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ABSTRACT

This revision of the Fast GTL Backplanes With the GTL1655 application report addresses
improvements, such as the improved OEC[ circuitry and implementation of the
Texas Instruments TI-OPCO circuitry, that have been incorporated in the GTLPH1655
device. These improvements significantly improve signal integrity in distributed loads.

This application report describes the physical principles of fast bus systems and the problems
that can arise in their development. These descriptions are based on line theory, and various
specifications of TTL, backplane transceiver logic (BTL), Gunning transceiver logic (GTL),
and Gunning transceiver logic plus (GTLP) integrated circuits are compared.

In addition, this application report presents the performance of the SN74GTLPH1655. This
new UBTO device provides an optimum solution for the design of backplanes for future
high-speed bus systems.

Comprehensive measurement results of the SN74GTLPH1655 also are included in this
application report.

Contents
INtrOdUCTION . 4
PhySiCal PrinCiPles . .. 5
Does a Line Behave Like a Capacitive Load? . ........... .. 5
Transmission-Line Theory in PractiCe . .. ... .. e 7
EffeCtsS 0N BUS LiNES ... e e e e e e e 11
Beginning of the Line: The IncidentWave . ........... i e 11
End of the Line: The Reflected Wave . ........... . e 13
New Bus Systems Are Needed . ... e e e e e 15
BT L BUS ..ot 16
G BUS .ottt e 17
Comparison Between BTL and GTL ... ...t e et et e 18
New Backplane Solution: SN74GTLPH1655 From Tl ... ... . .. e 19

OEC, TI-OPC, and UBT are trademarks of Texas Instruments.



{'? TEXAS

SCBAO15A INSTRUMENTS
Features of the SN7AGTLPHLE5S ... ... i e e e 20
Functional Description: SN74GTLPHL1655 — UBT ... ...t e 20
SN74GTLPH1655: Link Between a GTLP Backplane and an LVTTL Module ................. 21
Termination VoRage, Vo ... 22
Reference VOlagEe, VREE -« -« « vttt ittt et e e e e e e e et e 23
Static Characteristics of the SN74GTLPHL655 . . ... .. e 24
TI-OPC G CUITY oottt e e e e e e e e 29
Edge-Rate Control (ERC) ... ... i e 29
Removal and Insertion Under Voltage and Partially Switched-Off Systems . .................. 32
Measurements on GTLPH1655 Test Board ........... ... i e 34
Measurement Results With an Unloaded Backplane (Zo =30 Q,Rt7=25Q) ............... 36
Measurement Results With a Loaded Backplane (Zg=25Q, RT71=25Q) .................. 42
SUMIM Y ot ettt et ettt e e e e e e 48
R I BN CES . . 49
GlOS S aANY oottt 50

List of Figures

1 Physical Relationships on a Connecting Line Between Two Components ..................... 5
2 Physical Relationships on @a BUS LiNe .. ... . i e e e e 6
3 Waveform on a Line Compared to Waveform With a Load Capacitor ......................... 7
4 Wavefronts ON LiNES ... .. e 8
5 Signalsat End of the Line ... ... i e 10
6 Example of a BUS LiNe . ... .. 11
7  Load on a Driver in the Middle of the BusiS0.5XZg ...... ... i 12
8  Termination Methods With TTL and CMOS CirCUItS . ... ..ottt e 14
9  Circuit Concept Of BTL BUS . . . ..ttt ettt e e e e e e e 16
10 Circuit Concept Of GTL BUS .. ... ot e e e 17
11 Comparison of Logic Voltage Levels of BTLand GTL ...t 18
12 Typical Bus Application for a UBT . ... ... e e et 20
13 LVTTL and GTLP Signal Levels of SN74GTLPH1655 ....... ... ... i 21
14 Proposed Layout of Termination Resistors and Bypass Capacitor on a Circuit Board .......... 22
15 Suggested Connection of VREE PiN ... o 23
16 Input Characteristics of SN74GTLPHLB55 ... ... .. e 24
17 Bus-Hold Characteristics at LVTTL Input of SN74GTLPH1655 ......... ... ... .. ... ... ..... 25
18 GTLP Bus: AN OpeNn-Drain BUS . ...ttt e e e e e e e 26
19 Output Characteristics of GTLP Port of SN74GTLPH1655 . ........... ... ... ... ... 27
20 Output Characteristics of LVTTL Side of SN74GTLPH1655 .. ....... ... ... ... 28
21 TI-OPC Circuitry Replacement of GTLP ... ... . i e e e e 29
22 Setup for Measuring Edge Rate at GTLP Side of SN74GTLPH1655 ........................ 30
23 Falling Edge, ERC = V¢ (Slow Edges), Input Signalstf=2ns,10ns ...................... 30
24 Falling Edge, ERC = GND (Fast Edges), Input Signals t;=2ns,10Nns ...................... 31
25 Rising Edge, ERC = V¢ (Slow Edges), Input Signals t;=2ns,10ns ...................... 31
26 Rising Edge, ERC = GND (Fast Edges), Input Signalst,=2ns,10ns ...................... 32
27 Influence of Precharge Functionon Bus Signal ........... ... .. i i, 33
28 Principle of Construction of GTLP Bus on GTLPH1655 TestBoard ......................... 34

2 Fast GTLP Backplanes With the GTLPH1655



{f’ TEXAS

INSTRUMENTS SCBAO15A
29 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Unloaded, 10 MHz ........ 36
30 GTLP Bus Signal, Slow Rise and Fall Times, ERC = V¢, Unloaded, 10MHz ............... 36
31 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Unloaded, 10 MHz .. ...... 37
32 GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Unloaded, 10 MHz ............... 37
33 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Unloaded, 50 MHz ........ 38
34 GTLP Bus Signal, Slow Rise and Fall Times, ERC = V¢, Unloaded, 50MHz ............... 38
35 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Unloaded, 50 MHz ... .. ... 39
36 GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Unloaded, 50 MHz ............... 39
37 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Unloaded, 160 MHz ... .... 40
38 GTLP Bus Signal, Slow Rise and Fall Times, ERC = V¢, Unloaded, 160 MHz .............. 40
39 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Unloaded, 160 MHz ...... 41
40 GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Unloaded, 160 MHz .............. 41
41 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Loaded, 10 MHz .......... 42
42 GTLP Bus Signal, Slow Rise and Fall Times, ERC = V¢, Loaded, 10MHz ................. 42
43 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Loaded, 10 MHz ......... 43
44 GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Loaded, 10MHz ................. 43
45 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Loaded, 50 MHz .......... 44
46 GTLP Bus Signal, Slow Rise and Fall Times, ERC = V¢, Loaded, 50 MHz ................. 44
47 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Loaded, 50 MHz ......... 45
48 GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Loaded, 50 MHz ................. 45
49 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Loaded, 160 MHz . ........ 46
50 GTLP Bus Signal, Slow Rise and Fall Times, ERC =V, Loaded, 160 MHz ................ 46
51 LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Loaded, 160 MHz ........ 47
52 GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Loaded, 160 MHz ................ 47

NOoO o~ WN Bk

List of Tables

Additional Capacitive LoadingofaBus LinebyaModule ............ ... .. ... ... ... ... ... 6
Typical Characteristic Properties of LINeS . ... .. e 8
Signal Delay Using Figure 6 as an Example .......... .. .. . i 11
Comparison of Characteristics of BTLand GTL ......... ... i i 18
SN74GTLPH1655 Compared With BTLand GTL ............. . it 19
Choice of GTL/GTLP Level (Using VTTand VREE) .+« v it 21
Measurement Results on SN74GTLPH1655 Demonstration Board ......................... 35

Fast GTLP Backplanes With the GTLPH1655 3



{'? TEXAS

SCBAO15A INSTRUMENTS

Introduction

Since the 1970s, bus systems have been used in every microprocessor system. In the early
systems, the delay time of the driver was in the range of 15 ns to 20 ns, and the frequency of the
system clock was about 1 MHz. The speed of the total system was determined primarily by the
delay time of the active electronics, for example, the processor, gates, and bus drivers.

With increasing clock rates, the bus began to limit the performance of the total system. To
circumvent this limitation, numerous improvements have been introduced in modern bus
systems:

Pipelining By pipelining, instructions and data are transmitted continually from the
memory to the processor.

Cache memory To avoid having the fast processor continually waiting for the slow main
memory (DRAM, EPROM), an intermediate storage of the current data is
implemented in a fast cache memory.

Block transfer  The transfer of individual words of data is replaced by the transmission of
complete data blocks.

Multimaster Every device connected to the bus can initiate the transmission of data. The
cumbersome and slow route of transferring data exclusively via the CPU is,
therefore, no longer necessary.

Bus width The bus width has grown from 8 bits to 64 bits, and larger.

Clock rate The clock rate of the backplane has increased into the range of many tens of
megahertz, e.g., with a PCI bus to 33 MHz or 66 MHz. The processor itself
operates internally at far higher clock rates, e.g., at 400 MHz. The memory is
connected by a dedicated bus that operates at very high clock rates, e.g., up to
400 MHz. The memory is connected by a special bus (e.g., the
Direct RAMBUSL), operating at 800 MHz) to the processor.

The first sections of this application report deal exclusively with general physical principles and
conditions. The engineer developing a bus system must be concerned with these to achieve
high data rates on the bus.

Circuit solutions based on TTL, BTL, and GTL logic families are compared. Particular attention is
devoted to the GTLP transceiver circuit having increased drive capability and support for live
insertion.

The SN74GTLPH1655 is presented and examined in detail.

Direct RAMBUS is a trademark of Rambus Inc.

4
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Physical Principles

In data sheets, the delay times of driver circuits are commonly given with a load circuit of 50 pF
and 500 Q at the outputs. However, this load circuit does not correspond well to the actual
effective loads in current application. Rather, it is intended to match the conditions existing with
IC testers. In particular, a load of this kind does not correspond to reality with bus systems. If the
connecting line between two components is compared with the relationship on a bus line,
significant differences exist.

Does a Line Behave Like a Capacitive Load?

The conditions shown in Figure 1 represent a typical connecting line between two components.
If the connecting line is 20 cm long, then there is a very small capacitive load of 12 pF. As shown
in Figure 2, modules are connected to a bus line with a 2-cm space between them, and these
contribute an additional capacitive loading of 20 pF/2 cm (= 10 pF/cm) (see Table 1). A typical
bus line on the backplane wiring of a 19-inch rack having a length of 40 cm, therefore, has a
total capacitance of 424 pF (10.6 pF/cm x 40 cm).

The development engineer needs to know the effect of the capacitive load on the signal delay of
drivers under the previously mentioned conditions (C| = 12 pF, or C| = 424 pF). The delay times
given in data sheets assume a load of 50 pF.

However, now the line cannot be considered a capacitive load, but instead must be treated from
the point of view of transmission-line theory. With the bus line described previously, a signal
delay of 10 ns (25 ns/m x 0.4 m) from one end of the line to the other is observed. If a pulse
edge is applied at the beginning of the line having a rise time of 2 ns, the signal proceeds 8 cm
(2 ns/25 ns/m) within this rise time. During this pulse edge, nothing happens over the length of
the rest of the bus line (32 cm). Therefore, during this time, the capacitance of a 32-cm line
(340 pF) has not been charged. The capacitance of this part of the line has no influence on the
waveform or the signal delay of the driver circuit.

o Lo =6 nH/cm
Cp =0.6 pF/cm

aniiten e Sibn A Su— 20~ 1000
T=6ns/m
Teo Teo leo Len

Figure 1. Physical Relationships on a Connecting Line Between Two Components

Fast GTLP Backplanes With the GTLPH1655 5
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[¢— d=2cm —p]

Lo =6nH/cm
Co=0.6 pF/lcm
CL =20 pF/2cm
Ctot =Co +CL
=10.6 pF/cm
Lo Lo Lo

20=25Q
Tole Lole Teo Lo (Zitnin

Figure 2. Physical Relationships on a Bus Line

Table 1. Additional Capacitive Loading of a Bus Line by a Module

CONTRIBUTOR CAPACITANCE
(pF)
Capacitance of the connector plug =5
Capacitance of the feedline from the driver I/O =5
Capacitance of the driver I/O =10
Capacitive loading from a module (total) =20

To illustrate this situation, Figure 3 shows a comparison between the waveform on a line with
that from a load consisting of a lumped capacitance. It can be seen clearly in the diagram on the
left that the length of a line and, therefore, its capacitance, has no influence on the waveform. To
better observe the various loads, the rising edge is shown shifted by 10 ns. In the diagram on
the right, instead of a line, a capacitor having the equivalent total capacitance value has been
connected to the output of the test circuit. In this case, the output edge takes the form of a
capacitor-charging curve. If the two measurement results are compared, it is clear that signals
on a line behave very differently than in the case of a capacitive load. Therefore, an analysis
using transmission-line theory is necessary.

Fast GTLP Backplanes With the GTLPH1655
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— 7 3
I - \
w b —
l=0m I=1m I=11m C_L=10pF C_=56pF CL=616pF

(10 pF) (b6 pF) (616 pF)

SN74LS00 > I N SN74LS00

)3\ | b
100 Q
Z0=100Q ICL

Figure 3. Waveform on a Line Compared to Waveform With a Load Capacitor

Transmission-Line Theory in Practice

With lines of more than a certain length, the behavior of signals must be analyzed using
transmission-line theory. There is a simple rule that applies in this situation:

If the rise time or fall time of a signal is shorter than twice the line propagation delay time,
transmission-line theory must be used.

In practice, transmission-line theory must be used for a bus line with a propagation delay of
25 ns/m and a signal with an edge rise time of 2 ns, from a line length of 4 cm

(2 ns/25 ns/m x 2). Because buses usually are longer than 4 cm, transmission-line theory is a
necessary basis for examining the physical characteristics of bus lines.

With the frequencies and lengths of lines that now are used commonly in bus systems, the
transmission-line theory can be simplified by neglecting any resistive component of the
impedance. Equations 1 and 2 can be used for lossless lines with sufficient accuracy. Table 2
lists typical values for the characteristic properties of point-to-point lines between two
components and bus lines.

Fast GTLP Backplanes With the GTLPH1655 7
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ZO = /6 (1)

T=/JL'"xC (2)

Where:
Zo = impedance of the line (Q)
T = propagation delay of the line (ns/m)
L' =inductive component of the line (nH/cm)
C' = capacitive component of the line (pF/cm)

Table 2. Typical Characteristic Properties of Lines

L C' Z0 T
(nH/cm) (pF/cm) Q) (ns/m)
Point-to-point line between two components 5to 10 0.5t0 15 70 to 100 =5
Bus line 5to 10 10to 30 20to 40 10to 20

If a signal edge is fed into the beginning of the line (see Figure 4), a signal amplitude is created
that can be calculated from the simple voltage divider, consisting of the internal resistance of the
signal generator and the impedance of the line (Equation 3). The termination resistor Rt has no
influence on the edge because, at this point, the edge changes the voltage only at the beginning
of the line, and at the end of the line no voltage change occurs.

_ % ©)
YUi="Ye Z, + Rg

Where:
U; = amplitude of the incident wave (V)
Ug = open-circuit voltage of the signal generator (V)
R = output resistance of the signal generator (Q)
Zo = impedance of the line (Q)

(@

| |
ve i N - RTT

|
|€

Figure 4. Wavefronts on Lines

8 Fast GTLP Backplanes With the GTLPH1655
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This voltage edge now runs from the beginning of the line to the end. This first wave is called the
incident wave. When the voltage wave reaches the end of the line, a reflected voltage wave is

generated, the amplitude of which can be calculated from the reflection factor p, as shown in
Equations 4 and 5.

R+ —2Z
S @
T o
U =U Xp 5)
Where:
U, =amplitude of the reflected wave (V)
U; =amplitude of the incident wave (V)
p = reflection factor

Rt = termination resistor at the end of the line (Q)
Zo =impedance of the line (Q)

Using Equations 3, 4, and 5, results at the end of the line can be predicted:
Rrt=00p =-1(see Figure 5a)

The incident wave is inverted and reflected at the end of the line. Incident and reflected

waves therefore cancel out each other, and there is no voltage increase at the end of the
line.

Rtt =20 0 p =0 (see Figure 5b)
No line reflections occur. The end of the line is perfectly terminated.
Ryt =% O p=+1 (see Figure 5c)

The incident wave is fully reflected at the end of the line. There is a doubling of the amplitude
at the end of the line.

A detailed analysis follows in End of the Line: The Reflected Wave.

Fast GTLP Backplanes With the GTLPH1655 9
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A B \% A
¢ Z0 ¢ ¢ B
| | RTT=0Q i
a) Short Circuit at End of Line - _0 ______ IT _____ >

A
¢ Z0

b) Termination With RT1 =20 0 T

RTT=20 N

v

A\ — 4—w
f_
[o9]

A
¢ Z0

RrT =

W — 4w
I
(—
v

c) No Termination at End of Line 0 T

Figure 5. Signals at End of the Line
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Effects on Bus Lines

Beginning of the Line: The Incident Wave

A fundamental characteristic of bus drivers is their output resistance. Together with the line
impedance, this forms a voltage divider (Equation 3) and, thus, is responsible for the amplitude
of the incident voltage wave.

If the driver can generate an incident voltage edge that has an amplitude above (below) the
defined voltage threshold for the high logic state (low logic state), the logic level of all inputs that
are connected on the bus will be changed over with the incident wave. For TTL-compatible bus
systems, the rising edge of the incident voltage wave must exceed 2 V, and the falling edge
must fall below 0.8 V. To calculate the maximum signal delay on the bus for an
incident-wave-switching system, only the simple line propagation delay must be added to the
delay time of the driver circuit (see Table 3).

Table 3. Signal Delay Using Figure 6 as an Example

SWITCHING WITH THE SWITCHING WITH THE
INCIDENT WAVE REFLECTED WAVE
tod Driver * tpd Receiver tpd Driver * tpd Line * tpd Line * tpd Receiver
AOB =5ns+5ns =5ns+10ns+10ns+5ns
=10ns =30ns
tpd Driver * tpd Line * tpd Receiver tpd Driver * tpd Line * tpd Receiver
AOC =5ns+10ns+5ns =5ns+10ns+5ns
=20ns =20ns
Worst case 20 ns 30 ns
Lo=6nH/cm Co =10 pF/cm
20=25Q T=25ns/m
A B C
|, d=2cm |
4G—>
\ \ |
< I=40cm »

"
Figure 6. Example of a Bus Line

However, if the amplitude of the incident wave is insufficient, it is necessary to wait until the
reflected wave returns from the end of the line to the beginning. Only then is a valid logic level
reached on the entire bus line. In the example of Figure 6, according to Table 3, the signal delay
time of 30 ns maximum results. Thus, when compared with switching with the incident wave, the
signal delay time of the system is increased by 10 ns, or 50%.

Fast GTLP Backplanes With the GTLPH1655 11
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This demonstrates one of the basic problems of bus systems. Since the amplitude of the
incident wave depends on the voltage divider between the output resistance of the driver and
the impedance of the line (=25 Q), a driver is needed with a particularly low output impedance.
Only then is it possible to switch over a bus line with the incident wave. This is made more
difficult because there are only two bus drivers at the beginning or end of the line. Most drivers
sit in the middle of the bus line and, from there, must effectively drive two lines, one to the left
and one to the right (see Figure 7). In this case, the resulting load impedance for drivers in the
middle of the bus line effectively is halved (=12.5 Q).

Taking into account the voltage-divider rule for the incident wave, with TTL-compatible systems,
an output resistance of <10 Q is needed for the rising edge, and <4 Q for the falling edge; the
assumption here is that Vo = 3.5V, Vo = 0 V. Even the most modern bus-driver families (such
as the ABT family) do not have an output resistance that meets this requirement. For such
applications, Texas Instruments (T10) offers special TTL-compatible circuits, featuring the low
output resistances that are needed: the incident wave switching (IWS) devices from TI,
SN74ABT25xxx, for example, the SN74ABT25245. All other circuits that have the required
low-resistance outputs were developed for new bus systems that are not TTL compatible.
Examples of these new bus systems include BTL and GTLP.

ZO(Total) =12.5Q
20=250 — o Z0=250
«— —>

Figure 7. Load on a Driver in the Middle of the Bus is 0.5 x Zg

Tl is a trademark of Texas Instruments.

12
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End of the Line: The Reflected Wave

As explained in Transmission-Line Theory in Practice, a voltage wave is reflected at the end of a
line, and this reflected wave moves back to the beginning of the line. The amplitude of the
reflected wave is determined by the amplitude of the incident wave and the reflection factor
(Equation 5). This reflection factor is determined by the line impedance and the termination
resistance (Equation 4). Therefore, the termination resistance has a major influence on the
waveform of a bus line.

For the case of no termination resistance at the end of the line (RyT = ), as shown in Figure 8a,
the reflection factor is p = 1. The amplitude of the reflected wave is, therefore, exactly the same
as the amplitude of the incident wave. In practice, this means that a low-resistance driver that
generates an incident wave of 3 'V, generates a reflected wave that also has an amplitude of 3 V.
This results in an overshoot at the end of the line of 6 V (Vincident + Vreflected = 3V + 3 V). The
worst case would be a very low-resistance CMOS driver with an incident wave of 5 V, which
would result in an overshoot of 10 V at the end of the line.

If the value of the termination resistance is assumed to be exactly the same as that of the line
impedance, a reflection factor of p = 0 (Figure 8b) results. In this case, no reflection of the
arriving wave occurs; thus, it is an ideal line termination. However, this method cannot be used
with TTL and CMOS-compatible bus systems, because the impedance of the line would make it
necessary to have a termination resistor of 25 Q. With bidirectional lines, it would be necessary
to connect this termination resistor at both ends, and each driver then would have to drive a load
of 12.5 Q. The maximum current through these resistors would be 280 mA (3.5 V/12.5 Q) per
line. Because, in practice, a bus often has more than 100 lines, the maximum total current of the
bus termination would be >28 A. For this reason, with TTL systems, one operates with other
terminating networks (Figure 8c to 8f) and, in such cases, accepts a mismatch (Rt1 > Zg).

Fast GTLP Backplanes With the GTLPH1655 13
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¢ Z0=25Q B

N/

1

1

f) Active Termination

0 21
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|
|
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»
I [ [ [ ke
3t 4t 5t 6t Tt

Figure 8. Termination Methods With TTL and CMOS Circuits
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New Bus Systems Are Needed

The cause of most problems with bus lines is the distributed capacitive loading on the line by the
modules connected to it. The impact on TTL and CMOS buses is:

* Very low signal speed on the line (about 25 ns/m, instead of 5 ns/m)
* The impedance of the line is reduced from about 80 Q to about 25 Q.

* As aresult of the low impedance, adequate incident-wave amplitude is possible only with
extremely low-resistance drivers.

* Correct termination is not possible because, otherwise, excessively high currents would flow
through the terminating resistors.

It is not possible to solve these problems adequately with the circuit techniques commonly used
with TTL- and CMOS-compatible circuits. With the commonly used techniques, it always would
be necessary to accept a compromise in the circuit layout.

To develop a new bus system meeting the requirements imposed by the situation mentioned
above requires the following:

e The capacitance of a module must be reduced, and also the capacitance of the 1/O pins of
the bus-driver circuit.

— Because of the reduced capacitive component of the bus line, the impedance is reduced
only to about 30 Q.

— The smaller capacitive component also results in less degradation of the signal speed (to
about 20 ns/m).

* The drivers must be of low resistance to switch the bus with the incident wave.

* The signal amplitude must be reduced to allow correct termination of the line impedance. For
example, with a signal amplitude of 1 V, a termination resistor of 30 Q is adequate because
the current flowing is only 33 mA per signal line.

The two bus systems that meet these basic physical requirements are BTL and GTL.

Fast GTLP Backplanes With the GTLPH1655 15
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BTL Bus

16

The specification of the BTL bus was conceived especially for large backplane systems. The
basic circuit layout of a BTL bus is shown in Figure 9.

21V Receiver

RTT=2 +
Driver i O% J

Z0

J BTL Bus J

Figure 9. Circuit Concept of BTL Bus

VREE=155V

The outputs of a BTL driver are provided with open-collector pins. The maximum capacitance of
an 1/0 pin was fixed at 5 pF. To attain this goal, a diode is connected in series with the output
transistor. The series connection of the capacitance of the transistor with the capacitance of the
diode results in a reduction of the total capacitance. This circuit results in a low level of 1 V.

To allow switching of the bus lines with the incident wave, the specification for the drive
capability was fixed at 1o = 100 mA.

The high level is generated using a terminating resistor connected to 2.1 V at the end of the line.
With bidirectional lines, a termination resistor must be provided at both ends of the line. As a
result of the low signal amplitude of 1.1 V, the bus line can be terminated correctly with BTL
systems. The maximum output current (o = 100 mA) allows driving a terminating resistor of as
low as 11 Q (1.1 V/100 mA). If the BTL driver is in the middle of the bus line, the lower limit for
the impedance is 22 Q. This is sufficient for all bus systems that are used, particularly when the
impedance and the signal speed are kept high, as a result of the limitation in the I/O
capacitance.

By definition, the threshold voltage is 1.55 V, exactly midway between the low and high levels.

In large systems, it is essential that it be possible to remove and reinsert boards during system
operation (live insertion). To meet this requirement, the precharge function has been
implemented in BTL circuits. By means of this function, the capacitance of the pin, the stub line,
and the 1/O pin on the insertable board can be charged to the threshold voltage (1.55 V) before
this pin comes in contact with the signal line on the backplane. Thus, it is possible to prevent
signals on the backplane wiring from being so seriously interfered with that the data is corrupted.

The most serious disadvantage of the BTL bus is its high power consumption. If the transistor of
a driver stage is operated to the limits of its specification, at the low level, a current of 100 mA
can flow, with a voltage drop of 1 V. This results in the output stage dissipating 100 mW. If a
16-bit bus driver is used, in the worst case, 1.6 W may be consumed in the output transistors
alone. With small surface-mounted components, this power consumption makes it necessary to
use packages with a special heat sink.
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GTL Bus

As shown in Figure 10, the basic circuit layout of the GTL bus is very similar to that of BTL. In
this case, there also is a system with open-drain drivers and correct bus termination. The
voltage levels of the logic states are 0.4 V in the low-logic state, and 1.2 V in the high-logic state.
The signal amplitude is reduced to 0.8 V, whereby the threshold voltage lies exactly between the
low and high levels, also at 0.8 V.

+1.2V Receiver

Driver RTT=20

Z0

o ’7VRE|::O.8V
H =

Figure 10. Circuit Concept of GTL Bus

In contrast to the BTL circuits, the drive capability of the output transistor is 40 mA. Therefore,
the lower limit of the termination resistance (also of the line impedance) is 20 Q (0.8 V/40 mA).
For a driver connected to the middle of a bus line, the limit for the impedance of the line is 40 Q.
To attain impedance of the bus lines of 40 Q, the capacitive component of the line must not be
too high. Therefore, GTL is not the first choice when driving extensive backplane wiring with
many modules.

Since the GTL bus was conceived for smaller buses on a circuit board, for example a memory
bus between CPU and memory modules, the specification does not include the precharge
function. The reason is that, when the bus is on a circuit board, there is no question of
withdrawal and reinsertion during operation.

Fast GTLP Backplanes With the GTLPH1655 17
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Comparison Between BTL and GTL

The structure of the two bus concepts (BTL and GTL) is similar. Both operate with
open-collector/open-drain outputs and correct line termination. The most obvious difference is
the definition of the logic voltage levels (Figure 11). The characteristics are listed and compared
in Table 4. For large backplane wiring systems, the BTL circuits have the better characteristics,
whereas the GTL bus features significantly lower power consumption. The target applications,
which were considered when designing each of these bus systems, are apparent: BTL for large
backplane systems, and GTL for smaller buses on a circuit board.

BTL GTL

VoH=2.1V
ViH=1.62V
VTH =155V
VL =147V

_ VoH=1.2V

VoL =10V V|H=0.85V

VREE=0.8V
VIL=0.75V

- e

Figure 11. Comparison of Logic Voltage Levels of BTL and GTL

Table 4. Comparison of Characteristics of BTL and GTL

CHARACTERISTICS BTL GTL
Capacitance of an 1/0 pin 5 pF typicgl(l))t/ Cée:)lg(ig'g pF
oL 100 mA 40 mA
Maximum power consumption of an output driver 100 mwW 16 mwW
Minimum Zg for point-to-point connection 11Q 20Q
Minimum Zg for a bus system 22Q 40 Q
Precharge for withdrawing and reinserting boards during operation Yes No
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New Backplane Solution: SN74GTLPH1655 From TI

It would be ideal to have a bus concept that combines all the desirable characteristics of both
BTL and GTL. Meanwhile, Tl offers a new generation of GTLP drivers that is compatible with

existing GTL systems, but provides both the advantages of BTL and also the positive aspects of
GTL drivers. A comparison is given in Table 5.

* The logic levels are compatible with GTL buses, and also bus systems with GTLP levels.

GTLP represents a modification of the GTL specification that uses different termination
voltage (V1T) and reference voltage (VRepg) (see Table 6).

* Low capacitive loading of the bus (typical 6 pF)

* High drive capability (100 mA)

e Switching of a 11-Q unidirectional line with the incident wave

* Switching of a 22-Q bidirectional line with the incident wave

* Built-in precharge function

Table 5. SN74GTLPH1655 Compared With BTL and GTL

CHARACTERISTICS BTL GTL GTL1655 M(éTDII_LTM EITCIB-HP
Supply 5V 5V/3.3V 33V 33vt 33Vt
Icc 120 mA | 120 mA 80 mA 50 mA 40 mA
1/0 capacitance <6 pF <9 pF 8 pF <9 pF <9 pF
loL 100 mA 40 mA 100 mA 50 mA 100 mA
Maximum power consumption per output driver 100 mW 16 mwW 40 mW 20 mW 55 mw
Minimum line impedance for point-to-point connection 1Q 20Q 1Q 19Q 95Q
Minimum line-impedance bus system 22Q 40 Q 22Q 38Q 19Q
Precharge for line insertion Yes No Yes Yes Yes
Overshoot-protection circuit No No No Yes Yes
Edge-rate control (ERC) No No Yes Yes Yes
Bus hold (A port) No Yes Yes Yes Yes
Backplane switching characteristics in data sheet No No No Yes Yes
Operational frequency on the backplane <30 MHz | <40 MHz | ~100 MHz ~100 MHz ~100 MHz

T Features 5-V tolerance at A port

The individual characteristics of the SN74GTLPH1655 are discussed in detail in the following

sections.

Fast GTLP Backplanes With the GTLPH1655
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Features of the SN74GTLPH1655

Functional Description: SN74GTLPH1655 - UBT

20

The SN74GTLPH1655 is described as a UBT, i.e., a bus driver for a wide variety of applications.

The function of this component can be controlled and changed in accordance with the signals
and static voltage levels applied to the various control inputs.

By means of the control inputs OE, OEAB, OEBA, LEAB, and LEBA, one of the following three
operating modes for the SN74GTLPH1655 can be selected:

e Transparent mode
The SN74GTLPH1655 behaves like a bidirectional bus driver, for example, the '245.

* Level-sensitive storage (latch) mode

The SN74GTLPH1655 behaves like a level-sensitive register (latch), for example, a '373.
However, in this case, it can be used bidirectionally.

* Edge-triggered storage (flip-flop) mode

The circuit behaves like an edge-triggered register, for example, a '374. In this mode, it can
be used bidirectionally.

The operating mode can be set separately for each direction of transmission. An example of a
typical application is shown in Figure 12.

CPU Board

Cache

Bus
Control

1

==
—1L

CPU

Figure 12

=)
=

va

UBT

r——=—1

A=l

— L

L———

N\

1/0 System

. Typical Bus Application for a UBT
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SN74GTLPH1655: Link Between a GTLP Backplane and an LVTTL Module

The SN74GTLPH1655 converts LVTTL-level signals (A port) into GTL- or GTLP-level signals
(B port), and vice versa. The user decides, by choosing the termination voltage and the
reference voltage, which level will be provided on the B-port side (see Table 6). The A port is, in
every case, compatible with LVTTL.

This conversion is useful when continuing to work with LVTTL levels on the module, while the
GTL and GTLP levels, specially developed for this application, are transmitted on the backplane.
The low-voltage TTL and GTLP signal levels are shown in Figure 13. The SN74GTLPH1655
needs 3.3 V as the operating voltage.

A-Port LVTTL Levels B-Port GTL/GTLP Levels
Vcc=30Vto36V Vcc=30Vto3.6V

Voymin =2.2V

VOH=VTT VTT(GTLP)=15V

VTH=15V N
m VREF(GTLP)=1.0V VIHmin = VRgF + 50 mV

B NNNN\\\
ViLmax = 0.8V VREp(GTL)=0.8V

ViLmax = VREg — 50 mV

VoLmax =0.55V VoLmax =05V

Figure 13. LVTTL and GTLP Signal Levels of SN74GTLPH1655

Table 6. Choice of GTL/GTLP Level (Using V1T and VRgF)

LEVEL MIN  TYP MAX| UNIT
V 1.14 12 126
GTL 1T \Y
VREF 0.74 0.8 0.87
V 1.35 15 165
GTLP 1T \Y
VREE 0.87 1 11
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Termination Voltage, V11

There are various rules and techniques regarding proper line termination that should be
observed for a successful development using SN74GTLPH1655.

The termination voltage (V1T) should be derived from a voltage regulator. The current
requirements, e.g., up to 100 mA per output, must be observed. There are various voltage
regulators available that meet these requirements. Depending on the application, the regulators
should be situated either directly on the backplane or on the module boards connected to it.

If several signal lines are switched simultaneously, considerable current fluctuations may occur
at the termination voltage. For this reason, bypass capacitors should be provided close to the
termination resistors (Figure 14).

vTT
Signal Line
Signal Line
GND

Signal Line
Signal Line

RTT = Termination Resistor

C1T1 = Bypass Capacitor

V1T = Termination Voltage

Figure 14. Proposed Layout of Termination Resistors and Bypass Capacitor on a Circuit Board
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Since the bypass capacitor should have the lowest possible inductance, it is recommended that
ceramic capacitors in surface-mount packages be used. The value of capacitance can be
calculated from Equation 6.

— | At (6)
C=1x0

| =50 mA For bidirectional lines with a termination resistor at both ends of each line, a
maximum of one-half the output current of an SN74GTLPH1655 (Io = 100 mA)
can flow through one of the two termination resistors.

AU =10 mV In this example, the collapse of the termination voltage V11 must not exceed

10 mV.
At=4ns The collapse of the termination voltage V1T should be postponed for at least 4 ns.
-4t _ 4ns _ (7)
C lAU 50mA><10mV 20 nF

If 82-nF ceramic capacitors are used, a bypass capacitor should be provided for every four
signal lines. A proposed layout for the four termination resistors and the bypass capacitor on a
circuit board is shown in Figure 14.

Reference Voltage, VReg

The GTL or GTLP reference voltage (VRgg) can be derived, using a simple voltage divider and a
bypass capacitor (0.01 pF to 0.1 pF), from the termination voltage. The circuit shown in

Figure 15 has the advantage that VRgf follows voltage fluctuations of the termination voltage,
V1T In this way, the maximum possible signal-to-noise ratio (SNR) always is ensured, even with
an unstable termination voltage. Since only a very small current (maximum 10 pA) flows in the
VREE pin of the SN74GTLPH1655, the pin can be connected to the voltage divider without
adversely affecting the GTL/GTLP reference voltage.

Ensure that the bypass capacitor is placed as close as possible to the VRgg pin of the

SN74GTLPH1655.
vTT
R
l VREF
2R I C

Figure 15. Suggested Connection of VRgg Pin
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Static Characteristics of the SN74GTLPH1655

An understanding of the static characteristics of a component is necessary for a circuit
development to be successful. The input and output characteristics of the SN74GTLPH1655
were, therefore, measured under laboratory conditions.

Input Characteristics
In principle, the input characteristics appear identical on both sides (A and B ports) of the device.

In Figure 16, the input protection diode easily is recognized; it is found both at the inputs of the
LVTTL side (A port) and also at the inputs of the GTLP side (B port) of the device. The diode
circuit provides protection against high negative-voltage spikes, which can occur as the result of
electrostatic discharges or line reflections. In such cases, the diode conducts and prevents
more-sensitive components from being destroyed.

5V
4V

3 V-

.........................................................

..........................................................

.......................................................

........................................................

2V

1Vv4

Input Voltage

ov

...................................................................................................................

-1V

-2V T g T T T g T g T T g T T T g T ;
-100mA -80mA —-60mA —-40mA -20mA O0mA 20mA  40mA 60mA 80mA 100 mA

Input Current

Figure 16. Input Characteristics of SN74GTLPH1655

24 Fast GTLP Backplanes With the GTLPH1655



{9 TEXAS
INSTRUMENTS SCBAO15A

Bus-Hold Circuit

If the input characteristics of the LVTTL side (A port) are recorded in small increments, and over
a narrow range of current, the curve shown in Figure 17 results. This curve clearly demonstrates
the effectiveness of the bus-hold circuit.

To change the logic state stored by the bus-hold circuit, a current of about 250 A must be
overridden.

This circuit is useful when, for example, all drivers on the bus are in a high-impedance state.
Thus, an undefined state can be prevented.

4V

Input Voltage

V2 e T (T -

,,,,,,,,,,,,,,,,,,,,,,,,

****************************

ov ‘ ‘ ‘ :
-0.3mA -0.2 mA -0.1 mA 0mA 0.1 mA 0.2 mA 0.3 mA
Input Current

Figure 17. Bus-Hold Characteristics at LVTTL Input of SN74GTLPH1655
There is no bus-hold circuit on the GTLP side (B port). A bus-hold circuit on the GTLP side

would defeat the principle of operation of the open-drain outputs, which take on the
high-impedance state to allow the bus to achieve a logic high state (via the pullup resistors).
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GTLP Output Characteristics

26

Because the SN74GTLPH1655 has been conceived as an interface between LVTTL partial
systems and a GTLP backplane, the output characteristics of both sides are shown here. The
characteristics for the various logic states of the output stage are shown in a single
voltage-current diagram.

The principle of the GTLP bus is based on open-drain drivers, as shown in Figure 18.

To Other Inputs

Output Input
F—=—== ViT Vit F—=—————

% RTT RTT %

I
I
|
[
|
I GTLP Bus
I
I
I

=

I — e —_—— -

Figure 18. GTLP Bus: An Open-Drain Bus

The device actively drives only the low state on the bus; whereas, for the high state, the required
current flows directly from the termination voltage source, V1T1. The current is limited only by a
pullup resistor (R1T), which usually is of very low resistance. According to the specification, the
pullup resistor must be not less than the minimum value of 22 Q. A primary purpose of resistor
Rt is to provide an optimum termination of the bus to avoid line reflections (see
Transmission-Line Theory in Practice).

Figure 19 shows that in the low state, the output resistance of the GTLP output stage is in the
range of about 4 Q.
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SN74GTLPH1655 Output Characteristics, Static High, Low, and Off State
8 ‘ ‘ ‘ ‘ ‘ ‘
Al Tee— b .
6F---- - LN e
5f----- Lo Lo P LoV @V =0...15V - - - - -
VOH @ VREF =15V OFF = TREFT
Toab R D N SRR TRV R SRR
o VOH @ VREF =10V \
I | | | |
= g .. E N N (R AN T
g VOH @ VREF =05V | \
2 PV S N [ A L S
QH = ¥RER \ VoL @VREF=0...15V
I A N, (. -/ VOH@VRgr=0...15v 7~
o 7~ —
1 ‘ ‘ ‘ ‘ T = =
-100 -80 -60 —40 -20 0 20 40 60 80 100

Current — mA

Figure 19. Output Characteristics of GTLP Port of SN74GTLPH1655

In the high state, the output transistor is blocking up to VRgg + one diode forward voltage. Thus,
the output is at a very high resistance, as shown in Figure 19. Above VRgg + 0.7 V, a low
resistive part follows, and then a high-resistive section, up to 7 V. Above 7 V, the curve again
shows diode behavior. The special curve of output characteristics is caused by implementation
of the TI-OPC into the GTLP outputs.

Because of the bidirectionality of the SN74GTLPH1655, the input protection diode also can be
seen at the output during off state (for Vo = 0 V) and 3-state. The outputs and inputs of the
device are connected together and routed to a single pin.
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LVTTL Output Characteristics

The output characteristics of the LVTTL output side of the SN74GTLPH1655 are shown in
Figure 20, recorded with a supply voltage Vcc = 3.3 V. The output resistance for the low state is
around 10 Q, and in the case of the high state, a value of about 25 Q is typical.

5V
4V
3V

2V

Input Voltage

1V

oV

-1V —— —
-100mA -80 mA -60mA —-40mA -20mA OmA 20mA 40mA 60mA 80mA 100mA
Input Current

Figure 20. Output Characteristics of LVTTL Side of SN74GTLPH1655
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TI-OPC Circuitry
TI-OPC circuitry is a new feature of the GTLP backplane family.

This circuit improves signal integrity by using a control circuit that compares the output voltage
at the GTLP port with the reference voltage. The principle is shown in Figure 21.

VREE —P TI-OPC

\ 4

_‘

1

Figure 21. TI-OPC Circuitry Replacement of GTLP

If the output voltage exceeds about one diode forward voltage referred to the reference voltage,
the TI-OPC circuitry limits currents below about 14 mA to the voltage to VReg + V{iode- If this
output current is exceeded, the output resistance increases again rapidly (compare to

Figure 19).

Edge-Rate Control (ERC)

In the GTLP output stage, a circuit is included that allows two different values of edge rate to be
set. With the use of the ERC input pin, different rise and fall times can be set, allowing the
optimum configuration under various loading conditions of the backplane. If the
SN74GTLPH1655 ERC is connected to the supply voltage (Vcc), the GTLP outputs are
switched with longer rise and fall times than when it is connected to GND. Some GTLP devices
have the ERC feature, which is the opposite of ERC. If ERC is connected to GND, the GTLP
outputs are switched with a longer rise and fall time.

In two series of measurements, the voltage at the control input ERC was varied to determine the
influence of the ERC circuit on the behavior of the signal.

As shown in Figure 22, the measurements on the SN74GTLPH1655 were made with a single
device under no-load conditions, using GTLP voltage levels. During the measurement, only the
25-Q pullup resistor was at the GTLP output. There were LVTTL signals from a signal generator
at the A port of the device, each having different rise and fall times: t, tt= 2 ns and t, tr= 10 ns.
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ERC=Vcc, GND VT

Vce
RTT=25Q
Signal Generator
With Different Edge Rates

Probe

Figure 22. Setup for Measuring Edge Rate at GTLP Side of SN74GTLPH1655

Additional measurement results on the SN74GTLPH1655 test board are presented in a later
section, which explains the behavior with a bus under realistic conditions.

The measurement results for falling edges are shown in Figures 23 and 24; Figures 25 and 26
show the curves for rising edges.

Using the definition of edge rate (slew rate) dV/dt = (Von — VoU)/t,, tf, a slew rate results in
0.2 V/ns for slow edge rate (ERC = V) and 0.35 V/ns for fast edge rate (ERC = GND). As a
comparison, these values are significantly less than those of standard TTL devices, which are
usually about 1 V/ns, or more.

4.00V

3.00V Jo N ...................... ot eeeee———aaaan ....................... ......................

A I pronremner N pronrrnr P CTpuETTTTT

1.00V -1

0.00 V - — Eiiesee N iiiiiniinna

100V 4eeeeeeree e S e R A

-2.00V {+—bpr—b-m-orr-or—"r—r--—rD"—mr—m-o1—"Tnrr--v-r—-—-rr—r—r—rmrmi—m—v—v
5ns 10 ns 15ns 20 ns 25ns 30 ns

Figure 23. Falling Edge, ERC = V¢ (Slow Edges), Input Signals tf =2 ns, 10 ns
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4.00V
3.00V

2.00V 1

1.00V 4

0.00 V 4

L V2 TS O SO SO SRS S

ERC = GND

-2.00V
5ns 10 ns 15ns 20 ns 25ns 30 ns 35ns

Figure 24. Falling Edge, ERC = GND (Fast Edges), Input Signals tf =2 ns, 10 ns

4.00V

3.00V 1

2.00 V1

1.00 V 1

0.00V 4

100V 4 %."."."."."."%"."."._.".".%._.".".".".ﬁ."."."."."."% ..................

-2.00V —t
Ons 5ns 10 ns 15 ns 20 ns 25ns 30 ns

Figure 25. Rising Edge, ERC = V¢ (Slow Edges), Input Signals t, =2 ns, 10 ns
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4.00V

3.00V

2.00V A

1.00V

0.00V ===
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ERC = GND : : : :
—-2.00V —tt
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Figure 26. Rising Edge, ERC = GND (Fast Edges), Input Signals t, =2 ns, 10 ns

Removal and Insertion Under Voltage and Partially Switched-Off Systems

If it is possible to remove and reinsert plug-in boards in a system while it remains in operation
(live insertion), special precautions must be taken with the signal lines.

* The outputs of the boards to be inserted or removed must be at a high impedance when the
boards are inserted or removed.

* Before inserting a board, all pins must be charged to the threshold voltage (1.5 V with
TTL-compatible systems, or Vcc/2 with CMOS-compatible systems). Thus, destructive
voltage spikes on the signal line in excess of the threshold voltage range, which might
otherwise corrupt the data on the bus, can be avoided.

Figure 27 shows this principle. The data pins are charged to the switching threshold (V1H). As a
maximum, the switching threshold can be reached when inserting; however, it no longer can be
exceeded as a result of a voltage spike.
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High Data on Bus Low Data on Bus

Volts
Max Peak With Precharge Max Peak With Precharge

L Possible Peak
Without Precharge

VTH [~ — — ] Precharge Level = VTH
/v >
Possible Peak Without Precharge T Time
Point of Live Insertion Point of Live Insertion
During High on Bus During Low on Bus

Figure 27. Influence of Precharge Function on Bus Signal

The SN74GTLPH1655 has the characteristics discussed above, which are necessary for the
successful development of a live-insertion application.

Using the OE control input, it is possible to set the outputs of the SN74GTLPH1655 on both
sides simultaneously to a high-resistance state. As a result of the integrated power-up 3-state
circuit, the device is definitely inactive at a V¢ of less than 1.5 V.

To ensure that there is also a definite high-resistance state at a supply voltage between 1.5V
and the operating voltage, it is recommended that OE be connected to V¢ via a pullup resistor.

High-impedance outputs can be precharged to a definite voltage level by means of the
precharge circuitry (BIAS V). Disturbances to the active bus arising from insertion
(charging/discharging of the 1/0O capacitance) will thus be kept to a minimum.

In a similar fashion, in modern applications, particular parts of a system are switched off from the
source of power without having first removed them from the complete system. This is a patrtial
switching off of the system, or a partial power down.

If a device is used in a partial power-down application, the inputs and outputs for Vcc = 0 V must
be at high impedance, and thus be able to tolerate active bus signals.

The property of being partial-power-down compatible is reflected in the parameter Iggg, Which
specifies the maximum leakage current in an input or output.

loFF is defined as:

* The device is disconnected from the operating voltage (Vcc = 0 V), and
* Alogic level is applied to the input or output.

With the SN74GTLPH1655, the maximum value of Iogg is 100 pA.

Refer to the Tl application report Live Insertion, literature number SDYAQ012, which discusses
this subject in detail.
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Measurements on GTLPH1655 Test Board

34

A GTLPH1655 test board has been constructed to examine the characteristics of the
SN74GTLPH1655 in a practical application. The principle of this board is shown in Figure 28.

< I1=40cm »
44— |1=20cm —Pp

Backplane Bus, Zg =25 Q, 1=16.25 ns/m

SN74GTLPH1655 Midpoint SN74GTLPH1655

Figure 28. Principle of Construction of GTLP Bus on GTLPH1655 Test Board

This bus consists of a straight connecting line, 40 cm long, between two SN74GTLPH1655
devices.

In practice, a backplane wiring system provides the option for multiple plug-in modules. The bus
impedance is reduced as a result of the additional input capacitances of the modules that are
connected to it (see Figure 2). This effect can be approximated by connecting capacitors
between the bus line and ground at intervals of 2 cm.

Both sides of the bus are provided with termination resistors that are connected to V1. The
termination voltage is set at 1.5 V. A 1-V reference voltage (VRgg) was chosen. In this way,
GTLP signals are transmitted on the bus.

The termination resistors for this setup were chosen to match the line impedance, which, for a
fully loaded backplane, results in Zg = 25 Q. This case provides optimum line termination, with a
reflection factor very close to p = 0.

For the measurements, the slew rate of the GTLP output stage was varied by means of the
edge-rate control input ERC. The measurements were carried out under two different bus
conditions: a fully loaded bus (with distributed capacitors) and the bus unloaded (without
capacitors). The clock frequencies used were 10 MHz, 50 MHz, and 160 MHz, the last being
close to the maximum value of 175 MHz specified in the data sheet.

For the case of a fully loaded bus, the result is a line impedance of about 25 Q, and a delay time
on the line of about 7 ns.

With the bus unloaded, i.e., operated without capacitors connected to it, the line impedance is
about 30 Q, and the delay time on the line reaches a value below 3 ns.
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The measurement results presented in Figures 29 through 52 show:

e The LVTTL input signal of the SN74GTLPH1655 that drives the bus line, together with the
LVTTL output signal of the SN74GTLPH1655 receiver that is situated at the end of the GTLP
bus. For this, the load of the receiver was varied. The diagrams show the curves for
R| = o (unloaded output) and for R|_ = 50 Q.

* Waveforms on the GTLP bus line:

— GTLP output signal of the SN74GTLPH1655 that drives the bus line, i.e., the signal at
the beginning of the line

— Bus signal in the middle of the GTLP bus

— Signal at the end of the GTLP bus line, which also is applied to the input of the
SN74GTLPH1655 receiver device.

All curves are shown together for the frequencies 10 MHz, 50 MHz, and 160 MHz, and for the
two different edge-rate settings (with ERC = V¢ and ERC = GND).

For these measurements, care was taken to ensure that the timing relationships between them
remained constant. A summary of the measurement results is given in Table 7.

Table 7. Measurement Results on SN74GTLPH1655 Demonstration Board

BUS LINE UNLOADED BUS LINE LOADED
(WITHOUT CAPACITORS) (WITH CAPACITORS)
SIGNAL SLOW FAST SLOW FAST
EDGE RATE | EDGE RATE | EDGE RATE | EDGE RATE
ERC =Vcc ERC = GND ERC =Vcc ERC = GND
=10 MH I/O LVTTL level Figure 29 Figure 31 Figure 41 Figure 43
= z
Beginning, middle, end of GTLP bus Figure 30 Figure 32 Figure 42 Figure 44
f=50 MH I/O LVTTL level Figure 33 Figure 35 Figure 45 Figure 47
= z
Beginning, middle, end of GTLP bus Figure 34 Figure 36 Figure 46 Figure 48
1/0O LVTTL level Figure 37 Figure 39 Figure 49 Figure 51
f=160 MHz — - - - - -
Beginning, middle, end of GTLP bus Figure 38 Figure 40 Figure 50 Figure 52
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Measurement Results With an Unloaded Backplane (Zo =30 Q, RT1=25Q)

3.50V -

Input/Output Signal at f = 10 MHz

Sig'nal at Output
of Receiver,
Without R

2.50V 4

Signal at Output
L of Receiver,

150V 4ol

[———__ Signal ‘at Input

of Transmitter

0.50V -

-5V 4+
Ons 20 ns 40 ns 60 ns 80 ns 100 ns

Figure 29. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Unloaded, 10 MHz

2.00V

ERC =Vcc

4,/ Beginning (:Jf Line

Middle of Line

1.50V 1

1.00 V A P b

0.50 V S REEEEETTTTTRRIEN Freeeennnnne enees

0.00Vv v v v + v v v + v v v t+ v v v + v v v
Ons 20 ns 40 ns 60 ns 80 ns 100 ns

Figure 30. GTLP Bus Signal, Slow Rise and Fall Times, ERC = V¢, Unloaded, 10 MHz
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Input/Output Signal at f = 10 MHz

,\:Q Signal at Output
- L of Receiver,
EAW Without R

ZXTVAVE RN RN Feee e S RRTTEECTTRECTRPE SRR REFRETSPR FERSRY CIRPRIPREIPREPES

\\Al Signal at Output

3.50V A

— of Receiver,
R =50Q

1.50V 1

Signal at Inbut
of Transmitter

0.50 Vd-remmmmmeneaafonnnes T TTTP

-0.50V v v v + v v v + v v v t+ v
Ons 20 ns 40 ns 60 ns

80 ns 100 ns

Figure 31. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Unloaded, 10 MHz

2.00V
; Lo ERC = GND
/ Beginning of Line
; Middle of Line
E o RV PN B B gt e et ettt reeeeeeeeeaaans L
End of Line
1.00Vdceeaaanas i I ...................... ......................
050V 4--reumenns B 3 R RELLERRTIITIREE Fereennnnnnens O O N R S RRRTTTRTIPIISRN
0.00V

Ons 20 ns 40 ns 60 ns 80 ns 100 ns

Figure 32. GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Unloaded, 10 MHz
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4.00V

{ Signal at Inp'ut
of Transmitter

300V 4 . o my ...........: ............. ....... Slgnal at OUtpUt -
: : ] : i of Receiver,

Without R_

b L AV ... Signal at Output ___
200V : : / : TS o Receiver,

100V Jereeeee b SUURURRRRNNN I SVSSSTSSIOOOINS SOOI OO SO

000V YT =)

Input/Output Signal at f = 50 MHz

-1.00 V +—+—-—-abr-—-awr--p--4+r-—o-r-—-a'r---rvi—-s-—orr—rr-—r——tr—r—oar--r-—--r-—-p—m—r—r—rar--i—mr—r—r—r—i—v—a—r—
Ons 5ns 10 ns 15ns 20 ns 25ns 30ns 35ns

Figure 33. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Unloaded, 50 MHz

2.00V

ERC =Vcc

1.50V 1

1.00V 1

0.50V A

0.00 V 4t—ror-——v—sb-—r-—r—o-r--r--—-=t—mer-er-ri—a—r—e—r—t———————i—v—v—v—v—t—r——r—
Ons 5ns 10 ns 15ns 20 ns 25ns 30ns 35ns

Figure 34. GTLP Bus Signal, Slow Rise and Fall Times, ERC = V¢, Unloaded, 50 MHz
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4.00V

1 signal at Input
of Transmitter

3.00 V 1

Signall at Output
of Receiver,

2.00V 1 WithOE,It RL

Signall at Output
of Receiver,
RL=50Q

1.00V A

0.00 Vv

Jh

Input/Output Signal at f = 50 MHz

Ons 5ns 10 ns 15 ns 20 ns 25ns 30ns 35ns

Figure 35. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Unloaded, 50 MHz

2.00V
ERC = GND
150V Fereremmrmnnnennd ................ ; ................ ................
Begi:nning of Line
100V femeeeeeaaenns - 0 S Y A - A WO O W S
Middle of Line : : : : :

End of Line!
(RO AV SRR S [-oof o P R ERREEEEERrrr N
0.00V H

Ons' s '5ns' s '10'ns' s '15'ns' s 'ZO'ns' s '25'ns' o '30'ns' s éSns

Figure 36. GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Unloaded, 50 MHz
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4.00V

350V . Input/Output Signal at f = 160 MHz

300V S IO e N .
1 . : . . . . . . Signal at Output
] : : : : : ' 5 of Receiver,
250V g-unneeeees A SR SAAAEh SRR SRRRLLEEETELEEREEE ARRRRELEE ; without R

2oov i A NI

éignal at Output
~ of Receiver,

(CVIVE SRR [ R SIS RS T | RETE o

100V J--neennnid S EEPEPREPR P R Signal at Input : : : B
] : : of Transmitter : : : :
0.50V §--rrmmmeeefooninnnann R T CELEEERTRERS P L SR EEPEEES PRRRTaNS | B : Sebeeeeeees

0.00 V

_0.50\/5 ........... e RN S RS S A O e :

1% A S S S S S S S S S
0 ns 2ns 4 ns 6 ns 8ns 10 ns 12 ns 14 ns 16 ns 18 ns 20 ns

Figure 37. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Unloaded, 160 MHz

3.00V

ERC =Vcc

2.00V 1

Begmnlng of Llne

AR R

0.00V A

S0/0 V7 AN S S S SO S S S S S—
0 ns 2ns 4 ns 6 ns 8ns 10 ns 12 ns 14 ns 16 ns 18 ns 20 ns

Figure 38. GTLP Bus Signal, Slow Rise and Fall Times, ERC = V¢, Unloaded, 160 MHz
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4.00V 1

350V _ ..| Input/Output Signal at f = 160 MHz

Signal at Output '

3,00v£...........: ........... TR TP P w\ /- X--i-- of Receiver,  cereeeeee-

Without R

zsov.. .......... ........... . .......... ........... PP ..........

2_00\/5.........._: .......... S RO T A N 2 Y] T T .

R Y ARRS

i Signal at Input

. Signal at Output :
— of Receiver,

+ of Transmitter

voov e o N

0.50 V
0.00V 1

-0.50 V 3

~1.00 V Fo—ri

Ons 2ns 4ns 6 ns 8ns 10 ns 12 ns 14 ns 16 ns 18 ns 20 ns

Figure 39. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Unloaded, 160 MHz

3.00V

0.00V et Feeeeeeaaaas bt :

L e

20OV oo \ ..........

ERC = GND

Middle of Line

En:d of Line !

Beginf]ing of Lir{e

-1.00V v : v : — .

Ons 2ns 4ns 6 ns 8ns 10 ns 12 ns 14 ns 16 ns 18 ns 20 ns

Figure 40. GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Unloaded, 160 MHz
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Measurement Results With a Loaded Backplane (Zo =25 Q, Rt1=25 Q)

Signal at Output : Input/Output Signal at f = 10 MHz
350V q----- of Receiver, 1=r-r=ymrrrrrsmsdrer e ,

Without R|_ N W\M i —~—

|

250V A

1.50V 1 - Signal at Output ~==========simmrmmmm oo e
of Receiver,
RL=50Q

050V- \«\-Slgnal at Input ...............E ..........

of Transmitter

-0.50V T T T + T T T + T T T + T T T + v v T
Ons 20 ns 40 ns 60 ns 80 ns 100 ns

Figure 41. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Loaded, 10 MHz

200V

ERC =Vcc

Beginning of Lihe
Y \ -------- ’

1.00V -

0.50V 4

0.00V r r r + r r r + r r r + r r r + r r r
Ons 20 ns 40 ns 60 ns 80 ns 100 ns

Figure 42. GTLP Bus Signal, Slow Rise and Fall Times, ERC =V, Loaded, 10 MHz
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1 : : Input/Output Signal at f = 10 MH
3.50V 4-- Signal at OQutput -------=--=-rrmmaanns SRR R T PEREEPEPEE putfoutput =19 z
of Receiver, ; - 1 :
WithoutR_ : ; T :
; V= : 1 :
250V dereeeoee. SR . S A e,

M\ Signal at Output : T

1 : of Receiver,
150V q-cueemimnaee FRPN .. RL=500Q [PEPEPRTES EETTEPE B s

~—__ Signal at Input
of Transmitter

o.50v; .................. ‘- .................... .......... L ______________________

-05V4+—s—-r-om-r-——t--tt——
Ons 20 ns 40 ns 60 ns 80 ns 100 ns

Figure 43. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Loaded, 10 MHz

2.00Vv
ERC = GND
150V enemmmmnananaaas (RN V¥ chizos
Beginning of Line : -
100V deeemeememeeee i L e R SRR
End of Line :
050V q---mmmmmmememmee e oo [ “ Middle of Line ===~ =-=====""~ b
0.00V

Ons 20 ns 40 ns 60 ns 80 ns 100 ns

Figure 44. GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Loaded, 10 MHz
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] . . . . Input/Output Signal at f = 50 MHz
3,50V................,: ................ ................ ,.. . .

Signal at Input
of Transmitter

250V o R R A DRt 2t CCSTTEPEPRRPRPE e
: Signal at Output : :

of Receiver,
Without R

570 LY N A s
: :  Signal at Output

of Receiver,
RL=50Q

050V e s R

-0.50V
Ons 5ns 10 ns 15 ns 20 ns 25ns 30 ns 35ns

Figure 45. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Loaded, 50 MHz

2.00V
ERC = Ve

LSOV fov A— A— S TR —

Beginning of Line \
1.00V === End of Line ="

Middle of Line
0.50 V4 -ecemeeurauca S S -

E—

0.00V

Ons' o '5r'lS' o EI.O;'IS' o i5I:\S' o 'ZO'HS' o '25'ns' o 'SO'ns' o éSns

Figure 46. GTLP Bus Signal, Slow Rise and Fall Times, ERC = V¢, Loaded, 50 MHz
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Input/Output Signal at f = 50 MHz

35ov- ................ ................

Signal at In'put
of Transmiltter

250V d-mmmriii e s e

Signal at Output "=
of Receiver,
Without R

150V eemmeremmansdaneea e . PR Ao .
: Signal at Output : : :
of Receiver,
RL=50Q

0.50V

-0.50V

Ons 5ns 10 ns 15 ns 20 ns 25ns 30 ns 35ns

Figure 47. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Loaded, 50 MHz

2.00V

ERC =GND

Beginning of: Line \

N2 172 S SO N A W e S—

End of Line

Middle of Line

o.0o0 V {¢rprprrmm-r  + v r i ik i 4 : r m t——v—-v-—-+r—+—+—v-r—+—+—+r-r-r-r+—r+-r"1r—
Ons 5ns 10 ns 15ns 20 ns 25ns 30 ns 35ns

Figure 48. GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Loaded, 50 MHz
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4.00V

] Input/Output Signal at f = 160 MHz : : 5 : :
asovil— —  ~ | oo o A RERRIEES Peeeioees
1 : : : Signal at Output ; Y :
of Receiver, —

300V g oo s 2 Without R~~~ fir 2 R o

Signal at Input
of Transmitter

250V 3.

Signai at Outpuf
of Receiver, **
] : . : . RL=50Q ; .
ST N OO R S I ——

2.00V ]

100V o b

e

0.00V ]

Ons 2ns 4 ns 6 ns 8ns 10 ns 12 ns 14 ns 16 ns 18 ns 20 ns

Figure 49. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = V¢, Loaded, 160 MHz

2.00V

ERC =Vcc

150V dereeeeeens S . S . A A e TS AN

Beg']inning of :Line Middle of:Line :End of Lirie

1.00 V4

0.50 V 1

6.ooVvt+rs+r—r—t1+-——+—-+—+-r—+——+-+r—+—++—+—++—+r—+—++—+—+—r++—+r+—++++—++—
Ons 2ns 4 ns 6 ns 8ns 10 ns 12 ns 14 ns 16 ns 18 ns 20 ns

Figure 50. GTLP Bus Signal, Slow Rise and Fall Times, ERC = V¢, Loaded, 160 MHz
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4.00V

350v 1. Input/Output Signal at f =160 MHz | R e ___________ ___________ __________

300V ... R SN S of Receiver, 7.7
. . . . Without R

250V J-eeeeend S 7 S A SRR - AN S S S

Signal ét Output =
' , , ' of Receiver, ~— |
L SRt eI e P Rss0Ql

200V q-reremmmmmdeneeaa R EEETLEEN BERE .-

: : : : Signalétlnput : : : :
""""" VTt Iy of Transmitter T A

1.00V

0.50V

0.00 vV

Ons 2ns 4 ns 6 ns 8ns 10 ns 12 ns 14 ns 16 ns 18 ns 20 ns

Figure 51. LVTTL Input and Output Signal of SN74GTLPH1655, ERC = GND, Loaded, 160 MHz

2.00V

ERC = GND

NTOAVAR PR Freeneeeaead P frrrn e Ferereranaans PR e e

i o Middle of Line
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Figure 52. GTLP Bus Signal, Fast Rise and Fall Times, ERC = GND, Loaded, 160 MHz
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Summary

48

The SN74GTLPH1655 from Tl provides engineers who develop fast and complex bus systems
with a high-performance bus driver that is particularly suitable for the design of modern
low-voltage systems.

Very high signal-propagation speeds are possible, as a result of the increased drive capability of
100 mA, compared with standard GTL circuits (40 mA), and the selectable edge rate. Bus lines
with low line impedances of about 22 Q can be used with the SN74GTLPH1655.

Bus lines with low line impedances of about 22 Q can be matched using GTLP drivers that have
a four-digit identifier, such as the SN74GTLPH1655. The four digits indicate the high drive
capability of g = 100 mA, while all other GTLP devices have a drive capability of 50 mA.

The four-digit GTLP devices allow optimum termination of low-impedance bus lines, thereby
preventing interference and signal distortion that may otherwise occur as a result of line
reflections. Reduced signal-voltage amplitude improves signal integrity.

The power-up 3-state and precharge functions provided by the SN74GTLPH1655 and, also, the
bus-hold cells at the input of the LVTTL side, allow the design of modern high-speed systems
requiring minimum development effort.
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Glossary

BTL Backplane Transceiver Logic

ERC Edge-Rate Control

GND Ground potential

GTL Gunning Transceiver Logic

GTLP Gunning Transceiver Logic Plus

I/O Input/Output

50

Live insertion
LVTTL levels

Partial power down

Precharge

TTL

Vce

Removal and reinsertion of modules during operation
3.3-V logic levels, compatible with TTL logic levels

Switching off parts of a system that is in operation without removing them
from the system

Charging 1/O pins to the threshold voltage
Transistor-Transistor Logic

Supply voltage
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