee Input chclz chc/z
Veel2 oV
Input oy
‘ VOLTAGE WAVEFORMS
| PULSE DURATION
| tsu th \
| \
Data Vee Output
Input veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)

SETUP AND HOLD TIMES

Input % Veel2
|

\ \
tPLH ——— H—P:— tPHL
|
——— VoH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

Output
Waveform 1
Slat2xVcc VoL +0.15V
(see Note B) ———— VoL

‘k——»

\
@ tPHZ
Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVce

500 Q SV O Open

From Output
Under Test
CL =30pF

(see Note A)

GND
500 Q T

LOAD CIRCUIT

i

- Vce
Timing XVCC/Z
Input ‘

\
Data
Vce/2
Input X ccf
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

| ——— Von
Output Vcel/2 Vcel2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST s1
tpd Open

tpLZ/tPzZL 2xVee

tpHZ/tpZH GND

‘“—tw—’(
\

Input

\ ‘ Vee
XVCch XVCch
oV

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
PULSE DURATION

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpyz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy|_ are the same as tpg.

@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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® Member of the Texas Instruments ® Overvoltage-Tolerant Inputs/Outputs Allow
Widebus™ Family Mixed-Voltage-Mode Data Communications
® EPIC™ (Enhanced-Performance Implanted ® |4 Supports Partial-Power-Down Mode
CMOS) Submicron Process Operation
® DOC™ (Dynamic Output Control) Circuit ® Bus Hold on Data Inputs Eliminates the
Dynamically Changes Output Impedance, Need for External Pullup/Pulldown
Resulting in Noise Reduction Without Resistors
Speed Degradation ® Package Options Include Plastic Thin
® | ess Than 2-ns Maximum Propagation Shrink Small-Outline (DGG) and Thin Very
Delay at 2.5-V and 3.3-V V¢cc Small-Outline (DGV) Packages
® Dynamic Drive Capability Is Equivalent to
Standard Outputs With Igy and I of
+24 mA at 2.5-V V¢
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEAQ09.
327 Toac Ta = 25°C
2 g | Process = Nominal 2.8 |- Process = Nominal
>| >' 24
2.4 / 0 2
§ 2.0 I/ Vec =33V g 5 // /
s / / : [/
5 16 / 5 16 /
a Vi 7/ s
= I Vcc=25V 5 I / /
O 1.2 o 12
L // Vcec =18V II // l /
© 08 >O 0.8 7
Vee = 3-3V//\/3¢ =25V / [
0.4 0.4 r L |vec=18V
/ e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 16-bit (dual-octal) noninverting bus transceiver is operational at 1.2-V to 3.6-V V¢, but is designed
specifically for 1.65-V to 3.6-V V¢ operation.
The SN74AVCH16245 is designed for asynchronous communication between data buses. The control-function
implementation minimizes external timing requirements.
This device can be used as two 8-bit transceivers or one 16-bit transceiver. It allows data transmission from the
A bus to the B bus or from the B bus to the A bus, depending on the logic level at the direction-control (DIR)
input. The output-enable (OE) input can be used to disable the device so that the buses are effectively isolated.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS

Copyright © 2000, Texas Instruments Incorporated
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SN74AVCH16245
16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES151E — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level.

This device is fully specified for partial-power-down applications using I y¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVCH16245 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
1DIR[] 1 “ 48[] 10E
1B1[] 2 47(] 1A1
182[] 3 46[] 1A2
GND[] 4 45[] GND
1B3[] 5 44[] 1A3
1B4[] 6 43]] 104
Veel]7 42[l Vee
1B5[] 8 a1]] 1A5
1B6[] 9 0[] 186
oNpll0  39[l D
1870012 38[]1A7
1Bsll12  37[] 148
2B1[]13  38[l 2A1
2B2[]14 35 2A2
oNpll15  34[l onD
28316  33[]2A3
Ba[l17  32[) 2n4
VCC[ 18 31 ] Vee
2B5[]19  30[] 2A5
2B6[]20 29[l 2A6
oNDll2r 28|l oND
287022  27[] 247
oBs[l23  26[] 28
2DIR[24  25[] 20E

FUNCTION TABLE
(each 8-bit transceiver)
INPUTS
— OPERATION
OE DIR
L L B data to A bus
L H A data to B bus
H X Isolation
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logic symbolT

10E
1DIR

20E
2DIR

1A1

1A2
1A3
1A4
1A5
1A6
1A7
1A8
2A1

2A2
2A3
2A4
2A5
2A6
2A7
2A8

G3
3 EN1[BA]
3 EN2 [AB]
G6
6 EN4 [BA]
6 EN5 [AB]

5

r

Vi <

>

2V

IA

SRRl

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

logic diagram (positive logic)

1B1

1B2
1B3
1B4
1B5
1B6
1B7
1B8
2B1

2B2
2B3
2B4
2B5
2B6
2B7
2B8

1DIR 1 ) ( 2DIR 24 ) {
r i 48 1oE F 5 oE
1A1 47 2A1 36
2 1B1 13 2B1
v l v i
To Seven Other Channels To Seven Other Channels
X 1,
EXAS
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SN74AVCH16245
16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES151E — DECEMBER 1998 — REVISED FEBRUARY 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

SUpply VOIAGE raNGE, VO G - - ot ettt e e e e e e e e -05Vto4.6V
Input voltage range, V|: Except /O ports (see Note 1) ............. ... ... ... -05Vto4.6V
/O ports (seeNotesland2) .......... ... -0.5VtoVece+05V

Voltage range applied to any input/output
when the output is in the high-impedance or power-off state, Vg (see Note 1) .......... -0.5Vto4.6V

Voltage range applied to any input/output
when the output is in the high or low state, Vo (see Notes1and 2) ............. -05VtoVec+05V
Input clamp current, ljk (V1< 0) ..o -50 mA
Output clamp current, Iogk (Vo < 0) oo -50 mA
Continuous OULPUL CUITENTE, 1o ..ot e e +50 mA
Continuous current through each Ve 0r GND oo +100 mA
Package thermal impedance, 035 (see Note 3): DGG package ............. .o, 70°C/W
DGV package ... 58°C/W
Storage temperature range, Tstg ................................................... —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

PRODUCT PREVIEW

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES151E — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with IoH and I of +24 mAat2.5-V V. See Figure 1 for Vo vslop and VoH vs IoH
characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006, and
Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: Allunused control inputs of the device must be held at V¢ or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PRODUCT PREVIEW

PARAMETER TEST CONDITIONS Vce MIN  TYPT  MAX | uNIT
loHs =100 A 14Vt0o36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 1.4V 1.05
VOH lIOHS = —4 MA, Vi =1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14V1to3.6V 0.2
loLs =2 mA, ViL=049V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V 2.5 uA
V=057V 1.65V 25
IgHLT V=07V 2.3V 45 UA
V=08V 3V 75
V=107V 1.65V -25
IBHHS V=17V 23V -45 A
Vi=2V 3V -75
195V 200
IgHLOT V|=0toVce 27V 300 LA
36V 500
195V —200
IBHHO? Vi =0to Ve 27V -300 UA
36V -500
loff VjorVo=36V 0 +10| uA
ozl Vo = Ve or GND 3.6V 25| pA
Icc V| =Vcc or GND, lo=0 36V 40 UHA
_ _ ~ 25V
Cj Control inputs V| =Vcc or GND 33V pF
Cio |AorBports Vo = Ve or GND 22\6 pF

T Typical values are measured at Tp = 25°C.

¥ The bus-hold circuit can sink at least the minimum low sustaining current at V) max. IgH|_ should be measured after lowering V| to GND and
then raising it to V| max.

§ The bus-hold circuit can source at least the minimum high sustaining current at V|4 min. IgyH should be measured after raising VN to Vcc and
then lowering it to Vi min.

T An external driver must source at least Igp o to switch this node from low to high.

# An external driver must sink at least IgHHQ to switch this node from high to low.

Il For 110 ports, the parameter Igz includes the input leakage current.

{'f TEXAS
INSTRUMENTS

2-40 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74AVCH16245
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WITH 3-STATE OUTPUTS
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switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

PARAMETER FROM To Vee=12V VCf 0:.11\'/5 ' Vg_rcozlsl -3 ' ch 02.22\'/5 Y Vcic 02.33\'/3 Y UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX MIN  MAX MIN  MAX MIN  MAX
thd AorB BorA ns
ten OE AorB ns
tdIS ﬁ AorB ns
operating characteristics, Tpa = 25°C
V =18V |V =25V |V =33V
PARAMETER TEST CONDITIONS cc cc cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled cl =0 £ = 10 MHz F
pd capacitance Outputs disabled L= P
¥ 1,
I EXAS
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PARAMETER MEASUREMENT INFORMATION
Vec=1.2VAND 15V 0.1V

0 2xVce

S1 Open
From Output 2kQ / o =P

Under Test l GND
CL =15pF
(see Note A) I 2kQ
LOAD CIRCUIT
. Vce
Timing
Input XVCC/2
\ ov
| tsu th \
\ \
Vee
Data
Input XVCch XVC(;/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCCIZ
|

\ \
tPLH —f¢—P H—b“— tPHL
|

——— VoH
Output Vcel2 Vcel2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST s1
tpd Open
tpLZ/tpzL 2xVce
tpHZ/tpzH GND
ety —!
| Vce
Input XVCC/Z XVCC/Z
oV
VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
|
| |
tzH —» | ¥
Output
Waveform 2

S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpyz are the same as tgjs.
tpz and tpzH are the same as tep.
tpLH and tpy|_ are the same as tpg.

@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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16-BIT BUS TRANSCEIVER
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PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce
S1
O Open
From Output Lka / P TEST s1
Under Test l GND tod Open
CL =30pF 1kO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— t—>
v | Vce
Timing 2 CcC Input XVCch XVCch
Input cc o oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Veel2 Sk Vcel2 Slat2xVce VoL +0.15V
| \ oV (see Note B) ———— VoL

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

‘ﬂ—tPHZ

‘k——»

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVCH16245
16-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES151E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

0 2xVce
500 Q SV O Open
From Output TEST S1
Under Test l GND tod Open
p
CL =30pF 500 O tpLZ/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
e
| Vce
Timing o Vee Input chc/z chclz
Input cc . oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Vcel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1 |
Input % Vcel2 Sk Vcel2 Slat2xVce | VoL +0.15V
| \ ov (see Note B) | ———— VoL

\ |
tPLH —f¢—P H—P“— tPHL
|
——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

\
tzH —» e ¥

‘ﬂ—tPHZ

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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WITH 3-STATE OUTPUTS
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PARAMETER MEASUREMENT INFORMATION
Vee=33Vzx03V

O 2xVce

s1 TEST S1
From Output 500 Q / © Open tpd Open
Under Test l GND tpLZ/tPzL 2xVce
CL =30pF tpHZ/tPZH GND
(see Note A) I 500 @2
LOAD CIRCUIT «— ty ——»
| \
| ‘ Vce
. vee Input X Vcel2 XVCclz
Timing Veel2 oV
Input
\ ov

VOLTAGE WAVEFORMS
PULSE DURATION

PEOREN
| tsu th ‘

Data | | vee
Input XVCch XVCC/Z

Output
ov Control
VOLTAGE WAVEFORMS (elf]‘;";”er\]'g;
SETUP AND HOLD TIMES
Output
_____ Vee Waveform 1
Input f Veel2 ooz Slat2xVce VoL +03V
| \ oV (see Note B) T VoL
tPLH — ¥ —>—tpHL tpzH » 4= B e tpyz
| | Output | ‘ ———— VoH
‘ ——— VoH Waveform 2 VoH-03V
Output Vcel2 Vcel2 S1 at GND Vcel2
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpyy|_ are the same as tpg.

®@mmo o0

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, t, <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16269
12-BIT TO 24-BIT REGISTERED BUS EXCHANGER
WITH 3-STATE OUTPUTS

SCES152F — DECEMBER 1998 — REVISED FEBRUARY 2000

Member of the Texas Instruments ® Dynamic Drive Capability Is Equivalent to
Widebus™ Family Standard Outputs With Igy and Ip of

EPIC™ (Enhanced-Performance Implanted 24 mA at 2.5-V Vcc
CMOS) Submicron Process ® Overvoltage-Tolerant Inputs/Outputs Allow
DOC™ (Dynamic Output Control) Circuit Mixed-Voltage-Mode Data Communications

Dynamically Changes Output Impedance, ® |4 Supports Partial-Power-Down Mode

Resulting in Noise Reduction Without Operation

Speed Degradation ® Package Options Include Plastic Thin
Shrink Small-Outline (DGG) and Thin Very
Small-Outline (DGV) Packages

description

VoL~ Output Voltage -V

DOC,

A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Igy curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.

[ T T T T T
32 14 =25C Tp = 25°C
2.8 | Process = Nominal 2.8 | Process = Nominal

. 71/
[/
[17/

yal

08
Vee = 3-3V//\/3C=2.5 v/ [

0.4 0.4 // // Vee : 1-8y

0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 O
loL — Output Current — mA loH — Output Current — mA

2.4
20 I/ Vcc =33V
1.6

I Vcc=25V

N

1.2

\\\

Vcc=18V

0.8

VOH — Output Voltage — V

Figure 1. Output Voltage vs Output Current

This 12-bit to 24-bit registered bus exchanger is operational at 1.2-V to 3.6-V V¢, but is designed specifically
for 1.65-V to 3.6-V V¢ operation.

The SN74AVC16269 is used in applications in which two separate ports must be multiplexed onto, or
demultiplexed from, a single port. The device is particularly suitable as an interface between synchronous
DRAMs and high-speed microprocessors.

Data is stored in the internal B-port registers on the low-to-high transition of the clock (CLK) input when the
appropriate clock-enable (CLKENA) inputs are low. Proper control of these inputs allows two sequential 12-bit
words to be presented as a 24-bit word on the B port. For data transfer in the B-to-A direction, a single storage
register is provided. The select (SEL) line selects 1B or 2B data for the A outputs. The register on the A output
permits the fastest possible data transfer, thus extending the period during which the data is valid on the bus.

EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS

Copyright © 2000, Texas Instruments Incorporated
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SN74AVC16269
12-BIT TO 24-BIT REGISTERED BUS EXCHANGER
WITH 3-STATE OUTPUTS

SCES152F — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

The control terminals are registered so that all transactions are synchronous with CLK. Data flow is controlled
by the active-low output enables (OEA, OEB1, OEB2).

To ensure the high-impedance state during power up or power down, a clock pulse should be applied as soon
as possible, and OE should be tied to Ve through a pullup resistor; the minimum value of the resistor is
determined by the current-sinking capability of the driver. Due to OE being routed through a register, the active
state of the outputs cannot be determined prior to the arrival of the first clock pulse.

This device is fully specified for partial-power-down applications using | y¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16269 is characterized for operation from —40°C to 85°C.

terminal assighments

DGG OR DGV PACKAGE

(TOP VIEW)
OEA[]1 “ 56|] OEB2
OEB1[]2 55|] CLKENA2
2B3[]3 s54]] 2B4
GND []4 53]l GND
2B2[]5 52[] 2B5
2B1[]e s51]] 2B6
Vee 47 50 ]VCC
Al[ls 49| 2B7
A2[]o 48[l 2B8
A3[li0  47[l2B9
GND[J1z  4s[lGND
A4lliz  as[l2B10
A5[]13  aall2B12
A6[J14  43]]2B12
A7[]1s  42[]iB12
A8[l1s  a1]l1iB12
A9[]17  aoll1B10
GND[]18  39]JeND
A10[J19  38[]1B9
Al1[]20  37[]1B8
A12[|22  3s[]1B7
VCC 22 35 ]VCC
1B1[|23  34[]1B6
1B2[|24  33[]1BS5
GND[]2s  32]]JGND
1B3[]26  31[]1B4
NC[|27  30[]CLKENAL
SEL [] 28 29[l cLK

NC — No internal connection

2-48
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SN74AVC16269

12-BIT TO 24-BIT REGISTERED BUS EXCHANGER

WITH 3-STATE OUTPUTS

SCES152F — DECEMBER 1998 — REVISED FEBRUARY 2000

Function Tables

OUTPUT ENABLE

INPUTS OUTPUTS
CLK OEA OEB A 1B, 2B
T H H z z
T H L z Active
T L H Active z
) L L Active  Active
A-TO-B STORAGE (OEB = L)
INPUTS OUTPUTS
CLKENA1 CLKENA2 CLK A 1B 2B
H H X X | 1Bgt 2BgT
L X T L L X
L X T H H X
X L T L X L
X L T H X H

TOutput level before the indicated steady-state input

conditions were established

B-TO-A STORAGE (OEA =1L)

INPUTS OUTPUT

CLK SEL 1B 2B A

X H X X Aot

X L X X Aot

T H L X L

T H H X H

T L X L L

T L X H H

t Output level before the indicated steady-state

input conditions were established
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SN74AVC16269

12-BIT TO 24-BIT REGISTERED BUS EXCHANGER
WITH 3-STATE OUTPUTS

SCES152F — DECEMBER 1998 — REVISED FEBRUARY 2000

logic diagram (positive logic)

29
CLK

OEB1

— 56
OEB2

1D

> C1

30

CLKENA1

CLKENA2 %

SEL 28

> C1

1
OEA4C{>—‘

|
|
Al 8_=_4F€
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1D

- —F——————————

1D

23

> C1

4 vvVvyy

1B1

2B1
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SN74AVC16269
12-BIT TO 24-BIT REGISTERED BUS EXCHANGER
WITH 3-STATE OUTPUTS

SCES152F — DECEMBER 1998 — REVISED FEBRUARY 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

SUPPlY VORRAGE FaNgE, VG « v vttt et e e e et e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) . ... ... -05Vto4.6V
Voltage range applied to any input/output when the output
is in the high-impedance or power-off state, Vg (see Note 1) ......................... -0.5Vto4.6V
Voltage range applied to any input/output when the output
is in the high or low state, Vo (see Notes 1 and 2) ..............ccciiiiiiiinnn. -0.5VtoVee+05V
Input clamp current, [k (V1< 0) oottt e e -50 mA
Output clamp current, ok (Vo < 0) oo -50 mA
ContinuoUs OULPUL CUITENE, 10 ..o e e e 150 mA
Continuous current through each Voc or GND .. ... +100 mA
Package thermal impedance, 03a (see Note 3): DGG package ............ ... 64°C/W
DGVpackage ... 48°C/W
Storage temperature range, Tgpg -« .« v vvte i —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVC16269
12-BIT TO 24-BIT REGISTERED BUS EXCHANGER
WITH 3-STATE OUTPUTS

SCES152F — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT
v Supol " Operating 1.4 3.6 v
u voltage
cc PPy g Data retention only 1.2
Vcc=12V Vce
Vcc=14Vtol6V 0.65xVce
VIH High-level input voltage Vcc=165Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto36V 2
Vece =12V GND
Vcc=14Vtol6V 0.35xVce
VL Low-level input voltage Vcc=165Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8
\ Input voltage 0 3.6 \%
Active state 0 Vce
Vo Output voltage \%
3-state 0 3.6
Vcc=14Vtol6V -2
o Vcec=1.65Vto1.95V —4
loHs  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14Vtol6V
) Vcec=1.65Vto1.95V
loLs  Static low-level output currentT mA
Vcc=23Vto27V 8
Vcc=3Vto3.6V 12
At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V
TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with loHq and Ig of £24 mA at 2.5-V V. See Figure 1 for VgL vs IgL and
VoH Vs loH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVC16269

12-BIT TO 24-BIT REGISTERED BUS EXCHANGER
WITH 3-STATE OUTPUTS

SCES152F — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT  MAX | uNIT
loHs =—100 pA 14Vto36V |Vcc—0.2
loHS =—2 MA, ViH=091V 14V 1.05
VOH loHs = —4 MA, ViH=1.07V 165V 1.2 \Y
loHs =—8 MA, VIiH=17V 23V 1.75
loHs =—12 mA, VIH=2V 3V 2.3
loLs = 100 nA 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \Y
loLs = 8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVp=36V 0 +10 HA
loz* Vo =Vcc or GND 3.6V +12.5 uA
Ilcc V| =Vcc or GND, lop=0 3.6V 40 uA
Ci Control inputs V| = Ve or GND 25V pF
3.3V
Cio A or B ports Vo = Ve or GND 22 z pF

1 Typical values are measured at Ta = 25°C.
¥ For 1/0 ports, the parameter Iz includes the input leakage current.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

Vec=12v +0.1V

Vcc =15V

Vcc =18V
+0.15V

Vcc =25V
+0.2V

Vcc =33V

+0.3V UNIT

MIN  MAX MIN

MAX

MIN  MAX

MIN

MAX

MIN  MAX

fclock Clock frequency

MHz

tw Pulse duration, CLK high or low

ns

; Setup
su time

A data before CLKT

B data before CLKT

SEL before CLKT

ns

CLKENAL or CLKENAZ2
before CLKT

OE before CLKT

Hold
time

A data after CLKT

B data after CLKT

SEL after CLKT

ns

CLKENAL1 or CLKENA2
after CLKT

OE after CLKT
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switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

Vce =15V V =18V V =25V Vce =33V
PARAMETER FROM TO Vec=12V CiCO.l \% (?_*'(:0.15 \% CiCO.Z \% Ci'CO.S \Y UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX MIN  MAX MIN  MAX MIN  MAX
fmax MHz
B
tpd CLK ~ ns
B
ten CLK ~ ns
B
tais CLK " ns

switching characteristics, Tp = 0°C to 85°C, C| =0 pFJr

Vcc =33V
PARAMETER FROM o +0.15V UNIT
(INPUT) (OUTPUT) -
MIN  MAX
t CLK 5
ns
pd A
T Texas Instruments SPICE simulation data
operating characteristics, Tp = 25°C
Vecc =18V |Vecc =25V | Ve =3.3V
PARAMETER TEST CONDITIONS ce ce ce UNIT
TYP TYP TYP
Power dissipation Outputs enabled
C ! CL=0, f=10MHz F
Pd  capacitance Outputs disabled L P
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PARAMETER MEASUREMENT INFORMATION
Vec=12VAND15V+0.1V

0 2xVce
S1
O Open
From Output 2 ka / P TEST s1
Under Test l GND tpd Open
CL=15pF 2KO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— ¥
v | Vce
Timing 2 CcC Input XVCch XVCch
Input cc o oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES

Output
—————— Vee Waveform 1
Input % Vcel2 5{; Vcel2 Slat2xVcc
\ \ oV (see Note B)

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL
VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce

1kQ Si/’ O Open

TGND

From Output
Under Test
CL =30pF

(see Note A)

I

LOAD CIRCUIT

- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

VoL +0.15V
———— VoL

‘ﬂ—tPHZ

|
|
| |
tzH —» e ¥
Output
Waveform 2

S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vee=25Vx02V

0 2xVce
500 Q SV O Open
From Output TEST S1
Under Test l GND tod Open
CL =30pF 500 O tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— t—>
| Vce
Timing Vce Input chclz chc/z
Veel2 ov
Input oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input XVCC/Z XVCC/2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Veel2 Sk Vcel2 Slat2xVce VoL +0.15V
| \ oV (see Note B) ———— VoL

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

‘ﬂ—tPHZ

‘k——»

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVce
500 Q S1/7 0 open
From Output
Under Test l GND
CL =30pF
(see Note A) I 5002
LOAD CIRCUIT

. Vce
Timing X Veel2

Input ‘ oV
ﬂ————»%—————»
| tsu th |
\ \ Vce

Data

Input XVCch XVCc/Z oy

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST s1
tpd Open
tpLzZ/tpzL 2xVee
tpHZ/tPZH GND

— ty ——M

Input

\
X Vee/2

|
X Vee/2
oV

Vce

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
PULSE DURATION

\
tpzL —P
\

-
|

\
—» ‘H— tpLz
\

VoL +0.3V

|| Vee
‘ Veel2 |
\

———— VoL

tpzH —¥ ;4— —» ‘N—‘PHZ

———— VoH
Vcel/2
oV

VOLTAGE WAVEFORMS

VoH-03V

ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpyz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy|_ are the same as tpg.

@mmooO

Figure 5. Load Circuit and Voltage Waveforms

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.
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WITH 3-STATE OUTPUTS
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® Member of the Texas Instruments ® |4 Supports Partial-Power-Down Mode
Widebus™ Family Operation
® EPIC™ (Enhanced-Performance Implanted ® |deal for Use in PC133 Registered DIMM
CMOS) Submicron Process Applications
® DOC™ (Dynamic Output Control) Circuit ® ESD Protection Exceeds JESD 22
Dynamically Changes Output Impedance, — 2000-V Human-Body Model (A114-A)
Resulting in Noise Reduction Without — 200-V Machine Model (A115-A)
Speed Degradation ® |atch-Up Performance Exceeds 100 mA Per
® Dynamic Drive Capability Is Equivalent to JESD 78, Class Il
Standard Outputs With Ioy and I of ® Package Options Include Plastic Thin
24 mA at 2.5-V Ve Shrink Small-Outline (DGG) and Thin Very
® OQvervoltage-Tolerant Inputs/Outputs Allow Small-Outline (DGV) Packages
Mixed-Voltage-Mode Data Communications
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
321 1y =25°C Ta = 25°C
2 g | Process = Nominal 2.8 |- Process = Nominal
>| >' 24
2.4 / 0 2
§ 2.0 I/ Vec =33V g 5 // /
s / / : [/
5 16 / 5 16 /
a2 7 7 o
= I Vcc=25V 5 I / /
O 1.2 o 12
L // Vcec =18V II // l /
© 08 >O 0.8 7
Vee = 3-3V//\/3C:2.5 v/f [
0.4 0.4 r L |vec=18V
/ e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 16-bit universal bus driver is operational at 1.2-V to 3.6-V Vc, but is designed specifically for 1.65-V to
3.6-V Vc operation.
Data flow from Ato Y is controlled by the output-enable (OE) input. The device operates in the transparent mode
when the latch-enable (LE) input is low. When LE is high, the A data is latched if the clock (CLK) input is held
at a high or low logic level. If LE is high, the A data is stored in the latch/flip-flop on the low-to-high transition
of CLK. When OE is high, the outputs are in the high-impedance state.
To ensure the high-impedance state during power up or power down, OE should be tied to Ve through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.

Copyright © 2000, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

standard

L]
warranty. Production processing does not necessarily include l
testing of all parameters. EXAS
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SN74AVC16334
16-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES154G — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

This device is fully specified for partial-power-down applications using | 4. The Iy circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16334 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
oE[]1 v 48[l cLk
vi[]2 a7l A1
v2[]3 46]] A2

GND[] 4 45]] GND
v3[ls 44]] A3
valls 43]] A4

veel]? a2l Vee
vs(]s a1f] As
vel]o 0[] A6
oNDll10  39fl oND
v7[1n 38l a7
vall12 37l as
voll1z  36[] A9
vio[Q14  3s5[]Al0
oNDl1s  34[lenD
viillis  33[Aann
vi2lliz  32[] A2
Vecll1s  31fl vee
v13[l19  30[] A13
v1a[l20 29[l A14
oNDl2r 28]l enD
vis[l22  27[) a15
vie[l23  26[] A16
NC[l22  2s[LE

NC - No internal connection

FUNCTION TABLE
(each universal bus driver)

INPUTS OUTPUT
OE LE CLK A
H X X X z
L L X L L
L L X H H
L H T L L
L H T H H
L H LorH X Yol

T Output level before the indicated steady-state
input conditions were established
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logic symbolT

OE
CLK

Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8
Y9
Y10
Y11
Y12
Y13
Y14
Y15
Y16

1
EN1

48
> 2C3

25
c3
G2
1 C
1V 1 3D

47
46
44
43
4
40
38
37
36
35
33
32
30
29
27
26

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

logic diagram (positive logic)

1D

C1

> CLK

To 15 Other Channels

Al
A2
A3
A4
A5
A6
A7
A8
A9
Al10
All
Al2
Al3
Al4
A15
Al6

Y1
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

SUpply VOIAGE raNGE, VO G - - ot ettt e e e e e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) ........ ... -05Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) oottt e e e -05Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(SEE NOES 1 aNd 2) . ...\ -05VtoVee+05V
Input clamp current, Ik (V1 < 0) oottt -50 mA
Output clamp current, Iog (Vo < 0) oo -50 mA
Continuous OULPUL CUITENE, 1o ... oo e +50 mA
Continuous current through each Vec or GND ... +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ...t 70°C/W
DGV opackage ... 58°C/W
Storage temperature range, Tggg ... vovvvii i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.

2-62
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16-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES154G — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with IoH and I of +24 mAat2.5-V V. See Figure 1 for Vo vslop and VoH vs IoH
characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006, and
Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT mMAX| uNIT
loHs =100 A 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
I Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVpo=3.6V 0 +10 uA
loz Vo =Vcc or GND 3.6V +10 UA
Icc V| =Vcc or GND, lo=0 36V 40 A
) _ 25V 4
CLK input V| =Vcc or GND 33V a
_ ) _ 25V 4
Cj Control inputs V| =Vcc or GND 33V 7 pF
) _ 25V 2.5
Data inputs V| =Vcc or GND 33V o5
~ 25V 6.5
Co Outputs Vo =V or GND 33V v pF

T Typical values are measured at Tp = 25°C.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

_ Vcc=15V Vcc=18V | Vcc=25V | Vcc=33V
Vec=12V +0.1V +0.15V +02V +0.3V UNIT
MIN MAX | MIN MAX| MIN MAX| MIN MAX| MIN MAX
fclock  Clock frequency 150 150 150 | MHz
. Pulse LE low 3.3 3.3 3.3 .
w duration [ CLK high or low 3.3 3.3 3.3
Data before CLKT 1 0.8 0.7 0.7 0.7
tsy Srit;p Data | CLK high 15 1.4 0.9 0.9 0.9 ns
before LET [ CLK low 2.7 16 1.2 1 1
th ;gg Data after CLKT 1.3 1.1 0.9 0.8 0.7 ns
. Hold Data | CLKhigh 2.2 1.9 1.7 15 15 ns
n time after LET  [crk low 2.4 1.8 1.6 1.4 1.3 ns

{'f TEXAS
INSTRUMENTS

2-64 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74AVC16334
16-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES154G — DECEMBER 1998 — REVISED FEBRUARY 2000

switching characteristics over recommended operating free-air temperature range (unless

otherwise noted) (see Figures 2 through 5)

Vec =15V | Vec=18V | Vcc=25V | Vec=33V
PARAMETER FROM TO Vec=12V Cico.l \Y% (?_*'%.15 \Y CiCO.Z \% CiCO.3 \% UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX| MIN MAX| MIN MAX]| MIN MAX
fmax 150 150 150 MHz
A 5.3 1.2 6.2 1.5 4.9 1 3.2 0.9 2.5
tod LE Y 7 2.2 9.7 1.8 7.5 1.5 4.9 0.8 41 ns
CLK 6 1.9 7.8 1.6 6 1.1 3.7 1 3.1
ten OE Y 7.9 24 102 1.6 8.8 1.5 6.7 1 62| ns
tdis OE Y 7.7 21 103 1.5 8.4 1.2 5.3 1 53| ns
switching characteristics, T = 0°C to 85°C, C| = 0 pF'
Vee =33V
PARAMETER FROM 0 CiCO-15 v UNIT
(INPUT) (OUTPUT)
MIN  MAX
A 0.6 1.3
Y ns
CLK 0.7 15
T Texas Instruments SPICE simulation data
operating characteristics, Ta = 25°C
Vcc =18V |Vee=25V | Veec=3.3V
PARAMETER TEST CONDITIONS ce ce ce UNIT
TYP TYP TYP
c Power dissipation Outputs enabled cl =0 ¢ = 10 MH 45 48 52 .
. =0, = V4
pd capacitance Outputs disabled L 23 25 28 P
¥ 1,
I EXAS
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PARAMETER MEASUREMENT INFORMATION
Vee=12VAND15V+0.1V

0 2xVce

2kQ SV O Open

GND
2kQ T

From Output
Under Test
CL=15pF
(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
| |
tpzH —P :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVC16334
16-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES154G — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

O 2xVcce
1kQ SV O Open
From Output TEST s1
Under Test l GND tod Open
CL =30 pF 1kQ tpLZ/tPZL 2xVee
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
ety ——
v | Vce
Timing Vet CcC Input XVCch XVCch
Input cc ov ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input vecel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
______ Vee Waveform 1
Input % Vce/2 Sk Vcel2 Slat2xVce VoL +0.15V
\ \ oV (see Note B) | | ‘__——VOL
\ \
tPLH —¢—— H—P‘—‘ tPHL tPzH —¥ ‘“— M Etphz
‘ Output -V
— OH
VoH Waveform 2 Voy - 0.15V
Output Vcel2 Vcel2 S1at GND
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G. tpLH and tpy_ are the same as tp.

Figure 3. Load Circuit and Voltage Waveforms
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16-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES154G — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

O 2xVcce
5000 S/ 0 open
From Output TEST S1
Under Test l GND
tpd Open
CL=30pF 500 O tpLZ/tpzL 2xVece
(see Note A) I tpHz/tPZH GND
LOAD CIRCUIT
et —»!
v | Vecc
Timing Vet CcC Input XVCC/Z XVCC/Z
Input cC ov ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vece Waveform 1 |
Input % vVcel2 5&; Vcel2 Slat2xVce | VoL +0.15V
\ \ oV (see Note B) | T VoL
\ \ |
tpLH —¢——b —>— tpHL tpzH — ‘k— —» @ tprz
\ | Output V
o ———— VOH
VoH Waveform 2 VoH-0.15V
Output Vcel2 Vccel2 S1at GND
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G. tpLH and tpy| are the same as tpq.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC16334
16-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES154G — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVcc

s1 o TEST S1
From Output 500 / Open tpd Open
Under Test l GND tpLz/tPZL 2 X VCC
CL =30pF tpHZ/tPZH GND
(see Note A) I s00Q
LOAD CIRCUIT — ty ——»
\ \
\ \ Vee
Vee Input XVCC/2 XVCC/2
Tllr:::Jnugi XVCC/Z oV
} ov VOLTAGE WAVEFORMS
- PULSE DURATION
| tsu th ‘
Data | | vVee
Inout XVC(;IZ XVCch Output
npu oV Control
(low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
————— Vcc Waveform 1 ‘
Input f Veel2 Veel2 Slat2xVce ‘ VoL +0.3V
\ oV (see Note B) | T VoL
| | e
t 4 t
tPLH —ﬂ—ﬁ T tPHL PZH ¥ € Pz
Output \ —— — — VoH
\ ——— VOoH Waveform 2 VoH-0.3V
Output Vcel2 Veel2 S1 at GND
VoL (see Note B) oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES

NOTES: A. Cp includes probe and jig capacitance.

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

tpLz and tpHz are the same as tyjs.

tpzL and tpzy are the same as tgp.

tpH and tpy|_ are the same as tpg.

w

®mmoo

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES156F — DECEMBER 1998 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® |4 Supports Partial-Power-Down Mode
Widebus™ Family Operation
® EPIC™ (Enhanced-Performance Implanted ® ESD Protection Exceeds JESD 22
CMOS) Submicron Process — 2000-V Human-Body Model (A114-A)
® DOC™ (Dynamic Output Control) Circuit — 200-V Machine Model (A115-A)
Dynamically Changes Output Impedance, ® | atch-Up Performance Exceeds 100 mA Per
Resulting in Noise Reduction Without JESD 78, Class Il
Speed Degradation ® Package Options Include Plastic Thin
® Dynamic Drive Capability Is Equivalent to Shrink Small-Outline (DGG) and Thin Very
Standard Outputs With Igy and Ig of Small-Outline (DGV) Packages
+24 mA at 2.5-V V¢
® OQvervoltage-Tolerant Inputs/Outputs Allow
Mixed-Voltage-Mode Data Communications
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
32 [ 75 =25°C Ta = 25°C
28 Process = Nominal 2.8 | Process = Nominal
>| >' 24
2.4 Y. o R
§ 2.0 I/ Vec =33V g 5 // /
s / / : [/
5 16 / 5 16 /
a & 7 7 =%
= I Vcc=25V 5 I / /
O 1.2 o 12
L // Vcec =18V II // l /
© 08 >O 0.8 7
Vee = 3-3V//\/3C:2.5 vy o [
0.4 0.4 7 / v T 1sv
/ e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 16-bit transparent D-type latch is operational at 1.2-V to 3.6-V V¢, but is designed specifically for 1.65-V
to 3.6-V V¢ operation.
The SN74AVC16373 is particularly suitable for implementing buffer registers, 1/0 ports, bidirectional bus
drivers, and working registers. This device can be used as two 8-bit latches or one 16-bit latch. When the
latch-enable (LE) input is high, the Q outputs follow the data (D) inputs. When LE is taken low, the Q outputs
are latched at the levels set up at the D inputs.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.

Copyright © 2000, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

standard

L]
warranty. Production processing does not necessarily include l
testing of all parameters. EXAS
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SN74AVC16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES156F — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high
or low logic levels) or the high-impedance state. In the high-impedance state, the outputs neither load nor drive
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus
lines without need for interface or pullup components. OE does not affect internal operations of the latch. Old
data can be retained or new data can be entered while the outputs are in the high-impedance state.

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using | 4. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16373 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
10E [1 v 48] 1LE
101[]2 47]] 1D1
1Q2[]3 46(] 1D2
GND [|4 45]] GND
1Q3[]s 44]] 1D3
1Q4[]e 43[] 1D4
Veell7 a2[] Vee
1Q5[]s 41]] 1D5
106 [} 9 40(] 1D6

GND[l10 39|l GND
1Q7[Juz 38|l 1D7
10812  37|] 1D8
2Q1[]13 36l 2D1
2Q2[l14  3s[]2D2

GND[]15  34[JGND
2Q3[]16  33[] 2D3
2Q4[]17  32[) 2D4
Vecllis 31l Vee
2Q5[]19  30[] 2D5
2Q6[]20 29[ 2D6

GND[]21  28[]GND
2Q7[]22  27[] 2D7
208[]23 26 2D8
20E[J24  25[] 2LE

2-72
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SN74AVC16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES156F — DECEMBER 1998 — REVISED FEBRUARY 2000

FUNCTION TABLE
(each 8-bit latch)

INPUTS OUTPUT
OE LE D Q
L H H H
L H L L
L L X Qo
H X X z
logic symbolT
_ 1
10E —— N 1EN
48
1ILE ————{c3
24
20 ———D2EN
25
2LE ————{c4
47 1 L 2
1D1 — 3D 1v 101
46 3
1D2 1Q2
44 5
1D3 1Q3
43 6
1D4 1Q4
41 8
1D5 1Q5
40 9
106 ———— 106
38 11
1D7 —M8M— L 1Q7
37 12
1D§ ———M— " 108
36 13
D1 ——— 4D 2vfl— 2:
35 14
D2 —————— L 2Q2
33 16
2D3 ————— L 203
32 17
04— 204
30 19
205 ———————— 205
29 20
206 ————————— L 206
27 22
207 ————————— L 207
26 23
208 ————————— L 208

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
logic diagram (positive logic)

10E 20E 24 g[>
1LE LI>; 2LE 25

C1 2 C1l 13
101 201
1D1 4 i 1D Q 2D1 36 i 1D Q
To Seven Other Channels To Seven Other Channels
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SN74AVC16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES156F — DECEMBER 1998 — REVISED FEBRUARY 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

SUpply VOIAGE raNGE, VO G - - ot ettt e e e e e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) ........ ... -05Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) oottt e e e -05Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(SEE NOES 1 aNd 2) . ...\ -05VtoVee+05V
Input clamp current, Ik (V1 < 0) oottt -50 mA
Output clamp current, Iog (Vo < 0) oo -50 mA
Continuous OULPUL CUITENE, 1o ... oo e +50 mA
Continuous current through each Vec or GND ... +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ...t 70°C/W
DGV opackage ... 58°C/W
Storage temperature range, Tggg ... vovvvii i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVC16373

16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES156F — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT
v SuUDDIY Vot Operating 14 3.6 v
u voltage
cc i g Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce
VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce
VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8
V| Input voltage 0 3.6 \%
Active state Vce
Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2
o Vcc=1.65Vto1.95V -4
loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV
) Vcc=1.65Vto1.95V
loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12
At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V
TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with IoH and I of +24 mAat2.5-V V. See Figure 1 for Vo vslop and VoH vs IoH
characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006, and
Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES156F — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT mMAX| uNIT
loHs =100 A 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 1.65V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
I Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVpo=3.6V 0 +10 uA
loz Vo =Vcc or GND 36V +10 UA
Icc V| =Vcc or GND, lo=0 3.6V 40 A
) _ 25V 3
. Control inputs V| =Vcc or GND 33V 3 -
) _ 25V 25
Data inputs V| =Vcc or GND 33V o5
B G 25V 6.5
Co Outputs Vo =V or GND 33V v pF

T Typical values are measured at Voc = 2.5 V and 3.3 V, Tp = 25°C.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

Vec=12V VCiC 0:.11\'/5 Y V(E_r%:lsl '\? Y Vcic 0:.22\'/5 Y VCf 0:.33\-/3 Y UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX MIN  MAX
tw Pulse duration, LE high 2.2 2 1.8 ns
tsy Setup time, data before LEL 17 1.2 11 0.9 0.8 ns
th Hold time, data after LEL 1.1 1.1 1.1 1 ns

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

_ Vcc=15V | Vcc=18V | Vcc=25V | Vcc=33V
PARAMETER FROM TO Vec=1.2V +0.1V +0.15V +0.2V +0.3V UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX | MIN MAX| MIN MAX| MIN MAX
D 5.8 1.2 6.8 1 5.7 0.8 3.3 0.7 2.8
tpd Q ns
LE 7.2 1.4 83 11 6.6 0.8 4l o7 3.2
ten OE Q 7.4 1.6 8.8 1.6 6.7 14 43 0.7 34| ns
tdis OE Q 8.4 25 9.4 2.3 7.8 1.3 4.2 1.2 3.9 ns
‘Ui TEXAS
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operating characteristics, Tp = 25°C

Vecc=18V |Vecc =25V | Vcc =33V
PARAMETER TEST CONDITIONS cc ce ce UNIT
TYP TYP TYP
Power dissipation Outputs enabled 40 43 47
Cpd v o - CL=0, f=10MHz pF
capacitance Outputs disabled 20 22 24

PARAMETER MEASUREMENT INFORMATION
Vec=12VAND 15V +0.1V

0 2xVcc
S1 Open
From Output 2 ka / ©oP TEST S1
Under Test l GND
tpd Open
CL=15pF 2 KO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
e
v | Vce
Timing Vet CC Input XVCch XVCc/Z
Input cc oV ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
oV (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Vcel2 SK Vcel2 Slat2xVce
\ \ oV (see Note B)
\ \
tpLH ——— —»— tpHL
\ Output
——— VoH Waveform 2
Output Vecl2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES

NOTES: A. Cy includes probe and jig capacitance.

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.
tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tp|H and tpyy|_ are the same as tpg.

®@mmooO

Figure 2. Load Circuit and Voltage Waveforms

*9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-77




SN74AVC16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES156F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce

1kQ SV O Open

TGND

From Output
Under Test
CL =30pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1 ‘
Slat2xVcc | VoL +0.15V
(see Note B) | ———— VoL

]
tzH —» = B e tphz
Output |
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS
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PARAMETER MEASUREMENT INFORMATION
Vee=25Vx02V

O 2xVce
5000 51/ 0 open
From Output TEST S1
Under Test l GND
tpd Open
CL=30pF 500 O tpLZ/tPZL 2xVcce
(see Note A) I tpHZ/tP7ZH GND
LOAD CIRCUIT
-
v | Vce
Timing Vo2 ccC Input XVCC/Z chclz
Input cc oV ov
| VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vce Waveform 1
Input % Vcel2 Sk Vcel2 Slat2xVcc VoL +0.15V
\ \ oV (see Note B) | T T T VoL
\ \ |
tPLH —¢—»! H—P‘—‘ tPHL tPzH —¥ ‘“— —» & tpHz
‘ Output -V
o OH
VoH Waveform 2 VoH-0.15V
Output Vccl2 Vcel2 S1at GND
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES

NOTES: A. Cp includes probe and jig capacitance.

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

tpLz and tpHz are the same as tyjs.

tpzL and tpzH are the same as tep.

tpLH and tpyy|_ are the same as tpg.

w

@mmooO

Figure 4. Load Circuit and Voltage Waveforms
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16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES156F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVce

500 Q SV O Open
l GND
CL=30pF
(see Note A) I 5000

From Output
Under Test

LOAD CIRCUIT

. Vee
Timing veel2
Input ‘

ov
H—————b%——————ﬂ
| tsu th \

\ | v
CcC
Data ‘
Input XVCc/Z XVCC/Z
oV

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

w

TEST s1
tpd Open
tpLZ/tpZL 2xVce
tpHZ/tpZH GND

oty —P
\ \

‘ ‘ Vee
Input XVCC/2 XVCC/2
oV

VOLTAGE WAVEFORMS
PULSE DURATION

Output Vee
Control
(low-level
enabling) oV
Output V.
Waveform 1 cc

Slat2xVcc
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tgp.
tpLH and tpy_ are the same as tpg.

O@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVCH16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES157E — DECEMBER 1998 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® Overvoltage-Tolerant Inputs/Outputs Allow
Widebus™ Family Mixed-Voltage-Mode Data Communications
® EPIC™ (Enhanced-Performance Implanted ® |4 Supports Partial-Power-Down Mode
CMOS) Submicron Process Operation
® DOC™ (Dynamic Output Control) Circuit ® Bus Hold on Data Inputs Eliminates the
Dynamically Changes Output Impedance, Need for External Pullup/Pulldown
Resulting in Noise Reduction Without Resistors
Speed Degradation ® Package Options Include Plastic Thin
® Dynamic Drive Capability Is Equivalent to Shrink Small-Outline (DGG) and Thin Very
Standard Outputs With Igy and Ig of Small-Outline (DGV) Packages
+24 mA at 2.5-V V¢
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
32 1, =250C Tp = 25°C
2 g | Process = Nominal 2.8 |- Process = Nominal
>| >' 2.4
2.4 Y. o R
§ 2.0 I/ Vec =33V g 5 // /
s - / / 2 [/
5 16 / 5 16 /
a Vi 7/ s
= I Vcc=25V 5 I / /
O 1.2 o 12
L Vcc =18V II // l /
>O 0.8 >O 0.8 7
Vee = 3-3V//\/30 =25 v/f [
0.4 0.4 L~ 7 Noc=18v
/ e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 16-bit transparent D-type latch is operational at 1.2-V to 3.6-V V¢, but is designed specifically for 1.65-V
to 3.6-V V¢ operation.
The SN74AVCH16373 is particularly suitable for implementing buffer registers, 1/O ports, bidirectional bus
drivers, and working registers. This device can be used as two 8-bit latches or one 16-bit latch. When the
latch-enable (LE) input is high, the Q outputs follow the data (D) inputs. When LE is taken low, the Q outputs
are latched at the levels set up at the D inputs.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.
PRODUCT PREVIEW information concerns products in the formative or . Copyright © 2000, Texas Instruments Incorporated
Speccalons are GeSign dode Toxas Ingscroms resares the ignt {y
iﬁgﬁlge or discontinuegthegse prbducts without notice. ¢ TEXAS
INSTRUMENTS
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SN74AVCH16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES157E — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high
or low logic levels) or the high-impedance state. In the high-impedance state, the outputs neither load nor drive
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus
lines without need for interface or pullup components. OE does not affect internal operations of the latch. Old
data can be retained or new data can be entered while the outputs are in the high-impedance state.

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level.

This device is fully specified for partial-power-down applications using | 4. The |5 circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVCH16373 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
10E []1 % 48] 1LE
101[]2 47]] 1D1
1Q2[]3 46(] 1D2
GND [|4 45]] GND
1Q3[]s 44]] 1D3
1Q4[]e 43[] 1D4
Veell7 a2[] Vee
1Q5[]s 41]] 1D5
106 [} 9 40|] 1D6

GND[l10 39|l GND
1Q7 iz 38|l 1D7
10812  37|] 1D8
2Q1[]13 36l 2D1
2Q2[l14  3s[]2D2

GND[]15  34[JGND
2Q3[]16  33[] 2D3
2Q4[]17  32[) 2D4
Veellis 31l Vee
2Q5[]19  30[] 2D5
2Q6[]20 29[ 2D6

GND[]21  238[JGND
2Q7[]22  27[] 2D7
2Q8[]23 26 2D8
20E[J24  25[] 2LE
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SN74AVCH16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES157E — DECEMBER 1998 — REVISED FEBRUARY 2000

FUNCTION TABLE
(each 8-bit latch)

INPUTS OUTPUT
OE LE D Q
L H H H
L H L L
L L X Qo
H X X z
logic symbolT
_ 1
10E —— N 1EN
48
1ILE ————{c3
24
20 ———D2EN
25
2LE ————{c4
47 . C 2
1D1 — 3D 1v 101
46 3
1D2 1Q2
44 5
1D3 1Q3
43 6
1D4 1Q4
41 8
1D5 1Q5
40 9
106 ——— 106
38 11
1D7 —M—] 107
37 12
1D§ ————— 108
36 13
D1 ——— 4D 2vfl— 2:
35 14
D2 ————— - 2Q2
33 16
2D3 ————— 203
32 17
204 ———————— 204
30 19
205 ———————— 205
29 20
206 —————————— 206
27 22
207 ————————— 207
26 23
208 ———————— - 208

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
logic diagram (positive logic)

10E 20E 24 _[>
1LE LD; 2LE 25

47 C1 2 101 36 C1l 13 201
1D1 i 1D l L~ 2D1 i 1D l L~
To Seven Other Channels To Seven Other Channels
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SN74AVCH16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES157E — DECEMBER 1998 — REVISED FEBRUARY 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

SUpply VOIAGE raNGE, VO G - - ot ettt e e e e e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) ........ ... -05Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) oottt e e e -05Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(SEE NOES 1 aNd 2) . ...\ -05VtoVee+05V
Input clamp current, Ik (V1 < 0) oottt -50 mA
Output clamp current, Iog (Vo < 0) oo -50 mA
Continuous OULPUL CUITENE, 1o ... oo e +50 mA
Continuous current through each Vec or GND ... +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ...t 70°C/W
DGV opackage ... 58°C/W
Storage temperature range, Tggg ... vovvvii i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVCH16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES157E — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

t Dynamic drive capability is equivalent to standard outputs with loHq and lg of £24 mA at 2.5-V V. See Figure 1 for Vo vs IgL and
VoH Vs |pH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: Allunused control inputs of the device must be held at V¢ or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVCH16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES157E — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN  TYPT  MAX | uNIT
loHs =100 A 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
V=057V 165V 25
IBHLT V=07V 2.3V 45 UA
V=08V 3V 75
V=107V 1.65V -25
IBHHE V=17V 2.3V -45 A
Vi=2V 3V -75
195V 200
IgHLOT V|=0toVce 27V 300 LA
36V 500
195V —200
IBHHO™ Vi =0to Ve 27V -300 UA
36V -500
loff VjorVo=36V 0 +10| uA
loz Vo =Vcc or GND 36V +10 A
Icc V| =Vcc or GND, lo=0 36V 40 UHA
Control inputs 25V
Ci V| = Ve or GND 3V pF
Data inputs 25V
3.3V
B 25V
Co Outputs Vo =Vcc or GND 33V pF

T Typical values are measured at Ta = 25°C.

¥ The bus-hold circuit can sink at least the minimum low sustaining current at V)L max. IgHL should be measured after lowering VN to GND and
then raising it to V| max.

§ The bus-hold circuit can source at least the minimum high sustaining current at Vjy min. Igp should be measured after raising V| to Vcc and
then lowering it to Vi min.

T An external driver must source at least Igp o to switch this node from low to high.

# An external driver must sink at least IgHHQ to switch this node from high to low.
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SN74AVCH16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES157E — DECEMBER 1998 — REVISED FEBRUARY 2000

timing requirements over recommended operating free-air temperature range (unless otherwise

noted) (see Figures 2 through 5)

vee=12v | "GV | "Sasv | Foov | " Sosv | o
MIN  MAX MIN  MAX MIN  MAX MIN  MAX MIN  MAX
tw Pulse duration, LE high or low ns
tsy Setup time, data before LE{ ns
th Hold time, data after LE{ ns

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

Vec=15V | Vec=18V | Vcc=25V | Vec=33V
pARAMETER |  FROM To Vee=12v | 65 o5V “Coov “Coav UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX| MIN MAX| MIN MAX| MIN MAX
t > Q
ns
pd LE
ten ﬁ Q ns
tdis OE Q ns
operating characteristics, Ta = 25°C
Vec =18V |Vec=25V [Veec=33V
PARAMETER TEST CONDITIONS  |—=5 cc cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled cl =0 ¢ = 10 MHz E
pd capacitance Outputs disabled L= P
3 15
I EXAS
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SN74AVCH16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES157E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.2VAND 1.5V +0.1V

0 2xVce

2kQ SV O Open

GND
2kQ T

From Output
Under Test
CL=15pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
| |
tpzH —P :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVCH16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES157E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce
S1
O Open
From Output Lka / P TEST s1
Under Test l GND tod Open
CL =30pF 1kO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— t—>
v Vce
Timing 2 CcC Input XVCch XVCch
Input cc o oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Veel2 Sk Vcel2 Slat2xVce VoL +0.15V
| \ oV (see Note B) ———— VoL

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

‘ﬂ—tPHZ

‘k——»

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVCH16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES157E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

O 2xVcc
500 Q SV O Open
From Output TEST sS1
Under Test l GND tpd Open
CL =30pF 500 O tpLz/tpzL 2xVce
(see Note A) I tpHz/tPZH GND
LOAD CIRCUIT
oty —»!
v | Vce
Timing Vet CcC Input XVCC/Z XVC(:IZ
Input cC ov ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vece Waveform 1 |
Input % vVcel2 5&; Vccl2 Slat2xVce | VoL +0.15V
\ \ ov (see Note B) | . VoL
\ \ |
tpLH —¢—— —>— tppL tpzH —W ‘k— —» [ tpHz
Output ———— VoH
——— VoH Waveform 2 VoH - 0.15V
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cg includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G. tpLH and tpH_ are the same as tpg.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVCH16373
16-BIT TRANSPARENT D-TYPE LATCH
WITH 3-STATE OUTPUTS

SCES157E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

0 2xVce
E 500 Q Sl/‘ O Open TEST s1
rom Output
Under Test l GND tpd Open
CL=30pF 500 O T tpLZ/tpzL 2xVce
(see Note A)I tpHZ/tPZH GND

LOAD CIRCUIT

Timing
Vcel/2
Input X cC

— ty —H
\ \

‘ ‘ Vece
Veel2 Vcel/2
vee Input X CcC X CC
oV

‘ oV VOLTAGE WAVEFORMS
H—Vﬂ—b‘ PULSE DURATION
| lsu th
Data | | vee
Input XVC(;/Z XVCC/Z Output Vce
oV Control
(low-level
VOLTAGE WAVEFORMS enabling)

SETUP AND HOLD TIMES

—————— Vce
Input 7f Vcel2 Sk Veel2
\ ov

Output
Waveform 1
Slat2xVcc

vVce
VoL +0.3V

| (see Note B) | | ———— VoL
\
tpLH —f¢—» —— tpHL tPzH » € B @ tphz
‘ ‘ Output \ ——— — Vonu
| ——— VOH Waveform 2 VoH-0.3V
Output Vcel2 Veel2 S1at GND
VoL (see Note B) oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

PRODUCT PREVIEW

PROPAGATION DELAY TIMES

ENABLE AND DISABLE TIMES

NOTES: A. Cp includes probe and jig capacitance.

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.
tpLz and tpHz are the same as tyjs.
tpzL and tpzy are the same as tgp.
tpH and tpy|_ are the same as tpg.

®mmoo

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES158F — DECEMBER 1998 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® |4 Supports Partial-Power-Down Mode
Widebus™ Family Operation
® EPIC™ (Enhanced-Performance Implanted ® ESD Protection Exceeds JESD 22
CMOS) Submicron Process — 2000-V Human-Body Model (A114-A)
® DOC™ (Dynamic Output Control) Circuit — 200-V Machine Model (A115-A)
Dynamically Changes Output Impedance, ® | atch-Up Performance Exceeds 100 mA Per
Resulting in Noise Reduction Without JESD 78, Class Il
Speed Degradation ® Package Options Include Plastic Thin
® Dynamic Drive Capability Is Equivalent to Shrink Small-Outline (DGG) and Thin Very
Standard Outputs With Igy and Ig of Small-Outline (DGV) Packages
+24 mA at 2.5-V V¢
® OQvervoltage-Tolerant Inputs/Outputs Allow
Mixed-Voltage-Mode Data Communications
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
32 [ 75 =25°C Ta = 25°C
28 Process = Nominal 2.8 | Process = Nominal
> >
I o4 / 424
‘% 2.0 // Vec =33V E 2.0 // //
= . o
2 / yd T 16 e
5 16 v 7/ a -
= I Vcc=25V 5 I / /
O 1.2 o 12
L // Vec =18V - // l /
© 08 >O 0.8 7
Vee = 3-3V//\/3C:2.5 v/f [
0.4 0.4 r L |vec=18V
/ e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 16-bit edge-triggered D-type flip-flop is operational at 1.2-V to 3.6-V V¢, but is designed specifically for
1.65-V to 3.6-V V¢ operation.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.

Copyright © 2000, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

standard

L]
warranty. Production processing does not necessarily include l
testing of all parameters. EXAS
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SN74AVC16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES158F — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

The SN74AVC16374 is particularly suitable for implementing buffer registers, 1/0 ports, bidirectional bus
drivers, and working registers. It can be used as two 8-bit flip-flops or one 16-bit flip-flop. On the positive
transition of the clock (CLK) input, the Q outputs of the flip-flop take on the logic levels at the data (D) inputs.
OE can be used to place the eight outputs in either a normal logic state (high or low logic levels) or the
high-impedance state. In the high-impedance state, the outputs neither load nor drive the bus lines significantly.
The high-impedance state and the increased drive provide the capability to drive bus lines without need for
interface or pullup components.

OE does not affect internal operations of the flip-flop. Old data can be retained or new data can be entered while
the outputs are in the high-impedance state.

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using | o¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16374 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
_ )
10E [J1 a8l 1cLK
101 [2 a7l 1D1
102[]s 46[] 102
GND [J4 45[] GND
103105 44[] 1D3
104 |6 43[] 1D4
vee [7 a2flvee
105 [|8 41l 1p5
106 []o 0[] 106

eND [0 39fleND
107 [j11  38fJip7
108[j12  37[Jips
201 (13 36|l 2D1
202 [J14  35[l2D2
eND [J1s 34flenp
203[]16  33[]2D3
204 [J17  32[] 2p4
vec 18 31flvee
2@5[J19  30[] 2p5
206 [[20  29[] 2p6
eND [J2r 28flenp
20722 27[12p7
2Q8 []23  26[] 2p8
20E [[24 25|l 2cLK

2-94

{'f TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74AVC16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES158F — DECEMBER 1998 — REVISED FEBRUARY 2000

logic symbolT

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

10E

1CLK

20E
2CLK

1D1
1D2
1D3
1D4
1D5
1D6
1D7
1D8
2D1
2D2
2D3
2D4
2D5
2D6
2D7
2D8

logic diagram (positive logic)

1

48
24
25

47
46
44
43
41
40
38
37
36
35
33
32
30
29
27
26

FUNCTION TABLE
(each 8-bit flip-flop)

INPUTS OUTPUT
OE CLK D Q
L T H H
L T L L
L  HorL X Qo
H X X z

1EN

> C1

2EN

> C2

1 C

1D 1v

2D 2v

O | [ |0 |w|N

12
13
14
16
17
19
20
22
23

1Q1
1Q2
1Q3
1Q4
1Q5
1Q6
1Q7
1Q8
2Q1
2Q2
2Q3
2Q4
2Q5
2Q6
2Q7
2Q8

10E 20E 24 g[>
1CLK LI>— 20k 2
+7> C1l 2 > C1 13
101 201
1D1 4 i 1D Q 2D1 36 i 1D Q
To Seven Other Channels To Seven Other Channels
ol
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SN74AVC16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES158F — DECEMBER 1998 — REVISED FEBRUARY 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

SUpply VOIAGE raNGE, VO G - - ot ettt e e e e e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) ........ ... -05Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) oottt e e e -05Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(SEE NOES 1 aNd 2) . ...\ -05VtoVee+05V
Input clamp current, Ik (V1 < 0) oottt -50 mA
Output clamp current, Iog (Vo < 0) oo -50 mA
Continuous OULPUL CUITENE, 1o ... oo e +50 mA
Continuous current through each Vec or GND ... +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ...t 70°C/W
DGV opackage ... 58°C/W
Storage temperature range, Tggg ... vovvvii i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVC16374

16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES158F — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with IoH and I of +24 mAat2.5-V V. See Figure 1 for Vo vslop and VoH vs IoH
characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006, and
Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVC16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES158F — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT mMAX| uNIT
loHs =100 A 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 1.65V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVpo=3.6V 0 +10 uA
loz Vo =Vcc or GND 36V +10 UA
Icc V| =Vcc or GND, lo=0 3.6V 40 A
) _ 25V 3
. Control inputs V| =Vcc or GND 33V 3 -
) _ 25V 25
Data inputs V| =Vcc or GND 33V o5
B G 25V 6.5
Co Outputs Vo =V or GND 33V v pF

T Typical values are measured at Voc = 2.5 V and 3.3 V, Tp = 25°C.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

Vec=12V VCiC 0:.11\'/5 Y V(E_r%:lsl '\? Y ch 0:.22\'/5 Y Vcic o:.33\-/3 Y UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX MIN  MAX
fclock  Clock frequency 160 200 200 | MHz
tw Pulse duration, CLK high or low 3.1 2.5 25 ns
tsu Setup time, data before CLKT 4.1 2.7 1.9 14 14 ns
th Hold time, data after CLKT 1.7 1.3 1.2 11 11 ns

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

_ Vcc=15V Vcc=18V | Vcc=25V | Vcc=33V
PARAMETER FROM TO Vee= L2v +0.1V +0.15V +0.2V +0.3V UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX MIN  MAX MIN  MAX MIN  MAX

fmax 160 200 200 MHz

thd CLK Q 7.3 15 8.4 1.2 6.7 0.8 4.1 0.7 3.3 ns

ten OE Q 7.4 1.6 8.5 1.6 6.7 0.9 4.3 0.7 34| ns

tdis OE Q 8.4 2.5 9.4 2.3 7.8 1 4.2 1.5 3.9 ns

{'f TEXAS
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SN74AVC16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES158F — DECEMBER 1998 — REVISED FEBRUARY 2000

operating characteristics, Tp = 25°C

V =18V |Vcc=25V | Vcc =33V
PARAMETER TEST CONDITIONS ce cc cc UNIT
TYP TYP TYP
Power dissipation Outputs enabled 74 81 89
Cpd v o - CL=0, f=10MHz pF
capacitance Outputs disabled 52 57 63

PARAMETER MEASUREMENT INFORMATION
Vec=12VAND 15V +0.1V

0 2xVcc
S1 Open
From Output 2 ka / ©oP TEST S1
Under Test l GND
tpd Open
CL=15pF 2 KO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— ty —»
v | Vce
Timing Vet CC Input XVCch XVCc/Z
Input cc oV ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
oV (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Vcel2 SK Vcel2 Slat2xVce
\ \ oV (see Note B)
\ \
tpLH ——— —»— tpHL
Output
——— VoH Waveform 2
Output Vecl2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES

NOTES: A. Cy includes probe and jig capacitance.

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.
tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tp|H and tpyy|_ are the same as tpg.

®@mmooO

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVC16374

16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP

WITH 3-STATE OUTPUTS

SCES158F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce

1kQ SV O Open

TGND

From Output
Under Test
CL =30pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1 ‘
Slat2xVcc | VoL +0.15V
(see Note B) | ———— VoL

]
tzH —» = B e tphz
Output |
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVC16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES158F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=25Vx02V

O 2xVcce
500 O SV O Open
From Output TEST s1
Under Test l GND tod Open
CL =30 pF 500 O tpLZ/tPZL 2xVee
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— ty —»
v Vee
Timing Vet CcC Input XVCch XVCch
Input cc ov ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vece Waveform 1
Input % Vcel2 Sk Vcel2 Slat2xVcc VoL +0.15V
\ \ oV (see Note B) | T T T VoL
\ \ \
tPLH —¢—bl H—P‘—‘ tPHL tPzH —¥ ‘“— @ tphz
‘ Output ————V
— OH
VOH Waveform 2 VoH-0.15V
Output Vcel2 Vcel2 S1 at GND
VoL (see Note B) oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tep.
G. tpLH and tpy_ are the same as tp.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC16374

16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP

WITH 3-STATE OUTPUTS

SCES158F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

0 2xVcc

500 Q Sl/‘ O Open

From Output

Under Test l GND
CL=30pF
(see Note A)I 500Q

LOAD CIRCUIT

i Vce
Timing Veel2
Input ‘

oV
¢ .\' >
tsu th

Data \ \ Vce

ov
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

—————— Vce
Input 7{ Vcel2 Vcel2
| | ov

tPLH —ﬂ—ﬂ "_'T— tPHL
|

| R
Output Veel2 Vcel2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open
tpLz/tpzL 2xVcee
tpHZ/tpZH GND

oty —P
\ \

| | vee
Input XVCC/2 XVCC/2
ov

VOLTAGE WAVEFORMS
PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1

\
Slat2xVce ‘ VoL +0.3V
(see Note B) ‘ ‘ | ———— VoL
trzH 4= B @ tphz
Output ‘ ———— VOoH
Waveform 2 VoH-0.3V
S1 at GND
(see Note B) ov

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tgp.
tpLH and tpy_ are the same as tpg.

O@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVCH16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES159E — DECEMBER 1998 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® Overvoltage-Tolerant Inputs/Outputs Allow
Widebus™ Family Mixed-Voltage-Mode Data Communications
® EPIC™ (Enhanced-Performance Implanted ® |4 Supports Partial-Power-Down Mode
CMOS) Submicron Process Operation
® DOC™ (Dynamic Output Control) Circuit ® Bus Hold on Data Inputs Eliminates the
Dynamically Changes Output Impedance, Need for External Pullup/Pulldown
Resulting in Noise Reduction Without Resistors
Speed Degradation ® Package Options Include Plastic Thin
® Dynamic Drive Capability Is Equivalent to Shrink Small-Outline (DGG) and Thin Very
Standard Outputs With Igy and Ig of Small-Outline (DGV) Packages
+24 mA at 2.5-V V¢
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
327 Toac Ta = 25°C
28 Process = Nominal 2.8 | Process = Nominal
> >
I o4 / 424
‘% 2.0 // Vee =33V E 2.0 // //
= . o
2 / ) 2 16 e
5 16 v v 4 a -
= I Vcc=25V 5 I / /
o 1.2 o 12
! Vcc=18V 's ,/ l /
>O 0.8 >O 0.8 7
Vee = 3-3V//\/30 =25V ¢/ [
0.4 04 - " [veec=18v
/ e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 16-bit edge-triggered D-type flip-flop is operational at 1.2-V to 3.6-V V¢, but is designed specifically for
1.65-V to 3.6-V V¢ operation.
The SN74AVCH16374 is particularly suitable for implementing buffer registers, I/O ports, bidirectional bus
drivers, and working registers. It can be used as two 8-bit flip-flops or one 16-bit flip-flop. On the positive
transition of the clock (CLK) input, the Q outputs of the flip-flop take on the logic levels at the data (D) inputs.
OE can be used to place the eight outputs in either a normal logic state (high or low logic levels) or the
high-impedance state. In the high-impedance state, the outputs neither load nor drive the bus lines significantly.
The high-impedance state and the increased drive provide the capability to drive bus lines without need for
interface or pullup components.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design

phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS

Copyright © 2000, Texas Instruments Incorporated
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PRODUCT PREVIEW

SN74AVCH16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES159E — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

OE does not affect internal operations of the flip-flop. Old data can be retained or new data can be entered while
the outputs are in the high-impedance state.

To ensure the high-impedance state during power up or power down, OE should be tied to Ve through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level.

This device is fully specified for partial-power-down applications using | o¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVCH16374 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
_ U
10E [|1 asfl 1cLK
1010]2 a7l 101
102(]s 46[] 102
GND []4 5[] GND
103 [I5 44[] 103
104 [|s 43(] 104
Vce [ 7 42 ] Vce
105 [I8 41[] 1p5
106 [}o 0[] 106

eND [0 39fleND
107 [j11 38[Jip7
108 ]2 37 1Ds
201 [J13  3s[l2p1
202 [J14 35l 2D2
oND [J15  34[l oD
20316 33[]2p3
204 [J17 32|l 2p4
vec s 31flvee
205 [J19  30[] 2p5
206 [[20 29[l 2p6
enD[J2r 28[laND
2Q7[j22  27fJ2p7
28 (|23 26[] 2p8
20E [J24  25[2cLK

FUNCTION TABLE
(each 8-bit flip-flop)

INPUTS OUTPUT
OE CLK D Q
L T H H
L T L L
L HorlL X Qo
H X X z

2-104
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SN74AVCH16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES159E — DECEMBER 1998 — REVISED FEBRUARY 2000

logic symbolT

1D1
1D2
1D3
1D4
1D5
1D6
1D7
1D8
2D1
2D2
2D3
2D4
2D5
2D6
2D7
2D8

1
N 1EN
> C1
24
— NYEN
25
> C2

47 -1 L 2
— 1D 1v 1Q1
46 3

1Q2
44 5

1Q3
43 6

1Q4
41 8

1Q5
40 9
E— —  1Q6
38 11
S — — 1Q7
37 12
S E— —  1Q8
36 13
—FF—F 2D 2Vp—— 2Q1
35 14
— — 2Q2
33 16
E— —  2Q3
32 17
S — — 20Q4
30 19
S — — 2Q5
29 20
S — —  2Q6
27 22
—_—] — 2Q7
26 23
E— — 2Q8

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

logic diagram (positive logic)

10E

1D1

a7

1oLk LI>;
+—>01

20E 24 c{>

2CLK 2
2 > C1 13
101 201
i 1D Q 2D1 36 i 1D Q

To Seven Other Channels

To Seven Other Channels
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PRODUCT PREVIEW

SN74AVCH16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES159E — DECEMBER 1998 — REVISED FEBRUARY 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

SUpply VOIAGE raNGE, VO G - - ot ettt e e e e e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) ........ ... -05Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) oottt e e e -05Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(SEE NOES 1 aNd 2) . ...\ -05VtoVee+05V
Input clamp current, Ik (V1 < 0) oottt -50 mA
Output clamp current, Iog (Vo < 0) oo -50 mA
Continuous OULPUL CUITENE, 1o ... oo e +50 mA
Continuous current through each Vec or GND ... +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ...t 70°C/W
DGV opackage ... 58°C/W
Storage temperature range, Tggg ... vovvvii i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVCH16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES159E — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

t Dynamic drive capability is equivalent to standard outputs with loHq and lg of £24 mA at 2.5-V V. See Figure 1 for Vo vs IgL and
VoH Vs |pH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: Allunused control inputs of the device must be held at V¢ or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVCH16374

16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES159E — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN  TYPT  MAX | uNIT
loHs =100 A 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
I Control inputs V| =Vcc or GND 3.6V +2.5 uA
V=057V 165V 25
IgHLT V=07V 2.3V 45 UA
V=08V 3V 75
V=107V 1.65V -25
IgHHE V=17V 2.3V -45 A
Vi=2V 3V -75
195V 200
IgHLOT V|=0toVce 27V 300 LA
36V 500
195V —200
IBHHOY Vi =0to Ve 27V -300 UA
36V -500
loff VjorVo=36V 0 +10| uA
loz Vo =Vcc or GND 36V +10 A
Icc V| =Vcc or GND, lo=0 36V 40 UHA
Control inputs 25V
Ci V| = Ve or GND 3V pF
Data inputs 25V
3.3V
B 25V
Co Outputs Vo =Vcc or GND 33V pF

T Typical values are measured at Ta = 25°C.
¥ The bus-hold circuit can sink at least the minimum low sustaining current at V)L max. IgHL should be measured after lowering VN to GND and

then raising it to V| max.

§ The bus-hold circuit can source at least the minimum high sustaining current at Vjy min. Igp should be measured after raising V| to Vcc and

then lowering it to Vi min.

T An external driver must source at least Igp o to switch this node from low to high.
# An external driver must sink at least IgHHQ to switch this node from high to low.
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SN74AVCH16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES159E — DECEMBER 1998 — REVISED FEBRUARY 2000

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

vee=12V | " | Sy | ooy | Sasv | o
MIN  MAX MIN  MAX MIN  MAX MIN  MAX MIN  MAX
fclock  Clock frequency MHz
tw Pulse duration, CLK high or low ns
tsy Setup time, data before CLKT ns
th Hold time, data after CLKT ns

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

Vcc=15V | Vcc=18V Vcc=25V | Vcc=383V
FROM TO Vec=12V +0.1V +0.15V +0.2V +03V
PARAMETER (INPUT) (OUTPUT) =Y =Y =Y =Y. UNIT
TYP MIN MAX MIN MAX MIN MAX MIN MAX
fmax MHz
tpd CLK Q ns
ten OE Q ns
tdis OE Q ns
operating characteristics, Ta = 25°C
V, =18V |V =25V |V =33V
PARAMETER TEST CONDITIONS cC cc cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled cl =0 ¢ = 10 MHz F
pd capacitance Outputs disabled L= P
ol
I EXAS
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SN74AVCH16374

16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP

WITH 3-STATE OUTPUTS

SCES159E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=12VAND15V+0.1V

0 2xVce

2kQ SV O Open

GND
2kQ T

From Output
Under Test
CL=15pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
| |
tpzH —P :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVCH16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES159E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce
S1
O Open
From Output Lka / P TEST s1
Under Test l GND tpd Open
CL =30pF 1kO tpLz/tpzL 2xVce
(see Note A) I tPHZ/tPZH GND
LOAD CIRCUIT
—
| Vce
Timing Vee Input chclz chc/z
Veel2 ov
Input oV
VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input XVCC/Z >(VCC/2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Veel2 Sk Vcel2 Slat2xVce VoL +0.15V
| \ oV (see Note B) ———— VoL

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

‘ﬂ—tPHZ

‘k——»

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVCH16374
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES159E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

O 2xVcc
500 Q SV O Open
From Output TEST sS1
Under Test l GND tpd Open
CL =30pF 500 O tpLz/tpzL 2xVce
(see Note A) I tpHz/tPZH GND
LOAD CIRCUIT
oty —»!
v | Vce
Timing Vet CcC Input XVCC/Z XVC(:IZ
Input cC ov ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vece Waveform 1 |
Input % vVcel2 5&; Vccl2 Slat2xVce | VoL +0.15V
\ \ ov (see Note B) | . VoL
\ \ |
tpLH —¢—— —>— tppL tpzH —W ‘k— —» [ tpHz
Output ———— VoH
——— VoH Waveform 2 VoH - 0.15V
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cg includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G. tpLH and tpH_ are the same as tpg.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVCH16374

16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOP

WITH 3-STATE OUTPUTS

SCES159E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVcc

SV O Open

From Output 500 Q

Under Test
CL=30pF
(see Note A)

I
L

TGND

LOAD CIRCUIT

Timi Vece
iming X Veel2
Input
\ oV
«— de——»
‘ tsy | th ‘
| \ vVce
Data
Input XVC(;IZ XVCch
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

—————— Vce
Input 7’( Vcc/2 Vcc/2
| } oV
tPLH H [P — tpHL
\

| ——— von
Output Veel2 Veel2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open
tpLZ/tpzL 2xVce
tpHZ/tPZH GND

oty —>
\ \

‘ | Vce
Input XVCC/2 XVCC/2

ov
VOLTAGE WAVEFORMS
PULSE DURATION
Output Vee
Control
(low-level |
enabling) /. oV

\
tpzL —J‘ Q— —D‘
Output ‘

V
Waveform 1 Verl2 ‘ | ce
Slat2xVee | cc VoL +0.3V
(see Note B) } —— —— VoL

]
(& tPHZ

tpzH ¥ & B
Output \ ——— — VoH
Waveform 2 VoH-0.3V
S1at GND
(see Note B) ov

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzy are the same as tgp.
tpH and tpy|_ are the same as tpg.

®mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16501
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES160E — DECEMBER 1998 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® Dynamic Drive Capability Is Equivalent to
Widebus™ Family Standard Outputs With Igy and Ip of
® EPIC™ (Enhanced-Performance Implanted 24 mA at 2.5-V Vcc
CMOS) Submicron Process ® Overvoltage-Tolerant Inputs/Outputs Allow
® UBT ™ (Universal Bus Transceiver) Mixed-Voltage-Mode Data Communications
Combines D-Type Latches and D-Type ® |4 Supports Partial-Power-Down Mode
Flip-Flops for Operation in Transparent, Operation
Latched, or Clocked Mode ® Package Options Include Plastic Thin
® DOC™ (Dynamic Output Control) Circuit Shrink Small-Outline (DGG) and Thin Very
Dynamically Changes Output Impedance, Small-Outline (DGV) Packages
Resulting in Noise Reduction Without
Speed Degradation
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
321 1y =25°C Ta = 25°C
2 g | Process = Nominal 2.8 |- Process = Nominal
>| >' 2.4
2.4 / o 2
i:é 2.0 I/ Vec =33V g 5 // /
E / / 2 [/
5 16 / 5 16 /
a Vi 7/ s
5 I Vcc=25V 5 I / /
O 1.2 o 12
L Vcec =18V II / l /
© 08 >O 0.8 / 7
Vee = 3-3V//\/3C:2.5 vy o [
0.4 0.4 v " |vec=18v
/1 e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 18-bit universal bus transceiver is operational at 1.2-V to 3.6-V V¢, but is designed specifically for 1.65-V
to 3.6-V V¢ operation.
Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA),
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when
LEAB is high. When LEAB is low, the A data is latched if CLKAB is held at a high or low logic level. If LEAB is
low, the A data is stored in the latch/flip-flop on the low-to-high transition of CLKAB. When OEAB is high, the
outputs are active. When OEAB is low, the outputs are in the high-impedance state.
Data flow for B to A is similar to that of A to B, but uses OEBA, LEBA, and CLKBA. The output enables are
complementary (OEAB is active high and OEBA is active low).
DOC, EPIC, UBT, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS

Copyright © 2000, Texas Instruments Incorporated
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SN74AVC16501
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES160E — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

To ensure the high-impedance state during power up or power down, OEBA should be tied to V¢ through a
pullup resistor and OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor
is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using I y¢. The Iy circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16501 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
OEAB [|1 < 56]] GND
LEAB [|2 55|] CLKAB
A1 []3 54]] B1
GND [}4 53|] GND
A2 []s 52|] B2
A3 []s 51]] B3
Vee Y7 s0[] Ve
A4 []s 29[l B4
A5 []o 48]] BS
A6 [Jio 47l B6
GND [J12 46[] GND
A7[]12 5[] B7
A8[]13 44|l B8
A9 [J1a  43]l B9
A10[]J1s  42[] B10O
A1l [lie 4] B11
A12 [J17  4o[l B12
GND [J18  39[] GND
A13[]J1o 38| B13
A14[]J20  37[] B14
A15 |21 36[] B15
Vee Y22 35 ] Vce
A16[]23 34l B16
A17 [J2a s3]l B17
GND [J2s  32[] GND
A18[]26  31|] B18
OEBA [J27  30[] CLKBA
LEBA[J2s  29[] GND
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SN74AVC16501

18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES160E — DECEMBER 1998 — REVISED FEBRUARY 2000

FUNCTION TABLET

(each universal bus transceiver)

INPUTS OUTPUT

OEAB LEAB CLKAB A B

L X X X z

H H X L L

H H X H H

H L T L L

H L T H H

H L LorH X Bot

T A-to-B data flow is shown: B-to-A flow is similar but
uses OEBA, LEBA, and CLKBA.

t Output level before the indicated steady-state input
conditions were established, provided that CLKAB is

logic symbol8
OEAB

CLKAB
LEAB

OEBA
CLKBA
LEBA

Al

A2
A3
A4
A5
A6
A7
A8
A9
A10
All
Al2
A13
Al4
A15
Al6
Al7
Al8

high before LEAB goes low

§ This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B16
B17
B18

1
—EN1
55
—— P> 2C3
2
I SN s
G2
27
— X EN4
30
—— > 5C6
28
e
G5
3 1 C 54
4: 3D v T B1
4v 1 6D
5 52
— > >
6 51
—>—] >
8 49
—>—] >
9 48
— > L >—————
10 47
> L >————
12 45
> L >—————
13 44
—>—] L >————
14 43
— > L «>————
15 42
16 41
17 40
19 38
> L >————
20 37
> >
21 36
— > L >————
23 34
— > L >—————
24 33
— > >
26 31
—_— <
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SN74AVC16501
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES160E — DECEMBER 1998 — REVISED FEBRUARY 2000

logic diagram (positive logic)

OEAB >
CLKAB —2 >
LEAB — >
28 \
LEBA
e
30 N\
CLKBA
e
27 D
OEBA
®
AL 1D > g1
c1
> CLK
; 1D
N C1
CLK <
v

To 17 Other Channels

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply VOItage range, VoG .« v v v e -05Vto4.6V
Input voltage range, Vi (See NOte 1) .. ... e -05Vto4.6V
Voltage range applied to any input/output when the output
is in the high-impedance or power-off state, Vg (see Note 1) ......................... -0.5Vto46V
Voltage range applied to any input/output when the output
is in the high or low state, Vg (see Notesland 2) ............................ -05VtoVee+05V
Input clamp current, Ik (V1 < 0) .ot e =50 mA
Output clamp current, gk (VO S 0) .. -50 mA
CoNtiNUOUS OUEPUL CUITENE, 1+« vt e e et e e e e e e e e e e e e e e e e 150 mA
Continuous current through each Vec or GND ..o +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ...t 64°C/W
DGVpackage .............ciiiiiiiiii 48°C/W
Storage temperature range, Tggg -« v v —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input negative-voltage and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. This value is limited to 4.6 V maximum.
3. The package thermal impedance is calculated in accordance with JESD 51.
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18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS
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recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

t Dynamic drive capability is equivalent to standard outputs with loHq and lg of £24 mA at 2.5-V V. See Figure 1 for Vo vs IgL and
VoH Vs |pH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVC16501
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES160E — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT MAX| uNIT
loHs =100 A 14Vt0o36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 1.4V 1.05
VOH lIOHS = —4 MA, Vi =1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14V1to3.6V 0.2
loLs =2 mA, ViL=049V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V 2.5 uA
loff ViorVp=3.6V 0 +10 UA
loz¥ Vo =Vcc or GND 3.6V +12.5 UA
Icc V| =Vcc or GND, lop=0 36V 40 A
_ ) B 25V
Ci Control inputs V| =Vcc or GND 33V pF
Cio Aor B ports Vo = Ve or GND zz z pF

T Typical values are measured at Voc = 2.5 V and 3.3 V, Tp = 25°C.
¥ For 1/0 ports, the parameter 1oz includes the input leakage current.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

_ Vcc=15V Vcc=18V | Vcc=25V | Vcc=33V
Vec=12V +0.1V +0.15V +02V +0.3V
UNIT
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
fclock  Clock frequency MHz
Pulse LE high
tw . _ ns
duration | CLK high or low
Data before CLKT
T P CLK high ns
before LEL | CLK low
Data after CLKT
Hold -
th time Data CLK high ns
after LEL or low
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SN74AVC16501

18-BIT UNIVERSAL BUS TRANSCEIVER

WITH 3-STATE OUTPUTS

SCES160E — DECEMBER 1998 — REVISED FEBRUARY 2000

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

Vec=15V | vec=18V | Vec=25V | Vec=33V
PARAMETER FROM TO Vec=12V Cico.l \Y% (?_*'%.15 \Y CiCO.Z \% CiCO.3 \% UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX MIN  MAX MIN  MAX MIN  MAX
fmax MHz
AorB BorA
t LE ns
pd AorB
CLK
ten OEAB B ns
tdis OEAB B ns
ten OEBA A ns
tdis OEBA A ns
operating characteristics, Tp = 25°C
Vee =18V [ Vee =25V [vec =33V
PARAMETER TEST CONDITIONS ce cc cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled c =0 ¢ = 10 MHz F
pd capacitance Outputs disabled L= P
¥ 1,
I EXAS
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SN74AVC16501
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES160E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=12VAND15V+0.1V

0 2xVce

2kQ SV O Open

GND
2kQ T

From Output
Under Test
CL=15pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
| |
tpzH —P :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVC16501
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES160E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce
S1
O Open
From Output Lka / P TEST s1
Under Test l GND tod Open
CL =30pF 1kO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— t—>
v | Vce
Timing 2 CcC Input XVCch XVCch
Input cc o oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Veel2 Sk Vcel2 Slat2xVce VoL +0.15V
| \ oV (see Note B) ———— VoL

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

‘ﬂ—tPHZ

‘k——»

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVC16501
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES160E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

0 2xVce

500 Q SV O Open

From Output

Under Test l GND
CL =30pF
(see Note A) I 5000
LOAD CIRCUIT

- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

VoL +0.15V
———— VoL

‘ﬂ—tPHZ

|
|
| |
tzH —» e ¥
Output
Waveform 2

S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC16501
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES160E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=33Vzx03V

O 2xVce

TEST S1
From Output 500 Q © Open tpd Open
Under Test l tpLZ/tPzL 2xVce
C| =30 pF t It GND
(selé NoteF,)A) I 500 @2 PREPZn

LOAD CIRCUIT «— tw —P

‘ | Vee
vee Input XVCc/Z XVCclz .

ov

Timing

i veel2
Input X cC

“—P‘ﬂ—"
‘ tsu th ‘

Data \ | Vee
Input > < Veel2 >< Vecel2 Output

oV Control
VOLTAGE WAVEFORMS (low-level
SETUP AND HOLD TIMES

VOLTAGE WAVEFORMS
PULSE DURATION

enabling)
————— Vce
Input f Vcel2 Veel/2
\ oV

tPLH —H—H H—P‘— tPHL
\

| ———Von
Output Vcel2 Vcel2

VoL
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

Output
Waveform 1 \
Slat2xVcc ‘
(see Note B) ‘

VoL +0.3V
o Vo

tpzH ¥ — B e tpyz
Output | ‘

———— VoH
Waveform 2 Verl2 VoH—-0.3V
S1at GND cc
oV

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpyy|_ are the same as tpg.

®@mmo o0

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, t, <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16601

18-BIT UNIVERSAL BUS TRANSCEIVER

WITH 3-STATE OUTPUTS

SCES162F — DECEMBER 1998 — REVISED FEBRUARY 2000

Member of the Texas Instruments
Widebus™ Family

EPIC™ (Enhanced-Performance Implanted
CMOS) Submicron Process

UBT ™ (Universal Bus Transceiver)
Combines D-Type Latches and D-Type
Flip-Flops for Operation in Transparent,
Latched, or Clocked Mode

DOC™ (Dynamic Output Control) Circuit
Dynamically Changes Output Impedance,
Resulting in Noise Reduction Without
Speed Degradation

description

VoL~ Output Voltage -V

DOC, EPIC, UBT, and Widebus are trademarks of Texas Instruments Incorporated.

Dynamic Drive Capability Is Equivalent to
Standard Outputs With Igy and Ip of
+24 mA at 2.5-V Ve

Overvoltage-Tolerant Inputs/Outputs Allow
Mixed-Voltage-Mode Data Communications
loff Supports Partial-Power-Down Mode
Operation

Package Options Include Plastic Thin

Shrink Small-Outline (DGG) and Thin Very
Small-Outline (DGV) Packages

A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.

1 1
32 1p=25C
28 | Process = Nominal

2.4 /'
Vce =33V

2.0 /
B} / Yl

V4

1.2

Vcc=18V
0.8

0.4

0 17 34 51 68
loL — Output Current — mA

85 102 119 136 153 170

VOH — Output Voltage -V

2.8

2.4

2.0

1.6

1.2

0.8

0.4

- Process = Nominal

Tp = 25°C

/
/[l /f

[/

\\\

/)

VCC:3.3V//\/3C:2.5V - [

/
d L vee= 1-8y
|

7

-160 -144 -128 -112 -96 -80 -64 -48 -32 -16 O

loH — Output Current —mA

Figure 1. Output Voltage vs Output Current

This 18-bit universal bus transceiver is operational at 1.2-V to 3.6-V V¢, but is designed specifically for 1.65-V

to 3.6-V V¢ operation.

The SN74AVC16601 combines D-type latches and D-type flip-flops to allow data flow in transparent, latched,

and clocked modes.

PRODUCT PREVIEW information concerns products in the formative or

design

specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice.

phase of development. Characteristic data and other
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SN74AVC16601
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES162F — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA),
and clock (CLKAB and CLKBA) inputs. The clock can be controlled by the clock-enable (CLKENAB and

CLKENBA) inputs. For A-to-B data flow, the device operates in the transparent mode when LEAB is high. When

LEAB is low, the A data is latched if CLKAB is held at a high or low logic level. If LEAB is low, the A data is stored
in the latch/flip-flop on the low-to-high transition of CLKAB. Output enable OEAB is active low. When OEAB is
low, the outputs are active. When OEAB is high, the outputs are in the high-impedance state.

Data flow for B to A is similar to that of A to B, but uses OEBA, LEBA, CLKBA, and CLKENBA.

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using | o¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16601 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
OEAB []1 o 56 || CLKENAB
LEAB []2 55 |] CLKAB
AL[]3 54|] B1
GND []4 53|] GND
A2[]s 52|] B2
A3[]e 51|] B3
Vee Y 50 ] Vee
A4l]s 49|] B4
A5 []9 48] B5
A6[Jio  47]lB6
GND[J11  46|] GND
A7[j12 4587
A8 []13 44]] B8
A9[]14 43I BY
A10[]J15  42]] B10
Al1[]ie  41]lB11
A12[J17 40|l B12
GND[J18  39]] GND
A13[J19  38[B13
A14[]20 37| B14
A15[]21  36[] B15
Vee 22 35[]vee
A16[|23 34| B16
A17[J24 33| B17
GND [} 25 32[] GND
A18[|26 31| B18
OEBA[l27  30[] cLkBA
LEBA[]28  29|] CLKENBA
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SN74AVC16601
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES162F — DECEMBER 1998 — REVISED FEBRUARY 2000

FUNCTION TABLET
(each universal bus transceiver)

INPUTS OUTPUT

CLKENAB OEAB LEAB CLKAB A B

X H X X X z

X L H X L L

X L H X H H

H L L X X Bot

H L L X X Bot

L L L T L L

L L L T H H

L L L LorH X Bot

T A-to-B data flow is shown: B-to-A flow is similar, but u
LEBA, CLKBA, and CLKENBA.

ses OEBA,

1 output level before the indicated steady-state input conditions were

established
logic diagram (positive logic)

OEAB E d

CLKENAB 56 g

CLKAB %5

LEAB

LEBA 28

CLKBA 30

CLKENBA 29 d

OEBA 2 e

Al

1D
C1

> CLK

cel-4 I

1D
C1
CLK ]

Zﬁ VVVVVVVVYVY

v v

To 17 Other Channels

54
B1
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SN74AVC16601
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES162F — DECEMBER 1998 — REVISED FEBRUARY 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

SUpply VOIAGE raNGE, VO G - - ot ettt e e e e e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) . ......... . -05Vto4.6V
Voltage range applied to any input/output when the output
is in the high-impedance or power-off state, Vg (see Note 1) ......................... -05Vto4.6V
Voltage range applied to any input/output when the output
is in the high or low state, Vo (see Notesland2) ................ccoiiiiiin... -0.5VtoVee+05V
Input clamp current, Ik (V1< 0) oot -50 mA
Output clamp current, Iog (Vo < 0) oo -50 mA
Continuous OULPUL CUITENE, 1o ... oo e +50 mA
Continuous current through each Vec or GND ... +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ..., 64°C/W
DGV opackage ... 48°C/W
Storage temperature range, Tggg ... vovinir —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input negative-voltage and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. This value is limited to 4.6 V maximum.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVC16601

18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES162F — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

t Dynamic drive capability is equivalent to standard outputs with loHq and lg of £24 mA at 2.5-V V. See Figure 1 for Vo vs IgL and
VoH Vs |pH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVC16601
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES162F — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT MAX| uNIT
loHs =100 A 14Vt0o36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 1.4V 1.05
VOH lIOHS = —4 MA, Vi =1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14V1to3.6V 0.2
loLs =2 mA, ViL=049V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V 2.5 uA
loff ViorVp=3.6V 0 +10 UA
loz¥ Vo =Vcc or GND 3.6V +12.5 UA
Icc V| =Vcc or GND, lop=0 36V 40 A
_ ) B 25V
Ci Control inputs V| =Vcc or GND 33V pF
Cio Aor B ports Vo = Ve or GND zz z pF

T Typical values are measured at Voc = 2.5 V and 3.3 V, Tp = 25°C.
¥ For 1/0 ports, the parameter 1oz includes the input leakage current.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

Vcc=15V Vcc=18V | Vcc=25V | Vcc=33V

V =12V
cc +0.1V +0.15V +02V +0.3V UNIT
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
fclock  Clock frequency MHz
Pulse LE high
tw . - ns
duration | CLK high or low
Data before CLKT
; Setup | Data CLK high ns
su time before LEL | CLK low
CLKEN before CLKT
Data after CLKT
‘ Hold Data CLK high ns
h time after LEL CLK low
CLKEN after CLKT
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SN74AVC16601
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES162F — DECEMBER 1998 — REVISED FEBRUARY 2000

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

V, =15V V =18V V =25V V =33V
PARAMETER FROM TO Vec=12V Cico.l \Y% ?_*'%.15 \% CiCO.Z \% CiCO.3 \% UNIT
(INPUT) (OUTPUT)
TYP MIN MAX MIN MAX MIN  MAX MIN MAX

fmax MHz

AorB BorA

LEAB or LEBA
tpd ns
CLKAB or AorB

CLKBA
ten OEAB or OEBA AorB ns
tdis OEAB or OEBA AorB ns

operating characteristics, Tp = 25°C
V, =18V |V =25V |V =33V
PARAMETER TEST CONDITIONS cc cc cc UNIT
TYP TYP TYP
Power dissipation Outputs enabled
C . C =0, f=10 MHz F
pd capacitance Outputs disabled L P
ol
I EXAS
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PRODUCT PREVIEW

SN74AVC16601
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES162F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=12VAND15V+0.1V

0 2xVce

2kQ SV O Open

GND
2kQ T

From Output
Under Test
CL=15pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
| |
tpzH —P :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVC16601
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES162F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce
S1
O Open
From Output Lka / P TEST s1
Under Test l GND tod Open
CL =30pF 1kO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— t—>
v | Vce
Timing 2 CcC Input XVCch XVCch
Input cc o oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Veel2 Sk Vcel2 Slat2xVce VoL +0.15V
| \ oV (see Note B) ———— VoL

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

‘ﬂ—tPHZ

‘k——»

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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PRODUCT PREVIEW

SN74AVC16601
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES162F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

0 2xVce

500 Q SV O Open

From Output

Under Test l GND
CL =30pF
(see Note A) I 5000
LOAD CIRCUIT

- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— tw —N‘

| Vee

Input XVCch XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

VoL +0.15V
———— VoL

‘ﬂ—tPHZ

|
|
| |
tzH —» e ¥
Output
Waveform 2

S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC16601
18-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES162F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=33Vzx03V

O 2xVce

s1 o TEST S1
From Output 500 Q / Open tpd Open
Under Test l GND tpLZ/tPzL 2xVce
CL =30pF tpHZ/tPZH GND
(see Note A) I 500 @2
LOAD CIRCUIT — ty ——P

| | Vee
vee Input XVCclz XVCclz

ov
ov

| Vce
XVCC/ 2

Timing

Vcel2
Input X cC

VOLTAGE WAVEFORMS
PULSE DURATION

|
Data
Input XVCC/Z

Output
oV Control
VOLTAGE WAVEFORMS (el?]\;vk;lﬁr:/g;
SETUP AND HOLD TIMES
| |
Output | Vce
_____ Vee Waveform 1 \ \
Input f Veel2 X Veer2 Slat2xVce ‘ VoL +03V
\ oV (see Note B) | - VoL

tpzH :4— > & tpHz

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

Output |

Waveform 2
S1 at GND
(see Note B)

———— VoH
VoH—-0.3V
Vcc/2
oV

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpyy|_ are the same as tpg.

®@mmo o0

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, t, <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16646
16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

Member of the Texas Instruments ® Dynamic Drive Capability Is Equivalent to
Widebus™ Family Standard Outputs With Igy and Ip of

EPIC™ (Enhanced-Performance Implanted 24 mA at 2.5-V Vcc
CMOS) Submicron Process ® Overvoltage-Tolerant Inputs/Outputs Allow
DOC™ (Dynamic Output Control) Circuit Mixed-Voltage-Mode Data Communications

Dynamically Changes Output Impedance, ® |4 Supports Partial-Power-Down Mode

Resulting in Noise Reduction Without Operation

Speed Degradation ® Package Options Include Plastic Thin
Shrink Small-Outline (DGG) and Thin Very
Small-Outline (DGV) Packages

description

VoL~ Output Voltage -V

DOC,

A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Igy curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.

[ T T T T T
32 14 =25C Tp = 25°C
2.8 | Process = Nominal 2.8 | Process = Nominal

. 71/
[/
[17/

yal

08
Vee = 3-3V//\/3C=2.5 v/ [

0.4 0.4 // // Vee : 1-8y

0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 O
loL — Output Current — mA loH — Output Current — mA

2.4
20 I/ Vcc =33V
1.6

I Vcc=25V

N

1.2

\\\

Vcc=18V

0.8

VOH — Output Voltage — V

Figure 1. Output Voltage vs Output Current

This 16-bit bus transceiver and register is operational at 1.2-V to 3.6-V V¢, but is designed specifically for
1.65-V to 3.6-V V¢ operation.

The SN74AVC16646 can be used as two 8-bit transceivers or one 16-bit transceiver. Data on the A or B bus
is clocked into the registers on the low-to-high transition of the appropriate clock (CLKAB or CLKBA) input.
Figure 2 illustrates the four fundamental bus-management functions that can be performed with the
SN74AVC16646.

Output-enable (OE) and direction-control (DIR) inputs are provided to control the transceiver functions. In the
transceiver mode, data present at the high-impedance port may be stored in either register or in both. The
select-control (SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data.

EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS

Copyright © 2000, Texas Instruments Incorporated
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PRODUCT PREVIEW

SN74AVC16646
16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

The circuitry used for select control eliminates the typical decoding glitch that occurs in a multiplexer during the
transition between stored and real-time data. DIR determines which bus receives data when OE is low. In the
isolation mode (OE high), A data may be stored in one register and/or B data may be stored in the other register.

When an output function is disabled, the input function is still enabled and may be used to store and transmit
data. Only one of the two buses, A or B, can be driven at a time.

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using | y¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16646 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
1DIR[}1 o 56|] 10E
1CLKAB [] 2 55[] 1CLKBA
1SAB [] 3 54[] 1SBA
GND [] 4 53|] GND
1A1[]5 52[] 1B1
1A2[] 6 51[] 1B2
Vee 7 50[] Ve
1A3[] 8 49]] 1B3
1A4 (]9 48]] 1B4
1A5[J10  47[]1B5
GND [] 11 46]] GND
1A6 [l 12 45]]1B6
1A7[| 13 44[]1B7
1A8[| 14  43]] 1B8
2A1[]15  42[] 2B1
2A2[]16  41]] 2B2
2A3[]17  40[] 2B3
GND[]18  39]] GND
2A4[]19  38[]2B4
2A5[]20  37]] 2B5
2A6[]21  36]] 2B6
Vecll22 35flvec
2A7[]23  34[] 2B7
2A8[|24  33]]2B8
GND[]25  32[]GND
2SAB[|26  31]] 2SBA
2CLKAB [] 27 30[] 2CLKBA
2DIR[|28  29[] 20E

2-140
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SN74AVC16646
16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

FUNCTION TABLE

(each 8-bit transceiver/register)

INPUTS DATA 1/Os

OE DIR CLKAB CLKBA SAB SBA A1-A8 B1-B8 OPERATION OR FUNCTION
X X T X X X Input Unspecifiedt Store A, B unspecified

X X X T X X Unspecifiedt Input Store B, A unspecified T

H X T T X X Input Input Store A and B data

H X HorL HorL X X Input disabled  Input disabled Isolation, hold storage

L L X X X L Output Input Real-time B data to A bus

L L X HorL X H Output Input Stored B data to A bus

L H X X L X Input Output Real-time A data to B bus

L H HorL X H X Input Output Stored A data to B bus

T The data-output functions may be enabled or disabled by various signals at OE and DIR. Data-input functions are always
enabled; i.e., data at the bus terminals is stored on every low-to-high transition of the clock inputs.

*5‘ TEXAS
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PRODUCT PREVIEW

SN74AVC16646

16-BIT BUS TRANSCEIVER AND REGISTER

WITH 3-STATE OUTPUTS
SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000
T ~——r T N—p TN T N—r
il I A
T o
| | | Bl
\ \ } T
< | \ | | | o < \ | | | | | .
3 3 3 3
m T ‘ | [ [ m m ( I T | [ I [a]
N N \ R .
Loyl .
. | I | | |
L _J | L _J L | L
S ™ lay ly L ™
OE DIR CLKAB CLKBA SAB  SBA OE DIR CLKAB CLKBA SAB SBA
L L X X X L L H X X L X
REAL-TIME TRANSFER REAL-TIME TRANSFER
BUS B TOBUS A BUSATOBUSB
7 T N— T N——r T ~——r
1l |
|
L | |
| J
< \ \ \ ‘ om < | \ m
%2 \ \ | ) 0 2]
) [ ) 5 5
) [ ) ) | )
R, | l
| |
[
L) L |
. L S ™ S
OE DIR CLKAB CLKBA SAB SBA OE DIR CLKAB CLKBA SAB SBA
X X T X X X L L X HorL X H
X X X T X X L H  HorL X H X
H X 7 0 X X

STORAGE FROM
A,B,ORAANDB

TRANSFER STORED DATA
TO A AND/OR B

Figure 2. Bus-Management Functions
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SN74AVC16646

16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

logic symbolT

10E
1DIR

1CLKBA
1SBA
1CLKAB
1SAB
20E
2DIR

2CLKBA
2SBA
2CLKAB
2SAB

1A1

1A2
1A3
1A4
1A5
1A6
1A7
1A8

2A1

2A2
2A3
2A4
2A5
2A6
2A7
2A8

56
G3
1
—T— 3 EN1 [BA]
3 EN2 [AB]
55
> C4
54
G5
> C6
G7
29
G10
28
—T_ 10 EN8 [BA]
10 EN9 [AB]
30
> C11
31
G12
27
> C13
26
G14
1 52
5 >1 5 <
i AVAN 51
6D 71 =1
17
6 51
—>— ——p>—
8 49
—>— ——p>—
9 48
—>— ——p>—
10 a7
—>— ——p>—
12 45
—>— —p>—
13 44
—>— —p>—
14 43
—>— —p>—
42
15 >1 12 11D <
vs8 12 1
13D 14 =1
114
16 41
—— ——p>—
17 40
—>— —p>—
19 38
—>— —p>—
20 37
—>— —p>—
21 36
—>— —ap>—
23 34
—>— —a>—
24 33
—— —a>—

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

1B1

1B2
1B3
1B4
1B5
1B6
1B7
1B8
2B1

2B2
2B3
2B4
2B5
2B6
2B7
2B8
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PRODUCT PREVIEW

SN74AVC16646
16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

logic diagram (positive logic)
56

10E —"_ﬂ )
1 )

1DIR L/
55

\V4

1CLKBA
54

1SBA — |l>
1CLKAB —l > | b
s N

1SAB

r
|
I
|
|

1A1 |
|
|
I
I
I
L

N I

52
1D «
= Cl ; t
vYy vvyvwvyy A,
29 To Seven Other Channels
20E —"—ﬂD
8 )
2DIR | J
30
2CLKBA |l>
2SBA —1 >
27 |
2CLKAB —l>—
26 N
2SAB 3
Larp
One of Eight Channels D )
) <
] : < Cc1<4—+
15
2A1 <> 42

r—-———"—""—"""—"1-""—"-"—"-"

vwy vvyYwyy A

N I

To Seven Other Channels

1B1

2B1
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SN74AVC16646
16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

SUPPlY VORRAGE FaNgE, VG « v vttt et e e e et e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) . ... ... -05Vto4.6V
Voltage range applied to any input/output when the output
is in the high-impedance or power-off state, Vg (see Note 1) ......................... -0.5Vto4.6V
Voltage range applied to any input/output when the output
is in the high or low state, Vo (see Notes 1 and 2) ..............ccciiiiiiiinnn. -0.5VtoVee+05V
Input clamp current, [k (V1< 0) oottt e e -50 mA
Output clamp current, ok (Vo < 0) oo -50 mA
ContinuoUs OULPUL CUITENE, 10 ..o e e e 150 mA
Continuous current through each Voc or GND .. ... +100 mA
Package thermal impedance, 03a (see Note 3): DGG package ............ ... 64°C/W
DGVpackage ... 48°C/W
Storage temperature range, Tgpg -« .« v vvte i —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVC16646
16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT
v Supol " Operating 1.4 3.6 v
u voltage
cc PPy g Data retention only 1.2
Vcc=12V Vce
Vcc=14Vtol6V 0.65xVce
VIH High-level input voltage Vcc=165Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto36V 2
Vece =12V GND
Vcc=14Vtol6V 0.35xVce
VL Low-level input voltage Vcc=165Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8
\ Input voltage 0 3.6 \%
Active state 0 Vce
Vo Output voltage \%
3-state 0 3.6
Vcc=14Vtol6V -2
o Vcec=1.65Vto1.95V —4
loHs  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14Vtol6V
) Vcec=1.65Vto1.95V
loLs  Static low-level output currentT mA
Vcc=23Vto27V 8
Vcc=3Vto3.6V 12
At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V
TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with loHq and Ig of £24 mA at 2.5-V V. See Figure 1 for VgL vs IgL and
VoH Vs loH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVC16646
16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT  MAX | uNIT
loHs =—100 pA 14Vto36V |Vcc—0.2
loHS =—2 MA, ViH=091V 14V 1.05
VOH loHs = —4 MA, ViH=1.07V 165V 1.2 \Y
loHs =—8 MA, VIiH=17V 23V 1.75
loHs =—12 mA, VIH=2V 3V 2.3
loLs = 100 nA 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \Y
loLs = 8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVp=36V 0 +10 HA
loz* Vo =Vcc or GND 3.6V +12.5 uA
Ilcc V| =Vcc or GND, lop=0 3.6V 40 uA
Ci Control inputs V| = Ve or GND 25V pF
3.3V
Cio A or B ports Vo = Ve or GND 22 z pF

1 Typical values are measured at Ta = 25°C.
¥ For 1/0 ports, the parameter Iz includes the input leakage current.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 3 through 6)

_ Vcc=15V | Vcc=18V Vcc =25V Vcc =33V

Vee=12V +0.1V +0.15V +0.2V +0.3V UNIT

MIN MAX MIN  MAX MIN  MAX MIN  MAX MIN  MAX
fclock  Clock frequency MHz
i Pulse CLKAB or CLKBA
w duration | high or low ns
¢ Setup A before CLKABT or .
su time B before CLKBAT s
; Hold A after CLKABT or
h time B after CLKBAT ns
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POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-147

PRODUCT PREVIEW



PRODUCT PREVIEW

SN74AVC16646
16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 3 through 6)

Vcc =15V Vcc=18V Vcc =25V Vcc =33V
PARAMETER | | oM o Vee=12V | TS50y o1 3 oz v5 Coav UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX MIN  MAX MIN  MAX MIN  MAX

fmax MHz

AorB BorA
¢ CLKAB or
pd CLKBA AorB ns

SAB or SBA

ten OE AorB ns
tdis OE AorB ns
ten DIR AorB ns
tdis DIR AorB ns

operating characteristics, Ta = 25°C

Vcc=18V |Vcc=25V | Vcc =383V
PARAMETER TEST CONDITIONS ce ce ce UNIT
TYP TYP TYP

c Power dissipation Outputs enabled
pd capacitance Outputs disabled

CL=0, f=10 MHz pF
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SN74AVC16646
16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=12VAND15V+0.1V

0 2xVce

2 kQ 31/‘ O Open

GND
2kQ T

From Output
Under Test

CL =15 pF

(see Note A) I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/Z
\ oV
| tsu th \
\ \
vVee
Data
Input XVC(:/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input % Veel2
|

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

TEST S1
tod Open
tpLz/tpzL 2xVce
tPHZ/tPZH GND
!
| Vee
Input XVCch XVCch
(Y
VOLTAGE WAVEFORMS
PULSE DURATION
Output
Control
(low-level
enabling)
Output
Waveform 1
Slat2xVcc

(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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PRODUCT PREVIEW

SN74AVC16646
16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce

1kQ Si/’ O Open

TGND

From Output
Under Test
CL =30pF

(see Note A)

I

LOAD CIRCUIT

- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

VoL +0.15V
———— VoL

‘ﬂ—tPHZ

|
|
| |
tzH —» e ¥
Output
Waveform 2

S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC16646
16-BIT BUS TRANSCEIVER AND REGISTER
WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=25Vx02V

0 2xVce
500 Q SV O Open
From Output TEST S1
Under Test l GND tod Open
CL =30pF 500 O tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— t—>
| Vce
Timing Vce Input chclz chc/z
Veel2 ov
Input oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input XVCC/Z XVCC/2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Veel2 Sk Vcel2 Slat2xVce VoL +0.15V
| \ oV (see Note B) ———— VoL

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

‘ﬂ—tPHZ

‘k——»

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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PRODUCT PREVIEW

SN74AVC16646

16-BIT BUS TRANSCEIVER AND REGISTER

WITH 3-STATE OUTPUTS

SCES181E — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVce

500 Q SV O Open

GND
500 Q T

From Output
Under Test
CL =30pF
(see Note A)

i

LOAD CIRCUIT

. Vce
Timing XVCC/Z
Input ‘

Data | | Vee
veel2 veel2
Input X cc/ X cc/
ov
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST s1
tpd Open
tpLzZ/tpzL 2xVee
tpHZ/tPZH GND

‘“—tw—’(
\

Input

| | vee
X Vcel2 X Vcel2

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

ov
VOLTAGE WAVEFORMS
PULSE DURATION

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpyz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy|_ are the same as tpg.

@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 6. Load Circuit and Voltage Waveforms
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SN74AVC16721
20-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES164F — DECEMBER 1998 — REVISED FEBRUARY 2000

Member of the Texas Instruments ® Dynamic Drive Capability Is Equivalent to
Widebus™ Family Standard Outputs With Igy and Ip of

EPIC™ (Enhanced-Performance Implanted 24 mA at 2.5-V Vcc
CMOS) Submicron Process ® Overvoltage-Tolerant Inputs/Outputs Allow
DOC™ (Dynamic Output Control) Circuit Mixed-Voltage-Mode Data Communications

Dynamically Changes Output Impedance, ® |4 Supports Partial-Power-Down Mode

Resulting in Noise Reduction Without Operation

Speed Degradation ® Package Options Include Plastic Thin
Shrink Small-Outline (DGG) and Thin Very
Small-Outline (DGV) Packages

description

VoL~ Output Voltage -V

DOC,

A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Igy curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.

[ T T T T T
32 14 =25C Tp = 25°C
2.8 | Process = Nominal 2.8 | Process = Nominal

. 71/
[/
[17/

yal

08
Vee = 3-3V//\/3C=2.5 v/ [

0.4 0.4 // // Vee : 1-8y

0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 O
loL — Output Current — mA loH — Output Current — mA

2.4
20 I/ Vcc =33V
1.6

I Vcc=25V

N

1.2

\\\

Vcc=18V

0.8

VOH — Output Voltage — V

Figure 1. Output Voltage vs Output Current

This 20-bit flip-flop is operational at 1.2-V to 3.6-V V¢, but is designed specifically for 1.65-V to 3.6-V V¢
operation.

The 20 flip-flops of the AVC16721 are edge-triggered D-type flip-flops with clock-enable (CLKEN) input. On the
positive transition of the clock (CLK) input, the device provides true data at the Q outputs if CLKEN is low. If
CLKEN is high, no data is stored.

A buffered output-enable (OE) input places the 20 outputs in either a normal logic state (high or low) or the
high-impedance state. In the high-impedance state, the outputs neither load nor drive the bus lines significantly.
The high-impedance state and increased drive provide the capability to drive bus lines without need for interface
or pullup components. OE does not affect the internal operation of the flip-flops. Old data can be retained or
new data can be entered while the outputs are in the high-impedance state.

EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design

phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS

Copyright © 2000, Texas Instruments Incorporated
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PRODUCT PREVIEW

SN74AVC16721
20-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES164F — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using | y¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16721 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
OE[]1 % 56]] CLK
Q1l]2 s55|] D1
Q2(]3 54|] D2

GND []4 53|] GND
Q3]s 52[] D3
Q4(]e 51|] D4

Vee U7 50 ]VCC
Q5 []s 49[] D5
Q6o 48| D6
Q70w  47]lD7

GND[J11  4e[JGND
Qsl]i2  4s|lDs
Qo[J13  44]lD9

Q1o[j14  a3[lp1o

Q11[Jis  42[lp1a

Q12[j16  41[lD12

Q13[J17  4o[lD13
GND[J18  39[lGND
Q14[j19  38[lp14

Q15[]20  37[lD15

Q16[j21  3e[lD16

Vec 22 35[]vee
Q17[]23  34[lp17

Q18[j24a  s3[lp1s
GND[]2s  32]]GND
Q19[l26  31[lD19

Q20[]27  3o[]D20

NC[2s  29[]CLKEN

NC — No internal connection

2-154
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SN74AVC16721
20-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES164F — DECEMBER 1998 — REVISED FEBRUARY 2000

FUNCTION TABLE
(each flip-flop)

INPUTS OUTPUT
OE CLKEN CLK D Q
L H X X Qo
L L T H H
L L T L L
L L LorH X Qo
H X X X z

logic diagram (positive logic)

1

OE

29

>
CLK % I\
L
>

CLKEN CE

> C1 2 ;

> T_ Q1L 1]

D1 1D L~ S

LL

nd

ol

To 19 Other Channels |_

O

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply VOItAge range, VoG - vt e -05Vto4.6V 8
Input voltage range, V| (See NOtE 1) .. ... it -05Vto4.6V

Voltage range applied to any output in the high-impedance or power-off state, Vg a4

(SEE NOLE L) .ottt e e e -0.5Vto4.6V o

Voltage range applied to any output in the high or low state, Vg

(SEENOES 1 aNd 2) ...\ttt -05VtoVee+05V
Input clamp current, Ik (V] < 0) oo -50 mA
Output clamp current, Iox (Vo < 0) oo -50 mA
ContinuOUS OULPUL CUITENE, 1 ..ot e e i +50 mA
Continuous current through each Vo or GND oo e +100 mA
Package thermal impedance, 03a (see Note 3): DGG package ... 64°C/W
DGVpackage ........ ... 48°C/W
Storage temperature range, Totg coveee —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVC16721
20-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES164F — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT
v Supol " Operating 1.4 3.6 v
u voltage
cc PPy g Data retention only 1.2
Vcc=12V Vce
Vcc=14Vtol6V 0.65xVce
VIH High-level input voltage Vcc=165Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto36V 2
Vece =12V GND
Vcc=14Vtol6V 0.35xVce
VL Low-level input voltage Vcc=165Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8
\ Input voltage 0 3.6 \%
Active state 0 Vce
Vo Output voltage \%
3-state 0 3.6
Vcc=14Vtol6V -2
o Vcec=1.65Vto1.95V —4
loHs  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14Vtol6V
) Vcec=1.65Vto1.95V
loLs  Static low-level output currentT mA
Vcc=23Vto27V 8
Vcc=3Vto3.6V 12
At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V
TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with loHq and Ig of £24 mA at 2.5-V V. See Figure 1 for VgL vs IgL and
VoH Vs loH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVC16721
20-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES164F — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT  MAX | uNIT
loHs =—100 pA 14Vto36V |Vcc—0.2
loHS =—2 MA, ViH=0.91V 14V 1.05
VOH loHs = —4 MA, ViH=1.07V 165V 1.2 \Y
loHs =—8 MA, V=17V 23V 1.75
loHs =—12 mA, ViH=2V 3V 2.3
loLs = 100 nA 14Vto36V 0.2
loLs =2 mA, ViL=049V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \Y
loLs = 8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVp=36V 0 +10 HA
loz Vo = Vcc or GND 36V +10 uA
Ilcc V| =Vcc or GND, lp=0 3.6V 40 uA
Control inputs 25V
Ci V| =Vcc or GND 3V pF
Data inputs oY
3.3V
c o _ 25V
o utputs Vo =Vcc or GND 33V pF

1 Typical values are measured at Ta = 25°C.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

_ Vcc=15V | Vcc=18V Vcc =25V Vcc =33V
Vec=12V +0.1V +0.15V +0.2V +03V
UNIT
MIN MIN  MAX MIN  MAX MIN  MAX MIN  MAX
felock  Clock frequency MHz
tw Pulse duration, CLK high or low ns
) Data before CLKT
tsu Setup time f——— ns
CLKEN before CLKT
] Data after CLKT
th Hold time |f——=—= ns
CLKEN after CLKT

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

_ Vcc=15V | Vcc=18V Vcc =25V Vcec =33V
PARAMETER FROM TO Vec=12V +0.1V +0.15V +02V +03V UNIT
(INPUT) (OUTPUT)
MIN  MAX MIN  MAX MIN  MAX MIN  MAX

fmax MHz
thd CLK Q ns
ten OE Q ns
tdis OE Q ns

ol
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SN74AVC16721
20-BIT FLIP-FLOP

WITH 3-STATE OUTPUTS

SCES164F — DECEMBER 1998 — REVISED FEBRUARY 2000

switching characteristics, Tp = 0°C to 85°C, C|_ = 0 pF

FROM TO Vee= 33V
+0.15V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX
tpd CLK Q ns
T Texas Instruments SPICE simulation data
operating characteristics, Ta = 25°C
Vec =18V |Vec=25V | vee =33V
PARAMETER TEST CONDITIONS =& e e UNIT
TYP TYP TYP
c Power dissipation Outputs enabled c =0 f= 10 MHz .
Pd  capacitance Outputs disabled | & P
3 1,
EXAS
INSTRUMENTS
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SN74AVC16721
20-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES164F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=12VAND15V+0.1V

0 2xVce
S1
O Open
From Output 2 ka / P TEST s1
Under Test l GND tpd Open
CL=15pF 2KO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— ¥
v | Vce
Timing 2 CcC Input XVCch XVCch
Input cc o oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES

Output
—————— Vee Waveform 1
Input % Vcel2 5{; Vcel2 Slat2xVcc
\ \ oV (see Note B)

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL
VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVC16721
20-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES164F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce
S1 Open
From Output Lk / © P
Under Test l GND
CL =30pF
(see Note A) I 1k
LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
Vce
Data
Input XVCc/Z XVCC/Z
oV
VOLTAGE WAVEFORMS

Input %VCC/Z
|

SETUP AND HOLD TIMES

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

NOTES: A

@mmoo

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

. CL includes probe and jig capacitance.

TEST S1
tpd Open
tpLZ/tpzL 2xVce
tpHZ/tpZH GND
.
| Vce
Input XVC(:/Z XVC(;IZ
oV
VOLTAGE WAVEFORMS
PULSE DURATION
Output
Control
(low-level
enabling)
Output
Waveform 1 ‘
Slat2xVcc | VoL +0.15V
(see Note B) | ———— VoL

\
tzH —» e ¥

‘ﬂ—tPHZ

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zg =50 Q, ty<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

tpLz and tpyz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy|_ are the same as tpg.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVC16721
20-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES164F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=25Vx02V

O 2xVcce

500 Q SV O Open

TGND

From Output
Under Test
CL =30pF

(see Note A)

11,
L

LOAD CIRCUIT

- Vce
Timing
Input XVCC/Z
\ oV
| tsu th \
\ \
vVce
Data
Input XVC(:/Z XVCch
oV
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCCIZ
|

\ \
tpLH —f¢—» H—P“— tPHL
|

——— VOH
Output Vcel/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

w >

TEST S1
tod Open
tpLZ/tpzL 2xVce
tpHZ/tPZH GND
l—— ty —b}
| Vee
Input XVCC/Z XVCch
oV
VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc

VoL +0.15V

(see Note B) | T T T VoL
\
tPzH —» e ¥ & PHZ
Output | ———— VOH
Waveform 2 VoH-0.15V

S1at GND

(see Note B) ov

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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PRODUCT PREVIEW

SN74AVC16721
20-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES164F — DECEMBER 1998 — REVISED FEBRUARY 2000

From Output
Under Test

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVce

500 Q SV O Open

l GND
CL=30pF
(see Note A) I 5000

LOAD CIRCUIT
Timing Vee
Input X Veel2
\ ov
—de—»
‘ tsy | th ‘
| \ vVce
Data
Input XVC(;/Z XVCC/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

\
tPLH —f&—» ﬂ—+ tPHL

| ———Von
Output Vee/2 Vcel2

VoL
VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

O@mmoo

TEST s1
tpd Open
tpLZ/tpZL 2xVce
tpHZ/tpZH GND

oty —P
\ \

| | vee
Input X Vccl2 X Vcel2
ov

VOLTAGE WAVEFORMS
PULSE DURATION

Output Vee
Control
(low-level
enabling) oV
Output
Waveform 1 Vee
Slat2xVce VoL +0.3V
(see Note B) ———— VoL
\ .
tPzH = B e tpuz
Output | VOH
Waveform 2 VoH-0.3V
S1 at GND
(see Note B) ov

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tgp.
tpLH and tpy_ are the same as tpg.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16722
22-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES166F — DECEMBER 1998 — REVISED FEBRUARY 2000

Member of the Texas Instruments ® Dynamic Drive Capability Is Equivalent to

Widebus™ Family Standard Outputs With Igy and Ip of

EPIC™ (Enhanced-Performance Implanted 24 mA at 2.5-V Vcc

CMOS) Submicron Process ® Overvoltage-Tolerant Inputs/Outputs Allow

DOC™ (Dynamic Output Control) Circuit Mixed-Voltage-Mode Data Communications

Dynamically Changes Output Impedance, ® |4 Supports Partial-Power-Down Mode

Resulting in Noise Reduction Without Operation

Speed Degradation ® Packaged in Thin Shrink Small-Outline
Package

description

VoL — Output Voltage -V

DOC,

A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vg vs Ig and Vpou Vs Igny curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.

3.2

[ T T T T T
Ta =25°C Ta = 25°C
| Process = Nominal 2.8 | Process = Nominal

., 71/
[/
[/

yal

08
Vee = 3-3V//\/3c=2.5 v/ [

AR AL

0 17 34 51 68 8 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 O
loL — Output Current — mA loH — Output Current —mA

2.8

2.4 /

20 I/ Vcec =33V
/ /

1.6

ra
cc=25V

N

[
<

1.2

Vcc=18V

VOH — Output Voltage -V

\\\

0.8

0.4 0.4

Figure 1. Output Voltage vs Output Current

This 22-bit flip-flop is operational at 1.2-V to 3.6-V V¢, but is designed specifically for 1.65-V to 3.6-V V¢
operation.

The 22 flip-flops of the SN74AVC16722 are edge-triggered D-type flip-flops with clock-enable (CLKEN) input.
On the positive transition of the clock (CLK) input, the device stores data into the flip-flops if CLKEN is low. If
CLKEN is high, no data is stored.

A buffered output-enable (OE) input places the 22 outputs in either a normal logic state (high or low) or the
high-impedance state. In the high-impedance state, the outputs neither load nor drive the bus lines significantly.
OE does not affect the internal operation of the flip-flops. Old data can be retained or new data can be entered
while the outputs are in the high-impedance state.

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS

Copyright © 2000, Texas Instruments Incorporated
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PRODUCT PREVIEW

SN74AVC16722
22-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES166F — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

This device is fully specified for partial-power-down applications using | 4. The Iy circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16722 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG PACKAGE

(TOP VIEW)
OE[]1 o 64 |] CLK
Q1[]2 63|] D1
Q2[]3 62 |] D2

GND[] 4 61 |] GND
Q3]s 60 |] D3
Q4[le 59 |] D4

Vee 47 s8] Ve
Q5(]8 57 ] D5
Q6[]9 56 |] D6
Q7[J10 ss[lD7

GND[J11  sa[JGND
Q8[]12 s3[ID8
Q9[]13  52[l D9

Q1o[J14 s1[]D10

Q11[J1s  so[lp11

Q12[J16 49|l D12

Q13[J17 48| D13

GND[J18  47[JGND

Q14[]19 46| D14

Q15[]20  45[] D15

Q16[]21 44| D16

Veell22 43[] vee

Q17[]23  42[] D17

Q18[|24 41|] D18

GND[]25  40[] GND

Q19[]26  39[] D19

Q20[]27  38[] D20

Veell2s 37[] Vee

Q21[J29 36[] D21

Q22[]30  35[] D22

GND[]31  34[]GND
NC[]32  33[] CLKEN

NC — No internal connection

{'f TEXAS
INSTRUMENTS

2-164 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74AVC16722
22-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES166F — DECEMBER 1998 — REVISED FEBRUARY 2000

FUNCTION TABLE
(each flip-flop)

INPUTS OUTPUT
OE CLKEN CLK D Q
L H X X Qo
L L T H H
L L T L L
L L LorH X Qo
H X X X z

logic diagram (positive logic)

1

OE

>
CLK o I\
L
>

33
CLKEN CE

> C1 2 ;

03 T_ Q1L 1]

D1 1D L~ S

LL

nd

ol

To 21 Other Channels |_

O

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply VOItAge range, VoG - vt e -05Vto4.6V 8
Input voltage range, V| (See NOtE 1) .. ... it -05Vto4.6V

Voltage range applied to any output in the high-impedance or power-off state, Vg a4

(SEE NOLE L) .ottt e e e -0.5Vto4.6V o

Voltage range applied to any output in the high or low state, Vg

(SEENOES 1 aNd 2) ...\ttt -05VtoVee+05V
Input clamp current, Ik (V] < 0) oo -50 mA
Output clamp current, Iox (Vo < 0) oo -50 mA
ContinuOUS OULPUL CUITENE, 1 ..ot e e i +50 mA
Continuous current through each Vo or GND oo e +100 mA
Package thermal impedance, 0ja (See NOte 3) . ... . 55°C/W
Storage temperature range, Totg oo —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVC16722
22-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES166F — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT
v Supol " Operating 1.4 3.6 v
u voltage
cc PPy g Data retention only 1.2
Vcc=12V Vce
Vcc=14Vtol6V 0.65xVce
VIH High-level input voltage Vcc=165Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto36V 2
Vece =12V GND
Vcc=14Vtol6V 0.35xVce
VL Low-level input voltage Vcc=165Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8
\ Input voltage 0 3.6 \%
Active state Vce
Vo Output voltage \%
3-state 3.6
Vcc=14Vtol6V -2
o Vcec=1.65Vto1.95V —4
loHs  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14Vtol6V
) Vcec=1.65Vto1.95V
loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12
At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V
TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with I and Io|_of £24 mAat 2.5-V V. See Figure 1 for Vo vs gl and VoH vs IoH
characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006, and
Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVC16722
22-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES166F — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT  MAX | uNIT
loHs =—100 pA 14Vto36V |Vcc—0.2
loHS =—2 MA, ViH=0.91V 14V 1.05
VOH loHs = —4 MA, ViH=1.07V 165V 1.2 \Y
loHs =—8 MA, V=17V 23V 1.75
loHs =—12 mA, ViH=2V 3V 2.3
loLs = 100 nA 14Vto36V 0.2
loLs =2 mA, ViL=049V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \Y
loLs = 8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVp=36V 0 +10 HA
loz Vo = Vcc or GND 36V +10 uA
Icc V| =Vcc or GND, lp=0 3.6V 40 uA
Control inputs 25V
Ci V| =Vcc or GND 3V pF
Data inputs oY
3.3V
c o _ 25V
o utputs Vo =Vcc or GND 33V pF

1 Typical values are measured at Ta = 25°C.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

_ Vcc=15V | Vcc=18V Vcc =25V Vcc =33V
Vec=12V +0.1V +0.15V +0.2V +03V
UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX MIN  MAX
felock  Clock frequency MHz
tw Pulse duration, CLK high or low ns
) Data before CLKT
tsu Setup time f——— ns
CLKEN before CLKT
] Data after CLKT
th Hold time |f——=—= ns
CLKEN after CLKT

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

_ Vcc=15V | Vcc=18V Vcc =25V Vcec =33V
PARAMETER FROM TO Vec=12V +0.1V +0.15V +02V +03V UNIT
(INPUT) (OUTPUT)
MIN  MAX MIN  MAX MIN  MAX MIN  MAX

fmax MHz
thd CLK Q ns
ten OE Q ns
tdis OE Q ns

*3
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SN74AVC16722
22-BIT FLIP-FLOP

WITH 3-STATE OUTPUTS

SCES166F — DECEMBER 1998 — REVISED FEBRUARY 2000

switching characteristics, Tp = 0°C to 85°C, C|_ = 0 pF

FROM TO Vee= 33V
+0.15V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX
tpd CLK Q ns
T Texas Instruments SPICE simulation data
operating characteristics, Ta = 25°C
V =18V |V =25V |V =33V
PARAMETER TEST CONDITIONS cc cc cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled c =0 f= 10 MHz .
Pd  capacitance Outputs disabled | & P
"l
EXAS
INSTRUMENTS
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SN74AVC16722
22-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES166F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=12VAND15V+0.1V

0 2xVce
S1
O Open
From Output 2 ka / P TEST s1
Under Test l GND tpd Open
CL=15pF 2KO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— ¥
v | Vce
Timing 2 CcC Input XVCch XVCch
Input cc o oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES

Output
—————— Vee Waveform 1
Input % Vcel2 5{; Vcel2 Slat2xVcc
\ \ oV (see Note B)

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL
VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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PRODUCT PREVIEW

SN74AVC16722
22-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES166F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION

Vee=1.8V+0.15V

0 2xVce

1kQ Si/’ O Open

TGND

From Output
Under Test
CL =30pF

(see Note A)

I

LOAD CIRCUIT

- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVCC/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

VoL +0.15V
———— VoL

‘ﬂ—tPHZ

|
|
| |
tzH —» e ¥
Output
Waveform 2

S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t;<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVC16722
22-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES166F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=25Vx02V

O 2xVcce

500 Q SV O Open

TGND

From Output
Under Test
CL =30pF

(see Note A)

11,
L

LOAD CIRCUIT

- Vce
Timing
Input XVCC/Z
\ oV
| tsu th \
\ \
vVce
Data
Input XVC(:/Z XVCch
oV
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCCIZ
|

\ \
tpLH —f¢—» H—P“— tPHL
|

——— VOH
Output Vcel/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

w >

TEST S1
tod Open
tpLZ/tpzL 2xVce
tpHZ/tPZH GND
l—— ty —b}
| Vee
Input XVCC/Z XVCch
oV
VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc

VoL +0.15V

(see Note B) | T T T VoL
\
tPzH —» e ¥ & PHZ
Output | ———— VOH
Waveform 2 VoH-0.15V

S1at GND

(see Note B) ov

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpyy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 @, ty<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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PRODUCT PREVIEW

SN74AVC16722
22-BIT FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES166F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVce

SV O Open

From Output 5000

Under Test
CL=30pF
(see Note A)

I
|

TGND

LOAD CIRCUIT
Timing Vee
Input X Veel2
\ ov
—de—»
‘ tsy | th ‘
| \ vVce
Data
Input XVC(;/Z XVCC/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

| \
tPLH —yd—ﬂ‘ H—+ tPHL

| ——— VoH
Output Vcel2 Vcel2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST s1
tpd Open
tpLZ/tpZL 2xVce
tpHZ/tpZH GND

oty —P
\ \

| | vee
Input XVCC/2 X Vcel2
ov

VOLTAGE WAVEFORMS
PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tgp.
tpLH and tpy_ are the same as tpg.

O@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16820
10-BIT FLIP-FLOP WITH DUAL OUTPUTS
AND 3-STATE OUTPUTS

SCES173F — DECEMBER 1998 — REVISED FEBRUARY 2000

Member of the Texas Instruments ® Dynamic Drive Capability Is Equivalent to
Widebus™ Family Standard Outputs With Igy and Ip of

EPIC™ (Enhanced-Performance Implanted 24 mA at 2.5-V Vcc
CMOS) Submicron Process ® Overvoltage-Tolerant Inputs/Outputs Allow
DOC™ (Dynamic Output Control) Circuit Mixed-Voltage-Mode Data Communications

Dynamically Changes Output Impedance, ® |4 Supports Partial-Power-Down Mode

Resulting in Noise Reduction Without Operation

Speed Degradation ® Package Options Include Plastic Thin
Shrink Small-Outline (DGG) and Thin Very
Small-Outline (DGV) Packages

description

VoL~ Output Voltage -V

DOC,

A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Igy curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.

[ T T T T T
32 14 =25C Tp = 25°C
2.8 | Process = Nominal 2.8 | Process = Nominal

. 71/
[/
[17/

yal

08
Vee = 3-3V//\/3C=2.5 v/ [

0.4 0.4 // // Vee : 1-8y

0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 O
loL — Output Current — mA loH — Output Current — mA

2.4
20 I/ Vcc =33V
1.6

I Vcc=25V

N

1.2

\\\

Vcc=18V

0.8

VOH — Output Voltage — V

Figure 1. Output Voltage vs Output Current

This 10-bit flip-flop is operational at 1.2-V to 3.6-V V¢, but is designed specifically for 1.65-V to 3.6-V V¢
operation.

The flip-flops of the SN74AVC16820 are edge-triggered D-type flip-flops. On the positive transition of the clock
(CLK) input, the device provides true data at the Q outputs.

A buffered output-enable (OE) input can be used to place the ten outputs in either a normal logic state (high
or low logic level) or the high-impedance state. In the high-impedance state, the outputs neither load nor drive
the bus lines significantly. The high-impedance state and increased drive provide the capability to drive bus lines
without need for interface or pullup components.

OE input does not affect the internal operation of the flip-flops. Old data can be retained or new data can be
entered while the outputs are in the high-impedance state.

EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
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SN74AVC16820
10-BIT FLIP-FLOP WITH DUAL OUTPUTS
AND 3-STATE OUTPUTS

SCES173F — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using | y¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16820 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
10E |1 % 56|] CLK
1Q1(]2 55[] D1
1Q2[]3 54|]NC
GND []4 53|] GND
2Q1(]s 521 D2
2Q2(]s s1[JNC
Vee 7 s0[]Vee
301[]s 49[]D3
302 (]9 a8[INC
4Q1[Ji0  47[lD4
GND[J11  46[JGND
4Q2[]12  4s[INC
5Q1[J13  44[lD5
5Q2[J14  43[INC
6Q1[]15  42[]D6
6Q2[]16  41[INC
7Q1[]17  4o[]D7
GND[J18  39[]GND
7Q2[J19  3s[INC
8Q1[l20  37[]D8
8Q2[|21  ss[INC
Vee Y22 35 ]VCC
9Q1[|23  34[lD9
9Q2[]24  33[INC
GND[]2s  32[]GND
10Q1 [] 26 31[] D10
10Q2[J27  30[INC
20E[]2s  29[INC

NC — No internal connection
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SN74AVC16820
10-BIT FLIP-FLOP WITH DUAL OUTPUTS
AND 3-STATE OUTPUTS

SCES173F — DECEMBER 1998 — REVISED FEBRUARY 2000

FUNCTION TABLE
(each flip-flop)

INPUTS OUTPUT
oE,T cLk D Qn'
L T H H
L T L L
L L X Qo
H X X Z

Th=12

logic diagram (positive logic)

10E ! OD
JoF 28 OD
56 |l> /1 2 101

CLK

> C1
55
D1 1D d

1Q2

\Van

To Nine Other Channels

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)*

Supply VOItAgE range, VoG - o vt e e et e e -05Vto4.6V
Input voltage range, V| (See NOtE 1) . ... it e e -0.5Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOLE L) .ottt et e -0.5Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(SEE NOES 1 aNU 2) ...\ttt -05VtoVee+05V
Input clamp current, [k (V] < 0) oo -50 mA
Output clamp current, ok (Vo < 0) oot -50 mA
ContinuoUS OULPUL CUITENE, 1 ..o e e +50 mA
Continuous current through each Vo or GND oo e +100 mA
Package thermal impedance, 03a (see Note 3): DGG package ............ ..o 64°C/W
DGVpackage ........ ..o 48°C/W
Storage temperature range, Tstg ................................................... —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVC16820

10-BIT FLIP-FLOP WITH DUAL OUTPUTS

AND 3-STATE OUTPUTS

SCES173F — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT
v Supol " Operating 1.4 3.6 v
u voltage
cc PPy g Data retention only 1.2
Vcc=12V Vce
Vcc=14Vtol6V 0.65xVce
VIH High-level input voltage Vcc=165Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto36V 2
Vece =12V GND
Vcc=14Vtol6V 0.35xVce
VL Low-level input voltage Vcc=165Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8
\ Input voltage 0 3.6 \%
Active state Vce
Vo Output voltage \%
3-state 3.6
Vcc=14Vtol6V -2
o Vcec=1.65Vto1.95V —4
loHs  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14Vtol6V
) Vcec=1.65Vto1.95V
loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12
At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V
TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with I and Io|_of £24 mAat 2.5-V V. See Figure 1 for Vo vs gl and VoH vs IoH
characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006, and
Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVC16820
10-BIT FLIP-FLOP WITH DUAL OUTPUTS

AND 3-STATE OUTPUTS

SCES173F — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT  MAX | uNIT
loHs =—100 pA 14Vto36V |Vcc—0.2
loHS =—2 MA, ViH=0.91V 14V 1.05
VOH loHs = —4 MA, ViH=1.07V 165V 1.2 \Y
loHs =—8 MA, V=17V 23V 1.75
loHs =—12 mA, ViH=2V 3V 2.3
loLs = 100 nA 14Vto36V 0.2
loLs =2 mA, ViL=049V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \Y
loLs = 8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVp=36V 0 +10 HA
loz Vo = Vcc or GND 36V +10 uA
Ilcc V| =Vcc or GND, lp=0 3.6V 40 uA
Control inputs 25V
Ci V| =Vcc or GND 3V pF
Data inputs oY
3.3V
o _ 25V
Co utputs Vo =Vcc or GND 33V pF

1 Typical values are measured at Ta = 25°C.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

Vec=12V VCiC 0:.11\'/5 Y Vi%:lsl '3 Y Vcic 0:.22\'/5 Y Vcic 0:.33\'/3 Y UNIT
MIN MIN  MAX MIN  MAX MIN  MAX MIN  MAX
fclock  Clock frequency MHz
tw Pulse duration, CLK high or low ns
tsu Setup time, data before CLKT ns
th Hold time, data after CLKT ns

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

Vcc=15V | Vcc=18V Vcc =25V Vcc =33V
FROM TO Vec=12V 1 v +0.15V +02V +03V
PARAMETER | (npuT) | (OUTPUT) — — = > UNIT
MIN MAX MIN MAX MIN MAX MIN MAX

fmax MHz
thd CLK Q ns
ten OE Q ns
tdis OE Q ns

ol
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SN74AVC16820
10-BIT FLIP-FLOP WITH DUAL OUTPUTS
AND 3-STATE OUTPUTS
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switching characteristics, Tp = 0°C to 85°C, C|_ = 0 pF

FROM TO Vee= 33V
+0.15V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX
tpd CLK Q ns
T Texas Instruments SPICE simulation data
operating characteristics, Ta = 25°C
Vec =18V |Vec=25V | vee =33V
PARAMETER TEST CONDITIONS =& e e UNIT
TYP TYP TYP
c Power dissipation Outputs enabled c =0 f= 10 MHz .
Pd  capacitance Outputs disabled | & P
3 1,
EXAS
INSTRUMENTS
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SN74AVC16820
10-BIT FLIP-FLOP WITH DUAL OUTPUTS
AND 3-STATE OUTPUTS

SCES173F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=12VAND15V+0.1V

0 2xVce

2 kQ 31/‘ O Open

GND
2kQ T

From Output
Under Test

CL =15 pF

(see Note A) I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/Z
\ oV
| tsu th \
\ \
vVee
Data
Input XVC(:/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input % Veel2
|

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

Slat2xVcc

TEST S1
tod Open

tpLz/tpzL 2xVce
tPHZ/tPZH GND

— ty —b}

| Vce

Input XVCch XVCch
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1

(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVC16820
10-BIT FLIP-FLOP WITH DUAL OUTPUTS
AND 3-STATE OUTPUTS
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PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

O 2xVce
1kQ SV O Open
From Output TEST sS1
Under Test l GND tpd Open
CL =30pF 1kO tpLz/tpzL 2xVce
(see Note A) I tpHz/tPZH GND
LOAD CIRCUIT
— ty —»
| | Vce
Timing o vVee Input chc/z chclz
Input cc oV ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Vecel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
______ Vee Waveform 1 ‘
Input %VCC/Z S¢;Vcc/2 Slat2xVce | VoL +0.15V
\ \ oV (see Note B) | | ‘__——VOL
\ \
tpLH ——— H—b:— tPHL tPZH —¥ ‘“— ¢ tehz
‘ Output J Y/
— OH
VoH Waveform 2 VoH-0.15V
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cg includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G. tpLH and tpH_ are the same as tpg.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVC16820
10-BIT FLIP-FLOP WITH DUAL OUTPUTS
AND 3-STATE OUTPUTS

SCES173F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=25Vx02V

0 2xVce
500 O SV O Open
From Output TEST s1
Under Test l GND tod Open
CL =30 pF 500 O tpLZ/tPZL 2xVee
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
l— tw —b}
v | Vce
Timing Vet CcC Input XVCch XVCc;/Z
Input cc ov ov
| VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Vccl2 50; Vccl2 Slat2xVce VoL +0.15V
\ \ oV (see Note B) | T T T VoL
\ \ \
tpLH ——> H—b“— tPHL tPZH —¥ :‘_ ™ e tenz
‘ Output ————V
— OH
VoH Waveform 2 Voy-0.15V
Output Vcel2 Vcel2 S1 at GND
VoL (see Note B) oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cy includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tep.
G. tpLH and tpy_ are the same as tp.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC16820
10-BIT FLIP-FLOP WITH DUAL OUTPUTS
AND 3-STATE OUTPUTS

SCES173F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVcc
500 SV O Open
From Output
Under Test l GND
CL =30pF
(see Note A) I s00@Q
LOAD CIRCUIT
o Vce
Timing
Input XVCC/Z
\ ov
| tsu th \
\ \
Vce
Data
Input XVCch XVCc;/Z
oV

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

——— VoH
Output Vcel2 Vcel2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLz/tpzL 2xVcce
tpHZ/tpZH GND

— ty —b}

| Vce

Input XVCC/2 XVCC/Z
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output v
Control cc
(low-level 5& Vcel2 ZfVCC’Z
enabling) ‘ —————— ov
|
\
Output
Waveform 1

Slat2xVce
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpyz are the same as tyjs.
tpz and tpzH are the same as tep.
tpLH and tpy|_ are the same as tpg.

@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2ns, t;f< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms

{'f TEXAS
INSTRUMENTS

2-182

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74AVC16821
20-BIT BUS-INTERFACE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES175F — DECEMBER 1998 — REVISED FEBRUARY 2000

® NMember of the Texas Instruments ® Dynamic Drive Capability Is Equivalent to
Widebus™ Family Standard Outputs With Igy and Ip of
® EPIC™ (Enhanced-Performance Implanted 24 mA at 2.5-V Vcc
CMOS) Submicron Process ® Overvoltage-Tolerant Inputs/Outputs Allow
® DOC™ (Dynamic Output Control) Circuit Mixed-Voltage-Mode Data Communications
Dynamically Changes Output Impedance, ® |4 Supports Partial-Power-Down Mode
Resulting in Noise Reduction Without Operation
Speed Degradation ® Package Options Include Plastic Thin
Shrink Small-Outline (DGG) and Thin Very
Small-Outline (DGV) Packages
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Igy curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
82F qa=25c Ta = 25°C
5 g | Process = Nominal 2.8 | Process = Nominal
>| >' 2.4
o 24 / o 2
g 20 // Vcc=33V £ 5 // //
= . o
: / ) 2 16 e
> 1.6 2 .
g I Vcc=25V 5 I / /
O 1.2 o 12
L Vcc =18V II // l /
© 08 <O 0.8 7
Vee = 3-3V//\/3C=2.5 vy [
0.4 0.4 7 —
P g |veertsy/
0o 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current — mA
Figure 1. Output Voltage vs Output Current
This 20-bit bus-interface flip-flop is operational at 1.2-V to 3.6-V V¢, but is designed specifically for 1.65-V to
3.6-V V¢ operation.
The SN74AVC16821 can be used as two 10-bit flip-flops or one 20-bit flip-flop. The 20 flip-flops are
edge-triggered D-type flip-flops. On the positive transition of the clock (CLK) input, the device provides true data
at the Q outputs.
A buffered output-enable (OE) input can be used to place the ten outputs in either a normal logic state (high
or low logic levels) or the high-impedance state. In the high-impedance state, the outputs neither load nor drive
the bus lines significantly. The high-impedance state and increased drive provide the capability to drive bus lines
without need for interface or pullup components.
OE does not affect the internal operation of the flip-flops. Old data can be retained or new data can be entered
while the outputs are in the high-impedance state.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design

phase of development. Characteristic data and other i
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SN74AVC16821
20-BIT BUS-INTERFACE FLIP-FLOP
WITH 3-STATE OUTPUTS

SCES175F — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

term

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using | y¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16821 is characterized for operation from —40°C to 85°C.

inal assignments
DGG OR DGV PACKAGE
(TOP VIEW)
10E []1 < 56|] 1CLK
1Q1[]2 55|] 1D1
1Q2(]3 54[]1D2
GND []4 53[] GND
1Q3[]s 52|] 1D3
1Q4 (|6 51]] 1D4
Vee Y7 s0[]Vee
105 []s 49[]1D5
106 []o 48|]1D6
1Q7[J10  47[]1D7
GND[J11  46[JGND
1Q8[J12  4s|]1D8
1Q9[]13  44]]1D9
1Q10[J14  43|]1D10
2Q1[]15  42[]2D1
2Q2[]16  41]]2D2
2Q3[]17  4o[]2D3
GND[J18  39[JGND
2Q4[]19  38|]2D4
2Q5[J20  37[]2D5
2Q6[J21  36[]2D6
Vee Y22 35 ]VCC
2Q7[|2s  34[]2D7
2Q8[|2a  33[]2D8
GND[]2s  32[JGND
2Q9[]26  31[]2D9
2Q10[]27 30[] 2D10
20E[J2s8  29[]2CLK

FUNCTION TABLE
(each 10-bit flip-flop)

INPUTS OUTPUT
OE CLK D Q
L ) H H
L T L L
L HorlL X Qo
H X X z
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20-BIT BUS-INTERFACE FLIP-FLOP
WITH 3-STATE OUTPUTS
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logic symbolT

10E
1CLK
20E
2CLK

1D1
1D2
1D3
1D4
1D5
1D6
1D7
1D8
1D9
1D10
2D1
2D2
2D3
2D4
2D5
2D6
2D7
2D8
2D9
2D10

1

56
28
29

55
54
52
51
49
48
47
45
44
43
42
41
40
38
37
36
34
33
31
30

EN2
> C1
EN4
> C3
1 C 2
1D 2V 101
3
1Q2
5
1Q3
6
104
8
1Q5
9
1Q6
10
1Q7
12
1Q8
13
1Q9
14
1Q10
15
3D aWwh— 221
16
2Q2
17
203
19
2Q4
20
205
21
206
23
2Q7
24
208
26
2Q9
27
2Q10

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
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logic diagram (positive logic)

1
10E

56
1CLK ||>
rFr—_——————————————— ]
lone of Ten |
| channels _— |
55 I | 2
1D1 : 1D L~ I
| % !
e S -
To Nine Other Channels
_ 28
20E
29
2CLK ||>
rFr—_——————————————— ]
lone of Ten |
| channels L 1 |
42 I | 15
2D1 : 1D L~ I
I % I
e S -

To Nine Other Channels
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20-BIT BUS-INTERFACE FLIP-FLOP
WITH 3-STATE OUTPUTS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

SUPPlY VORRAGE FaNgE, VG « v vttt et e e e et e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) . ...... ... -05Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOLE L) ..ttt e e -0.5Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(see NOteS 1 and 2) ... ...\ -05VtoVee+05V
Input clamp current, [k (V1< 0) oottt e e -50 mA
Output clamp current, ok (Vo < 0) oo -50 mA
ContinuoUs OULPUL CUITENE, 10 ..o e e e 150 mA
Continuous current through each Voc or GND .. ... +100 mA
Package thermal impedance, 03 (see Note 3): DGG package ..., 64°C/W
DGVpackage .........c.ccoiiiiiiiiiiiii 48°C/W
Storage temperature range, Tgtg -« v vveetr —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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recommended operating conditions (see Note 4)

MIN MAX UNIT
v Supol " Operating 1.4 3.6 v
u voltage
cc PPy g Data retention only 1.2
Vcc=12V Vce
Vcc=14Vtol6V 0.65xVce
VIH High-level input voltage Vcc=165Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto36V 2
Vece =12V GND
Vcc=14Vtol6V 0.35xVce
VL Low-level input voltage Vcc=165Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8
\ Input voltage 0 3.6 \%
Active state 0 Vce
Vo Output voltage \%
3-state 0 3.6
Vcc=14Vtol6V -2
o Vcec=1.65Vto1.95V —4
loHs  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14Vtol6V
) Vcec=1.65Vto1.95V
loLs  Static low-level output currentT mA
Vcc=23Vto27V 8
Vcc=3Vto3.6V 12
At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V
TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with loHq and Ig of £24 mA at 2.5-V V. See Figure 1 for VgL vs IgL and
VoH Vs loH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT  MAX | uNIT
loHs =—100 pA 14Vto36V |Vcc—0.2
loHS =—2 MA, ViH=0.91V 14V 1.05
VOH loHs = —4 MA, ViH=1.07V 165V 1.2 \Y
loHs =—8 MA, V=17V 23V 1.75
loHs =—12 mA, ViH=2V 3V 2.3
loLs = 100 nA 14Vto36V 0.2
loLs =2 mA, ViL=049V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \Y
loLs = 8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVp=36V 0 +10 HA
loz Vo = Vcc or GND 36V +10 uA
Ilcc V| =Vcc or GND, lp=0 3.6V 40 uA
Control inputs 25V
Ci V| =Vcc or GND 3V pF
Data inputs oY
3.3V
o _ 25V
Co utputs Vo =Vcc or GND 33V pF

1 Typical values are measured at Ta = 25°C.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

_ Vcc=15V | Vcc=18V Vcc =25V Vcc =33V
Vec=12V +0.1V +0.15V +0.2V +0.3V
UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX MIN  MAX

felock  Clock frequency MHz
tw Pulse duration, CLK high or low ns
tsu Setup time, data before CLKT ns
th Hold time, data after CLKT ns

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

Vcc=15V | Vcc=18V Vcc =25V Vcc =33V
FROM TO Vec=12V 1 v +0.15V +02V +03V
PARAMETER | (npuT) | (OUTPUT) — — = > UNIT
MIN MAX MIN MAX MIN MAX MIN MAX

fmax MHz
tpd CLK Q ns
ten OE Q ns
tdis OE Q ns

ol
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switching characteristics, Tp = 0°C to 85°C, C|_ = 0 pF

FROM TO Vee= 33V
£0.15V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX
tpd CLK Q ns
T Texas Instruments SPICE simulation data
operating characteristics, Ta = 25°C
Vcc=18V |Vecc=25V | Ve =33V
PARAMETER TEST CONDITIONS cc cc cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled c =0 f= 10 MHz .
Pd  capacitance Outputs disabled | & P
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PARAMETER MEASUREMENT INFORMATION
Vec=12VAND15V+0.1V

0 2xVce
S1
O Open
From Output 2 ka / P TEST s1
Under Test l GND tpd Open
CL=15pF 2KO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— ¥
v | Vce
Timing 2 CcC Input XVCch XVCch
Input cc o oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES

Output
—————— Vee Waveform 1
Input % Vcel2 5{; Vcel2 Slat2xVcc
\ \ oV (see Note B)

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL
VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

O 2xVce

1kQ SV O Open

TGND

From Output
Under Test
CL =30pF

(see Note A)

1 L.
L

LOAD CIRCUIT

- Vce
Timing
Input XVCC/Z
\ ov
| tsu th \
\ \
vVee
Data
Input XVCch chclz
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input % Vcel2
|

\ \
tPLH —¢—P H—b:— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

w >

TEST S1
tpd Open

tpLz/tpzL 2xVce
tpHZ/tPZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

VoL +0.15V
———— VoL

‘ﬂ—tPHZ

|
| |
tzH —» e ¥

Output ———— VOoH
Waveform 2 VoH-0.15V
S1at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vee=25Vx02V

O 2xVce
500 51/ 0O open
From Output
Under Test l GND
CL =30pF
(see Note A) I 500 L
LOAD CIRCUIT
- Vce
Timing
Input XVCC/Z
\ oV
| tsu th \
\ \
Vce
Data
Input XVCch XVCch
oV

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCCIZ
|

\ \
tpLH —f¢—» H—P“— tPHL
|

——— VOH
Output Vcel/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

w >

TEST S1
tod Open
tpLZ/tpzL 2xVce
tpHZ/tPZH GND
l—— ty —b}
| Vee
Input XVCch XVCch
oV
VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc

VoL +0.15V

(see Note B) | T T T VoL
\
tPzH —» e ¥ & PHZ
Output | ———— VOH
Waveform 2 VoH-0.15V

S1at GND

(see Note B) ov

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpyy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 @, ty<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVcc
500 SV O Open
From Output
Under Test l GND
CL =30pF
(see Note A) I s00@Q
LOAD CIRCUIT
o Vce
Timing
Input XVCC/Z
\ ov
| tsu th \
\ \
Vce
Data
Input XVCch XVCc;/Z
oV

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

——— VoH
Output Vcel2 Vcel2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLz/tpzL 2xVcce
tpHZ/tpZH GND

— ty —b}

| Vce

Input XVCC/2 XVCC/Z
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output v
Control cc
(low-level 5& Vcel2 ZfVCC’Z
enabling) ‘ —————— ov
|
\
Output
Waveform 1

Slat2xVce
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpyz are the same as tyjs.
tpz and tpzH are the same as tep.
tpLH and tpy|_ are the same as tpg.

@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2ns, t;f< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16827
20-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES176F — DECEMBER 1998 — REVISED FEBRUARY 2000

Member of the Texas Instruments ® Dynamic Drive Capability Is Equivalent to
Widebus™ Family Standard Outputs With Igy and Ip of
EPIC™ (Enhanced-Performance Implanted 24 mA at 2.5-V Vcc

CMOS) Submicron Process ® Overvoltage-Tolerant Inputs/Outputs Allow
DOC™ (Dynamic Output Control) Circuit Mixed-Voltage-Mode Data Communications
Dynamically Changes Output Impedance, ® |4 Supports Partial-Power-Down Mode
Resulting in Noise Reduction Without Operation

Speed Degradation ® Package Options Include Plastic Thin

Less Than 2-ns Maximum Propagation Shrink Small-Outline (DGG) and Thin Very
Delay at 2.5-V and 3.3-V V¢cc Small-Outline (DGV) Packages

description

VoL~ Output Voltage -V

DOC,

A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Igy curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.

[ T T T T T
32 14 =25C Tp = 25°C
2.8 | Process = Nominal 2.8 | Process = Nominal

. 71/
[/
[17/

yal

08
Vee = 3-3V//\/3C=2.5 v/ [

0.4 0.4 // // Vee : 1-8y

0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 O
loL — Output Current — mA loH — Output Current — mA

2.4
20 I/ Vcc =33V
1.6

I Vcc=25V

N

1.2

\\\

Vcc=18V

0.8

VOH — Output Voltage — V

Figure 1. Output Voltage vs Output Current

This 20-bit non-inverting buffer/driver is operational at 1.2-V to 3.6-V V, butis designed specifically for 1.65-V
to 3.6-V V¢ operation.

The SN74AVC16827 is composed of two 10-bit sections with separate output-enable signals. For either 10-bit
buffer section, the two output-enable (10E1 and 10E2 or 20E1 and 20E2) inputs must both be low for the
corresponding Y outputs to be active. If either output-enable input is high, the outputs of that 10-bit buffer section
are in the high-impedance state.

To ensure the high-impedance state during power up or power down, OE should be tied to Ve through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using lqs. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS

Copyright © 2000, Texas Instruments Incorporated
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20-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS
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description (continued)

The SN74AVC16827 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)

_ U _
10E1 [J1 s6]] 10E2
1v1 [J2 s5(] 1A1
1v2 [I3 s54|] 1A2
GND [J4 s53[] GND
1v3 [Is 52[] 1A3
1v4 [|e s51[] 1A4
vee 07 50l Vee
1vs [Is 9]l 1A5
1ve [Jo 48]l 16
1v7 [0 47[] 1A7
oND [z 48[l onD
1vs [j12 5[l 1as
1vo [J13 44l 1a9
1vio [J14  43[]1A10
2vi [Jis 42l 2a1
ov2 [lie  41[] 242
2v3 [J17 40l 2a3
GND [Jis 39[J GND
2va [J1o  38[] 2a4
2vs [J20  37[]2a5
2v6 [J21 36l 2a6
Vee 22 35 vee
2v7 [J23 34f] 2a7
2vs [J2a  33[] 2a8
GND [J25 32[JGhD
2vo [[26 31l 2a9
2v10 ]2z 30[] 2a10
20E1 [J28 29|l 20E2

FUNCTION TABLE
(each 10-bit buffer/driver)

INPUTS OUTPUT
OE1 OE2 A Y
L L L L
L L H H
H X X z
X H X z
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logic symbolT

10E1
10E2
20E1
20E2

1A1
1A2
1A3
1A4
1A5
1A6
1A7
1A8
1A9
1A10
2A1
2A2
2A3
2A4
2A5
2A6
2A7
2A8
2A9
2A10

1
56

28
29

55
54
52
51
49
48
47
45
44
43
42
41
40
38
37
36
34
33
31
30

EN1

EN2

YAY%

O |0 | |0 |w (N

10
12
13
14
15
16
17
19
20
21
23
24
26
27

1yl
1y2
1Y3
1y4
1Y5
1Y6
1y7
1Y8
1Y9
1Y10
2Y1
2Y2
2Y3
2Y4
2Y5
2Y6
2Y7
2Y8
2Y9
2Y10

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and

IEC Publication 617-12.

logic diagram (positive logic)

10E1 ;TO
10E2 — O

55 2

1A1 1yl
L~ i

To Nine Other Channels

____ 28

ZOE1TO

20E2 ——O

2A1 42 I/ i 15 2Y1

To Nine Other Channels
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

SUpply VOIAGE raNGE, VO G - - ot ettt e e e e e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) ........ ... -05Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) oottt e e e -05Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(SEE NOES 1 aNd 2) . ...\ -05VtoVee+05V
Input clamp current, Ik (V1 < 0) oottt -50 mA
Output clamp current, Iog (Vo < 0) oo -50 mA
Continuous OULPUL CUITENE, 1o ... oo e +50 mA
Continuous current through each Vec or GND ... +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ..., 64°C/W
DGV opackage ... 48°C/W
Storage temperature range, Tggg ... vovinir —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input negative-voltage and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. This value is limited to 4.6 V maximum.
3. The package thermal impedance is calculated in accordance with JESD 51.

2-198
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recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

t Dynamic drive capability is equivalent to standard outputs with loHq and lg of £24 mA at 2.5-V V. See Figure 1 for Vo vs IgL and
VoH Vs |pH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PRODUCT PREVIEW

PARAMETER TEST CONDITIONS Vce MIN TYPT mMAX| uNIT
loHs =100 A 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVp=3.6V 0 £10 UA
loz Vo =Vcc or GND 3.6V +10 UA
Icc V| =Vcc or GND, lo=0 36V 40 A
Control inputs 25V
Ci V| =Vcc or GND 3V pF
Data inputs 2oV
3.3V
c _ G 25V
o Outputs Vo =V or GND 33V pF

T Typical values are measured at Tp = 25°C.

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

Vcc=15V Vcc=18V | Vcc=25V | Vcc=33V
FROM TO Vec=12V +0.1V +0.15V +02V +0.3V
PARAMETER | \pim) (OUTPUT) t0. t0. 10. +0. UNIT
TYP MIN  MAX| MIN MAX| MIN MAX| MIN MAX
tpd A Y ns
ten OE Y ns
tdis OE Y ns
switching characteristics, Tp = 0°C to 85°C, C|_ = 0 pF¥
FROM TO Vee= 33V
+0.15V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX
tpd A Y ns

t Texas Instruments SPICE simulation data
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operating characteristics, Tp = 25°C

Vcc=18V |Vcc=25V |Vcc =33V
PARAMETER TEST CONDITIONS +0.15V +0.2V +03V UNIT
TYP TYP TYP
issipati Outputs enabled
Cpd Power dissipation P : CL=0, f=10MHz pF
capacitance Outputs disabled
PARAMETER MEASUREMENT INFORMATION
Vcc=12VAND15V+0.1V
0 2xVce
S1 Open
From Output 2 ka / oop TEST s1
Under Test l GND tod Open
CL=15pF 2kO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— tw —N‘
| Vce
Timing 0 Vee Input chclz chc/z
Input cc oy oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Vce out
Data put
Input XVCC/Z XVCC/2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vce Waveform 1
Input % \eleA 54; Vcel2 Slat2xVce
\ \ oV

\ \
tpLH ——» H—P“— tPHL
|

——— VOH
Output Vcel2 Veel2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cg includes probe and jig capacitance.

(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzy are the same as tgp.
tpH and tpyy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVC16827
20-BIT BUFFER/DRIVER
WITH 3-STATE OUTPUTS

SCES176F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

O 2xVce

1kQ SV O Open

TGND

From Output
Under Test
CL =30pF

(see Note A)

1 L.
L

LOAD CIRCUIT

- Vce
Timing
Input XVCC/Z
\ ov
| tsu th \
\ \
vVee
Data
Input XVCch XVCch
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input % Vcel2
|

\ \
tPLH —¢—P H—b:— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

w >

TEST S1
tpd Open

tpLz/tpzL 2xVce
tpHZ/tPZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

VoL +0.15V
———— VoL

‘ﬂ—tPHZ

|
| |
tzH —» e ¥

Output ———— VOoH
Waveform 2 VoH-0.15V
S1at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vee=25Vx02V

0 2xVce
500 Q SV O Open
From Output TEST S1
Under Test l GND
tpd Open
CL =30 pF 500 Q tpLZ/tPZL 2xVee
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
R
v | Vece
Timing Vet CcC Input XVCC/Z XVCC/Z
Input cc ov ov
| VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vce Waveform 1
Input % Vcc/2 SK Vce/2 Slat2xVce VoL +0.15V
\ \ ov (see Note B) | T VoL
\ \ \
tpLH —— —»— tpHL tpzH —¥¥ ‘“— > @tz
‘ | Output
——— VoH Waveform 2
Output Vcel/2 Vcel/2 S1 at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cy includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zg =50 Q, t, <2 ns, tf<2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tep.
G. tpLH and tpy_ are the same as tp.

Figure 4. Load Circuit and Voltage Waveforms
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WITH 3-STATE OUTPUTS
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PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVce
500 Q S1 O Open
From Output
Under Test l GND
CL =30pF
(see Note A) I 5000
LOAD CIRCUIT
Timi Vee
iming XVCC/Z
Input
\ oV

« >
| lsu th

\ \ Vce
Data
Input XVCC/Z XVCC/Z
oV
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

—————— Vce
Input f Veel2 Sk Vcel2
| oV

\ \
tPLH H H—J‘— tPHL

\ ——— VoH
Output Veel2 Veel2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST s1
tpd Open
tpLZ/tpZL 2xVce
tpHZ/tpZH GND

oty —P
\ \

‘ ‘ Vee
Input XVCC/2 X Vcel2
oV

VOLTAGE WAVEFORMS
PULSE DURATION

Output Vee
Control
(low-level
enabling) oV
Output
Waveform 1 Vee
Slat2xVce VoL +0.3V
(see Note B) ‘ ———— VoL

tpzH —» ¢ D ‘ﬂ-tPHZ

Output |
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tgp.
tpLH and tpy_ are the same as tpg.

O@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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Member of the Texas Instruments ® Dynamic Drive Capability Is Equivalent to

Widebus™ Family Standard Outputs With Igy and Ip of

EPIC™ (Enhanced-Performance Implanted 24 mA at 2.5-V Vcc

CMOS) Submicron Process ® Overvoltage-Tolerant Inputs/Outputs Allow

DOC™ (Dynamic Output Control) Circuit Mixed-Voltage-Mode Data Communications

Dynamically Changes Output Impedance, ® |4 Supports Partial-Power-Down Mode

Resulting in Noise Reduction Without Operation

Speed Degradation ® Packaged in Thin Very Small-Outline
Package

description

VoL — Output Voltage -V

DOC,

A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vg vs Ig and Vpou Vs Igny curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.

3.2

[ T T T T T
Ta =25°C Ta = 25°C
| Process = Nominal 2.8 | Process = Nominal

., 71/
[/
[/

yal

08
Vee = 3-3V//\/3c=2.5 v/ [

A 7 |vec=18v/
|
0 17 34 51 68 8 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 O
loL — Output Current — mA loH — Output Current —mA

2.8

2.4 /

20 I/ Vcec =33V
/ /

1.6

ra
cc=25V

N

[
<

1.2

Vcc=18V

VOH — Output Voltage -V

\\\

0.8

0.4 0.4

Figure 1. Output Voltage vs Output Current

This 9-bit 1-to-4 address register/driver is operational at 1.2-V to 3.6-V V¢, but is designed specifically for
1.65-V to 3.6-V V¢ operation.

The device is ideal for use in applications in which a single address bus is driving four separate memory
locations. The SN74AVC16831 can be used as a buffer or a register, depending on the logic level of the select
(SEL) input.

When SEL is logic high, the device is in the buffer mode. The outputs follow the inputs and are controlled by
the two output-enable (OE) controls. Each OE controls two groups of nine outputs.

When SEL is logic low, the device is in the register mode. The register is an edge-triggered D-type flip-flop. On
the positive transition of the clock (CLK) input, data set up at the A inputs is stored in the internal registers. OE
controls operate the same as in buffer mode.

EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS

Copyright © 2000, Texas Instruments Incorporated
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SN74AVC16831
9-BIT 1-TO-4 ADDRESS REGISTER/DRIVER
WITH 3-STATE OUTPUTS

SCES179F — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

When OE is logic low, the outputs are in a normal logic state (high or low logic level). When OE is logic high,
the outputs are in the high-impedance state.

SEL and OE do not affect the internal operation of the flip-flops. Old data can be retained or new data can be
entered while the outputs are in the high-impedance state.

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using | 4. The Iy circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16831 is characterized for operation from —40°C to 85°C.
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SN74AVC16831
9-BIT 1-TO-4 ADDRESS REGISTER/DRIVER
WITH 3-STATE OUTPUTS

SCES179F — DECEMBER 1998 — REVISED FEBRUARY 2000

terminal assignments

DBB PACKAGE

(TOP VIEW)

avy1 [} 1 “ 8ol] 1Y2
3yi1 ]2 79[ 2Y2
GND [] 3 78] GND
2Y1 [} 4 771] 3Y2
Y1 [} s 76]] 4Y2
Vee f6  75[] Vec

NC [] 7 74]] 1Y3

Al []s 73[] 2Y3
GND [} 9 72|] GND

NC [Ji0 71[] 3Y3
A2 [J11 7o[] 4Y3
GND [J12  e9]] GND
NC [J13  es|] 1Y4
A3 []1a e7]] 2v4
Vee [J15 66[] Vee
NC [J16  e5|] 3Y4
A4 [l17  e4f] 4Y4
GND [J18  63]] GND
CLK [J19  &2[] 1Y5
OEl [J20  61|] 2Y5
OE2 [J21  e0f] 3Y5
SEL [J22  s9f] 4Y5
GND [| 23  s8[] GND
A5 [l24  s7[] 1Y6

A6 [] 25 56[] 2Y6
Vce E 26 55]] Vcc

A7 [] 27 54]] 3Y6

NC [] 28 53[] 4Y6
GND [] 29 52[] GND

A8 [] 30 51[] 1Y7

NC [] 31 50(] 2Y7
GND []

32 49]] GND
A9 [l3s 48 % 37
NC [|34  a7[] 47
Vec [}35 48] Vec
4Y9 [|36  45[] 1Y8
3Y9 [] 37 44(] 2Y8
GND (] 38 43| GND
2Y9 |] 39 42]] 3Y8
1Y9 |] 40 41]] 4Y8

NC — No internal connection

*9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-207

PRODUCT PREVIEW



PRODUCT PREVIEW

SN74AVC16831

9-BIT 1-TO-4 ADDRESS REGISTER/DRIVER

WITH 3-STATE OUTPUTS

SCES179F — DECEMBER 1998 — REVISED FEBRUARY 2000

FUNCTION TABLE

logic diagram (positive logic)

OE1l

OE2

CLK

Al

SEL

absolute maximum ratings over operating free-air temperature range (unless

Supply voltage range, Ve
Input voltage range, V| (see Note 1)

(see Note 1)

INPUTS OUTPUT
OE SEL CLK A
H X X X z
L H X L L
L H X H H
L L T L L
L L 7 H H
20 I\
21 N
19
>—oi> CLK
8
22 N
v v

/ N\

To Eight Other Channels

Voltage range applied to any output in the high or low state, Vg

(see Notes 1 and 2)

1yl

2Y1

3Y1

4Y1

otherwise noted)’

......................................................... -0.5Vto4.6V
................................................. -0.5Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg

................................................................... -0.5Vto4.6V

-05VtoVece+05V

Input clamp current, Ik (V] < 0) oo e -50 mA
Output clamp current, Iok (Vo < 0) oot -50 mA
Continuous OULPUL CUITENT, 1 ..ot e e e +50 mA
Continuous current through eachVec or GND ... +100 mA
Package thermal impedance, 6jp (see Note 3) ... ... 64°C/W

Storage temperature range, Tstg

................................................... —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.
2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.

2-208

{’? TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74AVC16831
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recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

t Dynamic drive capability is equivalent to standard outputs with loHq and lg of £24 mA at 2.5-V V. See Figure 1 for Vo vs IgL and
VoH Vs |pH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVC16831
9-BIT 1-TO-4 ADDRESS REGISTER/DRIVER
WITH 3-STATE OUTPUTS

SCES179F — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT mMAX| uNIT
loHs =100 A 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVp=3.6V 0 £10 UA
loz Vo =Vcc or GND 3.6V +10 UA
Icc V| =Vcc or GND, lo=0 36V 40 A
Control inputs 25V
Ci V| =Vcc or GND 3V pF
Data inputs 2oV
3.3V
_ G 25V
Co Outputs Vo =V or GND 33V pF

T Typical values are measured at Tp = 25°C.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

Vcc=15V | Vcc=18V | Vcc=25V Vcc =33V
+0.1V +0.15V 0.2V +0.3V UNIT

MIN  MAX MIN  MAX MIN  MAX MIN  MAX MIN  MAX

Vcc=12V

fclock  Clock frequency MHz
tw Pulse duration, CLK high or low ns
tsu Setup time, A data before CLKT ns
th Hold time, A data after CLKT ns

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

_ Vcc=15V Vcc=18V | Vcc=25V | Vcc=33V
PARAMETER FROM TO Vec=12V +0.1V +0.15V +0.2V +0.3V UNIT
(INPUT) (OUTPUT)
TYP MIN MAX MIN MAX MIN MAX MIN MAX
fmax MHz
A
tpd CLK Y ns
SEL
ten ﬁ Y ns
tdis OE Y ns
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switching characteristics, Ty = 0°C to 85°C, C|_ = 0 pF'

FROM TO vec =33V
+0.15V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX
A
1! Y ns
pd CLK
1t Texas Instruments SPICE simulation data
operating characteristics, Tpa = 25°C
Vec =18V |Vee=25V [vee =33V
PARAMETER TEST CONDITIONS <& ce ce UNIT
TYP TYP TYP
c Power dissipation Outputs enabled c =0 f= 10 MHz F
pd capacitance Outputs disabled L= P
ol
EXAS
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PARAMETER MEASUREMENT INFORMATION
Vee=12VAND15V+0.1V

0 2xVce

2kQ SV O Open

GND
2kQ T

From Output
Under Test
CL=15pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
| |
tpzH —P :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

O 2xVcce
1kQ SV O Open
From Output TEST s1
Under Test l GND tod Open
CL =30 pF 1kQ tpLZ/tPZL 2xVee
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
ety ——
v | Vce
Timing Vet CcC Input XVCch XVCch
Input cc ov ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input vecel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
______ Vee Waveform 1
Input % Veel2 5& Vcel2 Slat2xVcee VoL +0.15V
\ \ oV (see Note B) | | ‘__——VOL
\ \
tPLH —¢—— H—P‘—‘ tPHL tPzH —¥ ‘“— M Etphz
‘ Output -V
— OH
VOH Waveform 2 VoH-0.15V
Output Vcel2 Vcel2 S1at GND
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G. tpLH and tpy_ are the same as tp.

Figure 3. Load Circuit and Voltage Waveforms
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9-BIT 1-TO-4 ADDRESS REGISTER/DRIVER
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PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

O 2xVcc
5000 S/ 0 open
From Output TEST S1
Under Test l GND
tpd Open
CL=30pF 500 O tpLZ/tpzL 2xVece
(see Note A) I tpHz/tPZH GND
LOAD CIRCUIT
— tw —N‘
v | Vecc
Timing et cc Input XVCC/Z XVCC/Z
Input cc ov ov
| VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Vcel2 Vcel2 Control
oV (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1 |
Input % vVcel2 54; Vcel2 Slat2xVce | VoL +0.15V
\ \ oV (see Note B) | T VoL
\ \ \
tpLH —¢—— —>— tpyL tpzH —¥ :‘— —» @ tpHz
Output ———— VoH
——— VoH Waveform 2 VOH - 0.15 V
Output Vcel2 Vccel2 S1at GND
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, ty <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G. tpLH and tpy| are the same as tpq.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC16831
9-BIT 1-TO-4 ADDRESS REGISTER/DRIVER
WITH 3-STATE OUTPUTS

SCES179F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVce

s1 TEST S1
From Output 500 Q / © Open tpd Open
Under Test tpLZ/tpzL 2xVce
CL =30pF tpHZ/tPZH GND

(see Note A)

Ll
L

TGND

LOAD CIRCUIT
Timing Vee
Input X Veel2
\ ov
h——ﬂe——%
‘ tsu th ‘
| \ Vee
Data
Input XVCch XVCclz
ovVv
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input 7f Vee/2

\
tPLH —H—P“

| ——— VoH
Output Vcel2 Vcel2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

w

- ty ——>
\ \

‘ ‘ Vce
Input XVCC/Z X Vccl2
oV

VOLTAGE WAVEFORMS
PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1 ‘
Slat2xVce ‘
(see Note B) ‘ ‘

tpzH ¥ [ D

Output ‘
Waveform 2
S1 at GND
(see Note B)

Vece

VoL +03V
———— VoL

\
‘4- tpHZ

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tp|H and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16834
18-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES183F — DECEMBER 1998 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® |4 Supports Partial-Power-Down Mode
Widebus™ Family Operation
® EPIC™ (Enhanced-Performance Implanted ® |deal for Use in PC133 Registered DIMM
CMOS) Submicron Process Applications
® DOC™ (Dynamic Output Control) Circuit ® ESD Protection Exceeds JESD 22
Dynamically Changes Output Impedance, — 2000-V Human-Body Model (A114-A)
Resulting in Noise Reduction Without — 200-V Machine Model (A115-A)
Speed Degradation ® |atch-Up Performance Exceeds 100 mA Per
® Dynamic Drive Capability Is Equivalent to JESD 78, Class Il
Standard Outputs With Ioy and I of ® Package Options Include Plastic Thin
24 mA at 2.5-V Ve Shrink Small-Outline (DGG) and Thin Very
® OQvervoltage-Tolerant Inputs/Outputs Allow Small-Outline (DGV) Packages
Mixed-Voltage-Mode Data Communications
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
327 Toac Ta = 25°C
28 Process = Nominal 2.8 | Process = Nominal
>| >' 24
2.4 / 0 2
§ 2.0 I/ Vec =33V g 5 // /
s / / 2 [/
5 16 / 5 16 /
a Vi 7/ s
= I Vcc=25V 5 I / /
O 1.2 o 12
L // Vec =18V - // l /
© 08 <O 0.8 7
Vee = 3-3V//\/3C:2.5 v/f [
0.4 0.4 r L |vec=18V
/ e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 18-bit universal bus driver is operational at 1.2-V to 3.6-V Vc, but is designed specifically for 1.65-V to
3.6-V Vc operation.
Data flow from Ato Y is controlled by the output-enable (OE) input. The device operates in the transparent mode
when the latch-enable (LE) input is low. The A data is latched if the clock (CLK) input is held at a high or low
logic level. If LE is high, the A data is stored in the latch/flip-flop on the low-to-high transition of CLK. When OE
is high, the outputs are in the high-impedance state.
To ensure the high-impedance state during power up or power down, OE should be tied to Ve through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.

Copyright © 2000, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

standard

L]
warranty. Production processing does not necessarily include l
testing of all parameters. EXAS
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SN74AVC16834
18-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES183F — DECEMBER 1998 — REVISED FEBRUARY 2000

description (continued)

This device is fully specified for partial-power-down applications using | 4. The Iy circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16834 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
NC [ o 56 |[] GND
NC []2 55 []NC
Y1[]3 54 []A1
GND []4 53 [] GND
v2[ls 52 [] A2
Y3[]6 51 []A3
Vee 47 50 [IVece
va[ls 49 [] A4
Y5 []o 48 [] A5
v6[J10 47[]A6
GND[]J11 46 [JGND
y7[j12  45[]A7
v8[|13 448
yo[l1s  43[]A9
Yio[]1s  42[]A10
vii[jie  41[]A11
v12[J17  40[A12
GND[]18  39[JGND
v13[j19  38[A13
v14[]20  37[]A14
v15[]21  36[JA15
VCC 22 35 ]VCC
vi6[]23  34[]Al6
v17[j24  33[A17
GND[]25  32[JGND
vi8[j26  31[]A18
OE[]27 30[JcLk
LE[]28 29[JGND

NC — No internal connection
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SN74AVC16834

18-BIT UNIVERSAL BUS DRIVER

WITH 3-STATE OUTPUTS

SCES183F — DECEMBER 1998 — REVISED FEBRUARY 2000

logic symbol8

OE
CLK

Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8
Y9
Y10
Y11
Y12
Y13
Y14
Y15
Y16
Y17
Y18

FUNCTION TABLE
(each universal bus driver)

INPUTS OUTPUT
OE LE CLK A
H X X X z
L L X L L
L L X H H
L H T L L
L H T H H
L H H X Yol
L H L X Yot

t Output level before the indicated steady-state
input conditions were established, provided
that CLK is high before LE goes high

 output level before the indicated steady-state
input conditions were established

27
EN1
30
> 2C3
28
RN
G2
3 1 - 54
—e—] 1V 1 3D
5 52
R —
6 51
SR E—
8 49
SR E—

9 48
—  4— I ——
10 47
S E— I———
12 45
— 4— ———
13 44
— 4— I—————
14 43
- 4 ———
15 42
- <4+— ——
16 41
- 4 I —
17 40
- <4+ I
19 38
— — I—
20 37
- 4— I——
21 36
- 4¢— I——
23 34
- 4— - -
24 33
- 4— —
26 31
- 4— I——

8 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

Al
A2
A3
A4
A5
A6
A7
A8
A9
A10
All
Al12
Al13
Al4
A15
Al6
Al7
Al8
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SN74AVC16834
18-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES183F — DECEMBER 1998 — REVISED FEBRUARY 2000

logic diagram (positive logic)

ﬁ27

1D
C1

T> CLK

To 17 Other Channels

il
V \J( V VY

Y1

\

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VOIAGE FANGE, VG « - oo vttt ettt e e e e e e e e e -05Vto4.6V
Input voltage range, Vi (see NOote 1) . ... i -05Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) oot -0.5Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(SEE NOtES 1 aNd 2) ...ttt -05VtoVee+05V
Input clamp current, Ik (V1< 0) oot -50 mA
Output clamp current, ok (Vo < 0) oot -50 mA
Continuous OULPUL CUITENT, 1 ..o e e +50 mA
Continuous current through eachVec or GND ... +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ........................ ... .... 64°C/W
DGV package ... 48°C/W
Storage temperature range, Tggg .« v v et —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVC16834

18-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES183F — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with IoH and I of +24 mAat2.5-V V. See Figure 1 for Vo vslop and VoH vs IoH
characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006, and
Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

*5‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-221



SN74AVC16834
18-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES183F — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT mMAX| uNIT
loHs =100 A 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVpo=3.6V 0 +10 uA
loz Vo =Vcc or GND 3.6V +10 UA
Icc V| =Vcc or GND, lo=0 36V 40 A
) _ 25V 4
CLK input V| =Vcc or GND 33V a
_ ) _ 25V 4
Cj Control inputs V| =Vcc or GND 33V 7 pF
) _ 25V 2.5
Data inputs V| =Vcc or GND 33V o5
~ 25V 6.5
Co Outputs Vo =V or GND 33V v pF

T Typical values are measured at Tp = 25°C.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

_ Vcc=15V Vcc=18V | Vcc=25V | Vcc=33V
Vec=12V +0.1V +0.15V +02V +0.3V UNIT
MIN MAX [ MIN MAX| MIN MAX| MIN MAX| MIN MAX
fclock  Clock frequency 150 150 150 | MHz
Pulse | LE low 3.3 3.3 3.3
tW . - ns
duration [ CLK high or low 33 3.3 3.3
Data before CLKT 1 0.9 0.7 0.7 0.7
Setup -
tsy time Data CLK high 1.6 1.5 1 1 1 ns
before LET | CLK low 3.1 1.7 13 1 1
Data after CLKT 15 1.3 1 0.9 0.9
Data .
t Hold after LET CLK high 25 2 1.8 15 1.4 s
time
Data
after LET CLK low 2 1.7 15 1.3 1.3
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SN74AVC16834
18-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES183F — DECEMBER 1998 — REVISED FEBRUARY 2000

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

(INPUT) (OUTPUT)
TYP MIN  MAX| MIN MAX| MIN MAX]| MIN MAX
fmax 150 150 150 MHz

A 5.3 1.2 6.2 1.5 4.9 1 3.2 0.9 2.5

tod LE Y 7 2.2 9.7 1.8 7.5 1.5 4.9 0.8 41 ns
CLK 6 1.9 7.8 1.6 6 11 37 1 3.1

ten OE Y 7.9 24 102 1.6 8.8 15 6.7 1 62| ns

tdis OE Y 7.7 21 103 1.5 8.4 1.2 5.3 1 53| ns

switching characteristics, T = 0°C to 85°C, C| = 0 pF'

FROM TO vec =33V
+0.15V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX
A 0.6 1.3
tpd Y ns
CLK 0.7 1.5
t Texas Instruments SPICE simulation data
operating characteristics, Ta = 25°C
V =18V |V =25V |V =33V
PARAMETER TEST CONDITIONS cc ce cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled c =0 f= 10 MH 45 48 52 .
. =0, = z
pd capacitance Outputs disabled L 23 25 28 P
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SN74AVC16834
18-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES183F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=12VAND15V+0.1V

0 2xVce
S1
O Open
From Output 2 ka / P TEST s1
Under Test l GND tod Open
p
CL=15pF 2 KO tpLZ/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— ty ——
| Vce
Timing o Vee Input chc/z chclz
Input cc oV oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Vcel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1 |
Input % Veel/2 5& Vcel2 Slat2xVcc ‘
\ | ov (see Note B) | ———— VoL

\ |
tPLH —f¢—P H—P“— tPHL
|
——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

\
tpzH —¥ :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVC16834
18-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES183F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

O 2xVcce
1kQ SV O Open
From Output TEST s1
Under Test l GND tod Open
CL =30 pF 1kQ tpLZ/tPZL 2xVee
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
ety ——
v | Vce
Timing Vet CcC Input XVCch XVCch
Input cc ov ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input vecel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
______ Vee Waveform 1
Input % Vce/2 Sk Vcel2 Slat2xVce VoL +0.15V
\ \ oV (see Note B) | | ‘__——VOL
\ \
tPLH —¢—— H—P‘—‘ tPHL tPzH —¥ ‘“— M Etphz
‘ Output -V
— OH
VoH Waveform 2 Voy - 0.15V
Output Vcel2 Vcel2 S1at GND
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G. tpLH and tpy_ are the same as tp.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVC16834
18-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES183F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

O 2xVcc
5000 S/ 0 open
From Output
Under Test l GND
CL =30pF
(see Note A) I 500Q
LOAD CIRCUIT
. Vce
Timing
Input XVCC/Z
\ ov
| tsu th \
\ \
Vce
Data
Input XVCch XVC(;/Z
oV
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

——— VOoH
Output Vcc/2 Vccl/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

w >

TEST s1
tpd Open
tpLZ/tpZL 2xVce
tpHZ/tpZH GND
ot —
| Vce
Input XVCC/Z XVCC/Z
oV
VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

VoL +0.15V
———— VoL

\
\
\ \
tpzH —¥ :4— > ‘ﬂ—tPHZ

———— VoH
VoH - 0.15 V

Output
Waveform 2
S1 at GND
(see Note B)

oV

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpyz are the same as tyjs.
tpz and tpzH are the same as tep.
tpLH and tpy|_ are the same as tpg.

@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC16834
18-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES183F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xVcc

s1 TEST S1
From Output 500 / © Open tpd Open
Under Test l GND tpLz/tpzL 2xVce
CL =30pF tpHZ/tpZH GND
(see Note A) I 500Q
LOAD CIRCUIT — ty —P
| |
| | vee
Veel2 Veel/2
. vee Input X CC X CC
o X Yoo ov
} ov VOLTAGE WAVEFORMS
H—Pﬂ—" PULSE DURATION
| lsu th ‘
Data | \ Vce
Inout XVC(;IZ XVCch Output Vce
npu oV Control
(low-level
VOLTAGE WAVEFORMS enabling) oV
SETUP AND HOLD TIMES
Output vV,
—————— Vcc Waveform 1 ‘ ce
Input 4( Veel2 veel2 Slat2xVce ‘ VoL +0.3V
\ ov (see Note B) | | | —— —— VoL
| \
t t
tPLH —f¢—» —d—tpp PZH —¥ ;‘_ & Pz
\ ‘ Output — — — — VoH
\ ——— VoH Waveform 2 VoH-0.3V
Output Veel2 Veel/2 S1 at GND
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES

NOTES: A. Cp includes probe and jig capacitance.

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

tpLz and tpHz are the same as tyjs.

tpzL and tpzy are the same as tgp.

tpH and tpy|_ are the same as tpg.

w

®mmoo

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC16835
18-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES168H — DECEMBER 1998 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® |45 Supports Partial-Power-Down Mode
Widebus™ Family Operation
® EPIC™ (Enhanced-Performance Implanted ® |deal for Use in PC133 Registered DIMM
CMOS) Submicron Process Applications
® DOC™ (Dynamic Output Control) Circuit ® ESD Protection Exceeds JESD 22
Dynamically Changes Output Impedance, — 2000-V Human-Body Model (A114-A)
Resulting in Noise Reduction Without — 200-V Machine Model (A115-A)
Speed Degradation ® |atch-Up Performance Exceeds 100 mA Per
® Dynamic Drive Capability Is Equivalent to JESD 78, Class Il
Standard Outputs With Ioy and I of ® Package Options Include Plastic Thin
24 mA at 2.5-V Ve Shrink Small-Outline (DGG) and Thin Very
® OQvervoltage-Tolerant Inputs/Outputs Allow Small-Outline (DGV) Packages
Mixed-Voltage-Mode Data Communications
description
A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to Tl application reports AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.
321 1y =25°C Ta = 25°C
2 g | Process = Nominal 2.8 |- Process = Nominal
>| >' 24
2.4 A o 2
§ 2.0 // Vec=33V g 5 // /
s / / 2 [/
5 16 / 5 16 /
a Vi 7/ s
= I Vcc=25V 5 I / /
O 1.2 o 12
L // Vec =18V - // l /
© 08 <O 0.8 7
Vee = 3-3V//\/3C:2.5 vy o [
0.4 0.4 r L |vec=18V
/ e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 18-bit universal bus driver is operational at 1.2-V to 3.6-V Vc, but is designed specifically for 1.65-V to
3.6-V Vc operation.
Data flow from Ato Y is controlled by the output-enable (OE) input. The device operates in the transparent mode
when the latch-enable (LE) input is high. The A data is latched if the clock (CLK) input is held at a high or low
logic level. If LE is low, the A data is stored in the latch/flip-flop on the low-to-high transition of CLK. When OE
is high, the outputs are in the high-impedance state.
To ensure the high-impedance state during power up or power down, OE should be tied to Ve through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.
DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUC

TION DATA information is current as of publication date. Copyright © 2000, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

standard

L]
warranty. Production processing does not necessarily include l
testing of all parameters. EXAS
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description (continued)

This device is fully specified for partial-power-down applications using | 4. The Iy circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC16835 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
NC []1 Y 56 [] GND
NC []2 55 [|NC
Y1[]s 54 [] Al
GND [] 4 53 [] GND
y2[ls 52 [] A2
vY3[]e 51 [] A3
Vee 7 50 []Vee
Y48 49 [] A4
v5[]9 48 [] A5
ve[Jio 47[]A6
GND[]J11 46 [JGND
vy7[l12  a5[]A7
vs[j13  44[]A8
yo[lis 43[]A9
vi0[]1s  42[]A10
vi1[Jie 41[]A11
vi2[]17  40[JA12
GND[|18 39 [JGND
v13[J19  38[]A13
Y1420  37[]A14
vi5[]21  36[JA15
Vec ]2z 35 []vee
Yi6[]23  34[]A16
v17[j24  33[A17
GND[]25s  32[JGND
v18[|26  31[]A18
OE[]27 30[JcLK
LE[J2s  29[JGND

NC — No internal connection
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logic symbol¥

OE
CLK
LE

Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8
Y9
Y10
Y11
Y12
Y13
Y14
Y15
Y16
Y17
Y18

FUNCTION TABLE

(each universal bus driver)

INPUTS OUTPUT
OE LE CLK A
H X X X z
L H X L L
L H X H H
L L T L L
L L T H H
L L  LorH X Yol

T Output level before the indicated steady-state
input conditions were established, provided
that CLK is high before LE goes low

EN1
> 2C3
C3
G2

1v

1

54
52
51
49
48
a7
45
44
43
42
41
40
38
37
36
34
33
31

¥ This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

Al
A2
A3
A4
A5
A6
A7
A8
A9
A10
All
Al12
Al13
Al4
A15
Al6
Al7
A18
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logic diagram (positive logic)

__ 27 \
OE
7
30 N\
CLK
7
Le 28 }
54 N\
Al 1D
- c1 P 3 v

T> CLK

To 17 Other Channels

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VOIAGE FANGE, VG « - oo vttt ettt e e e e e e e e e -05Vto4.6V
Input voltage range, Vi (see NOote 1) . ... i -05Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) oot -0.5Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(SEE NOtES 1 aNd 2) ...ttt -05VtoVee+05V
Input clamp current, Ik (V1< 0) oot -50 mA
Output clamp current, ok (Vo < 0) oot -50 mA
Continuous OULPUL CUITENT, 1 ..o e e +50 mA
Continuous current through eachVec or GND ... +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ........................ ... .... 64°C/W
DGV package ... 48°C/W
Storage temperature range, Tggg .« v v et —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with IoH and I of +24 mAat2.5-V V. See Figure 1 for Vo vslop and VoH vs IoH
characteristics. Refer to Tl application reports AVC Logic Family Technology and Applications, literature number SCEA006, and Dynamic

Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: Allunused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to Tl application report Implications

of Slow or Floating CMOS Inputs, literature number SCBA004.
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT mMAX| uNIT
loHSs =—100 pA, 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVpo=3.6V 0 +10 uA
loz Vo =Vcc or GND, OE =V 3.6V +10 uA
Icc V| =Vcc or GND, lo=0 36V 40 A
) _ 25V 4
CLK input V| =Vcc or GND 33V a
_ ) _ 25V 4
Cj Control inputs V| =Vcc or GND 33V 7 pF
) _ 25V 2.5
Data inputs V| =Vcc or GND 33V o5
_ 25V 6.5
Co Outputs Vo =V or GND 33V v pF

T Typical values are measured at Tp = 25°C.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

_ Vcc=15V Vcc=18V | Vcc=25V | Vcc=33V
Vec=12V +0.1V +0.15V +02V +0.3V UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX MIN  MAX
fclock  Clock frequency 150 150 150 | MHz
. Pulse LE high 3.3 3.3 3.3 .
w duration [ CLK high or low 3.3 3.3 3.3
Data before CLKT 1 0.9 0.7 0.7 0.7
Setu -
TR P Data CLK high 1.7 1.6 1.2 0.8 0.8 ns
before LEL | CLK low 2 0.9 0.7 0.5 0.5
Data after CLKT 1.5 1.3 1 0.9 1.3
" L*r‘;'g Data CLKhigh | 32 24 2 17 16 ns
after LEL  [cLK low 2.8 2.1 1.7 1.5 1.4
"l
I EXAS
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switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

_ Vcc=15V Vcc=18V Vcc =25V Vcec =33V
PARAMETER FROM TO Vec=12V +0.1V +0.15V +0.2V +0.3V UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX| MIN MAX| MIN MAX| MIN MAX
fmax 150 150 150 MHz
A 45 1.2 6.2 1.3 55 1 31 0.9 2.5
tpd LE Y 6.2 16 9.4 1.3 7.2 1.1 4.7 0.9 38| ns
CLK 5.2 16 7.8 1.5 6 1 3.7 0.8 3.1
ten OE Y 7.1 24 102 2.2 8.8 15 6.7 1.2 62| ns
tdis OE Y 6.9 22 103 2 8.4 1.2 5.3 1.1 53| ns

switching characteristics, T = 0°C to 85°C, C| = 0 pF'

FROM TO vec =33V
+0.15V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX
A 06 13
tpd Y ns
CLK 07 15

T Texas Instruments SPICE simulation data

operating characteristics, Tpa = 25°C

Vec=18V | Vecc =25V | Ve =33V
PARAMETER TEST CONDITIONS cc ce cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled c 0 ¢ = 10 MH 45 48 52 F
. =0, = Z
pd capacitance Outputs disabled L 23 25 28 P
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PARAMETER MEASUREMENT INFORMATION
Vee=12VAND15V+0.1V

0 2xVce

2kQ SV O Open

GND
2kQ T

From Output
Under Test
CL=15pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
| |
tpzH —P :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

O 2xVcce
1kQ SV O Open
From Output TEST s1
Under Test l GND tod Open
CL =30 pF 1kQ tpLZ/tPZL 2xVee
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
—— ty —N‘
v | Vce
Timing Vet CcC Input XVCch XVCch
Input cc ov ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input vecel2 vVeel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
______ Vee Waveform 1
Input % Veel2 5& Vcel2 Slat2xVcee VoL +0.15V
\ \ oV (see Note B) | | ‘__——VOL
\ \
tpLH —t—— H—b:—tPHL tPZH —¥ :‘_ e tenz
‘ Output -V
— OH
VoH Waveform 2 Voy - 0.15V
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G.

tpH and tpy|_ are the same as tpg.

Figure 3. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

O 2xVce

500 Q SV O Open

From Output
Under Test
CL =30pF
(see Note A)

GND
500 Q

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/Z
\ oV
——re——>
| tsu th \
\ \
Vce
Data
Input XVC(:IZ XVC(:/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input % Vcel2
|

\ \
tPLH —¢—P H—b:— tPHL
|

——— VOoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

w >

TEST S1
tpd Open
tpLz/tpzL 2xVce
tpHZ/tPZH GND
— ty —b‘l
| Vce
Input XVCC/Z XVC(:IZ
oV
VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVce
(see Note B)

VoL +0.15V
———— VoL

\
\
\ \
tpzH —¥ ‘k— —» ‘ﬂ—tPHZ

———— VOoH
VoH -0.15V

Output
Waveform 2
S1 at GND
(see Note B)

oV

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpz and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

0O 2xV
SLA o ce TEST s1
From Output 500 / Open tpd Open
Under Test l GND tpLz/tpzL 2xVce
CL =30pF tpHZ/tPZH GND
(see Note A) I s00Q

oty —»
\ \

‘ ‘ Vece
Vcel2 Vecl2
vee Input X CcC X CC

Timing XVCC/Z oV
Input ‘ oV
‘ VOLTAGE WAVEFORMS
H—bﬁ—b{ PULSE DURATION
| lsu th ‘
Data | | Vce
Input XVC(;IZ XVCch Output Vce
oV Control
(low-level
VOLTAGE WAVEFORMS enabling) oV

SETUP AND HOLD TIMES

\ \
tpzL —b l—  —» ‘k—tPLz

Output ‘ | ‘

Input 7{ Vcel2

\ \
tPLH H H—+ tPHL

| ——— von
Output Veel2 Vcel2

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

V
Waveform 1 Verl2 | cc
Slat2xVcc ‘ CC | VoL +0.3V
(see Note B) \ ———— VoL

| ]
tPzH ¥ — > & tpyz
| \

Output ———— VOoH
Waveform 2 VoH-0.3V
S1at GND
(see Note B) ov

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzy are the same as tgp.
tpH and tpy|_ are the same as tpg.

®mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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Member of the Texas Instruments ® Overvoltage-Tolerant Inputs/Outputs Allow
Widebus™ Family Mixed-Voltage-Mode Data Communications

EPIC™ (Enhanced-Performance Implanted ® |4 Supports Partial-Power-Down Mode
CMOS) Submicron Process Operation

DOC™ (Dynamic Output Control) Circuit ® |deal for Use in PC133 Registered DIMM
Dynamically Changes Output Impedance, Applications

Resulting in Noise Reduction Without ® Package Options Include Plastic Thin
Speed Degradation Shrink Small-Outline (DGG) and Thin Very
Dynamic Drive Capability Is Equivalent to Small-Outline (DGV) Packages

Standard Outputs With Igy and Ig of

+24 mA at 2.5-V V¢

description

VoL~ Output Voltage — V

DOC,

A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.

1 1 T T
321y =25C Ta = 25°C
28 Process = Nominal 2.8 | Process = Nominal

., /[ |/
[/

16

Jav

0.8 / ll
Vee = 3-3V//\/30 =25V ¢/ [

0.4 0.4
/ f/ Ve = 1.8y
\

0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 O
loL — Output Current — mA loH — Output Current —mA

2.4 /
VA Vee =33V
2.0 V4 ce-+
/ /
1.6

ra
cc=25V

A

[
<

1.2

\\\

Vcc=18V

VOH — Output Voltage -V

0.8

Figure 1. Output Voltage vs Output Current

This 20-bit universal bus driver is operational at 1.2-V to 3.6-V Vc, but is designed specifically for 1.65-V to
3.6-V V¢ operation.

Data flow from Ato Y is controlled by the output-enable (OE) input. The device operates in the transparent mode
when the latch-enable (LE) input is low. When LE is high, the A data is latched if the clock (CLK) input is held
at a high or low logic level. If LE is high, the A data is stored in the latch/flip-flop on the low-to-high transition
of CLK. When OE is high, the outputs are in the high-impedance state.

To ensure the high-impedance state during power up or power down, OE should be tied to Ve through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using lgg. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS

Copyright © 2000, Texas Instruments Incorporated
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description (continued)

The SN74AVC16836 is characterized for operation from —40°C to 85°C.

terminal assignments

DGG OR DGV PACKAGE

(TOP VIEW)
OE[]1 “ 56|] CLK
vi[]2 55| A1
v2(]3 54[] A2

GND []4 53|] GND
v3[]s 52[] A3
va[le 51{] A4

Vee 47 50 ]VCC
Y5 ([]s 49[] A5
v6[]o 48|] A6
vy7[wo  47[]A7

GND[J11  4e[JGND
vsl[liz  4s[las
vo[liz  4aflao

vio[J1a  43[]A10
vir[jis  4a2[]An1
vi2[]Jie  41]]A12
v13[]1z  4o[]A13

GND[]18  39]]GND

v14[]J1o  3s[]A14
vis[]20  37[]A15
vie[]J2a  3s[]A16

Vee Y22 35 ]VCC

v17[]2s  34af]A17
vig[J2a  33|]A18

GND[]2s  32[JGND

v19[]26  31[]A19
v20[]27  30[]A20
NC[|2s  29[]LE

NC — No internal connection

FUNCTION TABLE
(each universal bus driver)

INPUTS OUTPUT
OE LE CLK A
H X X X z
L L X L L
L L X H H
L H T L L
L H T H H
L H LorH X Yot

T Output level before the indicated steady-state
input conditions were established
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SN74AVC16836
20-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES170F — DECEMBER 1998 — REVISED FEBRUARY 2000

logic symbolT

__ 1
OE — D EN2
56
CLK ————— > 2C3
__ 29
S N i
G2
2 -1 - 55
Yi —<4—1v 1 3Df———— A1
3 54
Y2 ——4—— A2
5 52
Y3 ——4—— A3
6 51
Y4 ——— A4
8 49
Y5 ——— A5
9 48
Y6 ————— AB
10 47
Y7 ——4—— A7
12 45
Y8 ——4—— A8
13 44
Y9 ———4— —— A9
14 43
Y10 ——4—] A10
15 42
Y1l ——4—— All
16 41
Y12 ——4—] A12
17 40
Y13 ———€— A13
19 38
Y14 ——4—] Al4
20 37
Y15 ——€—] Al5
21 36
Y16 —4—] Al6
23 34
Y17 ———4— A7
24 33
Y18 ——4— Al8
26 31
Y19 ——4—— ————————— A19
27 30
Y20 ——4—— ——————— A20
 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
logic diagram (positive logic)
1
OE
56
CLK |l>
29
LE 44}
55
Al |I> 1D
2
C1 Y1

17> CLK

To 19 Other Channels
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SN74AVC16836
20-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES170F — DECEMBER 1998 — REVISED FEBRUARY 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

SUpply VOIAGE raNGE, VO G - - ot ettt e e e e e e e e -05Vto4.6V
Input voltage range, Vi (see Note 1) ........ ... -05Vto4.6V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) oottt e e e -05Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(SEE NOES 1 aNd 2) . ...\ -05VtoVee+05V
Input clamp current, Ik (V1 < 0) oottt -50 mA
Output clamp current, Iog (Vo < 0) oo -50 mA
Continuous OULPUL CUITENE, 1o ... oo e +50 mA
Continuous current through each Vec or GND ... +100 mA
Package thermal impedance, 635 (see Note 3): DGG package ..., 64°C/W
DGV opackage ... 48°C/W
Storage temperature range, Tggg ... vovinir —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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SN74AVC16836

20-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES170F — DECEMBER 1998 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

t Dynamic drive capability is equivalent to standard outputs with loHq and lg of £24 mA at 2.5-V V. See Figure 1 for Vo vs IgL and
VoH Vs |pH characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006,
and Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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SN74AVC16836
20-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES170F — DECEMBER 1998 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT mMAX| uNIT
loHs =100 A 14Vto36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 14V 1.05
VOH lIOHS = —4 MA, ViH=1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, V|L=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVp=3.6V 0 £10 UA
loz Vo =Vcc or GND 3.6V +10 UA
Icc V| =Vcc or GND, lo=0 36V 40 A
Control inputs 25V
Ci V| =Vcc or GND 3V pF
Data inputs 2oV
3.3V
_ G 25V
Co Outputs Vo =V or GND 33V pF

T Typical values are measured at Tp = 25°C.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

Vcc=15V Vcc=18V | Vcc=25V | Vcc=33V
+0.1V +0.15V +02V 0.3V UNIT

MIN  MAX MIN  MAX MIN  MAX MIN  MAX MIN  MAX

Vcc=12V

fclock  Clock frequency MHz

Pulse LE low
duration | CLK high or low
Data before CLKT

tW ns

tsy tS"it‘:p Data CLK high ns
before LET | CLK low
Data after CLKT
Hold -
th time Data CLK high ns
after LET or low

{'f TEXAS
INSTRUMENTS

2-246 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74AVC16836
20-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES170F — DECEMBER 1998 — REVISED FEBRUARY 2000

switching characteristics over recommended operating free-air temperature range (unless

otherwise noted) (see Figures 2 through 5)

Vec =15V | Vec=18V | Vec=25V | Vee=3.3V
PARAMETER FROM TO Vec=12V Cico.l \Y (?_*'%.15 Vv CiCO.Z Vv CiCO.3 Vv UNIT
(INPUT) (OUTPUT)
TYP MIN MAX| MIN MAX| MIN MAX| MIN MAX
fmax MHz
A
tod LE Y ns
CLK
ten ﬁ Y ns
tdis OE Y ns
switching characteristics, T = 0°C to 85°C, C| = 0 pF'
Vee =33V
PARAMETER FROM o CiCO-15 \ UNIT
(INPUT) (OUTPUT)
MIN  MAX
t A Y
ns
pd CLK
T Texas Instruments SPICE simulation data
operating characteristics, Tpa = 25°C
Vee=18V | Ve =25V | Vec =33V
PARAMETER TEST CONDITIONS ce ce cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled cl =0 ¢ = 10 MHz F
pd capacitance Outputs disabled L= P
X3 1,
EXAS
INSTRUMENTS
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SN74AVC16836
20-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES170F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=12VAND15V+0.1V

O 2xVce

2 kO SV O Open

GND
2kQ T

From Output
Under Test
CL=15pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
| |
tpzH —P :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVC16836
20-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES170F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

O 2xVce
1kQ 51 O Open
From Output TEST s1
Under Test l GND tod Open
CL =30 pF 1kQ tpLZ/tPZL 2xVee
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
ety ——
v | Vce
Timing Vet CcC Input XVCch XVCch
Input cc ov ov
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input vecel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
______ Vee Waveform 1
Input % Veel2 5& Vcel2 Slat2xVcee VoL +0.15V
\ \ oV (see Note B) | | ‘__——VOL
\ \
tpLH —t—— H—b:—tPHL tPZH —¥ :‘_ e tenz
‘ Output -V
— OH
VOH Waveform 2 VoH-0.15V
Output Vcel2 Vcel2 S1at GND
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpyz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G. tpLH and tpy_ are the same as tp.

Figure 3. Load Circuit and Voltage Waveforms
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SN74AVC16836
20-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES170F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

O 2xVce

500 Q SV O Open

From Output
Under Test
CL =30pF

(see Note A)

1.
L

TGND

LOAD CIRCUIT

- Vce
Timing
Input XVCC/Z
\ oV
| tsu th \
\ \
vVee
Data
Input XVC(:IZ XVC(:/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input % Vcel2
|

\ \
tPLH —¢—P —p— tpyL

——— VOoH
Output Vcc/2 Vcc/2
VoL
VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

w >

TEST S1
tpd Open
tpLz/tpzL 2xVce
tpHZ/tPZH GND
— ty —b‘l
| Vce
Input XVCC/Z XVC(:IZ
oV
VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVce

} VoL +0.15V
\

(see Note B) . VoL
k_ |
tpzH —Hf —» @ tpHz
Output | ———— VOH
Waveform 2 VoH-0.15V

S1at GND

(see Note B) oV

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpz and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC16836

20-BIT UNIVERSAL BUS DRIVER
WITH 3-STATE OUTPUTS

SCES170F — DECEMBER 1998 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=33Vzx03V

O 2xV
1 cc TEST s1
From Output 500 / © Open tpd Open
Under Test l GND tpLz/tpzL 2xVce
CL =30pF tpHZ/tpZH GND
(see Note A) I 500Q
LOAD CIRCUIT — ty —P
\ \
| | vee
Veel2 Veel/2
. vee Input X CC X CC
iming X Veos2 ov
} ov VOLTAGE WAVEFORMS
h—’ﬁ—" PULSE DURATION
| lsu th ‘
Data | | vee
Inout XVC(;IZ XVCch Output Vce
npu oV Control
(low-level
VOLTAGE WAVEFORMS enabling) oV
SETUP AND HOLD TIMES | |
tbzL ¥ — ] —tpz
Output ‘ | | } vee
————— Vce Waveform 1 V2 |
Input ;f Veel2 X Ve Slat2xVce | ccl2 | £ voL+03V
| \ ov (see Note B) } o —— —— VoL
| tpzr % - «t
tPLH 4‘—‘ ——— tpL PZH P | ¢ iPHz
‘ ‘ Output — — — — VoH
| ——— VoH Waveform 2 VoH-0.3V
Output Veel2 Veel/2 S1 at GND
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES

NOTES: A. Cp includes probe and jig capacitance.

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.
tpLz and tpHz are the same as tyjs.
tpzL and tpzy are the same as tgp.
tpH and tpy|_ are the same as tpg.

®mmoo

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC32245
32-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES191D — MARCH 1999 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® Dynamic Drive Capability Is Equivalent to
Widebus™ Family Standard Outputs With Igy and Ip of

® EPIC™ (Enhanced-Performance Implanted 24 mA at 2.5-V Vcc
CMOS) Submicron Process ® Overvoltage-Tolerant Inputs/Outputs Allow

® DOC™ (Dynamic Output Control) Circuit Mixed-Voltage-Mode Data Communications
Dynamically Changes Output Impedance, ® |4 Supports Partial-Power-Down Mode
Resulting in Noise Reduction Without Operation
Speed Degradation ® Packaged in Plastic Fine-Pitch Ball Grid

Array Package
description

VoL — Output Voltage -V

A Dynamic Output Control (DOC) circuit is implemented, which, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vg vs Ig and Vpou Vs Igny curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC™)
Circuitry Technology and Applications, literature number SCEA009.

3.2

I I I T T
[ Tp =25°C Ta =25°C
28 | Process = Nominal 2.8 | Process = Nominal
' >
I
24 / 2.4
/ - S / /
7 Vcc=33V £ 20 /
2.0 / s ° / /
/. / < A/
16 > 5 16
I Vcc=25V 5 I / /
1.2 o 12
Vec =18V I% 08 // l /
0.8 B . 7
Vee = 3-3V//\/3c=2.5v / ,—'I
0.4 0.4 /
7
P 7 |vec=18v/
|
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA

Figure 1. Output Voltage vs Output Current

This 32-bit (dual-octal) noninverting bus transceiver is operational at 1.2-V to 3.6-V V¢, but is designed
specifically for 1.65-V to 3.6-V V¢ operation.

The SN74AVC32245 is designed for asynchronous communication between data buses. The control-function
implementation minimizes external timing requirements.

This device can be used as four 8-bit transceivers, two 16-bit transceivers, or one 32-bit transceiver. It allows
data transmission from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at
the direction-control (DIR) input. The output-enable (OE) input can be used to disable the device so that the
buses are effectively isolated.

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

DOC, EPIC, and Widebus are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or . Copyright © 2000, Texas Instruments Incorporated
design phase of development. Characteristic data and other l

specifications are design goals. Texas Instruments reserves the right to

change or discontinue these products without notice. EXAS
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SN74AVC32245
32-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES191D — MARCH 1999 — REVISED FEBRUARY 2000

description (continued)

This device is fully specified for partial-power-down applications using | 4. The Iy circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.
The SN74AVC32245 is characterized for operation from —40°C to 85°C.

GKE PACKAGE
(TOP VIEW)

7~ N

OO0O0O00O0O0OOOOOOOOO
O00000O0OO0O0OOOOOO
OO0O00OO0OO0OOOLOOOLOOOO
OO00O000O0O0OOOOOOOOO
OO00O000O0O0OOOOOOOOO

OO0O0O00OO0OOOOOOOOOOO
. J/

A BCDEFGHJIKILMNPRT

P N W b OO

terminal assignments

1A2 1A4 1A6 1A8 2A2 2A4 2A6 2A7 3A2 3A4 3A6 3A8 4A2 4A4 4A6 4A7

1A1 1A3 1A5 1A7 2A1 2A3 2A5 2A8 3A1 3A3 3A5 3A7 4A1 4A3 4A5 4A8

10E | GND | Vcc | GND | GND | Ve | GND | 20E | 30E | GND | Ve | GND | GND | Ve | GND | 40E

1DIR | GND | Vee | GND | GND | vee | GND | 2DIR | 3DIR | GND | Vee | GND | GND | vee | GND | 4DIR

1B1 1B3 1B5 1B7 2B1 2B3 2B5 2B8 3B1 3B3 3B5 3B7 4B1 4B3 4B5 4B8

RIN]JW]RMO|O

1B2 1B4 1B6 1B8 2B2 2B4 2B6 2B7 3B2 3B4 3B6 3B8 4B2 4B4 4B6 4B7

A B C D E F G H J K L M N P R T

FUNCTION TABLE
(each 8-bit transceiver)

INPUTS
— OPERATION
OE DIR
L L B data to A bus
L H A data to B bus
H X Isolation

{'f TEXAS
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SN74AVC32245
32-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES191D — MARCH 1999 — REVISED FEBRUARY 2000

logic diagram (positive logic)

1DIR iif

[

1A1 2A1

)7
oy NS
L~

o o
{ﬁ - {ﬂ T
I e

A2 E2

1B1 2B1

N
\_v_/

To Seven Other Channels

4DIR T—SL OJ
=y {9—1 .
L

D
NG
>

~N
\_v_/

To Seven Other Channels

|
{O_l 2 soE
I A

<7
47

o B4
FO

4A1 NS

3A1

)7
s, T
L

J2 N2

3B1 4B1

N
\_v_/

To Seven Other Channels

\I
N

To Seven Other Channels

H
H

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

......................................................... -05Vto4.6V
Input voltage range, V|: Except /O ports (see Note 1) ...t -0.5Vto4.6V
/O ports (see Notes1land2) ..............ccvvivvnnnn.. -05VtoVee +05V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) Lttt -05Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(seeNotes1and 2) ...... ... -05VtoVec+05V

Supply voltage range, Vcc

Input clamp current, [k (V] < 0) oot =50 mA
Output clamp current, Iok (Vo < 0) oot -50 mA
ContiNUOUS OUIPUL CUITENTE, 10 .« v vt ettt e e e e e e e e e e e e e e e e e et 50 mA
Continuous current through each Vec or GND ... +100 mA
Package thermal impedance, 8ja (see Note 3) ............. ... . 40°C/W

—65°C to 150°C

Storage temperature range, Tgig

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
1. The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

NOTES:

2. The output positive-voltage rating may be exceeded up to 4.6 V maximum if the output current rating is observed.
3. The package thermal impedance is calculated in accordance with JESD 51.
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PRODUCT PREVIEW

SN74AVC32245
32-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES191D — MARCH 1999 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT
v Supol " Operating 1.4 3.6 v
u voltage
cc PPy g Data retention only 1.2
Vcc=12V Vce
Vcc=14Vtol6V 0.65xVce
VIH High-level input voltage Vcc=165Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto36V 2
Vece =12V GND
Vcc=14Vtol6V 0.35xVce
VL Low-level input voltage Vcc=165Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8
\ Input voltage 0 3.6 \%
Active state Vce
Vo Output voltage \%
3-state 3.6
Vcc=14Vtol6V -2
o Vcec=1.65Vto1.95V —4
loHs  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14Vtol6V
) Vcec=1.65Vto1.95V
loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12
At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V
TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with I and Io|_of £24 mAat 2.5-V V. See Figure 1 for Vo vs gl and VoH vs IoH
characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006, and
Dynamic Output Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

3-6
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SN74AVC32245
32-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES191D — MARCH 1999 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT  MAX | uNIT
loHs =—100 pA 14Vto36V |Vcc—0.2
loHS =—2 MA, ViH=091V 14V 1.05
VOH loHs = —4 MA, ViH=1.07V 165V 1.2 \Y
loHs =—8 MA, VIiH=17V 23V 1.75
loHs =—12 mA, VIH=2V 3V 2.3
loLs = 100 nA 14Vto3.6V 0.2
loLs =2 mA, ViL=0.49V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \Y
loLs = 8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V +2.5 uA
loff ViorVp=36V 0 +10 HA
loz* Vo =Vcc or GND 3.6V +12.5 uA
Ilcc V| =Vcc or GND, lop=0 3.6V 40 uA
Ci Control inputs V| = Ve or GND 25V pF
3.3V
Cio A or B ports Vo = Ve or GND 22 z pF

1 Typical values are measured at Ta = 25°C.
¥ For 1/0 ports, the parameter Iz includes the input leakage current.

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

PARAMETER FROM To Vee=12V Vcic o:.ll\'/5 ' Vg_rcozlé '\? ' VCiC o:.22\'/5 ' Vcic 02.33\'/3 Y UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX MIN  MAX MIN  MAX MIN  MAX
tpd AorB BorA ns
ten OE AorB ns
tdis OE AorB ns
operating characteristics, Tp = 25°C
Vcc=18V |Vcc=25V |Vcc =33V
PARAMETER TEST CONDITIONS e e ce UNIT
TYP TYP TYP
Power dissipation Outputs enabled
C . CL=0, f=10 MHz F
pd capacitance Outputs disabled L P
*3
I EXAS
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PRODUCT PREVIEW

SN74AVC32245
32-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES191D — MARCH 1999 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=12VAND15V+0.1V

0 2xVce

2kQ SV O Open

GND
2kQ T

From Output
Under Test
CL=15pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
| |
tpzH —P :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms

{'f TEXAS
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SN74AVC32245
32-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES191D — MARCH 1999 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce
S1
O Open
From Output Lka / P TEST s1
Under Test l GND tod Open
CL =30pF 1kO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— t—>
v | Vce
Timing 2 CcC Input XVCch XVCch
Input cc o oV
‘ VOLTAGE WAVEFORMS
‘ PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Veel2 Sk Vcel2 Slat2xVce VoL +0.15V
| \ oV (see Note B) ———— VoL

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

‘ﬂ—tPHZ

‘k——»

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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PRODUCT PREVIEW

SN74AVC32245
32-BIT BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES191D — MARCH 1999 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

0 2xVce
500 Q SV O Open
From Output TEST S1
Under Test l GND tod Open
p
CL =30pF 500 O tpLZ/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
e
| Vce
Timing o Vee Input chc/z chclz
Input cc . oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Vcel2 Vcel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1 |
Input % Vcel2 Sk Vcel2 Slat2xVce | VoL +0.15V
| \ ov (see Note B) | ———— VoL

\ |
tPLH —f¢—P H—P“— tPHL
|
——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

\
tzH —» e ¥

‘ﬂ—tPHZ

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC32245

32-BIT BUS TRANSCEIVER

WITH 3-STATE OUTPUTS

SCES191D — MARCH 1999 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=33Vzx03V

O 2xVce
S1 TEST S1
From Output 500 / © Open
tpd Open
Under Test
CL =30 pF tpLZ/tpZL 2xVee
L= tpHz/t GND
(see Note A) PHZTPZH

GND
500 Q T

LOAD CIRCUIT

I

Timing Vee
>< Vcel2
Input ‘ cC

oV
\4—+—H
t th

s |

\
Data
Vcel2
Input X ccf
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

— o —»
\ \

\ ‘ Vee
Input XVCC/Z XVCC/2

ov
VOLTAGE WAVEFORMS
PULSE DURATION

Output
Control
(low-level
enabling)

tpz —¥

\
‘k— —» :4— tpLz
\ \

|| Vee
Waveform 1 V)2
Slat2xVee | ccle | £ voL+03V
(see Note B) | ———— VoL

Output

| ||
tbzH ¥ 4 e tppz
Output | L VOH
Waveform 2 MV
S1 at GND
(see Note B) oV

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpyy|_ are the same as tpg.

®@mmo o0

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, t, <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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SN74AVC32501
36-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES272E — APRIL 1999 — REVISED FEBRUARY 2000

® Member of the Texas Instruments ® | ess Than 2-ns Maximum Propagation
Widebus+™ Family Delay at 2.5-V and 3.3-V V¢cc
® EPIC™ (Enhanced-Performance Implanted ® Dynamic Drive Capability Is Equivalent to
CMOS) Submicron Process Standard Outputs With Igy and Ig of
® UBT ™ (Universal Bus Transceiver) 24 mA at 2.5-V Vcc
Combines D-Type Latches and D-Type ® Overvoltage-Tolerant Inputs/Outputs Allow
Flip-Flops for Operation in Transparent, Mixed-Voltage-Mode Data Communications
Latched, or Clocked Mode ® |, Supports Partial-Power-Down Mode
® DOC™ (Dynamic Output Control) Circuit Operation
Dynamically Changes Output Impedance, ® Packaged in Plastic Fine-Pitch Ball Grid
Resulting in Noise Reduction Without Array Package
Speed Degradation
description
A Dynamic Output Control (DOC) circuit is implemented that, during the transition, initially lowers the output
impedance to effectively drive the load and, subsequently, raises the impedance to reduce noise. Figure 1
shows typical Vo[ vs Ig and Vpop Vs Ign curves to illustrate the output impedance and drive capability of the
circuit. At the beginning of the signal transition, the DOC circuit provides a maximum dynamic drive that is
equivalent to a high-drive standard-output device. For more information, refer to the Tl application reports, AVC
Logic Family Technology and Applications, literature number SCEA006, and Dynamic Output Control (DOC)
Circuitry Technology and Applications, literature number SCEA009.
327 Toac Tp = 25°C
2 g | Process = Nominal 2.8 [- Process = Nominal
>| >' 2.4
2.4 / o 2
§ 2.0 // Vec=33V g 5 // /
s / / s / //
5 16 / 5 16 /
a Vi 7/ s
5 I Vcc=25V 5 I / /
O 1.2 o 12
L Vcec =18V II // l /
© 08 <O 0.8 7
Vee = 3-3V//\/3C:2.5 vy o [
0.4 0.4 v " |vec=18v
/1 e /
0 17 34 51 68 85 102 119 136 153 170 -160 -144 -128 -112 -96 -80 -64 -48 -32 -16 0
loL — Output Current — mA loH — Output Current —mA
Figure 1. Output Voltage vs Output Current
This 36-bit universal bus transceiver is operational at 1.2-V to 3.6-V V¢, but is designed specifically for 1.65-V
to 3.6-V V¢ operation.
Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA),
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when
LEAB is high. When LEAB is low, the A data is latched if CLKAB is held at a high or low logic level. If LEAB is
low, the A data is stored in the latch/flip-flop on the low-to-high transition of CLKAB. When OEAB is high, the
outputs are active. When OEAB is low, the outputs are in the high-impedance state.
Data flow for B to A is similar to that of A to B, but uses OEBA, LEBA, and CLKBA. The output enables are
complementary (OEAB is active high and OEBA is active low).
DOC, EPIC, UBT, and Widebus+ are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS

Copyright © 2000, Texas Instruments Incorporated
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PRODUCT PREVIEW

SN74AVC32501
36-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES272E — APRIL 1999 — REVISED FEBRUARY 2000

description (continued)

To ensure the high-impedance state during power up or power down, OEBA should be tied to V¢ through a
pullup resistor, and OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor
is determined by the current-sinking capability of the driver.

This device is fully specified for partial-power-down applications using I y¢. The Iy circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

The SN74AVC32501 is characterized for operation from —40°C to 85°C.

GKF PACKAGE terminal assignments
(TOP VIEW) T > 3 2 z 5
12 3 45 6 A 1A2 1A1 1LEAB | 1CLKAB 1B1 1B2
\ B 1A4 1A3 10EAB | 1GND 1B3 1B4

A 4 OO0O0O0O0 C 1A6 1A5 1GND 1GND 1B5 1B6
B OCO0OO000O0 D 1A8 1A7 Ve 1Vee 1B7 1B8
c OO0O00O0O0 E 1A10 1A9 1GND 1GND 1B9 1B10
D OCO0O0O00O0 F 1A12 1A11 1GND 1GND 1B11 1B12
E| OOOOOO G 1a14 | 1Aa13 | 1vee | 1vee | 1813 | 1B14
F| OOOOOO H 1A15 | 1A16 | 1GND | 1GND 1B16 | 1B15
G OO0OO0OO0OO00O J 1A17 1A18 10EBA | 1CLKBA | 1B18 1B17
H OO0OO0OO0O0OO0 K NC 2LEAB | 1LEBA | 1GND | 2CLKAB | NC
J O0O000O0O L 2A2 2A1 20EAB | 2GND 2B1 2B2
K O00000 M 2A4 2A3 2GND 2GND 2B3 2B4
L O00000O N 2A6 2A5 2Vce 2Vce 2B5 2B6
M 000000 P 2A8 2A7 2GND 2GND 2B7 2B8
1| 000000 e e e | e
P OCOO000OO0 u 2A14 2A13 2GND 2GND 2B13 2B14
R 000000 v 2A15 2A16 20EBA | 2CLKBA | 2B16 2B15
Tl OOO0O0O0O0O w 2A17 2A18 2LEBA | 2GND 2B18 2B17
U OXOXOXONONE) NC — No internal connection
vl OOOOOO
w { OO0O000O0O )

{'f TEXAS
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SN74AVC32501
36-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES272E — APRIL 1999 — REVISED FEBRUARY 2000

FUNCTION TABLET
(each 18-bit universal bus transceiver)

INPUTS OUTPUT

OEAB LEAB CLKAB A B

L X X X z

H H X L L

H H X H H

H L T L L

H L T H H

H L LorH X Bot

T A-to-B data flow is shown. B-to-A flow is similar but
uses OEBA, LEBA, and CLKBA.

t Output level before the indicated steady-state input
conditions were established, provided that CLKAB is
high before LEAB goes low

logic diagram (positive logic)

10EAB —2> >
1cLkAB —22 >
1LEAB —22 >
1EBA —<3 >
1cLKBA —2 >
33 D
10EBA
®
A2
1A1 1D A5
o 1B1
> CLK
; 1D
N c1
CLK
v

To 17 Other Channels

*9 TEXAS
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PRODUCT PREVIEW

SN74AVC32501
36-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES272E — APRIL 1999 — REVISED FEBRUARY 2000

logic diagram (positive logic) (continued)

20EAB >
2CLKAB —2 >
2LEAB —2 >
2LEBA —3 >
2CLKBA —2 >
V3 D
20EBA
®
L2
2A1 1D L5
o 281
> CLK
,q 1D
N C1
CLK <
v

To 17 Other Channels

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply VOItage range, VoG .« v v v e -05Vto4.6V
Input voltage range, V|: Except /O ports (see Note 1) ...........coviiiiniiininn.. -05Vto4.6V
/O ports (seeNotesland2) ...............cccvvvunnn.. -0.5VtoVee+05V
Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOTE L) Lot e e -05Vto4.6V
Voltage range applied to any output in the high or low state, Vg
(seeNotesSL1and 2) ...... ... -05VtoVec+05V
Input clamp current, [k (V] < 0) oo e e -50 mA
Output clamp current, ok (Vo < 0) oo vt -50 mA
CoNntiNUOUS OUPUL CUITENTE, 10+« oot ettt e e e e e e e e e e e +50 mA
Continuous current through each Vec or GND L. +100 mA
Package thermal impedance, 035 (see Note 3) ............. ... .. . i 39°C/W
Storage temperature range, Tggg ... vovvven i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input negative-voltage and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. This value is limited to 4.6 V maximum.
3. The package thermal impedance is calculated in accordance with JESD 51.

3-16
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SN74AVC32501

36-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES272E — APRIL 1999 — REVISED FEBRUARY 2000

recommended operating conditions (see Note 4)

MIN MAX UNIT

Vcc  Supply voltage Operating 14 30 v
Data retention only 1.2
Vcc=12V Vce
Vcc=14VtoléV 0.65xVcce

VIH High-level input voltage Vcc=1.65Vto1.95V 0.65xVce \
Vcc=23Vto27V 1.7
Vcc=3Vto3.6V 2
Vcec =12V GND
Vcc=14VtoléV 0.35xVce

VL Low-level input voltage Vcc=1.65Vto1.95V 0.35xVce \
Vcc=23Vto27V 0.7
Vcc=3Vto36V 0.8

V| Input voltage 0 3.6 \%
Active state Vce

Vo Output voltage \Y
3-state 0 3.6
Vcc=14VtoleV -2

o Vcc=1.65Vto1.95V -4

loys  Static high-level output currentt mA
Vcc=23Vto27V -8
Vcc=3Vto3.6V -12
Vcc=14VtoléV

) Vcc=1.65Vto1.95V

loLs  Static low-level output currentT mA
Vcc=23Vto27V
Vcc=3Vto3.6V 12

At/Av  Input transition rise or fall rate Vcc=14Vto36V 5 ns/\V

TA Operating free-air temperature -40 85 °C

T Dynamic drive capability is equivalent to standard outputs with IoH and I of +24 mAat2.5-V V. See Figure 1 for Vo vslop and VoH vs IoH
characteristics. Refer to the Tl application reports, AVC Logic Family Technology and Applications, literature number SCEA006, and
Dynamic Output Control (DOC) Circuitry Technology and Applications, literature number SCEA009.

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

*5‘ TEXAS
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PRODUCT PREVIEW

SN74AVC32501
36-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES272E — APRIL 1999 — REVISED FEBRUARY 2000

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYPT MAX| uNIT
loHs =100 A 14Vt0o36V |Vcc-0.2
IOHS = —2 MA, ViH=0.91V 1.4V 1.05
VOH lIOHS = —4 MA, Vi =1.07V 165V 12 \%
IOHS = —8 MA, ViH=17V 23V 1.75
IOHS = —12 mA, ViH=2V 3V 2.3
loLs = 100 A 14V1to3.6V 0.2
loLs =2 mA, ViL=049V 14V 0.4
VoL loLs =4 mA, ViL=0.57V 165V 0.45 \%
loLs =8 mA, ViL=0.7V 23V 0.55
loLs = 12 mA, ViL=0.8V 3V 0.7
| Control inputs V| =Vcc or GND 3.6V 2.5 uA
loff ViorVp=3.6V 0 +10 UA
loz¥ Vo =Vcc or GND 3.6V +12.5 UA
Icc V| =Vcc or GND, lop=0 36V 40 A
_ ) B 25V
Ci Control inputs V| =Vcc or GND 33V pF
Cio Aor B ports Vo = Ve or GND zz z pF

T Typical values are measured at Voc = 2.5 V and 3.3 V, Tp = 25°C.
¥ For 1/0 ports, the parameter 1oz includes the input leakage current.

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figures 2 through 5)

_ Vcc=15V | Vcc=18V Vcc =25V Vcc =33V
Vec=12V +0.1V +0.15V +0.2V +03V
UNIT
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
fclock  Clock frequency MHz
‘ Pulse LE high ns
W duration | CLK high or low
Data before CLKT
Setu -
tsu time P Data CLK high ns
before LEL [ CLK low
Data after CLKT
th Hold time | pata CLK high ns
after LEL or low

{'f TEXAS
INSTRUMENTS
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SN74AVC32501

36-BIT UNIVERSAL BUS TRANSCEIVER

WITH 3-STATE OUTPUTS

SCES272E — APRIL 1999 — REVISED FEBRUARY 2000

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 2 through 5)

Vec=15V | vec=18V | Vec=25V | Vec=33V
PARAMETER FROM TO Vec=12V Cico.l \Y% (?_*'%.15 \Y CiCO.Z \% CiCO.3 \% UNIT
(INPUT) (OUTPUT)
TYP MIN  MAX MIN  MAX MIN  MAX MIN  MAX
fmax MHz
AorB BorA
t LE ns
pd AorB
CLK
ten OEAB B ns
tdis OEAB B ns
ten OEBA A ns
tdis OEBA A ns
operating characteristics, Tp = 25°C
Vee =18V [ Vee =25V [vec =33V
PARAMETER TEST CONDITIONS ce cc cc UNIT
TYP TYP TYP
c Power dissipation Outputs enabled c =0 ¢ = 10 MHz F
pd capacitance Outputs disabled L= P
¥ 1,
I EXAS
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PRODUCT PREVIEW

SN74AVC32501
36-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES272E — APRIL 1999 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=12VAND15V+0.1V

0 2xVce

2kQ SV O Open

GND
2kQ T

From Output
Under Test
CL=15pF

(see Note A)

I

LOAD CIRCUIT
- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

|
| |
tpzH —P :4— —»

Output ———— VOH
Waveform 2 VoH-0.1V
Sl at GND
ov

(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t; <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 2. Load Circuit and Voltage Waveforms
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SN74AVC32501
36-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES272E — APRIL 1999 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=1.8V+0.15V

0 2xVce
S1
O Open
From Output Lka / P TEST s1
Under Test l GND tod Open
CL =30pF 1kO tpLz/tpzL 2xVce
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
— t—>
v | Vce
Timing 2 CcC Input XVCch XVCch
Input cc o oV
‘ VOLTAGE WAVEFORMS
PULSE DURATION
| tsu th \
\ \
Data Vee Output
Input Veel2 Veel2 Control
ov (low-level
VOLTAGE WAVEFORMS enabling)
SETUP AND HOLD TIMES
Output
—————— Vee Waveform 1
Input % Veel2 Sk Vcel2 Slat2xVce VoL +0.15V
| \ oV (see Note B) ———— VoL

\ \
tPLH ——— H—P:— tPHL
|

——— VOH
Output Vccl/2 Vccl2
VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.

‘ﬂ—tPHZ

‘k——»

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 3. Load Circuit and Voltage Waveforms
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PRODUCT PREVIEW

SN74AVC32501
36-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES272E — APRIL 1999 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vec=25Vzx02V

0 2xVce

500 Q SV O Open

From Output

Under Test l GND
CL =30pF
(see Note A) I 500Q
LOAD CIRCUIT

- Vce
Timing
Input XVCC/2
\ oV
| tsu th \
\ \
vVee
Data
Input XVCc/Z XVC(:/Z
ov
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Input %VCC/Z
|

\ \
tpLH —¢——» H—P“— tPHL
|

——— VoH
Output Vcc/2 Vcc/2

VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST S1
tpd Open

tpLZ/tpzL 2xVce
tpHZ/tpZH GND

— ty —b‘l

| Vce

Input XVC(:/Z XVC(;IZ
oV

VOLTAGE WAVEFORMS

PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

VoL +0.15V
———— VoL

‘ﬂ—tPHZ

|
|
| |
tzH —» e ¥
Output
Waveform 2

S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzp are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoo

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 4. Load Circuit and Voltage Waveforms
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SN74AVC32501
36-BIT UNIVERSAL BUS TRANSCEIVER
WITH 3-STATE OUTPUTS

SCES272E — APRIL 1999 — REVISED FEBRUARY 2000

PARAMETER MEASUREMENT INFORMATION
Vee=33Vzx03V

O 2xVce
500 Q S17 0 open
From Output
Under Test l GND
CL =30pF
(see Note A) I 500 @
LOAD CIRCUIT

Timing

Vece
>< Veel2
Input ‘ cC

ov

Data | | Vee
Vcel2 Veel2
Input X cc! X cc!

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Input f Veel2

\
tPLH —H—b‘l

VoL
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

TEST s1
tpd Open
tpLZ/tpzL 2xVee
tpHZ/tPZH GND

r—tw—ﬂ
\

\ \ Vce
Input x Veel2 x Vcel2

ov
VOLTAGE WAVEFORMS
PULSE DURATION

Output
Control
(low-level
enabling)

Output
Waveform 1
Slat2xVcc
(see Note B)

\
¢ tphz

Output ‘

Wavef 2 ___0_3 oH
aveform VoH-0.3V
S1at GND Veer2

oV

(see Note B)

tpzH —¥ ‘H— »

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpyy|_ are the same as tpg.

®@mmo o0

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, t, <2 ns, tf<2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products
or to discontinue any product or service without notice, and advise customers to obtain the latest
version of relevant information to verify, before placing orders, that information being relied on
is current and complete. All products are sold subject to the terms and conditions of sale supplied
at the time of order acknowledgement, including those pertaining to warranty, patent
infringement, and limitation of liability.

Tlwarrants performance of its semiconductor products to the specifications applicable at the time
of sale in accordance with TI's standard warranty. Testing and other quality control techniques
are utilized to the extent TI deems necessary to support this warranty. Specific testing of all
parameters of each device is not necessarily performed, except those mandated by government
requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE
POTENTIAL RISKS OF DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR
ENVIRONMENTAL DAMAGE (“CRITICAL APPLICATIONS”). TI SEMICONDUCTOR
PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR WARRANTED TO BE SUITABLE FOR
USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.
INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY
AT THE CUSTOMER’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards must be provided by the customer to minimize inherent or procedural
hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not
warrant or represent that any license, either express orimplied, is granted under any patentright,
copyright, mask work right, or other intellectual property right of Tl covering or relating to any
combination, machine, or process in which such semiconductor products or services might be
or are used. TI's publication of information regarding any third party’s products or services does
not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1998, Texas Instruments Incorporated
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Abstract

Texas | nstruments (TI™) announcestheindustry’sfirst logic family to achieve maximum propagation delays of lessthan 2 ns
at 2.5 V. TI’s next-generation logic is the Advanced Very-low-voltage CMOS (AVC) family. Although optimized for 2.5-V
systems, AV C logic supports mixed-voltage systems because it is compatible with 3.3-V and 1.8-V devices. The AV C family
features TI’s Dynamic Output Control (DOC™) circuit (patent pending). The DOC circuit provides enough current to achieve
high signaling speeds, but automatically lowersthe output impedance of thecircuit during asignal transition and subsequently
increases the impedance to reduce the overshoot and undershoot noise that is often found in high-speed logic. This feature of
AV C logic eliminatesthe need for series damping resistors. AV C logic also has a power-off feature that disables outputsfrom
the device when no power is applied.

Introduction

Current trends in advanced digital electronics design continue to include lower power consumption, lower supply voltages,
faster operating speeds, smaller timing budgets, and heavier loads. Many designsaremaking thetransitionfrom3.3V t0 2.5V,
and bus speeds areincreasing beyond 100 MHz. Encompassing all these goals makesthe requirement of signal integrity more
difficulttoachieve. For designsthat requirevery-low-voltagelogic and bus-interfacefunctions, Tl producesanew logicfamily
that designers of next-generation high-performance workstations, PCs, networking, and tel ecommuni cations equipment find
particularly useful.

AVC Family
TI’s next-generation logic family is AVC (see Figure 1). As part of TI's Widebus™ and Widebus+™ families, these devices
give designers an easy migration path to higher performance and lower voltages. Also offered in the AV C family are abroad

lineof logic gatesand octal bus-interfacefunctions. Thedevicesin TI'sAV C family areavailablein multiple JEDEC-standard
advanced packages to provide maximum flexibility in board layout and cost.

DOC, TI, Widebus, and Widebus+ are trademarks of Texas Instruments Incorporated.

4-7



. €D
- 33V

[ ] 2sv

RE =:o L ave L oo

12—

s—{ Cave <D

5 10 15 20

loL— Drive Current — mA

Speed — Maximum tpq —ns
Figure 1. Low-Voltage Logic Family Performance Positioning

Unparalleled Performance

TI’'s AVC family isthe industry’sfirst logic family to achieve maximum propagation delays of lessthan 2 nsat 2.5 V. This
premier performance is achieved through a combination of advances. The family was designed for high performance,
incorporating several novel circuit structures and changes to conventional logic-circuit designs. TI’s advanced 0.5-micron
Enhanced-Performance Implanted CMOS (EPIC™) fabrication process is used to produce the new devices.

Novel Output Structure

TheAV Cfamily features TI’sDOC circuit, which changes output impedance during switching (see Figure 2). The DOC circuit
allowsasingle device to have the desirable characteristics of reduced noise, similar to damping-resistor outputs during static
conditions, and high drivesimilar to alow-impedance output during dynamic conditions. The DOC circuit control sovershoots
and undershoots and limits noise, which are inherent in high-speed, high-current devices.

EPIC is a trademark of Texas Instruments Incorporated.
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Figure 2. Impedance Changes Through Switching Transitions

Mixed-Voltage Mode and Power Off

The AV C family is optimized for low-power 2.5-V systems and effectively supports mixed-voltage systems because it is
compatible with 3.3-V and 1.8-V devices. AVC device inputs and outputs are 3.6-V tolerant at 2.5-V and 1.8-V V. This
provides a bidirectional data path between 3.3-V LVTTL and 2.5-V CMOS, and aone-way data path from 3.3-V LVTTL or
2.5V CMOSt01.8-V CMOS. AV C logic also has a power-off isolation feature that disables outputs from the device during
system partial power down.

Design Issues and AVC Family Solutions

Low Power (Optimized for 2.5 V)

Perhaps one of the most pervasive trends in advanced digital-electronics design is lower power consumption. Lower power
consumption is especially important to extend battery life of portable equipment. Reduced heat dissi pation from lower power
consumption simplifies the measures necessary to remove heat and decrease the necessary packaging area, leading to
production of smaller and less expensive products. One of the most effective waysto reduce power dissipation isto decrease
integrated-circuit operating voltages. The AVC family, designed to operate at 2.5-V V¢, enables high-performance,
low-power, and advanced designs. Not simply a scaled-down 3.3-V family, AVC is the first logic family conceived and
designed for optimized performance at 2.5 V.

Unused and Undriven Inputs (Bus Hold)

A circuit element that must be addressed when designing with a CMOS family, such as AVC, is circuit inputs. With the
totem-pole structure (see Figure 3) that characterizestheinputs of CMOS devi ces, the input node must be held as closeto the
V¢ or GND rails as possible.
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V| (
—

Cn

Figure 3. Totem-Pole Input Structure

Precautions should betakento prevent theinput voltage from floating near the threshol d vol tage because this bi ases both input
transistorson and createsundesirably high | o currentsat theV ¢ pin of thedevice. Under certain conditions, thiscan damage
thedevice. Oneway to addressthisconcernisto place external pullup resistorsat any input that might bein ahigh-impedance,
undriven state. Thisiscostly interms of component count, reliability, and board area. An alternative solution isto employ the
devicesin the AV C family that utilize the optional bus-hold circuit at the inputs (see Figure 4). AV C devices with bus-hold
circuitry are designated as AVCH.

Input
Inverter

T {>O stage

1/0 Pin

Bus-Hold
Input Cell

Figure 4. Typical Bus-Hold Cell

The bus-hold circuit consists of two series inverters with the output fed back to the input through aresistor. This provides a
weak positive feedback by sinking or sourcing current to the input node. The bus-hold cell holds the input at its last-known
valid logic state until forcibly changed by a driving circuit. Figure 5 shows the input characteristics of bus hold as the input
voltageis swept from 0V to 2.5 V. These characteristics are similar to aweak bistable latch. The bus-hold cell sinks current
whentheinput islow, and sources current when theinput ishigh. When theinput voltageisnear thethreshold, thecircuit sinks
or sources maximum current to force the input node toward either the V cc or GND rail.
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Figure 5. Bus Hold Across Ve

Generally, pullup and pulldown resistors should not be used on theinputs of deviceswith bushold. In applicationsthat require
pullupor pulldownresistorsto holdtheinputsat aspecificlogiclevel, thel (o) ) maximum specification should beconsidered.
The resistor value should be chosen to overcome bus hold under worst-case conditions. The resistor must supply enough
current so that theinput is pulled through the threshol d to the desired logic level. If the current supplied istoo weak, theinput
node could be held near the threshold, causing a high I ¢ that could damage the part.

Partial Power-Down and Mixed-Voltage-Mode Data Communication

Theinputs and outputs of the AV C family have been designed with all reverse-current pathsto V ¢ blocked. Thislow | g
current feature allows the device to remain electrically connected to a bus during partial power down without loading the
remaining livecircuits. Thisfeature also allowsthe use of thisfamily in amixed-voltage environment. If theinputs or outputs
areat avoltagegreater thantheV ¢ of thedevice, thereisno current sourcing back through the device from the higher voltage
node to the lower-voltage V cc supply.

With abidirectional AV Ctransceiver powered with 2.5-V V ¢, two-way datacommunication between 3.3-V LVTTL devices
and 2.5-V CMOS devices can occur (see Figure 6). The inputs of the AVC part are 3.6-V tolerant and accept the LVTTL
switchinglevels. The outputs of the AV C part, when powered at 2.5-V V ¢ under worst-case conditions, are accepted asvalid
switching levels at the input of 23.3-V LVTTL device.

With aunidirectional AV C driver powered with 1.8-V V ¢, data communication from 2.5-V or 3.3-V signal levelsto 1.8-V
devicescan occur (seeFigure 7). Theinputs of the AV C part aretol erant of the higher voltages and accept the higher switching
levels. The outputs of the AVC driver arevalid 1.8-V signal levels.
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25V

T Vece

33V Vce
2.5 Vcce
2.4 VOH 2.3 VOH
2 VIH 1.7 VIH
15 \% 33V AVC 25V
t 1.2 Vi
0.8 VIL 0.7 ViL
0.4 VoL 0.2 VoL
0 GND 0 GND

Figure 6. Device at 2.5-V V¢ With 3.3-V I/Os on One Side and 2.5-V I/Os on the Other,
Showing Switching Levels

18V

T Vce

3.3V Vce
2.5 Vece
2.4 VOH 23 VOH 1.8 Vee
2 VIH 1.7 VIH 1.35 VOH
15 Vi 12 v ] 1.17 VIH
: t 25Vor33V AVC 1.8V 0.9 Vit
0.8 ViL 0.7 VL - 0.63 ViL
0.4 VoL 0.2 VoL 0.45 VoL
0 GND 0 GND 0 GND

Figure 7. Device at 1.8-V V¢ With 2.5-V Inputs or 3.3-V Inputs, Showing Switching Levels

Device Characteristics

To facilitate a preliminary analysis of the characteristics of the AVC family, SPICE analysis graphs from TlI's initial
AV C-family device, the SN74AV C16245 16-bit bustransceiver with 3-state outputsare shown in Figures 8 through 22. These
analyses are the outputs of SPICE simulations using standard loads specified in the parameter measurement information
illustrationsin Appendix A, unless otherwise noted.

Power Consumption

Figure 8 presents SPI CE informati on about the device dynamic power consumption across the operating frequencies. Table 1
shows modeled values of power dissipation capacitance (de). The Cpd data were obtained using an input edge rate of 1 ns
(0%—-100%), open-circuit load on the output, and one output switching with a 48-pin TSSOP (DGG) package.
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Figure 8. Icc vs Frequency With 1, 8, or 16 Outputs Switching

Table 1. Cpd for Various Conditions, One Output Switching

TEST CONDITIONS | Vcc=18V | Vcc=25V | Vcc=33V
PARAMETER CL=0,f=10MHz | £0.15VTYP | £0.2VTYP +0.3VTYP
Cpd Outputs enabled 15.9 pF 18.1 pF 21.1 pF
Cpd Outputs disabled ~1 pF ~1 pF ~1pF

Input Characteristics
Figures 9 and 10 present SPICE information about the device static behavior. Figure 9 shows the device supply-current

reguirements across input voltage and Figure 10 shows the output-voltage versus input-voltage transfer curves.

I [ P
Process = Nominal e
L Vcc =25V /1 16 Outputs __|
T3 =40°C Switching
48-pin TSSOP (DGG) Package /
Il/
, 4 8 Outputs
__________ ‘ Switching ]
/’l
— | 1 Output
Pl Switching
S Jll__,_,_
105 124 143 162 181
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Switching Performance

Figures 11 through 16 present SPICE models of the device dynamic behavior. Propagation delay times across various
conditionsof ambient temperature, |oad capacitance with one output switching, and | oad capacitancewith 16 outputsswitching
are shown.
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Signal Integrity

Perhapsthe most important measure of adevice's performance in the dynamic domain isthe effect of varying conditionsupon
signal integrity. Figures 17 through 20 show SPICE simul ations of the device dynamic behavior. The effect of multiple outputs
switching simultaneously on one that is held at a valid logic level is shown (see Figures 17 and 18). The effects of slow
input-transition time (see Figure 19), and pin-to-pin skew (see Figure 20) are shown.
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Output Characteristics With DOC

Selecting a component with improved output drive characteristics simplifies the design engineer’s job of ensuring signal
integrity and meeting timing requirements. For signal integrity, the output must have an output impedance that minimizes
overshoots and undershoots. A component with 26-Q series damping resistors on the output ports was sometimes necessary
toimprovethe match of theimpedance with the transmission-lineload on the output of the buffer. The opposing characteristic
that must be considered is having sufficient drive to meet the timing requirements. The AV C family features TI’sDOC circuit
that automatically lowersthe output impedance of the circuit during asignal transition and subsequently raisestheimpedance

to reduce overshoot and undershoot. Figures 21 and 22 contain typical voltage and current curvesthat illustrate the operation
of the circuit asit transitions from one state to another.

T T
32 " 1y=40C
Process = Nominal

2.8
>I 2.4
: / ]
§’ 20 7 Vcg =33V
s )
E . [
3 [ — Vee=25V
; [/
- //

Vcc =18V
08 /l //
0.4 /
0 17 34 51 68 85 102 119 136 153 170

loL — Output Current — mA

Figure 21. VoL vs gL

4-20



T T
Tj=40°C
Process = Nominal

) /
/

>
|
) 2.0
o
8 /
o
2 16
S
o
=
| 1.2.
T
O
0.8.
/
Vcc =33V _J
Vcc =25V ’
0.4
Vcc =18V

4

-160 -144 -128 -112 —96 -80 —64 —48 -32 -16 0
loH — Output Current — mA

Figure 22. Vgn Vs oy

The DOC circuitry provides enough drive current to achieve faster slew rates and meet timing regquirements, but quickly
switchestheimpedancelevel to reducethe overshoot and undershoot noisethat isoften foundin high-speedlogic. Thisfeature
of AVC logic eliminates the need for damping resistors in the output circuit, which are often used in series, and sometimes
integrated with logic devices, to limit el ectrical noise. Damping resi stors reduce the noise, but increase propagation delay due
to the decreased drive current.

Because of the excellent signal integrity characteristics of the DOC output, transmission-line termination typically is
unnecessary. Due to the high-impedance drive characteristics of the output in the static state, the use of dc termination is
specifically discouraged. The output current that is required to bias a dc termination network could exceed the static-state
output-drive capabilitiesof thedevice. AV C with DOC circuitry isideally suited for any high-speed, point-to-point application
or unterminated distributed load, such as high-speed memory interfacing.

Design Support

Examination of thecharacteristicsof thedeviceisacritical portion of asuccessful design. Toaid thedesignengineerinanalysis
of device characteristics, the latest versions of IBIS models can be obtained from TI's website at http://www.ti.com. SPICE
models are also available from TI. Please contact your local Tl field sales representative for more information.
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Features and Benefits

Table 2 provides selected AV C family features and benefits.
Table 2. Selected AVC Family Features and Benefits

FEATURES BENEFITS
Optimized for 2.5-V Vcc Enables low-power designs
Broad product offerings Simplifies component choice
Sub-2-ns (maximum) speeds at 2.5 V.
Advanced EPIC fabrication process; turbo-circuit design Easier to meet timing windows

in advanced high-speed designs

Reduced ringing without series output resistors,

DOC outputs do not require series damping resistors internally or externally increased performance and cost savings

Bus-hold option Eliminates pullup or pulldown resistors on inputs

Outputs disabled during power off for use in
partial power down and mixed-voltage designs

IOEE — reverse-current paths to V¢ blocked on the inputs and outputs

Conclusion
For designs that require 1.8-V, 2.5-V, and 3.3-V logic functions with the highest performance, the AV C family providesthe

fastest, quietest logic devices optimized for 2.5-V and unterminated |oad conditions. AV C offersabroad line of Widebusand
Widebus+ functions, logic gates, and octal bus-interface functions.
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Appendix A — Parameter Measurement Information

O 2xVce
1kQ SV O Open
From Output
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(see Note A) I 1kQ
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Input XVCC/2
| ov
| tsu th
I I
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NOTES: C includes probe and jig capacitance.
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Output
Waveform 1
Slat2xVcce
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpz and tpzH are the same as tep.
tpLH and tpy_ are the same as tpg.

@mmoOoO

Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, t; < 2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure A-1. AVC Parameter Measurement Information (1.8 V £ 0.15 V)
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B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t;<2ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure A-2. AVC Parameter Measurement Information (Vcc =2.5V £0.2V)
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B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpH and tpy|_ are the same as tpg.

®@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, t;< 2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure A-3. AVC Parameter Measurement Information (Vcc =3.3V £ 0.3 V)
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Abstract

Texas Instruments (T1™) next-generation logic is called the Advanced Very-low-voltage CMOS (AVC) family. The AVC
family features T1’sDynamic Output Control (DOC™) circuit (patent pending). DOC circuitry automatically lowerstheoutput
impedanceof thecircuit at the beginning of asignal transition, providing enough current to achieve high signaling speeds, then
subsequently raises the impedance to limit the overshoot and undershoot noise inherent in high-speed, high-current devices.
Thisalowsasingledeviceto have characteristics similar to both series-damping-resi stor outputs during static conditions and
to high-current outputs during dynamic conditions, eliminating the need for seriesdamping resistors. Dueto the characteristics
of the DOC output, the dc drive-current specificationsfor DOC devices are not useable as arelative indicator of the dynamic
performance. A thorough understanding of static and dynamic drive-current conditionsis required to design with the DOC
feature of AVC logic.

Introduction

Performance

Trends in advanced digital electronics design continue to include lower power consumption, lower supply voltages, faster
operating speeds, smaller timing budgets, and heavier |oads. Many designs are making thetransitionfrom 3.3V to 2.5V, and
bus speeds areincreasing beyond 100 MHz. Trying to meet all of these goals makesthe requirement of signal integrity harder
toachieve. For designsthat requirevery-low-voltagelogic and bus-interfacefunctions, Tl announcesthe AV Cfamily featuring
TI’'sDOC circuit. The DOC circuit limits overshoot and undershoot noiseinherent in high-speed, high-current devices, while
still providing propagation delays of less than 2 ns, maximum, at 2.5 V.

Impedance Matching

The design engineer must carefully consider a logic component’s output characteristics to ensure signal integrity and meet
timing requirements. The output must have an impedance that minimizes overshootsand undershootsfor signal integrity. The
opposing characteristic that must be considered is having sufficient drive to meet the timing requirements. In the past, the
selection of acomponent with integrated 26-Q series damping resistors on the output ports or the use of external resistorswas
sometimes necessary. These resistors improve the impedance match of the driver output with the impedance of the
transmission-lineload and limit overshoot and undershoot noise. Damping resistors reduce the noise, but decrease slew rate
and increase propagation delay due to the decreased drive current.

TI’'sDOC circuitry providesenough drive current to achievefast slew ratesand meet timing regquirements, but quickly changes
the output impedance level during the output transition to reduce the overshoot and undershoot noise that often is found in
high-speed logic. This feature of AVC logic eliminates the need for series damping resistors in the output circuit, thereby
improving the output slew rate and propagation-delay characteristics.

The dynamic drive current varies through the transition due to the dynamically changing output impedance. The static
on-resistance (Rpop) of the output can be calculated from the Vo Vs Ioy and Vo vs Igp curves (see Figure 1 and
Figure2). At any specific point ontheV oy vsloy curves, Ron = (Vo —V o)/l on- At any specific pointontheV o vslgoL
curves, Ron = VoL /loL - Theimpedance during dynamic conditionsis characterized by the slope of the Vg vslg line at any
specific point on the graph.

DOC and Tl are trademarks of Texas Instruments Incorporated.
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TheV o vslg curves(seeFigurel)illustratetheimpedance characteristicsof theoutputinthelow state. Thecurvesrepresent
theamount of sink current available (at agiven V ) to drivetheload, asthe output voltage decreasesfrom V cc to 0V when
the output issinking current (i.e., driving low). TheV g vslg curvefor 2.5-V V¢ hastwo distinct regions of sink current
availability. At the beginning of thetransition from high to low, the portion of the output from 2.5-V to 1.5-V hasahigh amount
of sink current available. In that region, the curve has characteristics that are similar to a circuit with an output resistance of
approximately 20 Q. Then, during thetransition through 1.5V, thereisasteep drop in thedrive current available. Intheregion
from 1.5V to ground, the curve has characteristicsthat are similar to acircuit with an output resi stance of approximately 50 Q.
TheVL vslgL curvesfor 1.8-V and 3.3-V V¢ have similar characteristics.

|
321" T15=40°C
Process = Nominal

2.8

S 24 /

|

© Ve =33V
g 20 /

s /

: e /

5 ' [ — Vee=25V
3 [/

/i
>

08 177 Vcc =18V
i,

0 17 34 51 68 85 102 119 136 153 170
loL — Output Current — mA

Figure 1. VgL vs IgL

The Voy vs oy curves (see Figure 2) illustrate the impedance characteristics of the output in the high state. The curves
represent the amount of source current available (at agiven V c) to drive the load, as the output voltage increases from 0 V
to V cc when the output is sourcing current (i.e., driving high). The operation of the output in the high state is similar to the
operationinthelow state. There aretwo distinct regions of source current availability, each with an output resistance (at 2.5-V

V) of approximately 30 Q and 50 €, respectively. The Vo vs Igy curves for 1.8-V and 3.3-V V¢ have similar
characteristics.
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Figure 2. Von Vs loH

The dual-impedance regions of the DOC output allow asingle device to have characteristics similar to a+24-mA high-drive
device, providing fast edge rates and propagation-delay times. During the latter portion of the transition and during static
conditions, the device has the characteristics of a series-damping-resistor part, with reduced ringing. Figure 3 illustrates the
dual-impedance nature of the DOC output as compared to the fixed-impedance outputs of both a high-drive part and a
series-damping-resistor part by showing the Vo vslgp curvesof al three.
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Figure 3. DOC Output Curve Superimposed on Resistor-Output and High-Drive-Output Curves
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Output Circuitry

What Happens at the Output in the Transition

A standard device with afixed low-impedance output delivers high current to the load during the entire transition. At the top
of thetransition from low to high, high-drive circuits can experience atremendous overshoot and ringing dueto the fast slew
rate (see Figure4). The DOC circuit counteractsthis by switching to ahigher output impedance, thereby slowing the slew rate
as the output approaches the top of the transition.

. ARSN
2 e 1IN
. / N
1
1
// N
NN
1]
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Switching Time —ns

V- Output Voltage — V

Figure 4. Switching Transition of a Fixed Low-Impedance Driver

Figure5illustrates the output of the DOC driver in thetransition from low to high. Initially, the output isat astatic low level.
The2.5-V Vg vslg impedance-characteristic curve (see Figure 1) shows that, with an output at 0 V, the output resistance
inthelow stateisapproximately 50 Q. Whenthetransition fromlow to high begins, the2.5-V V oy vsl oy curve (see Figure 2)
illustrates the impedance characteristics of the output. Initially, the output resistance is approximately 30 Q. Under typical
conditions, thislow-impedance output can deliver nearly 84 mA to theload, providing avery fast slew rate. After the output
voltage passes through the threshold (1.5 V) in the transition from low to high, the output resistance is switched from
approximately 30 Q to approximately 50 Q. Thisincrease in output resistance reduces the amount of drive current available.
This decreasesthe slew rate and rolls off the transition, producing a smooth knee at the top and reducing overshoot or ringing.
When the final output voltage is reached, due to the high output resistance, the amount of drive current available to hold the
output voltage at avalid logic level isat aminimum, providing relatively low static-state power levels.
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Figure 5. Impedance Through Switching Transitions

A transition from high to low behavesin asimilar manner and can be understood by the same principles. When the transition
from high to low begins, the 2.5-V Vo vsIgL curve (see Figure 1) illustrates the impedance characteristics of the output.
Initially, the output resistance is approximately 20 €. Under typical conditions, thislow output impedance can deliver nearly
105-mA to the load. Then, as the output voltage passes through the threshold (1.5 V), the output resistance is switched from
approximately 20 Q to approximately 50 Q. Thisresultsin minimal, or no undershoot.

DOC Circuit Description

Figure 6 shows asimplified output stage of atypical logic circuit. When the input is low, the n-channel transistor (Q,)) turns
off andthep-channel transistor (Qp) turnson and beginsto conduct, and theoutput voltageV g ispulled high. Conversely, when
theinput ishigh, Qp turns off, Qp, beginsto conduct, and Vg is pulled low. Thisaction issimilar to an inverter, and several of
these inverting stages typically are cascaded in series to form abuffer/driver.

Vee

s—d[

Vo

f—  on

Figure 6. Simplified Totem-Pole Output Stage
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The sizes of the output transistors Qp and Qp, determine the output impedance. The transistors are designed with the sizes of
the n-channel FET and p-channel FET selected to provide an output impedance of a specific design value. The sizes can be
selected so that the on-resistance of the output is, for example, characteristically approximately 25 Q, which is the typical
output impedance of a conventional low-voltage CMOS logic device. Figure 7 illustrates adriver with the output transistors
sizedto provide a25-Q output. Thedriver isshown driving atransmission-lineload consisting of alength of transmissionline
that isterminated into a capacitor. The waveform showing the signal incident at the capacitor depicts the fast slew rates and
small propagation delays that are characteristic of low-impedance drivers. The fast edge rates create large overshoots and
unacceptable ringing.
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Figure 7. 25-Q Driver Driving Transmission-Line Load and Waveform at the Load

One method of reducing the ringing and electrical noise is to slow down the edge rates. This can be accomplished by the
addition of adamping resistor in series with the output. This creates a high-impedance low-drive output. Figure 8 illustrates
adriver with a25-Q output and aseries 26-€2 damping resistor driving thetransmission-lineload. Theresultant signal ismuch
cleaner, but the slower edge rate increases the propagation delay time. Depending on the total timing budget available, this
could be an unacceptable solution. Series resistors aso can raise the dc low-voltage level of a signal. This reduces noise
immunity of the receiving logic. Finally, series damping resistors should be used only on point-to-point nets, and never with
distributed loads, because of the half voltage that propagates down the transmission line due to incident wave switching.
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Figure 8. 25-Q Driver and 26-Q Series Resistor Driving Transmission-Line Load and Waveform
at the Load

Another method that can be used to improve theimpedance match of the output with theload isto reduce the size of the output
transistors. If their sizes are decreased, the output impedance increases. This provides alow-drive output. Figure 9illustrates
a driver with the output transistor sizes selected to provide a 50-Q output. The driver is shown driving the same
transmission-line load and the resultant waveform at the load exhibits similar characteristics to the series-damping-resistor
version.
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Figure 9. 50-Q Driver Driving Transmission-Line Load and Waveform at the Load

Itisalsointeresting to explore the attributes of two driversin parallel. Figure 10 representstwo 50-Q driversin parallel. The
resultant waveform at theload exhibits characteristicssimilar to the single 25-Q driver. Infact, the parallel combination of the
two has the same output impedance as asingle 25-Q impedance driver. This effectively creates alow-impedance high-drive
output.
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Figure 10. Two 50-Q Drivers In Parallel, Driving Transmission-Line Load and Waveform at the Load

Increasing the output impedance reduces overshoots and undershoots, but at the cost of increased propagation delays.
Decreasing the output impedance decreases propagation delays, but at the cost of increased overshoots and undershoots. A
desirable circuit would have a low output impedance for the beginning portion of the output transition and a high output
impedance for the latter portion of the output transition. This would provide fast propagation delays, with minimal, or no
overshoot or undershoot.

Figure 11 is a block diagram of the DOC circuit, which consists of a fixed driver with a nominal 50-Q on-resistance. The
50-Q driver functionslikeatypical high-impedancelow-drive output, with good el ectrical and noisecharacteristics. Inparallel
with the 50-Q driver isacontrollable 50-Q2 nominal on-resistance driver, with an output that can be enabled or disabled similar
totheoutput of a3-state device. When adeviceisdisabled, itsoutput isin avery high-impedance state and contributes nothing
tothedriveor to theloading of the output. When it isenabled, the parallel combination of the 50-Q drivers hasthe same output
characteristicsasasingle 25-Q impedancedriver. Thiseffectively createsalow-impedance high-drive output. Theimpedance
control circuit (ZCC) enables and disables the controllable driver by controlling its ON signal. The ZCC monitors the output
and controlsthe controllable driver at the appropriate times during the signal transition to achieve ahigh-drive, fast slew-rate
transition.
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Figure 11. DOC Circuit Driving Transmission-Line Load and Waveform at the Load

The operation of the DOC beginswith the output in a static state, for example, at alogic low state. In the static low state, the
ZCC has the controllable 50-Q driver disabled and the n channel of the fixed 50-Q driver sinks current to ground from the
output. Whentheinput transitionsfromlow to high, the n-channel transi stor in thefixed 50-Q driver turnsoff, and the p channel
turnson, sourcing current to the output and beginning the output transition from low to high. Simultaneously, the ZCC enables
the p channel in the controllable 50-Q driver. The parallel p channels of the drivers have a combined on-resistance of
approximately 25 Q. Thislow impedance provides a high drive current to cause afast slew-rate signal transition. The ZCC
sensesthe output voltage, and asthe voltage passes through threshold in the transition from low to high, the ZCC disablesthe
output p channel of the controllable 50-Q driver. Theincreasein output impedance decreasesthe slope and rolls off the output
signal, reducing the overshoot.

The operation of the high-to-low transition is similar.

AC Dynamic Drive vs DC Static Drive

Thedcdrive-current ratingsin therecommended operating-conditionstableof adevicedatasheet typically are selected to show
the static-drive capability of a device when the output voltage is at a worst-case valid logic level, such as Vopminy O
VoL (max)- Historically, these dc drive-current ratings were used as arelative measure of acomponent’s ac dynamic-drive
performance. For adevice with afixed output on-resistance, thiswas an acceptable method, because the dc current at agiven
logic level could be extrapolated to determine the amount of ac drive current available through the transition.

With DOC circuitry, the output impedance characteristics change dynamically during a transition. The dc drive-current
specificationisnot a useableindicator of the devices' dynamic performance capability. The dc output ratings of DOC devices
(see Table 1) can be used loosely as a relative comparison to the dc output ratings of devices with integral series damping
resistors (see Table 2), and thisis a good indication of the DOC circuit’s excellent low-noise and low-power characteristics.
However, unlike a part with a fixed low-drive output, the DOC circuitry provides good ac performance. The DOC output
provides avery strong ac drive during dynamic conditions, capable of driving very heavily capacitive CMOS |oads.
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Table 1. Recommended Static Output Current for DOC Circuitsl

MIN  MAX'| UNIT

Vce =1.65V 10 1.95V -4
loHs  Static high-level output current Vcc=23Vto27V -8 mA
Vcc=3Vto3.6V =12
Vcc =1.65Vt01.95V 4
loLs  Static low-level output current Vcc=23Vto27V 8 mA
Vcc=3Vto3.6V 12

Table 2. Recommended Output Current for ALVC Device With Damping Resistor?2

MIN  MAX'| UNIT

Vcc=23V -6

loH High-level output current Vcec =27V -8 mA
Vcc=3V -12
Vcc =23V 6

loL Low-level output current Vcc =27V 8 mA
Vcc=3V 12

The DOC device performs like a high-drive part during signal transition. Under typical conditions at 2.5-V V¢, the drive
current that is available during the beginning of a transition from low to high is about 84 mA, and from high to low is about
105 mA. Figure 12 illustrates the output current of the DOC circuit driving a standard load through the low-to-high and
high-to-low transitions. Note the large peak currents during the transition.
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Figure 12. DOC Device Output Current Through the Transition

The dynamic drive current is not specified on the data sheet for deviceswith DOC outputs because of itstransient nature, but
itissimilar to the dynamic drive current that is available from a+24-mA (at 2.5-V V) high-drive standard-output device
(see Figure 13).
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Figure 13. Output Current Through the Transition, £24-mA High-Drive Standard-Output Device

Becauseatypical CMOSload is purely capacitive, with very little bias (leakage) current necessary to hold avalid static logic
level, theamount of dc driverequired of most driversissmall. Thedc driveisspecified onthedatasheet of DOC output devices.
The output parameters are static and testable values that are enumerated in terms of minimum and maximum output voltages
at specific output currents (see Table 3).

Table 3. Output Voltage Characteristics Over Recommended Operating Free-Air Temperature Rangel

PARAMETER TEST CONDITIONS Vce MIN  TYP MAX| UNIT

loHy = —-100 pA 1.65Vto3.6V |Vcc—0.2
loH =—4 mA, VIH=1.07V 165V 12

VOH \%
loH = -8 mA, ViH=17V 23V 1.75
loH =-12 mA, VIH=2V 3V 2.3
loL =100 uA 1.65Vto3.6V 0.2
loL =4 mA, V|IL=0.57V 1.65V 0.45

VoL \
loL =8 mA, ViL=0.7V 23V 0.55
loL =12 mA, ViL=0.8V 3V 0.7

Termination (AC vs DC)

Because of the excellent signal-integrity characteristics of the DOC output, transmission-line termination typicaly is
unnecessary. Dueto the high-impedance characteristics of the output in the static state, the use of dc terminationisspecifically
discouraged. The output current that is required to bias a dc termination network could exceed the static-state output-drive
capahilities of the device. AVC family devices with DOC circuitry are suited ideally for any high-speed, point-to-point
application or unterminated distributed load, such as high-speed memory interfaces.
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Waveforms — Comparison of ALVCH Standard and Resistor Outputs

Figures 14 and 15 show the SPICE results comparing SN74AV C16827 with SN74ALVCH16827 and SN74ALV CH162827
into a standard lumped load (see Appendix A) for Ve = 2.5V and Ve = 3.3V, respectively. The results show therelative
propagation delay and noise performance of the DOC circuit.
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Figure 14. Outputs Driving a Standard Lumped Load, Vcc =25V
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Figure 15. Outputs Driving a Standard Lumped Load, Vcc =3.3V
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Figures 16 and 17 show the SPICE modeling of the SN74AV C16827 with the DOC circuit, an SN74ALV CH16827 with
low-impedance output circuit, and an SN74ALV CH162827 with series damping resistors driving a PC100 DQM load for
Vee=2.5VandV e =3.3V, respectively. TheDQM loadisdefinedinthelntel™ PC SDRAM Registered DIMM Specification,
Revision 1.0, February 19983. For this example, the 256-Mbyte load was used. The transmission lines have a characteristic
impedance of 70 Q. The lengths of the transmission lines are specified in the PC100 specification; series resistor R1 was

specified aszero. Thisresistor isnot necessary when using the DOC circuit. Thesix SDRAM loadswere model ed by thecircuit
shown in Figure 18.

The waveforms shown in Figures 16 and 17 were measured at the input to the memory devices. The low-impedance driver
exhibits excessive overshoots and undershoots, while the DOC circuit and the driver with series damping resistors does not.
The DOC circuit isfaster than the series-damping-resistor circuit. Thisimprovement in speed is more pronounced when the
simulations are run under worst-case weak conditions.

| |
/ Vcc =25V
3.0 Process = Nominal
Ty=40°C
25 // \ \\\ One Bit Switching —
2.0
>| / SN74ALVCH162827 \ \
o 15 | |
% l SN74ALVCH16827 \ \
Z 10 |
5 |
= f\\[ SN74AVC16827 \ \ /\
3 |
|
O L / Input \
Z 0

\
WAL/
/

22 26 30 34 38 42 46 50 54 58

Time —ns

Figure 16. Outputs Driving a PC100 Load Network, Vcc =2.5V

Intel is a trademark of Intel Corporation.
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Features and Benefits

Table 4 summarizes DOC circuit features and some of the benefits of those features.

Table 4. Features and Benefits of DOC Circuitry

FEATURES BENEFITS
Optimized for 2.5-V V. No damping resistors Enables low-power designs
Low-impedance, high-drive output during the beginning of a signal transition | Fast edge-rates and small propagation delays
High output impedance for the later portion of the ouput transition Minimal, or no overshoot or undershoot
High-impedance, low-drive steady-state output after signal transition Enables low-power designs

Reduced ringing without series output resistors;

DOC outputs do not require series damping resistors internally or externally increased performance: cost savings

Outputs disabled during power off for use in partial
power-down designs

logg — reverse-current paths to V¢ blocked
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Conclusion

The DOC circuitry provides alow-impedance, high-drive output during the beginning of asignal transition, to provide fast
edge rates and small propagation delays. Then, as the output passes through the threshold, the DOC switches to a
high-impedance, low-drive output to roll off the signal and reduce ringing. The amount of static dc drive current specified in
the data sheets of devices with DOC features does not reflect the large amount of dynamic current that is available to drive
atypical large capacitive CMOS load.

1. Q:
A:
2. Q:
A

4. Q
A
5 Q
A
6. Q
A
7. Q
A
8. Q
A
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Frequently Asked Questions
What isDOC?

DOC istheDynamic Output Control circuit (patent pending). Itistheoutput circuit of TI’sAV Cfamily of devices
that changes the output impedance during the signal transition.

Why use DOC output?

: During the beginning of the signal transition, DOC output provides the desirable characteristics of high drive

to supply fast edge-rates and small propagation delays. As the signal passes through the threshold, the DOC
output decreases the drive to roll off the signal and reduce ringing without the use of damping resistors.

: How does DOC work?

: The DOC output has an impedance-control circuit that monitorsthe output signal. When atransition begins, the

impedance-control circuit enables the outputs of two parallel driversto provide alow-impedance, high-drive
output. As the output passes through the threshold, the impedance-control circuit disables the output of one of
the drivers, providing a high-impedance, low-drive output.

: Should | use series damping resistors on the output of DOC devices?

. It is not necessary to use series damping resistors to reduce ringing because the DOC output provides a

high-impedance, low-driveoutput at theend of the signal transition. Using seriesdamping resistorswoul d defeat
the high-drive benefit of the DOC output.

. Can | use dc termination on the output of DOC devices?

: Do not use dc termination. The use of dc termination could exceed the static-drive capability of the DOC output.

Due to the excellent signal-integrity characteristics of the DOC output, termination should be unnecessary.

- What is the maximum drive-current capability of the DOC output?
: The DOC output has+8-mA dc static-drive current capability at 2.5-V V . Under typical conditionsat 2.5-V

V cc, theamount of ac dynamic-drive current that the DOC output can supply varies from amaximum of about
84 mA at the beginning of the transition from low to high. At the beginning of the transition from high to low,
it varies from a maximum of about 105 mA.

- What is the output impedance of a DOC circuit?

: Theimpedance during dynamic conditionsischaracterized by theslopeof theV g vsig line, at any specific point

on thegraph. The output Roy can be calculated fromtheV o vslony and Vo vslo curves(see Figure 1 and
Figure 2). At any specific point onthe V oy vsloy curves, Ron = (Von — Vo)l on- At any specific point on
theV oL vslgy curves, Ron =VoL/loL . Inthehigh state, the output Rop variesfrom approximately 50 Q inthe
high-impedancemodeto approximately 30 Q2 inthelow-impedancemode. Inthelow state, theoutput Rop varies
from approximately 50 Q in the high-impedance mode to approximately 20 Q in the low-impedance mode.

. Are devices with DOC output circuitry fast?
: Yes, the DOC output provides avery fast edge-rate to decrease the propagation delay times, while maintaining

the excellent signal-integrity characteristics associated with the slower series-damping-resistor parts.



9. Q:
A:

10. Q:

1. Q

12. Q:

Why aren’t ac dynamic-drive specifications included in the data sheet?

Thedynamic-drivecurrent isnot specified on the datasheet for deviceswith DOC outputsbecause of itstransient
nature, but it issimilar to the drive current available from a standard-output device with an lgy and I of +24
mA at 2.5-V Vcc.

In data sheets for devices with DOC outputs, is the dc static-drive specification an indicator of the devices
dynamic performance?

: No. The devices perform like high-drive devices during signal transition. This is not reflected in the

dc static-drive specification on the data sheet.

Since the DOC output provides high-drive, doesit suffer from poor simultaneous switching performance? How
does its simultaneous switching performance compare to standard and resistor devices?

t At 2.5-V V¢ with output into a standard |oad, SPICE analysis shows that the SN74AV C16245 DOC outputs

have amaximum Vo) v =—165 mV, standard outputs have amaximum Vo v =574 mV, and resistor outputs
have amaximum V gy =—-36 mV (15 outputs switching, one steady-state low).

Do DOC outputs contribute to a device's low-power performance?

: Compared to adamping-resistor output where a portion of the output drive is dissipated in the resistor and not

delivered to theload, the DOC output offers better low-power performance. The devicesinthe AV C family that
feature DOC outputs are designed for 2.5-V V ¢ operation, enabling low-power designs.
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Glossary

Amperes
Alternating current
Advanced L ow-Voltage CMOS

Advanced Very-low-voltage CMOS

Byte

Celsius

Complementary metal-oxide semiconductor

Direct current

Dual-inline memory module

Dynamic output control (patent pending)
Data mask

Dynamic random-access memory

Farad

Field-effect transistor

Henry



IBIS 1/0 buffer information specification

I Input current

loFF Currentinto apinwhenVeec =0V
loH High-level output current
loHs Static high-level output current
loL Low-level output current

loLs Static low-level output current
\Y] Current vsvoltage

Max Maximum

Min Minimum

PC Personal computer

Ron On-state output resistance

S Seconds

SDRAM Synchronous DRAM

SPICE Simulation program with integrated-circuit emphasis
TI Texas Instruments
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\Y Volts

Vce Supply voltage

Vo Output voltage

VoH High-level output voltage

VoL Low-level output voltage
VoHp High-level output voltage peak
VoHv High-level output voltage valley
VoLp Low-level output voltage peak
VoLv Low-level output voltage valley
ZCC Impedance control circuit
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Appendix A — Parameter Measurement Information

0 2xVcc
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|
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NOTES: A. Cy includes probe and jig capacitance.
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Output
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tpzH —» e~ b [ tPHZ
Output I . VOH
Waveform 2 VoH-0.15V
S1at GND
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(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

tpLz and tpyz are the same as tjs.
tpzL and tpzH are the same as tgp.
tpLH and tpyy_ are the same as tpg.

®@mmooO

Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, t, <2 ns, tf< 2 ns.
The outputs are measured one at a time with one transition per measurement.

Figure A-1. AVC Load Circuit and Voltage Waveforms (Vcc =25V £0.2V)
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to verify, before placing orders, that the information being relied
on is current and complete.

Tlwarrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with TI's standard warranty. Testing and other quality
control techniques are utilized to the extent TI deems necessary to support this warranty. Specific
testing of all parameters of each device is not necessarily performed, except those mandated by
government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal
injury, or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR
SYSTEMS OR OTHER CRITICAL APPLICATIONS.
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Introduction

Inrecent years, CMOS(AC/ACT, AHC/AHCT, ALVC, CBT, CBTLV, HC/HCT, LVC, LV/LV-A) and BICMOS (ABT, ALVT,
BCT, FB, GTL, and LVT) logic families have further strengthened their position in the semiconductor market. New designs
have adopted both technologiesin almost every system that exists, whether it isaPC, aworkstation, or adigital switch. The
reason is obvious. power consumption is becoming amajor issue in today’s market. However, when designing systems using
CMOSand BiCMOSdevices, onemust understand the characteristics of these familiesand theway inputsand outputs behave
in systems. It isvery important for the designer to follow all rules and restrictions that the manufacturer requires, aswell as
to design within the data-sheet specifications. Because data sheets do not cover the input behavior of a device in detall, this
application report explains the input characteristics of CMOS and BiICMOS familiesin general . It also explainsways to deal
with issues when designing with families in which floating inputs are a concern. Understanding the behavior of these inputs
results in more robust designs and better reliability.

Characteristics of Slow or Floating CMOS Inputs

Both CMOSand BiCM OSfamilieshaveaCMOSinput structure. Thisstructureisaninverter consisting of ap-channel toV ¢
and an n-channel to GND as shown in Figure 1. With low-level input, the p-channel transistor is on and the n-channel is off,
causing current to flow from V ¢ and pulling the node to a high state. With high-level input, the n-channel transistor ison,
the p-channel is off, and the current flows to GND, pulling the node low. In both cases, no current flows from V¢ to GND.
However, when switching from one state to another, the input crosses the threshold region, causing the n-channel and the
p-channel to turn on simultaneously, generating a current path between V ¢ and GND. This current surge can be damaging,
depending on thelength of timethat theinputisinthethreshold region (0.8to 2 V). The supply current (Icc) canriseto several
milliamperes per input, peaking at approximately 1.5-V V| (see Figure 2). Thisisnot a problem when switching states within
the data-sheet-specified input transition time limit specified in the recommended operating conditions table for the specific
devices. Examples are shown in Figure 3.

r
I *—i Vce
Drops I D1 |
supply — | '
Voltage | Q1 I
| IR —— ——
r———"—1r1
I ap |
I I To the To the
Input Input
P | Internal Stage P Internal Stage
Inverter —p» | Qn I Inverter —p»
e
ABT DEVICES LVT/LVC DEVICES

Figure 1. Input Structures of ABT and LVT/LVC Devices
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2 3 4
V| — Input Voltage — V

Figure 2. Supply Current Versus Input Voltage (One Input)

recommended operating conditions

MIN  MAX | UNIT
ABT octals 5
ABT Widebus™ and Widebus+™ 10
AHC, AHCT 20
FB 10

At/Av Input transition rise or fall rate LVT, LVC, ALVC, ALVT 10| ns/vV
Lv 100
Vcc=23Vto27V 200
LV-A Vcc=38Vto3.6V 100
Vcc=45Vto55V 20
Vee =2V 1000

t Input transition (rise and fall) time HC, HCT Vcc =45V 500 ns

Vec =6V 400

T Refer to the latest TI data sheets for device specifications.
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Slow Input Edge Rate

Withincreased speed, logic devices have become more sensitiveto slow input edgerates. A slow input edge rate, coupled with
the noise generated on the power rails when the output switches, can cause excessive output errors or oscillations. Similar
situations can occur if an unused input is left floating or is not actively held at avalid logic level.

Thesefunctional problems are due to voltage transients induced on the device's power system as the output load current (1)
flowsthrough the parasiticlead inductancesduring switching (see Figure4). Becausethedevice'sinterna power-supply nodes
areused asvoltagereferencesthroughout theintegrated circuit, inductive voltage spikes, V gD, affect theway signals appear
to theinterna gate structures. For example, as the voltage at the device's ground node rises, theinput signal, V|, appearsto
decrease in magnitude. This undesirable phenomenon can then erroneously change the output if athreshold violation occurs.

Inthe case of aslowly risinginput edge, if the changein voltage at GND islarge enough, the apparent signal, V|, at the device
appearsto bedriven back through the threshol d and the output startsto switchinthe oppositedirection. If worst-case conditions
prevail (ssmultaneously switching all of the outputswith largetransient |oad currents), the slow input edgeisrepeatedly driven
back through the threshold, causing the output to oscillate. Therefore, the maximum input transition time of the device should
not be violated, so no damage to the circuit or the package occurs.

Vce

Figure 4. Input/Output Model

Floating Inputs

If avoltage between 0.8V and 2 V is applied to the input for a prolonged period of time, this situation becomes critical and
should not be ignored, especially with higher bit count and more dense packages (SSOP, TSSOP). For example, if an 18-bit
transceiver has 36 1/0 pins floating at the threshold, the current from V¢ can be as high as 150 mA to 200 mA. Thisis
approximately 1 W of power consumed by the device, which leads to a serious overheating problem. This continuous
overheating of the deviceaffectsitsreliability. Also, becausetheinputsarein thethreshol d region, the outputstend to oscill ate,
resultingindamageto theinternal circuit over along period of time. Thedatasheet showstheincreasein supply current (Alcc)
when theinputisat aTTL level [for ABT V| = 3.4V, Alcc = 1.5 mA (see Figure 5)]. This becomes more critical when the
input is in the threshold region as shown in Figure 6.

These characteristics are typical for all CMOS input circuits, including microprocessors and memories.

For CBT or CBTLV devices, this appliesto the control inputs. For FB and GTL devices, thisappliesto the control inputsand
the TTL portsonly.
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)’

PARAMETER TEST CONDITIONS MIN  MAX'| UNIT
ABT, AHCT Vcc =55V, One input at 3.4V, Other inputs at Vcc or GND 15
Mcc? [ cBT Ve =55V One | 34V Other | Ve or GND 25| ™
Control inputs cc=55YV, ne inputat 3.4V, ther inputs at V¢ or .
Aleed CBTLV Vcc =36V, One input at 3V, Other inputs at Vo or GND 750 uA
CC™ | control inputs ' ’
oy Sl \Y 3Vt03.6V, OneinputatV 0.6V, Otherinputs at V GND 02 A
= 03.6V, One input a -06V, er inputs al or m
cc LVC, ALVC, LV cc P ce P cc 0.5

T Refer to the latest Tl data sheets for device specifications.
 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND.

Figure 5. Examples of Supply-Current Change of the Input at TTL Level as Specified in Data Sheets

160 T T T 1
Vcc =5V

140 Ta = 25‘TC _ |
All 36 Bits Are Driven
FromOVto6V

120

100 L

TN
T

20

Ilcc— Supply Current — mA

0
0 05 1 15 2 25 3 35 4 45 5 55 6
V| — Input Voltage — V

Figure 6. Supply Current Versus Input Voltage (36 Inputs)

Aslong asthedriver isactivein atransmission path or bus, thereceiver’sinput isalwaysinavalid state. No input specification
isviolated aslong astherise and fall times are within the data-sheet limits. However, when the driver isin ahigh-impedance
state, the receiver input isno longer at adefined level and tendsto float. This situation can worsen when several transceivers
share the same bus. Figure 7 is an example of atypical bus system. When al transceivers are inactive, the bus-line levels are
undefined. When avoltage that is determined by the |eakage currents of each component on the busis reached, the condition
isknown asafloating state. Theresultisaconsiderableincreasein power consumption and arisk of damaging all components

on the bus. Holding the inputs or 1/0 pins at avalid logic level when they are not being used or when the part driving them
isin the high-impedance state is recommended.

SEsEEE

Figure 7. Typical Bidirectional Bus

4-60



Recommendations for Designing More-Reliable Systems

Bus Control

Thesimplest way to avoid floating inputsin abussystemisto ensurethat the busa waysiseither active or inactivefor alimited
time when the voltage buildup does not exceed the maximum V,_ specification (0.8 VV for TTL-compatible input). At this
voltage, the corresponding | ¢ valueistoo low and the device operates without any problem or concern (see Figures2 and 4).

To avoid damaging components, the designer must know the maximum time the bus can float. First, assuming that the
maximum leakagecurrentisl oz =50 A andthetotal capacitance (1/0 and line capacitance) isC = 20 pF, thechangeinvoltage
with respect to time on an inactive line that exceeds the 0.8-V level can be calculated as shown in equation 1.

loz _ 50 uA

AV/At = 8 0 pE = 25 V/us

The permissible floating time for the bus in this example should be reduced to 320 ns maximum, which ensures that the bus
doesnot exceed the 0.8-V level specified. Thetime constant does not change when multiple componentsareinvolved because
their leakage currents and capacitances are summed.

The advantage of thismethod isthat it requires no additional cost for adding special components. Unfortunately, this method
does not always apply because buses are not always active.

Pullup or Pulldown Resistors
When buses are disabled for more than the maximum allowabl e time, other ways should be used to prevent components from

being damaged or overheated. A pullup or apulldown resistor to V ¢ or GND, respectively, should be used to keep the bus
in adefined state. The size of the resistor plays an important role and, if itsresistance is not chosen properly, a problem may
occur. Usually, a 1-kQ to 10-kQ resistor is recommended. The maximum input transition time must not be violated when
selecting pullup or pulldown resistors (see Figure 3). Otherwise, components may oscillate, or device reliability may be

affected.
Vce
R R
2=
"

Vee

(—Bus >

Figure 8. Inactive-Bus Model With a Defined Level

Assume that an active-low bus goes to the high-impedance state as modeled in Figure 8. Ct represents the device plus the
bus-line capacitance and R is a pullup resistor to V. The value of the required resistor can be calculated as shown in
equation 2.

V() = Ve — [T (Ve — V)] @)
Where:
V() = 2V, minimum voltage at timet
Vi = 05V, initial voltage
\/CC =5V
Cr = tota capacitance
R = pullup resistor

maximum input rise time as specified in the data sheets (see Figure 3).
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Solving for R, the equation becomes:
t

R=%axc ©
For multiple transceivers on abus:
R=-_ t 4
04 x Cx N
Where:
C = individual component and trace capacitance
N = number of components connected to the bus

Assuming that there are two components connected to the bus, each with a capacitance C = 15 pF, requiring a maximum rise
time of 10 ng/V and t = 15-nstotal risetime for the input (2 V), the maximum resistor size can be calculated:

_ 15 ns _
R=%ax15 pF X 2 1.25 ke ©

This pullup resistor method is recommended for ac-powered systems; however, it is not recommended for battery-operated
equipment because power consumption iscritical. Instead, use the bus-hold feature that is discussed in the next section. The
overall advantage of using pullup resistorsisthat they ensure defined levelswhen the busisfloating and help eliminate some
of the line reflections, because resistors also can act as bus terminations.

Bus-Hold Circuits

The most effective method to provide defined levels for a floating bus is to use Texas Instruments (T1™) built-in bus-hold
feature on selected families or as an external component like the SN74ACT1071 and SN74ACT1073 (refer to Table 1).

Table 1. Devices With Bus Hold

DEVICE TYPE BUS HOLD INCORPORATED
SN74ACT1071 10-bit bus hold with clamping diodes
SN74ACT1073 16-bit bus hold with clamping diodes
ABT Widebus+ (32 and 36 bit) All devices
ABT Octals and Widebus Selected devices only
AHC/AHCT Widebus TBA (Selected devices only)

Low Voltage (LVT and ALVC) All devices
LVC Widebus All devices

Bus-hold circuits are used in selected T1 families to help solve the floating-input problem and eliminate the need for pullup
and pulldown resistors. Bus-hold circuits consist of two back-to-back inverters with the output fed back to the input through
aresistor (see Figure 9). To understand how the bus-hold circuit operates, assume that an active driver has switched the line
to ahigh level. Thisresultsin no current flowing through the feedback circuit. Now, the driver goes to the high-impedance
state and the bus-hold circuit holdsthe high level through the feedback resistor. The current requirement of the bus-hold circuit
isdetermined only by the leakage current of the circuit. The same condition applieswhen the busisin the low state and then

goesinactive.

Figure 9. Typical Bus-Hold Circuit

Input
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As mentioned previoudly in this section, Tl offers the bus-hold capability as stand-alone 10-bit and 16-bit devices
(SN74ACT1071 and SN74ACT1073) with clamping diodes to V ¢ and GND for added protection against line reflections
caused by impedance mismatch on the bus. Because purely ohmic resistors cannot be implemented easily in CMOS circuits,
a configuration known as atransmission gate is used as the feedback element (see Figure 10). An n-channel and a p-channel
arearranged in parallel between theinput and the output of the buffer stage. The gate of the n-channel transistor is connected
toV ¢ and the gate of the p-channel isconnected to GND. When the output of the buffer ishigh, the p-channel ison, and when
the output islow, the n-channel is on. Both channels have arelatively small surface area— the on-state resistance from drain
to source, Rggon, is about 5 kQ.

<
(@]
(@]

Vce

s

S
1

|

Figure 10. Stand-Alone Bus-Hold Circuit (SN74ACT107x)

Assumethat in apractical application the leakage current of adriver on abusis|gz =10 uA and the voltage drop across the
5-kQ resistance is Vp = 0.8 V (this value is assumed to ensure a defined logic level). Then, the maximum number of
components that a bus-hold circuit can handle is calculated as follows:

_ Vo 08V _ 6
N—IOZ><R = 10 3A X 5 kO = 16 components (6
The 74ACT1071 and 74ACT1073 a so provide clamping diodes as an added feature to the bus-hold circuit. These diodes are
useful for clamping any overshoot or undershoot generated by linereflections. Figure 11 showsthe characteristicsof thediodes
whentheinput voltageisaboveV cc or below GND. At V| =—1V, thediode can source about 50 mA, which can help eliminate
undershoots. This can be very useful when noisy buses are a concern.

Upper Clamping Diode Lower Clamping Diode
60 T 1 5 T
55k Vec=5V ofVcc=5V —
/

50 -5 /
< 45 g -0 /
£ 1 =15
L 40 g /
= / o -20
S 35 £ |
= / 3 -25
] 30 ko] I
° 5 —30
< 25 2 I
z s 3 |
o L
|_||_ 20 | _40

'8

15 / — _45

10 /, -50

5 -55

/
0 A -60
5.5 6 6.5 7 7.5 8 8.5 9 -2 -175 -15 -125 -1 -0.75 -05 -025 O
V| - Input Voltage — V V| - Input Voltage — V

Figure 11. Diode Characteristics (SN74ACT107x)
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Tl also offersthebus-hold circuit asafeature added to some of theadvanced-family driversand receivers. Thiscircuitissimilar
to the stand-alone circuit, with adiode added to the drain of the second inverter (ABT and LVT only, see Figure 12). Thediode
blocksthe overshoot current when theinput voltageishigher than V¢ (V| > V), soonly theleakage currentispresent. This
circuit usesthe device'sinput stage asitsfirst inverter; asecond inverter creates the feedback feature. The calculation of the
maximum number of components that the bus-hold circuit can handle is similar to the previous example. However, the
advantage of thiscircuit over the stand-alone bus-hold circuit isthat it eliminatesthe need for external componentsor resistors
that occupy moreareaontheboard. Thisbecomescritical for somedesigns, especially whenwidebusesareused. Also, because
cost and board-dimension restrictions are amajor concern, designers prefer the easy fix: drop-in replaceable parts. Tl offers
this feature in most of the commonly used functions in several families (refer to Table 1 for more details).

ABT/LVT Family ALVC/LVC Family
Bus Hold Bus Hold
| —— ===
| Vee I | Vec I
I I I I
Input | | Input | |
I I I I
1kQ I | | 1kQ I |
[ [
e e
===
|  Vee || = [ | = I
I | I vee |
I I I
R il |
I
Ko Ko
AT AT
I | I [
L | L
bm———a Lm———d
Input Stage Input Stage

Figure 12. Input Structure of ABT/LVT and ALVC/LVC Families With Bus-Hold Circuit

Figure 13 showstheinput characteristics of the bus-hold circuit at 3.3-V and 5-V operations, astheinput voltageisswept from
0to 5 V. These characteristics are similar in behavior to aweak driver. Thisdriver sinks current into the part when the input
islow and sourcescurrent out of the part when theinput ishigh. When thevoltageisnear thethreshold, thecircuit triesto switch
totheother state, alwayskeeping theinput at avalidlevel. Thisistheresult of theinternal feedback circuit. The plot a so shows
that the current is at its maximum when the input is near the threshold. || (nolg) maximum is approximately 25 uA for 3.3-V
input and 400 pA for 5-V input.
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Figure 13. Bus-Hold Input Characteristics

When multiple deviceswith bus-hold circuits are driven by asingle driver, there may be some concern about the ac switching
capability of thedriver becoming weaker. Assmall drivers, bus-hold circuitsrequire an ac current to switch them. Thiscurrent
is not significant when using TI CMOS and BiCMOS families. Figure 14 shows a 4-mA buffer driving six LVTH16244
devices. Thetraceisa75-Q transmission line. The receivers are separated by 1cm, with the driver located in the center of the
trace. Figure 15 showsthe bus-hold | oading effect on the driver when connected to six receivers switching low or high. It also
shows the same system with the bus-hold circuit disconnected from the receivers. Both plots show the effect of bus hold on
thedriver’sriseandfall times. Initially, thebus-hold circuit triesto counteract thedriver, causing theriseor fall timetoincrease.

Then, the bus-hold circuit changes states (note the crossover point), which helps the driver switch faster, decreasing therise
or fal time.
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Figure 14. Driver and Receiver System
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Figure 15. Output Waveforms of Driver With and Without Receiver Bus-Hold Circuit

Figure 16 shows the supply current (Icc) of the bus-hold circuit asthe input is swept from 0 to 5 V. The spike at about 1.5-V

V| is due to both the n-channel and the p-channel conducting simultaneously. This is one of the CMOS
transistor characteristics.
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Figure 16. Bus-Hold Circuit Supply Current Versus Input Voltage
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The power consumption of the bus-hold circuit is minimal when switching the input at higher frequencies. Figure 17 shows
the power consumed by theinput at different frequencies, with or without bus hold. Theincreasein power consumption of the
bus-hold circuit at higher frequenciesis not significant enough to be considered in power calculations.

Power Plot of the Input With Bus Hold
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Power Plot of the Input Without Bus Hold
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Figure 17. Input Power With and Without Bus Hold at Different Frequencies
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Figure 18 showsthe data-sheet dc specificationsfor bushold. Thefirst test condition isthe minimum current required to hold
thebusat 0.8V or 2 V. These voltages meet the specified low and high levelsfor TTL inputs. The second test condition isthe
maximum current that the bus-hold circuit sources or sinks at any input voltage between 0V and 3.6 V (for low-voltage
families) or between 0V and 5.5V (for ABT). The bus-hold current becomes minimal astheinput voltage approachestherail
voltage. The output leakage currents, | oz and I oz areinsignificant for transceivers with bus hold because atrue leakage
test cannot be performed due to the existence of the bus-hold circuit. Because the bus-hold circuit behaves as asmall driver,
it tendsto sourceor sink acurrent that isoppositein direction to theleakage current. Thissituationistruefor transceiverswith
thebus-hold feature only and doesnot apply to buffers. All LVT, ABT Widebus+, and selected ABT octal and Widebusdevices
have the bus-hold feature (refer to Table 1 or contact the local Tl sales office for more information).

electrical characteristics over recommended operating free-air temperature range (for families
with bus-hold feature)t

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
V| =08V 75
LVT, LVC, ALVC Vec =3V
' V=2V —75
li(hold) Er""lt/%';‘p“ts LVC, ALVC Vec =36V, V|=01036V 1500 | WA
i V=08V 100
ABT Widebus+ and Vee = 45V |
selected ABT Vi=2V ~100
ABT This test is not a true gz test because bus
Transceivers hold always is active on an I/O pin. Bus hold "
with bus hold tends to supply a current that is opposite in 1
lozH/lozL LVT, LVC, ALVC direction to the output leakage current. HA
Buffers ABT This test is a true 1oz test since bus hold does +10
with bus hold | LvT, LvVC, ALVC not exist on an output pin. +5

T Refer to the latest TI data sheets for device specifications.

Figure 18. Example of Data-Sheet Minimum Specification for Bus Hold

Summary

Floating inputs and slow rise and fall times are important issues to consider when designing with CMOS and advanced
BiCMOSfamilies. Itisimportant to understand the complicati onsassoci ated with floating inputs. Terminating the busproperly
plays a magjor role in achieving reliable systems. The three methods recommended in this application report should be
considered. If it is not possible to control the bus directly, and adding pullup or pulldown resistors is impractical due to
power-consumption and board-space limitations, bus hold is the best choice. TI designed bus hold to reduce the need for
resistors used in bus designs, thus reducing the number of components on the board and improving the overall reliability of
the system.
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ORDERING INSTRUCTIONS

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the
page heading, regardless of package. The availability of a circuit function in a particular package is denoted by an
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical
outline drawings shown in this section.

Factory orders for circuits described in this data book should include a three-part type number as explained in the
following example.

EXAMPLE: SN 74AvC245 DGV R

Prefix
SN = Standard prefix

Unique Circuit Description
MUST CONTAIN SIX TO ELEVEN CHARACTERS

Examples: 74AVC16244
T7T4AVCH16373

Package

MUST CONTAIN ONE TO THREE LETTERS
DBB, DGV (or V) = plastic thin very small-outline package (TVSOP)t
DGG (or G) = plastic thin shrink small-outline package (TSSOP)T
GKE, GKF = MicroStar BGA™ low-profile fine-pitch ball grid array (LFBGA)
(from pin-connection diagram on individual data sheet)

Tape-and-Reel Packaging
Valid for surface-mount packages only. All orders for tape and reel must be for whole reels.
R = Standard tape and reel [required for DGG (or G) and DGV (or V)]*

The purpose of tape-and-reel packing is to position components so they can be placed automatically.
Components such as, but not limited to, diodes, capacitors, resistors, transistors, inductors, and integrated
circuits can be packed in this manner.

The packing materials include a carrier tape, cover tape, and a reel. The normal dimensions for these items
are listed in Table 1.

tTlis changing the nomenclature for select logic devices. For details, see Device Names and Package Designators in Section 1.
* All reeled material previously designated LE will continue to be reeled left embossed, but an R designator will be used.
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ORDERING INSTRUCTIONS

Table 1. Normal Dimensions of Packing Materials

CARRIER-TAPE | COVER-TAPE REEL REEL
WIDTH WIDTH WIDTH DIAMETER

(mm) (mm) (mm) (mm)

8 5.4 9.0 178

12 9.2 12.4 330

16 13.3 16.4 330

24 21.0 24.4 330

32 25.5 324 330

44 375 44.4 330

56 49.5 56.4 330

All material meets or exceeds industry guidelines for ESD protection.

Dimensions are selected based on package size and design configurations. All dimensions are established to be
within the recommendations of the Electronics Industry Association Standard EIA-481-1,2,3.

Common dimensions of particular interest to the end user are carrier-tape width, pocket pitch, and quantity per reel

(see Figure 1 and Table 2).
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Figure 1. Typical Carrier-Tape Design
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ORDERING INSTRUCTIONS

Table 2. Selected Tape-and-Reel Specifications

NO. OF CARRIER-TAPE | POCKET
PACKAGE ) WIDTH PITCH QTY/REEL
PINS
(mm) (mm)
GKE 96 24.00 8.00 1000
LFBGA
GKF 114 24.00 8.00 1000
TSSOP |DGG 48 24.00 12.00 2000
DBB 80 24.00 12.00 2000
14 16.00 8.00 2000
TVSOP 16 16.00 8.00 2000
DGV
20 16.00 8.00 2000
48 16.00 8.00 2000
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MECHANICAL DATA

DBB (R-PDSO-G**)
80 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

1,20 MAX

(-0

0,15
PINS**
DIM 80 100
A MAX 17,10 20,90
A MIN 16,90 20,70

N

4040212/D 03/97

NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.

C. The 80-pin package falls within JEDEC MO-153 and the 100-pin package falls within JEDEC MO-194.
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MECHANICAL DATA

DGG (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
48 PINS SHOWN

O
) _

[ERN - —

LR B AR RR LR

24

A

\
_{ SeatmgPIane* (_\,

?
o ¥

PINS **
48 56 64
DIM
A MAX 12,60 14,10 17,10
A MIN 12,40 13,90 16,90

4040078/F 12/97

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold protrusion not to exceed 0,15.
Falls within JEDEC MO-153

SEeX=:
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MECHANICAL DATA

DGV (R-PDSO-G**)
24 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

EW Wﬁm

AR A

4,50
4,30

»|

0,16 NOM

L

l Gage Plane _+_

0°-8°
[ 0,75
1 12 «— ——
0,50
A
o \HHHHHHAAHAAY 4 seamgrmane g \ /) A
oo s b
’ 0,05 !
PINS **
14 16 20 24 48 56
DIM
A MAX 3,70 3,70 5,10 5,10 9,80 11,40
A MIN 3,50 3,50 4,90 4,90 9,60 11,20
4073251/C 08/98

NOTES: A. Alllinear dimensions are in millimeters.

Cow

Falls within JEDEC: 24/48 Pins — MO-153

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion, not to exceed 0,15 per side.

14/16/20/56 Pins — MO-194
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MECHANICAL DATA

GKE (R-PBGA-N96) PLASTIC BALL GRID ARRAY

5,60
5,40

4,00 TYP

Id—

0,40

\
/
A

000
00O
OO0
00O
00O
000
00O
888:f_f 12,00 TYP
00O

00O
‘000
00O
00O
‘000
00O
-/

0,80

O000O0OO0O0
O000OOOOO

13,60
13,40

OOOOOOO!OOOOOOOO
_|_

0,40

>WOUMTEOEICA-ZTZTxoA
OO000000O0
CO0OO0O0OOO

/
N
(o

123 456

0,95

0,85
\ —i i Seating Plane

f UUUUUU

*‘ L*OSS 045 (2[00 |

0,45
0,35

1,40 MAX

4188953/A 10/98

NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. MicroStar BGA™ configuration

MicroStar BGA is a trademark of Texas Instruments Incorporated.
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MECHANICAL DATA

GKF (R-PBGA-N114) PLASTIC BALL GRID ARRAY

4,00 TYP‘P‘
5,60
< 2060 0,80
5,40 I‘_

o
»
o

OOOO\
O00O
0000

OJOXO;
OJOXO;
(OXOXOLOXOXO)
(OXOXO[OXOXO)
OO0O00O00O
O 6-OHO-0-0- 14,40 TYP
OO 0000
(OXOXO][OXOXO)
OO0O00O0O0O0
(OXOXO[OXOXO)
(OXOXOLOXOXO)
O00000
OO0O00O00O
OO00000

OO00O0O0
N N\ /

O0O00O0O0
O000O0O0

0,80

16,10
15,90

-

>PWOOUMMEICXRrZITZzTVTOAC<E
L

123 456

0,95
1,40 MAX

0,85
\ —i Seating Plane

f UUUUUU

AJL,O% 045 (=010 |

0,45

S0 on® 0%

4188954/A 10/98

NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. MicroStar BGA™ configuration

MicroStar BGA is a trademark of Texas Instruments Incorporated.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright 00 2002, Texas Instruments Incorporated
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