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CB3Q: 2.5-V/3.3-V Low-Voltage High-Bandwidth Bus Switch

DEVICE

CONFIGURATION DEVICE NAME FUNCTIONAL DESCRIPTION Page No.
CB3Q3305 Dual FET Bus Switch 2-3
CB3Q3306A Dual FET Bus Switch 2-9
CB3Q3125 Quadruple FET Bus Switch 2-15
CB3Q3244 8-Bit FET Bus Switch 2-21
CB3Q3245 8-Bit FET Bus Switch 2-29
CB3Q3345 8-Bit FET Bus Switch 2-37

2-Port Switch CB3Q3384A 10-Bit FET Bus Switch 2-43
CB3Q6800 10-Bit FET Bus Switch 2-49
CB3Q16244 16-Bit FET Bus Switch 2-57
CB3Q16210 20-Bit FET Bus Switch 2-65
CB3Q16211 24-Bit FET Bus Switch 2-73
CB3Q16811 étt%ittjtzET Bus Switch with Precharged 2_81
CB3Q3253 Dual 1-of-4 FET Multiplexer/Demultiplexer 2-89

Mux/Demuix CB3Q3257 4-Bit 1-of-2 FET Multiplexer/Demultiplexer 2-97
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CB3T: 2.5-V/3.3-V Low-Voltage Bus Switch With 5-V Tolerant Level Shifter

DEVICE

CONFIGURATION DEVICE NAME FUNCTIONAL DESCRIPTION Page No.
CB3T1G125 Single FET Bus Switch 3-3
CB3T3306 Dual FET Bus Switch 3-11
CB3T3125 Quadruple FET Bus Switch 3-19
2-Port Switch CB3T3245 8-Bit FET Bus Switch 3-29
CB3T3384 10-Bit FET Bus Switch 3-39
CB3T16210 20-Bit FET Bus Switch 3-49
CB3T16211 24-Bit FET Bus Switch 3-59
CB3T3253 Dual 1-of-4 FET Multiplexer/Demultiplexer 3-69
Mux/Demux CB3T3257 4-Bit 1-of-2 FET Multiplexer/Demultiplexer 3-79
Bus-Exchange CB3T3383 10-Bit FET Bus-Exchange Switch 3-89
Switch CB3T16212 24-Bit FET Bus-Exchange Switch 3-99
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CBT-C: 5-V Bus Switch With —2-V Undershoot Protection

DEVICE

CONFIGURATION DEVICE NAME FUNCTIONAL DESCRIPTION Page No.
CBT3305C Dual FET Bus Switch 4-3
CBTD3305C Dual FET Bus Switch With Level Shifting 4-9
CBT3306C Dual FET Bus Switch 4-17
CBTD3306C Dual FET Bus Switch With Level Shifting 4-23
CBT3125C Quadruple FET Bus Switch 4-31
CBT3244C 8-Bit FET Bus Switch 4-37
CBT3245C 8-Bit FET Bus Switch 4-45
CBT3345C 8-Bit FET Bus Switch 4-51
CBT6845C gl?tl[;LIJ:tET Bus Switch With Precharged 4-57
2-Port Switch CBT3384C 10-Bit FET Bus Switch 4-63
CBTD3384C 10-Bit FET Bus Switch With Level Shifting 4-71
CBT6800C é%t%EtI;ET Bus Switch With Precharged 4-79
CBT16244C 16-Bit FET Bus Switch 4-85
CBT16245C 16-Bit FET Bus Switch 4-91
CBT16210C 20-Bit FET Bus Switch 4-97
CBT16800C zo%t%iltjtzET Bus Switch With Precharged 4-103
CBT16211C 24-Bit FET Bus Switch 4-109
CBT16811C (ijh-t%ilgtlgET Bus Switch With Precharged 4-115
CBT3253C Dual 1-of-4 FET Multiplexer/Demultiplexer 4-121
Mux/Demux CBT3257C 4-Bit 1-of-2 FET Multiplexer/Demultiplexer 4-129
CBT16214C 12-Bit 1-of-3 FET Multiplexer/Demultiplexer 4-137
Bus-Exchange CBT16212C 24-Bit FET Bus-Exchange Switch 4-145
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CBT: 5-V Bus Switch

coNPeURSTIoN | DEVICE NAME FUNCTIONAL DESCRIPTION Page No.
CBT1G125 Single FET Bus Switch 5-5
CBT1G384 Single FET Bus Switch 5-9
CBTD1G125 Single FET Bus Switch With Level Shifting 5-13
CBTD1G384 Single FET Bus Switch With Level Shifting 5-17
CBT3306 Dual FET Bus Switch 5-21
CBTD3306 Dual FET Bus Switch With Level Shifting 5-25
CBTS3306 \IIDVLljtahI EEFTOEIE; IIS)iV(\)Ii(;ghCIamping 5-29
CBT3125 Quadruple FET Bus Switch 5-33
CBT3126 Quadruple FET Bus Switch 5-37
CBT3244 Octal FET Bus Switch 5-41
CBT3245A Octal FET Bus Switch 5-45
CBT3345 8-Bit FET Bus Switch 5-49
CBT3384A 10-Bit FET Bus Switch 5-53
CBTD3384 10-Bit FET Bus Switches With Level Shifting 5-57
CBTS3384 \%&E%EEJ&E; ?D%vc\ilgcglamping 5-63

2-Port Switch CBT3861 10-Bit FET Bus Switch 5-67
CBTD3861 10-Bit FET Bus Switch With Level Shifting 5-71
CBTGB00A | Wi Pracharged Outpuis 577

10-Bit FET Bus Switch With Precharged
CBTK6800 Outputs and Active-Clamp 5-81
Undershoot-Protection Circuit

corsoo | ottty et s | >
CBT16244 16-Bit FET Bus Switch 5-91
CBT16245 16-Bit FET Bus Switch 5-95
il L i
CBT16210 20-Bit FET Bus Switch 5-105
CBTD16210 20-Bit FET Bus Switch With Level Shifting 5-109
CBT16861 20-Bit FET Bus Switch 5-115
CBTR16861 20-Bit FET Bus Switch 5-119
CBT16211A 24-Bit FET Bus Switch 5-123
CBTD16211 24-Bit FET Bus Switch With Level Shifting 5-127




CBT: 5-V Bus Switch (continued)

DEVICE Page
CONFIGURATION DEVICE NAME FUNCTIONAL DESCRIPTION No.
CBTH16211 24-Bit FET Bus Switch With Bus Hold 5-133
24-Bit FET Bus Switch
CBTS16211 With Schottky Diode Clamping 5-137
2-Port Switch CBT32245 32-Bit FET Bus Switch 5-141
32-Bit FET Bus Switch With Active-Clamp
CBTK32245 Undershoot-Protection Circuit 5-145
CBT34X245 32-Bit FET Bus Switch 5-151
CBT3251 1-of-8 FET Multiplexer/Demultiplexer 5-155
CBT3253 Dual 1-of-4 FET Multiplexer/Demultiplexer 5-159
CBT3257 4-Bit 1-of-2 FET Multiplexer/Demultiplexer 5-163
12-Bit 1-of-2 FET Multiplexer/Demultiplexer
CBT16292 With Internal Pulldown Resistors 5-167
12-Bit 1-of-2 FET Multiplexer/Demultiplexer
Mux/Demux CBT162292 With Internal Pulldown Resistors 5-173
CBT16214 12-Bit 1-o0f-3 FET Multiplexer/Demultiplexer 5-179
Synchronous 16-Bit 1-of-2 FET
CBT16232 Multiplexer/Demultiplexer 5-183
CBT16233 16-Bit 1-of-2 FET Multiplexer/Demultiplexer 5-187
16-Bit to 32-Bit FET Multiplexer/Demultiplexer
CBT16390 Bus Switch 5-191
CBT3383 10-Bit FET Bus-Exchange Switch 5-195
CBT16209A 18-Bit FET Bus-Exchange Switch 5-199
Bus-Exchange CBT16212A 24-Bit FET Bus-Exchange Switch 5-205
Switch - -
24-Bit FET Bus-Exchange Switch
CBTS16212 With Schottky Diode Clamping 5-211
CBT16213 24-Bit FET Bus-Exchange Switch 5-217
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CBTLV: 2.5-V/3.3-V Low-Voltage Bus Switch

DEVICE
CONFIGURATION DEVICE NAME FUNCTIONAL DESCRIPTION Page No.
CBTLV1G125 Low-Voltage Single FET Bus Switch 6-3
CBTLV3125 Low-Voltage Quadruple FET Bus Switch | 6-7
CBTLV3126 Low-Voltage Quadruple FET Bus Switch | 6-13
CBTLV3245A Low-Voltage Octal FET Bus Switch 6-19
CBTLV3384 Low-Voltage 10-Bit FET Bus Switch 6-23
_ i Low-Voltage 10-Bit FET Bus Switch
2-Port Switch CBTLV3857 With Internal Pulldown Resisters 6-27
CBTLV3861 Low-Voltage 10-Bit FET Bus Switch 6-31
CBTLV16210 Low-Voltage 20-Bit FET Bus Switch 6-35
Low-Voltage 20-Bit FET Bus Switch
CBTLV16800 With Precharged Outputs 6-39
CBTLV16211 Low-Voltage 24-Bit FET Bus Switch 6-45
Low-Voltage 1-of-8 FET
CBTLV3251 Multiplexer/Demultiplexer 6-51
Low-Voltage Dual 1-of-4 FET
CBTLV3253 Multiplexer/Demultiplexer 6-57
Low-Voltage 4-Bit 1-of-2 FET
CBTLV3257 Multiplexer/Demultiplexer 6-63
Mux/Demux -
Low-Voltage 12-Bit 1-of-2 FET
CBTLV16292 Multiplexer/Demultiplexer 6-69
With Internal Pulldown Resistors
Low-Voltage 12-Bit 1-of-2 FET
Multiplexer/Demultiplexer
CBTLVR16292 With Internal Pulldown Resistors 6-75
and Series Damping Resistors
CBTLV3383 ésvvi\ﬁ:\(]oltage 10-Bit FET Bus-Exchange 6-81
Bus-Exchange
Switch . -Bi .
CBTLV16212 égvvi\ic\éoltage 24-Bit FET Bus-Exchange 6-87
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INTRODUCTION

The Texas Instruments signal-switch portfolio has been expanded, with the introduction of the
CB3Q, CB3T, and CBT-C bus-switch families. These new FET bus switches provide
high-performance, low-power replacements for standard bus-interface devices when signal
buffering (current drive) is not required. The CB3Q, CB3T, and CBT-C bus-switch families
optimize next-generation datacom, networking, computing, portable communications, and
consumer electronics designs by supporting both digital and analog applications, including
PCI interface, USB interface, memory interleaving, bus isolation, and low-distortion signal
gating (see www.ti.com/signalswitches).

CB3Q: 2.5-V/3.3-V Low-Voltage High-Bandwidth Bus-Switch Family

CB3Q is a high-bandwidth (up to 500 MHz) FET bus-switch family utilizing a charge pump to
elevate the gate voltage of the pass transistor, providing low and flat ON-state resistance (ron)
characteristics. The low and flat ON-state resistance allows minimal propagation delay and
supports rail-to-rail I/0 (RRIO) switching on the data input/output (I/O) ports. The CB3Q family
also features low data I/O capacitance to minimize capacitive loading and signal distortion on
the data bus. Specifically designed to support high-bandwidth applications, the CB3Q family
provides an optimized interface solution ideally suited for broadband communications,
networking, and data-intensive computing systems.

CB3T: 2.5-V/3.3-V Low-Voltage Translator Bus-Switch Family

CB3T is a high-speed TTL-compatible FET bus-switch family with low ON-state resistance
(ron), allowing minimal propagation delay. The CB3T family fully supports mixed-mode signal
operation on all data 1/O ports by providing voltage translation that tracks Vcc. The CB3T
family supports systems using 5-V TTL, 3.3-V LVTTL, and 2.5-V CMOS switching standards,
as well as user-defined switching levels. This voltage translation feature allows the CB3T
family to provide a high-performance interface between components (memory, processors,
logic ASICs, I/O peripherals, etc.) common in mixed 2.5-V to 5-V system environments.
Specifically designed to support today’s portable computing and communications
applications, the CB3T family provides a high-performance low-power interface solution
ideally suited for low-power portable equipment.

CBT-C: 5-V Bus-Switch Family With —2-V Undershoot Protection

CBT-C is a high-speed TTL-compatible FET bus-switch family with low ON-state resistance
(ron), allowing minimal propagation delay. The new CBT-C family offers numerous
enhancements over the original CBT family, including —2-V undershoot protection, faster
enable/disable times, and an Iy feature for partial-power-down mode operation. The
improved undershoot characteristics of the CBT-C family are particularly important in system
environments where signal reflections and undershoot are common. Without such protection,
an undershoot event could cause a switch in the OFF state to be turned ON, creating bus
contention and possible data corruption. The active undershoot-protection circuitry on the A
and B ports of the CBT-C family provides protection for undershoots up to —2 V by sensing an
undershoot event and ensuring that the switch remains in the proper OFF state.
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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
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Understanding and Interpreting
Standard-Logic Data Sheets

Stephen M. Nolan and Jose M. Soltero Standard Linear & Logic

ABSTRACT

Texas Instruments (TI) standard-logic products data sheets include descriptions of
functionality and electrical specifications for the devices. Each specification includes
acronyms, numerical limits, and test conditions that may be foreign to the user. The proper
understanding and interpretation of the direct, and sometimes implied, meanings of these
specifications is essential to correct product selection and associated circuit design. This
application report explains each data-sheet parameter in detail, how it affects the device, and,
more important, how it impacts the application. This will enable component and
system-design engineers to derive the maximum benefit from Tl logic devices.

Contents
INE OTUCTION ..o 1-10
Top-Level Look at the Tl Logic Data Sheet . ... e 1-10
Summary Device DeSCHPLON . .. ...t 1-11
Absolute Maximum RatiNgS . ... ..ot e 1-13
Recommended Operating Conditions . ... ... i e e e 1-13
Electrical CharaCteriStiCs . ... ...ttt e e e e e 1-14
Live-Insertion Specifications . ... . 1-15
TiIMING ReQUITEMIENTS . . .o e e e e et 1-16
Switching CharacterisStiCs . .. ... ... e e 1-16
NOISE CharaCteriStiCs . . ... ..ot e e e e 1-17
Operating CharacteriStiCS . ... ... ..o e 1-18
Parameter Measurement Information . ............ .. i e 1-18
Dissecting the Tl Logic Data Sheet . ... ... . e 1-20
Summary Device DeSCHPLON . .. ... 1-20
Title, Literature Number, and Dates of Origination and Revision .. ................... 1-20
Features BUIletS . . ... .o 1-26
Package Options and PiNOULS . .......... i e e 1-27
DS CIIPION ..ttt 1-27
BGA Packaging Top-View lllustrations and Pin-Assignments Table .................. 1-27
Ordering Information . ... ... e 1-27
Function Table . ... . e 1-28
LOgiC Diagram ... o e 1-30
Product Development Stage NOte . ... ... e 1-31
Absolute Maximum Ratings . ... ..ot 1-31
SUPPIY VOIAGE, VOO - v e e 1-31

Trademarks are the property of their respective owners.

1-5



{'.?‘ TEXAS

SZZA036B INSTRUMENTS
INPUL VoltagE, V| . oo 1-31
OUtPUL VOIAGE, VO ot 1-32
Voltage Range Applied to Any Output in the High-Impedance or Power-Off State, Vo . 1-32
Voltage Range Applied to Any Output in the High State, Vg ........................ 1-33
Input Clamp CUurrent, [k ... 1-33
Output Clamp CUITENE, TOK  « v v v et e e e e e e e e e e e e e 1-33
Continuous Output CUITENt, 1o .. ..o oot e 1-33
Continuous Current Through Vccor GND Terminals . ............... ...ttt 1-33
Package Thermal Impedance, Junction-to-Ambient, 035 . ............... ... ... .... 1-33
Storage Temperature Range, Tgtg - . ...oovviniiii 1-34

Recommended Operating Conditions . ........ .. e 1-34
Ve SUpply Voltage . ..o 1-34
BIAS Voo Bias Supply Voltage . ... oo 1-34
Vit Termination Voltage . . ... o 1-34
Vief Reference Voltage . . ... ... 1-35
Vg High-Level Input Voltage . ... e 1-35
VL Low-level Input Voltage . ........ ... 1-36
loH High-Level Output CUITEeNt . ... ... e 1-37
lons Static High-Level Output Current . ........... ... i 1-37
oL Low-Level Output CUITENT . .. ... 1-37
loLs Static Low-Level Qutput CUrrent . ............ .. 1-38
VIINput VoRage . . ... o 1-38
Vo OULPUE VOIAGE . . . o oo e e e e e 1-39
AVAv Input Transition Riseor FallRate ........... ... . i 1-39
At/AVcc Power-Up RampRate . ... 1-40
Ta Operating Free-Air Temperature . ........... it 1-40

Electrical CharaCteristiCs . . .. .. ... e 1-43
V14 Positive-Going Input Threshold Level . ........ .. .. i 1-43
V1- Negative-Going Input Threshold Level . .......... ... . ... . i .. 1-43
AVT HYStEreSiS (VTa = Vo) « oot e e e e e 1-44
Vik Input Clamp Voltage . . ... 1-45
Von High-Level Output Voltage . ... 1-46
Vons Static High-Level Output Voltage . .............. ... ... i 1-46
VoL Low-Level Output Voltage . ... 1-47
VoLs Static Low-Level Output Voltage . .............. i 1-48
fron ON-State ReSIStanCe . . ... ... e 1-48
[ INPUE CUITENT . . e e e 1-48
lIg High-Level Input Current . ... ... e e 1-49
IL Low-Level Input CUrrent . ... ... . i 1-49
lithotd) INPut Hold Current . ... 1-49
IsHH Bus-Hold High Sustaining Current . ... 1-50
IgHL Bus-Hold Low Sustaining Current . .............. it 1-51
IsHHO Bus-Hold High Overdrive Current . ...t 1-51
IBHLO Bus-Hold Low Overdrive Current ............. ...t 1-51
loff INnput/Output Power-Off Leakage Current . ...t 1-51
loz Off-State (High-Impedance State) Output Current (of a 3-State Output) .......... 1-53
lozy Off-State Output Current With High-Level Voltage Applied .................... 1-53
loz Off-State Output Current With Low-Level Voltage Applied . .................... 1-54

1-6 Understanding and Interpreting Standard-Logic Data Sheets



{'f TeExAS
INSTRUMENTS SZZA036B

lozpp Power-Down Off-State (High-Impedance State)

Output Current (of a 3-State Output) . ...t e 1-54

lozpy Power-Up Off-State (High-Impedance State) Output Current
(of @a3-State OUIPUL) . .. ..ot e e 1-55
Ilcex Output High Leakage Current . .......... ...t 1-55
lcc SUPPIY CUITENTt . . 1-55
Alce SUpply-Current Change ... ..o e 1-56
Ci INpULt CapaCITANCE . . . . ..ottt e e 1-57
Cio Input/Output CapacitanCe . ... . ...ttt e e 1-57
Co Output CapacitanCe . .. ... e e 1-57
Live-Insertion Specifications . ........... . i 1-57
lcc (BIAS V) BIAS Ve CUITENt oo e 1-57
Vo Output Bias Voltage . ........... . 1-57
lo Output Bias CUITENt . ... o e e e e 1-58
TIMING REQUITEMENTS . ..o e e et e e e e e 1-58
folock CIOCK FrequenCy . ... e e 1-58
ty Pulse Duration (Width) . . ... . 1-58
tou SetUP TIME ... 1-59
th HOId Time . ... 1-59
Switching CharacteriStiCs . . .. ... .. o 1-60
fmax Maximum Clock Frequency . ........ ... . 1-60
thd Propagation Delay Time . ... ...ttt e e et et et et e 1-61
tpH Propagation Delay Time, High-Level to Low-Level Output ..................... 1-62
tp H Propagation Delay Time, Low-Level to High-Level Output ..................... 1-62
ten Enable Time (of a 3-State or Open-Collector Output) . .......................... 1-62
tpzH Enable Time (of a 3-State Output) to High Level . ........... ... ... ... ...... 1-63
tpz. Enable Time (of a 3-state Output) to Low Level .......... ... ... ... ... ...... 1-63
tgis Disable Time (of a 3-State or Open-Collector Output) . ......................... 1-63
tpHyz Disable Time (of a 3-State Output) From High Level . ......................... 1-64
tpL 7 Disable Time (of a 3-State Output) From Low Level . .......................... 1-64
trFall TIme . 1-64
B RISE TIME . . 1-64
SlEW RaAtE . .. 1-64
tsk() INPUL SKew ... ..o 1-64
tok@y LIMIt Skew . ... 1-65
tsk(o) OUPUE SKew ... ... 1-65
tsk(p) PuUlse Skew . ... ... 1-65
tsk(pr) ProCess SKew . ...... ... 1-65
NoOiSe CharacCteriStiCs . . ... .. o e e e 1-66
VoL(p) Quiet Output, Maximum Dynamic Vo . ..., 1-66
VoL (v) Quiet Output, Minimum Dynamic Vo . ..., 1-66
VoH(p) Quiet Output, Maximum Dynamic Vou . .............oooiiiiiiin . 1-67
VoH(v) Quiet Output, Minimum Dynamic Vou - .. ...ooovvivii 1-67
ViH(D) High-Level Dynamic InputVoltage ........... ... ... i, 1-67
V(D) Low-Level Dynamic Input Voltage . ... 1-67
Operating CharaCteristiCS . ... ...t e e e e et e e 1-68
Cpd Power-Dissipation Capacitance ... 1-68
Parameter Measurement Information . ............ .. 1-68
Logic CompatibDility . ... 1-68

Understanding and Interpreting Standard-Logic Data Sheets  1-7



{'.?‘ TEXAS

SZZA036B INSTRUMENTS
CONCIUSION ottt e e e 1-70
ACKNOWIEAgMENTS Lo e 1-70
R EIENCES . . 1-70

List of Figures

1. Example of Summary Device DesCription . ........... i e e 1-12
2. Example of Absolute Maximum Ratings Section . .......... .. ... i 1-13
3. Example Recommended Operating Conditions Section ............ ... ... ... 1-14
4. Example Electrical-Characteristics Section .............. i e 1-15
5. Example Live-Insertion SeCtion . ... ...t i e e 1-16
6. Example Timing-Requirements Section . ............. i e 1-16
7. Example of Switching-Characteristics Section ........... ... ... i, 1-17
8. Example Noise-Characteristics Section . ............c. i e 1-17
9. Example of Operating-Characteristics Section ..............c..i i, 1-18
10. Example Parameter Measurement Information Section . .............. ... .. .. i, 1-19
11. Device Number and Package Designators for TIDevices . ..............cciiiiiiiinn... 1-21
12. Example of Configurable Voo Devices . ... ... 1-22
13. CBT vs CBTD With Internal Diode . .. ... ... e e 1-23
14. Benefit of Using BUS-HOId DeVICES . .. ...ttt e e e e e e e 1-23
15. Series-Damping-Resistor Option . ... 1-24
16. Schottky Clamping-Diode Device Schematic ............. . ... . .. .. 1-24
17. Undershoot-Protection Circuitry in K-Option Devices . ..., 1-25
18. PU3S Circuit Implementation . .. ......... .. e 1-26
19. Example LOgIC Diagrams . ... ...t e e e 1-30
20. Representation of Typical Logic I/O Clamping Circuits . ... .. 1-32
21. High-K Thermal-Resistance Graphs for 5-, 14-, 16-, 20-, 24-, 48-, 56-, 64-,

and 80-Pin Packages . ... ... 1-41
22. HYSEErESIS: VI VS VO o ittt et e e e 1-44
23. Hysteresis: Input Voltage vs Time .. ... i e e e e 1-46
24. Possible Output-Voltage Outcome for Devices Without Hysteresis ....................... 1-46
25. Glitch-Rejection Capabilities of Devices with Hysteresis . ... .. 1-46
26. BUS-HOID CUIMTENES . ..o e e e e e e e e 1-50
27. Typical CMOS Totem-Pole Output With g ... ..o e 1-52
28. Typical CMOS Input With Bus-Hold and lgff ... ...ooiii e 1-53
29. TI Logic Device I/O Text for lozpy @nd [0ZPD « -+« v v vt 1-55
30. Example Typical AC and AHC Icc vs InputVoltage . ..., 1-56
31, PUISE DUMALION . .ottt e e e e e e e 1-59
32. Setup and HOld TimMeS . ... i e e e e 1-60
33. Output Noise CharaCteriStiCs . ... ..ot e e e e e e e 1-66
34. Logic Compatibility Between 1/OS . ... ... 1-69

1-8 Understanding and Interpreting Standard-Logic Data Sheets



{'? TEXAS

INSTRUMENTS SZZA036B
List of Tables

1. Package Alias . ... 1-27

2. FUNCtioN Table . ... 1-29

3. Key Parameters per Technology for Logic Compatibility ........... ... ... . ... 1-69

Understanding and Interpreting Standard-Logic Data Sheets  1-9



{'f TExAs
SZZA036B INSTRUMENTS

Introduction

To assist component and system-design engineers in selecting Texas Instruments (TI)
standard-logic products, this application report is a synopsis of the information available from a
typical Tl data sheet. Information includes a brief description of terms, definitions, and testing
procedures currently used for commercial and military specifications. Symbols, terms, and
definitions generally are in accordance with those currently agreed upon by the JEDEC Solid
State Technology Association for use in the USA and by the International Electrotechnical
Commission (IEC) for international use. This application report is organized into five main
sections:

1. Introduction

2. Top-Level Look at the TI Data Sheet. Overall layout and component parts of a data
sheet are explained.

3. Dissecting the Tl Logic Data Sheet. JEDEC definition, the TI definition, an explanation,
and, where possible, helpful hints are presented for each specification term commonly found
in Tl logic data sheets.

4. Logic Compatibility. Information in Tl logic data sheets for determining the interface
compatibility between different logic families is explained.

5. End matter, including the Conclusion, Acknowledgments, and References sections.

Top-Level Look at the Tl Logic Data Sheet

The Tl logic data sheet presents pertinent technical information for a particular device and is
organized for quick access. This application report dissects a typical Tl logic data sheet and
describes the organization of all data sheets.
Typically, there are ten sections in Tl logic data sheets:
1. Summary device description
Absolute maximum ratings
Recommended operating conditions
Electrical characteristics
Live-insertion specifications
Timing requirements
Switching characteristics
Noise characteristics

© 0N A WDN

Operating characteristics

=
e

Parameter measurement information
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Summary Device Description

The first section of a data sheet contains all of the general information about a device (see
Figure 1). This information includes:

1.

a s~ DN

© ©® N o

Title, literature number, and dates of origination and revision, as applicable

Description of the main features and benefits of the device, also known as features bullets
Package options and pinouts

Description

BGA packaging top-view illustration and terminal assignments table, if applicable (not
illustrated in Figure 1)

Ordering information
Function table
Logic diagram (positive logic)

Product-development-stage note

Understanding and Interpreting Standard-Logic Data Sheets 1-11
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SN74ALVC00 .
QUADRUPLE 2-INPUT POSITIVE-NAND GATE 1
SCES115D ~ JULY 1997 — REVISED MARCH 2002
@ Latch-Up Performance Exceeds 250 mA Per D, DGV, NS, OR PW PACKAGE
JESD 17 (TOP VIEW)
2 ® ESD Protection Exceeds JESD 22 il W) 1]l v,
— 2000-V Human-Body Model (A114-A) 152 1] 4§C
— 200-V Machine Model (A115-A) wils 12[] 2a 3
description 2Aflla nllay
28 [|s 10]] 3B
This quadruple 2-input positive-NAND gate is 2y [ls 9]l 3A
4 designed for 1.65-V to 3.6-V Vg operation. GND [J7 sf] 3y
The SN74ALVCQ0 performs the Boolean function

Y =AeBorY =A +Bin positive logic.

ORDERING INFORMATION

K PACKAGET PARTNUMBER |  MARKING
S0IC-D Tube SN74ALVC00D ALVC00
Tape and reel SN74ALVCO0DR 6
—40°C to 85°C SOP - NS Tape and reel SN74ALVCOONSR ALVC00
TSSOP-PW | Tape and reel SN74ALVCOOPWR VAQO
TVSOP -DGV | Tape and resl SN74ALVCOODGVR VACO
T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines

are available at www.ti.com/sc/package.

FUNCTION TABLE
(each gate)
INPUTS OUTPUT
A B Y

H H L
L X H
X L H

logic diagram, each gate (positive logic)

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Pnowcnou DATA information is current as of publication date. Copyright © 2002, Texas Instruments Incorporated
9 rm to specifications per the terms of Texas Instruments I
lhndurd mmnty. Production processing does not necessarily Include
testing of all parameters. l
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75266 : 1

Figure 1. Example of Summary Device Description
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Absolute Maximum Ratings

The absolute maximum ratings section (Figure 2) specifies the stress levels that, if exceeded,
may cause permanent damage to the device. However, 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. Also, exposure to absolute-maximum-rated
conditions for extended periods may affect device reliability.

As Figure 2 indicates, there are two absolute maximums that may be exceeded under certain
conditions. The input and output voltage ratings, V|, and Vg, may be exceeded if the input and
output maximum clamp-current ratings, Ik and Igk, are observed.

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

Supply VOHAGE range, VGG « v« v vt tetae e e et ia i ae e -05Vt04.6V
Input voltage range, Vi (see Note 1): .......ooiiiiiii i e -05Vto46V
Output voltage range, Vo (see Notes 1and2): ...........ooivniiiiiiiiiiniainns -05VtoVgg+05V
Input clamp current, [ (VI <O0): o onvinn e -50 mA
Output clamp current, Iog (VO <0): v vttt e aaaaes =50 mA
ContinuOUS OULPUL CUITENE, 10 -« v v v v ittt e e 50 mA
Continuous current through Voo OF GND: ..o e e i +100 mA
Package thermal impedance, 6, (see Note 3): Dpackage ..................coiviiiiiiinn.n, 86°C/W

DGV package ......coovviiviuiniiniiniiananns 127°C/W

NSPaCkage .. .covvoerniieiiiiiiiiiinenanens 76°C/W

PWpackage ........coevvvieinvininiincnnannns 113°C/W
Storage temperature range, Tgpg - - -« - -+« v vveerninanie e ~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 JESD51-7.

Figure 2. Example of Absolute Maximum Ratings Section

Helpful Hint:

All currents are defined with respect to conventional current flow into the respective terminal of
the integrated circuit. This means that any current that flows out of the respective terminal is
considered to be a negative quantity.

All limits are given according to the absolute-magnitude convention, with a few exceptions. In
this convention, maximum refers to the greater magnitude limit of a range of like-signed values;
if the range includes both positive and negative values, both limit values are maximums.
Minimum refers to the smaller magnitude limit of a range of like-signed values; if the range
includes both positive and negative values, the minimum is implicitly zero. The most common
exceptions to the use of the absolute magnitude convention are temperature and logic levels.
Here, zero does not represent the least-possible quantity, so the algebraic convention is
commonly accepted. In this case, maximum refers to the most-positive value.

Recommended Operating Conditions

The recommended operating conditions section of the data sheet sets the conditions over which
Texas Instruments specifies device operation (see Figure 3). These are the conditions that the
application circuit should provide to the device for it to function as intended. The limits for items
that appear in this section are used as test conditions for the limits that appear in the electrical
characteristics, timing requirements, switching characteristics, and operating conditions
sections.

Understanding and Interpreting Standard-Logic Data Sheets 1-13
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recommended operating conditions (see Note 4)
SN54LVTH16646 | SN74LVTH16646
MIN MAX MIN MAX UNIT
Vce Supply voltage 2.7 3.6 2.7 3.6 \%
VIH High-level input voltage 2 2 \%
VL Low-level input voltage 0.8 0.8 \
V| Input voltage 55 55 \%
IoH High-level output current -24 -32 mA
loL Low-level output current 48 64 mA
At/Av Input transition rise or fall rate Outputs enabled 10 10 [ ns/vV
At/AVcc ~ Power-up ramp rate 200 200 us/V
TA Operating free-air temperature -55 125 -40 85 °C

NOTE 1: All unused control 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 SCBA0O4.

Figure 3. Example Recommended Operating Conditions Section

Electrical Characteristics

The electrical characteristics over recommended free-air temperature range table, also known in
the industry as the dc table, provides the specified electrical-characteristic limits of the device

when tested under the conditions in the recommended operating conditions table, as given

specifically for each parameter (see Figure 4).

Helpful Hint:

Although some parameters, such as Cj and Cj,, can be tested with an ac signal, sometimes the

electrical characteristics table is called the dc section.
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electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

SN54LVTH16646 SN74LVTH16646
PARAMETER TEST CONDITIONS UNIT
MIN TYPT  MAX | MIN TYPT MAX
ViK Ve =27V, I =-18 mA -1.2 -12| v
Vcc=27V103.6V, Ign=-100yuA Vee-0.2 Vee-0.2
Ve =27V, IOH = -8 MA 2.4 2.4
VOH \%
IoH =24 mA 2
Vcc =3V
IoH =—-32 mA 2
loL = 100 pA 0.2 0.2
Vcc =27V
loL =24 mA 0.5 0.5
loL =16 mA 0.4 0.4
VoL \%
loL = 32 mA 0.5 0.5
Vcc=3V
loL = 48 mA 0.55
loL = 64 mA 0.55
Vcc =36V, V| =Vcc or GND +1 +1
Control inputs
Vec=00r36V, V|=55V 10 10
I V|=55V 20 20| pA
AorBportst |[Vecc=36V Vi=Vce 1 1
Vi=0 -5 -5
loff Vee =0, ViorVo=0t045V +100 | pA
V|=0.8V 75 75
Vcc =3V
lithold) | A or B ports V=2V =75 =75 HA
Vee =36 V8, Vi=0t036V +500
Vcc=0t015V,Vp=05V1to3V, "
lozpu OE = don't care +100 £1001 uA
Vcec=15V1t00,Vo=05Vto3YV, .
lozPD OE =don't care +100 +100 KA
Outputs high 0.19 0.19
Vcc =36V, Ip=0,
Icc V| = Ve or GND Outputs low 5 5 mA
Outputs disabled 0.19 0.19
Vcc=3V1t03.6V,OneinputatVee -0.6V,
q cc= , cc ,
Alec Other inputs at V¢ or GND 0.2 02 mA
Cj Vi=3Vor0 4 4 pF
Cio Vo=3Vor0 10 10 pF

* On products compliant to MIL-PRF-38535, this parameter is not production tested.
T All typical values are at Vo = 3.3V, Ta = 25°C.
¥ Unused pins at Vcc or GND

8 This is the bus-hold maximum dynamic current. It is the minimum overdrive current required to switch the input from one state to another.
T This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

Figure 4. Example Electrical-Characteristics Section

Live-Insertion Specifications

Understanding and Interpreting Standard-Logic Data Sheets

The live-insertion section of the data sheet provides information about the parameters needed
for true live insertion. These parameters include lyf, lozpu, lozpp, and BIAS V¢ for precharging
purposes. An example of a typical live-insertion section is shown in Figure 5.
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live-insertion specifications for B port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX [ UNIT
loff Vece =0, BIAS Vcc =0, ViorVo=0t0 15V 10 UA
lozPu Vcc=0to15YV, BIAS Vcc =0, Vo=05Vtol5YV, OE=0 +30 A
lozPD Vcc=15Vto0, BIAS Vcc =0, Vo=05Vtol5YV, OE =0 +30 uA

Vcc=0t03.15V 5 mA
Icc (BIAS Vo) Voe =315V 10345V BIASVcc=3.15Vt03.45V, Vo (Bport)=0to15V 10 A
Vo Vce =0, BIASVcc =33V, lop=0 095 1.05 \%
lo Vce =0, BIASVcc =3.15Vt03.45V, Vo (Bport)=0.6V -1 UA

Figure 5. Example Live-Insertion Section

Timing Requirements

The timing requirements section of the data sheet is similar to the recommended operating

conditions section (see Figure 6). These are timings that the application circuit should provide to
the device for it to function as intended. This section addresses the timing relationships between
transitions of one or more input signals that are necessary to ensure device functionality and

applies only to sequential-logic devices (e.g., flip-flops, latches, and registers).

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

noted) (see Figure 2)

SN54LVTH16646 SN74LVTH16646
Vcc =33V _ Vcc =33V _
03V Veg =27V 03y Vec =27V | UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX
fclock  Clock frequency 150 150 150 150 | MHz
tw Pulse duration, CLK high or low 3.3 3.3 3.3 3.3 ns
su A or B before CLKABT or CLKBAT Data low 5 58 5 58 ns
N Hold time' Data hlgh 0.5 0 0.5 0 ns
h A or B after CLKABT or CLKBAT Data low 05 05 05 05

Figure 6. Example Timing-Requirements Section

Switching Characteristics

The switching characteristics section of the data sheet, also known in the industry as the ac
table, includes those parameters that specify how fast the outputs will respond to signal changes
at the inputs under specified conditions of supply voltage, temperature, and load (see Figure 7).

Helpful Hint:

The switching characteristics table sometimes is called the ac section, and should not be
confused with the ac small-signal performance because switching characteristics describe the
large-signal transient response of the circuit.
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switching characteristics over recommended operating free-air temperature range, C L =50 pF
(unless otherwise noted) (see Figure 2)

SN54LVTH16646 SN74LVTH16646
FROM TO Vcc =33V _ Vcc =33V _
PARAMETER (INPUT) (OUTPUT) Y03V Ve =27V Y03V Vecc=27V UNIT
MIN  MAX MIN  MAX MIN TYPT  MAX MIN  MAX
fmax 150 150 150 150 MHz
tPLH CLKBA or 13 4.5 5 13 2.8 4.2 4.7
AorB ns
tpHL CLKAB 1.3 4.5 5 1.3 2.8 4.2 4.7
tPLH 1 3.6 4.1 1 2.4 3.4 3.9
AorB BorA ns
tPHL 1 3.6 4.1 1 2.1 3.4 3.9
tPLH 1 4.7 5.6 1 2.8 4.5 5.4
SBA or SAB¥ AorB ns
tPHL 1 4.7 5.6 1 3 4.5 5.4
tpzH - 1 4.5 5.4 1 25 4.3 5.2
OE AorB ns
tpzL 1 4.5 5.4 1 2.6 4.3 5.2
tPHZ — 2 5.8 6.3 2 4 5.6 6.1
OE AorB ns
tpLz 2 5.6 6.3 2 3.6 5.4 6.1
{ 1 4.6 5.5 1 3 4.4 5.3
Pzt DIR AorB ns
tpzL 1 4.6 5.5 1 3 4.4 5.3
tPHZ 15 6 7.1 15 3.9 5.7 6.8
DIR AorB ns
tpLz 15 5.5 6 15 3.6 5.2 5.7

T All typical values are at Vo = 3.3V, Ta = 25°C.
¥ These parameters are measured with the internal output state of the storage register opposite that of the bus input.

Figure 7. Example of Switching-Characteristics Section

Noise Characteristics

This section indicates a device’s noise performance due to power-rail and ground-rail bounce
associated with the high peak currents during dynamic switching (see Figure 8).

noise characteristics, V. cc =5V, C =50 pF, Ta = 25°C (see Note 4)

SN74AHCT16541
PARAMETER UNIT
MIN  TYP MAX
VoL(p) Quiet output, maximum dynamic VoL 0.6 \
VoL(v) Quietoutput, minimum dynamic VoL -0.3 \Y
VoH(v) Quiet output, minimum dynamic VoH 4.6 \
VIH(D) High-level dynamic input voltage 2 \%
ViL(D) Low-level dynamic input voltage 0.8 \

NOTE 2: Characteristics are for surface-mount packages only.

Figure 8. Example Noise-Characteristics Section
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Operating Characteristics

The operating characteristics section of the data sheet includes the parameter that specifies the
power-dissipation capacitance (Cpq) in @ CMOS device (see Figure 9). For additional information
on how Cpq is measured and used to calculate total CMOS-device power consumption in the
application, refer to the Tl application report, CMOS Power Consumption and Cyq Calculation,

literature number SCAAO035.

operating characteristics, T p = 25°C

PARAMETER TEST CONDITIONS

Vcc =18V

Vcc =25V

Vcc =33V

TYP

TYP

TYP

UNIT

de Power dissipation capacitance per gate C_L=0, f=10 MHz

20

21

23

pF

Figure 9. Example of Operating-Characteristics Section

Parameter Measurement Information

The parameter measurement information section of the data sheet illustrates the test loads and
waveforms that are used when testing the device (see Figure 10).
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PARAMETER MEASUREMENT INFORMATION

st O VLOAD
From Output R © Open TEST st
Under Test GND tod Open
CL AL tpLz/tpzL | VLOAD
(see Note A) I tpHZ/tPZH GND
LOAD CIRCUIT
'/ INPUT V| V C R Vv
cC Vi it M LOAD L L A
18V+0.15V Vee <2ns Vee/2 |2xVge | 30pF° 1kQ | 0.16V
25+02V Ve <2ns | Vec/2 |2xVgc | 30pF | 500Q | 0.5V
27V 27V <25ns 15V eV 50 pF 500 Q 03V
33V+03V 27V <25ns 1.5V 6V 50 pF 500 Q o3V
o
Vi
Vi Input X XV
Timing va P! M M ov
Input l ov
VOLTAGE WAVEFORMS
| tsu th | PULSE DURATION
vi Out
Data put
Input X"M XVM Control v ; vi
ov (low-level M M
VOLTAGE WAVEFORMS enabling) | 1 ov
AND
SETUP HOLD TIMES pzL _,{ }‘_ _Jl r_ Lz
Output | VLOAD/2
————— Vi Waveform 1 I Yy i ' LOAD
Input VM Vm S1atVLoaD | M VoL +Va
‘ : ov (see Note B) i ] l___—
tpLH—te—>l l—>— tpHL PzH ¥ %“ e tpHz
| | Vou Output ————VOH
Waveform 2 VOH -V,
Output Vm v o1 at GND VM OH—¥A
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, Zo =50 Q.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpHz are the same as tgjs.
F. tpzi and tpzH are the same as tgp.
G. tpH and tpH)_ are the same as tpg.
H. All parameters and waveforms are not applicable to all devices.
Figure 10. Example Parameter Measurement Information Section
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Dissecting the Tl Logic Data Sheet
In the following paragraphs, the Tl logic data sheet is dissected, and every section and

specification is explained in detail.

Summary Device Description

Title, Literature Number, and Dates of Origination and Revision

The device number and title appear at the top of every page. The device number is the number
of the parent device. The fully qualified part number for a specific device can be found in the
Orderable Part Number table. Figure 11 is a chart to help decode information in the TI
logic-device part number.

The literature number is a unique identifier used by TI to identify, store, and retrieve a data sheet
in internal files.

The month and year of origination is the first date of publication of the data sheet. If a data sheet
is modified, the revision date (month and year) is added. If there are multiple revisions, only the
latest revision date appears.
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Example: @@@M@Q@M@m

1 Standard Prefix

Examples:

SN - Standard Prefix
SNJ - Conforms to MIL-PRF-38535 (QML)

2 Temperature Range

Examples: 54 — Military
74 - Commercial
3 Family
Examples: Blank = Transistor-Transistor Logic (TTL)

ABT - Advanced BiCMOS Technology

ABTE/ETL - 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

ALVT - Advanced Low-Voltage BICMOS Technology

AS - Advanced Schottky Logic

AUC - Advanced Ultra Low-Voltage CMOS Logic

AVC - Advanced Very Low-Voltage CMOS Logic

BCT - BiCMOS Bus-Interface Technology

CBT - Crossbar Technology

CBTLV - Low-Voltage Crossbar Technology

CD4000 — CMOS B-Series Integrated Circuits

F - F Logic

FB — Backplane Transceiver Logic/Futurebus+

FCT - Fast CMOS TTL Logic

GTL - Gunning Transceiver Logic

GTLP - Gunning Transceiver Logic Plus

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

PCA/PCF - 12C Inter-Integrated Circuit Applications

S - Schottky Logic

SSTL/SSTV - Stub Series-Terminated Logic

TVC - Translation Voltage Clamp Logic

VME - VERSAmodule Eurocard Bus Technology

4 Special Features

Examples:

Blank = No Special Features

C - Configurable Vcc (LVCC)

D - Level-Shifting Diode (CBTD)

H - Bus Hold (ALVCH)

K = Undershoot-Protection Circuitry (CBTK)

R - Damping Resistor on Inputs/Outputs (LVCR)
S - Schottky Clamping Diode (CBTS)

Z - Power-Up 3-State (LVCZ)

5 Bit Width

Examples:

Blank = Gates, MSI, and Octals
1G - Single Gate

2G - Dual Gate

3G - Triple 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

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

DB, DBQ, DCT, DL - Shrink Small-Outline Package
(SSOP)

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

DBQ - Quarter-Size Small-Outline Package (QSOP)

DBV, DCK, DCY, PK - Small-Outline Transistor (SOT)

DCU - Very Thin Shrink Small-Outline Package (VSSOP)

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

FN - Plastic Leaded Chip Carrier (PLCC)

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

GQL, GON, ZQL, ZQN - MicroStar Jr.™
Very-Thin-Profile Fine-Pitch Ball Grid Array (VFBGA)

N, NT, P - 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)

PZA - Low-Profile Quad Flatpack (LQFP)

RGY - Quad Flatpack No Lead (QFN)

YEA, YZA - NanoStar™ and NanoFree™

Die-Size Ball Grid Array (DSBGAT
FK - Leadless Ceramic Chip Carrier (LCCC)

GB - Ceramic Pin Grid Array (CPGA)

HFP, HS, HT, HV - Ceramic Quad Flatpack (CQFP)
J, JT — Ceramic Dual-In-Line Package (CDIP)

W, WA, WD - Ceramic Flatpack (CFP)

Military:

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.

Old Nomenclature — SN74LVTxxxDBLE

New Nomenclature — SN74LVTxxxADBR

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

Examples:

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

T DSBGA is the JEDEC reference for wafer chip scale package (WCSP).

Figure 11. Device Number and Package Designators for Tl Devices
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Special features of Tl standard logic devices are designated in the device number by
abbreviations, as listed below and defined in the following paragraphs.

Blank — No special features

C - Configurable V¢

D - Level-shifting diode

H — Bus hold

K — Undershoot-protection circuitry

R — Damping resistor on inputs/outputs

S - Schottky clamping diode

Z — Power-up 3-state

Configurable V ¢¢c (C)

Configurable V¢ is a feature of devices that are designed as dual-supply level shifters, e.g.,
SN74LVCC3245 and SN74LVCC4245. Using these devices allows selection of the voltage to be
applied to V¢ on the B-port side (Vccg) and/or A-port side (Vcca) (see Figure 12).

'4245 Pinning '245 Pinning
U
Veea Vces 'LVCC3245
DIR U Y[l Vecg— < ’Lvcca24s
Al I OE No Internal Connection
N
. ] B1
° ] L[]
° a2 I
° ] (]
[ ] ] [ ]
° ] (]
° ] L]
GND °
GND ] GND
Vcca VceB TRANSLATION
A PORT B PORT (BIDIRECTIONAL FLOW)
SN74LVCC3245A 2.3V-3.6V 3V-55V 25Vto3.3Vor33Vto5V
SN74LVCC4245A 5V 3V-5V 5Vto33V

Figure 12. Example of Configurable V. ¢ Devices

Designers can use these devices in existing single-voltage systems. When systems become
mixed-voltage systems, these devices do not need to be replaced, allowing for quicker time to

market.

Level-Shifting Diode (D)

Devices with D as part of the device number have an integrated diode in the V¢ line. Examples
are crossbar switches SN74CBTD3306 (with the integrated diode) and SN74CBT3306 (without
the integrated diode). These devices allow 5-V to 3.3-V translation if no drive is required.
Bidirectional data transmission is allowed between 5-V TTL and 3.3-V LVTTL, whereas only
unidirectional level translation is allowed from 5-V CMOS to 3.3-V LVTTL (see Figure 13). The
integrated diode saves designers both board space and component cost.
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Vcc =5V

S3s?;e\r/n >V
B ﬁ c - ASIC
- DSP ~RAM

4 5-Vto 3-V Translation

//’ SN74CBT

4
/| __—— SN74CBTD
Vi

w

/

Vo-V
N

v

V|-V

Figure 13. CBT vs CBTD With Internal Diode

Bus-Hold (H)

A bus-hold circuit is implemented in selected logic families to help solve the floating-input
problem inherent in all CMOS inputs (refer to the application report, Implications of Slow or
Floating CMOS Inputs, literature number SCBA004). The bus-hold circuit maintains the last
known input state into the device and, as an additional benefit, pullup or pulldown resistors no
longer are needed (see Figure 14). The advantages of devices with this circuit are board-space
savings and reduced component costs.

V,
cc Device

Input
Bus

> Quom
Bus

Figure 14. Benefit of Using Bus-Hold Devices
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Damping Resistor on Inputs/Outputs (R)

Series damping resistors (SDR), denoted by R in the device number, are included at all
input/output and output ports of designated devices (see Figure 15). The SDRs limit the current,
thereby reducing signal undershoot and overshoot noise. Additionally, SDRs make line
termination easier, which improves signal quality by reducing ringing and line reflections.

Vce

_—v _d SDR

From Internal Output

Logic Circuitry
\‘_'

Figure 15. Series-Damping-Resistor Option
Schottky Clamping Diode (S)
Schottky diodes are incorporated in inputs and outputs to clamp undershoot (see Figure 16).

The Schottky diodes prevent undershoot signals from dropping below a specified level, reducing
the possibility of damage to connected devices by large undershoots that can occur without the

Schottky diodes.
1A % % 1B

>

Figure 16. Schottky Clamping-Diode Device Schematic

Undershoot-Protection Circuitry (K)

Tl undershoot-protection circuitry (UPC) functions similarly to Schottky clamping diodes, with
one major difference. UPC is an active clamping structure. UPC can greatly reduce undershoot
voltage, increasing protection from corrupted data (see Figure 17).
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Figure 17. Undershoot-Protection Circuitry in K-Option Devices

Power-Up 3-State (2)

The power-up 3-state (PU3S) feature ensures valid output levels during power up and ensures
the valid high-impedance state during power down. The output enable pin (OE) must be tied
high (to V) through an external pullup resistor (see Figure 18). For more information, see
lozpp and lpzpy specifications in the electrical characteristics section.
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r—————————— A
I [
Vee | PU3S I
I | |
I OE I
OE | Control I
| I
I I

I Output [——
|
I, J

Figure 18. PU3S Circuit Implementation

Features Bullets

The features bullets section highlights information about the salient functions, features, and
benefits of the device. Some features bullets provide an indication of functionality and
application of the device, such as “Eight D-type Flip-Flops in a Single Package”, “3-State
Outputs”, “Carry Output for N-bit Cascading” (for a binary counter), “Performs Parallel-to-Serial
Conversion”, or “Bidirectional Interface Between GTLP Signal Levels and LVTTL Logic Levels”.
Some data sheets contain electrostatic discharge (ESD) or latch-up test results and the
associated JEDEC test conditions. The following are explanations of some common features
bullets.

Flow-Through Architecture Optimizes PCB Layout

The data inputs and corresponding outputs are on opposite sides of the package. This
feature makes printed circuit board trace routing easier.

Bus-Hold on Data Inputs Eliminates the Need for External Pullup/Pulldown Resistors

Active bus-hold circuitry holds unused or undriven inputs at a valid logic state. Use of pullup
or pulldown resistors with the bus-hold circuitry is not recommended. For more information
on bus hold refer to the Tl application report, Bus-Hold Circuit, literature number SCLAO015.

loff Supports Partial-Power-Down Mode Operation

This device is fully specified for partial-power-down applications using lof. The lgff Circuitry
disables the outputs, preventing damaging current backflow through the device when it is
powered down.

loff and Power-Up 3-State Support Hot Insertion

This device is fully specified for hot-insertion applications using Iy and power-up 3-state.
The I circuitry disables the outputs, preventing damaging current backflow through the
device when it is powered down. The power-up 3-state circuitry places the outputs in the
high-impedance state during power up and power down, which prevents driver conflict.

loff, Power-up 3-State, and BIAS V¢ Support Live Insertion

This device is fully specified for live-insertion applications using lf, power-up 3-state, and
BIAS V. The I circuitry disables the outputs, preventing damaging current backflow
through the device when it is powered down. The power-up 3-state circuitry places the
outputs in the high-impedance state during power up and power down, which prevents driver
conflict. The BIAS V¢ circuitry precharges and preconditions the input/output connections
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on a device port, preventing disturbance of active data on the bus during card insertion or
removal and permits true live-insertion capability.

Package Options and Pinouts

This section contains a top-view illustration of the leaded-package pinout(s) and a bottom view
of certain nonleaded packages. Package dimensions and other package information is available
in the mechanical data section of the Semiconductor Group Packaging Outlines Reference
Guide, literature number SSYUOOL.

Description

The description section contains a written detailed explanation of the functionality and features
of the device.

BGA Packaging Top-View lllustrations and Pin-Assignments Table

This section contains the top-view illustrations and pin assignments for applicable BGA package
types.

Ordering Information

A table is provided that gives the fully qualified orderable part number and topside symbolization
for every package option of the device.

Tl has converted to an advanced order-entry system that provides significant improvements to
all facets of Tl business, from production, to order entry, to logistics. One requirement is a
limitation of Tl part numbers to no more than 18 characters. Based on customer inputs, Tl
determined that the least-disruptive implementations would be as outlined below:

1. Package alias
Tl uses an alias to denote specific packages for device numbers that exceed 18 characters.
Table 1 shows a mapping of package codes to an alias representation.

Table 1. Package Alias

PACKAGE CODE ALAS
DL L
DGG/DBB G
DGV \
GKE/GKF/GQL K
DLR LR - tape/reel packing
DGGR/DBBR GR - tape/reel packing
DGVR VR - tape/reel packing
GKER/GKFR/GQLR | KR - tape/reel packing

Current: SN74 ALVCH 162269A DGGR
New: SN74 ALVCH 162269A GR
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2. Resistor-option nomenclature

For device numbers of more than 18 characters and with input and output resistors, Tl has
adopted a simplified nomenclature to designate the resistor option. This eliminates 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 ALVCH R 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 given in Table 1.

Function Table

The function table illustrates the expected logic values on the outputs, when the inputs have the
given stimuli applied.

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

H = high level (steady state)
L = low level (steady state)
T = transition from low to high level
d = transition from high to low level
— = value/level or resulting value/level is routed to indicated destination
' = value/level is re-entered
X = irrelevant (any input, including transitions)
Z = off (high-impedance) state of a 3-state output
a...h = thelevel of steady-state inputs A through H, respectively
Qo = level of Q before the indicated steady-state input conditions were established
Qo = complement of Qg or level of Q before the indicated steady-state input
conditions were established
Qn = level of Q before the most-recent active transition indicated by | or T
I = one high-level pulse
1 = one low-level pulse
Toggle = each output changes to the complement of its previous level on each active

transition indicated by | or T

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

In the input columns, if a row contains H, L, and/or X, together with T and/or |, the output is valid
when the input configuration is achieved, but the transition(s) must occur after steady-state
levels are attained. If the output is shown as a level (H, L, Qq, or Qg), it persists as 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, '+, or ™, the pulse follows the indicated
input transition and persists for an interval that is dependent on the circuit.

1-28 Understanding and Interpreting Standard-Logic Data Sheets



{'f TeExAS
INSTRUMENTS SZZA036B

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, and more. Table 2 is the function table of a 4-bit
bidirectional universal shift register.

Table 2. Function Table

INPUTS OUTPUTS
MODE SERIAL PARALLEL

CLEAR "s1 50 | 9K "t RGHT| A B € o0 | @A @@ Q¢ Q0
L X X X X X X X X X L L L L
H X X L X X X X X X | Qa0 QBo Qco Qpo
H H H ) 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 Qpn 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 QBo Qco Qpo

The first row of the table represents a synchronous clearing of the register and states that, if
clear is low, all four outputs will be reset low, regardless of the other inputs, which are denoted
by X. In the following rows, clear is inactive (high); therefore, it has no effect.

The second row shows that, as 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. Because, on other rows of the table
only the rising transition of the clock is shown to be active, the second row 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 row of the table represents synchronous parallel loading of the register and states 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 rows 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 Qp is
now at Qp, the previous levels of Qg and Q¢ are now at Q¢ and Qp, respectively, and the data
previously at Qp no longer is 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 rows 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 Q¢ and Qp now are at Qg and Qc, respectively, and the data
previously at Qa no longer is 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 row shows that, as long as both inputs are low, no other input has any effect and, as in
the second row, the outputs maintain the levels they assumed before the steady-state
combination of clear high and both mode inputs low was established.
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The function table functional tests do not reflect all possible combinations or sequential modes.

Logic Diagram

The logic diagram is a positive-logic illustration of the Boolean functionality of the device.
Furthermore, in some logic-device data sheets that have wide identical configurations, such as a
16-bit or a 32-bit device, the logic diagram often is shown in partial format that includes the
unique circuitry and only one of the data paths.

For D-type flip-flops and latches, it is Tl convention 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 placed 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 Figure 19.
Also shown, are corresponding changes in the graphical symbols. Arbitrary pin numbers are
shown.

1 1
PRE S CLR R 5 _
2 Q 2 Q
C C1 C C1
3 - 3
D 1D _ D 1D 6
— 4 Q 4
CLR R PRE S Q
Latch Latch
I 1 — 1
PRE S CLR R 5 _
2 Q 2 Q
CLK > C1 CLK > C1
3 - 3
D 1D — D 1D 6
4 Q 4 Q
CLR R PRE S
Flip-Flop Flip-Flop

Figure 19. Example Logic Diagrams

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 still are 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.

1-30 Understanding and Interpreting Standard-Logic Data Sheets



{'f TeExAS
INSTRUMENTS SZZA036B

Product Development Stage Note

The product development stage note is a standard disclaimer placed at the lower left corner of
the first page of data sheets, and the words ADVANCED INFORMATION or PRODUCT
PREVIEW, as applicable, appear in the left and right margins of all pages of the data sheet.
There is only the product development stage note on the first page for production-data devices.
For additional information, see the EIA/JJEDEC engineering publication, Suggested
Product-Documentation Classifications and Disclaimers, JEP103A.

Absolute Maximum Ratings

Supply Voltage, V cc

This is the maximum voltage that can be applied safely to the V¢ terminal, with respect to the
ground of the device. However, no data-sheet parameters are ensured when a device is
operated at the absolute maximum V¢ level.

Input Voltage, V |

This is the maximum voltage that can be applied safely to an input terminal, with respect to the
ground of the device. This maximum V| specification may be exceeded if the output clamp
rating, ||k, is observed.

Helpful Hint:

If there are clamp diodes between the device inputs and the V¢ supply (see Figure 20) for ESD
protection or overshoot clamping, the positive absolute-maximum rating for the input voltage is
specified as V¢ + 0.5 V. Keeping the applied input voltage less than 0.5 V above V¢ ensures
that there will not be enough voltage across the clamp diode to forward-bias it and cause current
to flow through it. The Tl logic families with clamp diodes in the inputs are: AC, ACT, AHC,
AHCT, ALB, ALS, ALVC, AS, F, (CD)FCT, HC, HCT, HSTL, LS, PCA, PCF, S, SSTL, and TTL.

If there are no clamp diodes between the device inputs and the V¢ supply, the positive absolute
maximum rating is a limitation of the process technology and is specified as an absolute voltage
(e.g., 5.5 V). The Tl logic families without clamp diodes in the inputs are: ABT, ABTE, ALS,
ALVT, AUC, AVC, BCT, FB, GTLP, GTL, LS, LV, LVC, LVCZ, LVT, (CY)FCT, SSTV, and VME.

You may exceed the negative input-voltage rating if you ensure that you are not putting too
much current through the ground-clamp diode. The ||k absolute maximum rating specifies the
maximum current that may be put through the ground-clamp diode.
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Power Power

Clamp —\‘ T ‘/— Clamp

Input Logic —— Output

Ground aﬂ '\_ Ground

Clamp Clamp
GND

Figure 20. Representation of Typical Logic I/O Clamping Circuits

Output Voltage, V o

This is the maximum voltage that can be applied safely to an output terminal, with respect to the
ground of the device.

Helpful Hint:

If there are clamp diodes between the device outputs and the V¢ supply (see Figure 20) for
ESD protection or parasitic current paths in the output p-channel pullup transistor, the positive
absolute maximum rating for the output voltage is specified as Vcc + 0.5 V. This ensures that
there will not be enough voltage applied between the output and V¢ to forward bias the clamp
diode and cause current to flow. You may exceed the negative rating if you ensure that you are
not putting too much current through the ground-clamp diode. The maximum current that you
may put through the ground-clamp diode is specified in the Igk absolute maximum rating.

If there are no clamp diodes or parasitic current paths in the output p-channel pullup transistor
between the device outputs and the V¢ supply, the positive absolute maximum rating is a
limitation of the process technology and is specified as an absolute voltage.

Voltage Range Applied to Any Output in the High-Impedance or Power-Off State, V o)

This specification is similar to the Output Voltage, Vo specification and is used with the Voltage
Range Applied to Any Output in the High State, Vo specification. On devices with the |¢ feature,
there are no clamp diodes or parasitic current paths in the output p-channel pullup transistor
between the device outputs and the V¢ supply; the positive absolute-maximum rating is a
limitation of the process technology and is specified as an absolute voltage. You may exceed the
negative rating if you ensure that you are not putting too much current through the ground-clamp
diode. The maximum current that you may put through the ground-clamp diode is specified in
the Ipk absolute-maximum rating.

Helpful Hint:

This specification is necessary only for devices with the |4 feature.
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Voltage Range Applied to Any Output in the High State, V.

This specification is similar to the Output Voltage, Vg specification and is used with the Voltage
Range Applied to Any Output in the High-Impedance or Power-Off State, Vo specification. When
the output is enabled and is in the output high state, there is a current path between the output
and V¢ through the output p-channel pullup transistor. Applying a voltage to the output that is
greater than the V¢ voltage causes damaging current to flow back from the output into the Ve
supply. You may exceed the negative rating if you ensure that you are not putting too much
current through the power-clamp diode. The Igk absolute-maximum rating specifies the
maximum current that you may put through the ground-clamp diode.

Helpful Hint:
This specification is necessary only for devices with the ¢ feature.

Input Clamp Current, | |

This is the maximum current that can flow safely into an input terminal of the device at voltages
above or below the normal operating range.

Helpful Hint:

If there are clamp diodes between the device inputs and the V¢ supply (see Figure 20), for
ESD protection or overshoot clamping, there will be both a positive and negative absolute
maximum rating for the input clamp current. If there is only a negative absolute maximum rating,
that implies that there is only a ground-clamp diode at the input, not a power-clamp diode.

Output Clamp Current, | ok

This is the maximum current that can flow safely into an output terminal of the device at voltages
above or below the normal operating range.

Helpful Hint:

If there are clamp diodes between the device outputs and the V¢ supply (see Figure 20), for
ESD protection or parasitic current paths in the output p-channel pullup transistor, there will be
both a positive and a negative absolute-maximum rating for the output clamp current. If there is
only a negative absolute-maximum rating, that implies that there is only a ground-clamp diode at
the output, not a power-clamp diode or a parasitic current path in the output p-channel pullup
transistor.

Continuous Output Current, | ¢

This is the maximum output source or sink current that can flow safely into an output terminal of
the device at voltages within the normal operating range.

Continuous Current Through V. cc or GND Terminals

This is the maximum current that can flow safely into the Vcc or GND terminals of the integrated
circuit.

Package Thermal Impedance, Junction-to-Ambient, CATN

This is the thermal resistance from the operating portion of a semiconductor device to a natural
convection (still air) environment surrounding the device. Tested per JEDEC Standard
JESD51-3. For additional information, refer to the Tl Application Report; Thermal Characteristics
of Standard Linear and Logic (SLL) Packages and Devices, literature number SCZAQ05.
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Storage Temperature Range, T stg
This is the range of temperatures over which a device can be stored without causing excessive
degradation of its performance characteristics.

Recommended Operating Conditions
Vcc Supply Voltage
JEDEC - The supply voltage applied to a circuit connected to the reference terminal.

Tl — The range of supply voltages for which operation of the logic element is specified.

The example in Figure 3 lists 2.7 V as the minimum V. No electrical or switching characteristic
is specified for V¢ less than 2.7 V. Operation outside of the minimum and maximum values is
not recommended, and a previously established logic state might not be maintained under such
conditions.

Helpful Hint:

Frequently, Tl receives requests from customers wanting assurance that Tl logic devices will
operate properly outside of specified conditions. The logic device may, indeed, perform
flawlessly in the application posed by the customer, but Tl does not represent that the device will
provide the same level of reliability and performance when operated outside of specified
conditions.

BIAS V¢ Bias Supply Voltage
JEDEC - no definition offered

Tl — A supply voltage used in generating a precharge voltage that is applied to an 1/O for
live-insertion purposes.

Power sequencing is critical in live-insertion applications. Therefore, care must be taken with
the timing of application of BIAS V¢, Ve, ground, and data input voltages during an insertion
or extraction of a daughter card implementing a device with this capability (see the application
report, Logic in Live-Insertion Applications With a Focus on GTLP, literature number SCEA026).

Helpful Hint:

Texas Instruments offers only three technologies with true live-insertion capabilities: FB, GTLP,
and VME.

V1 Termination Voltage
JEDEC — no definition offered

Tl — A supply voltage used to terminate a bus (most commonly used in open-drain devices) and
in generating a reference voltage for differential inputs.

Because open-drain devices such as GTLP and FB cannot raise the output voltage to a high
state by their own accord, external resistors, which are tied to an external termination voltage,
are used.
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Helpful Hint:

V11 determines the high-level voltage value and, since most open-drain technologies can
tolerate a wide range of voltage levels, open-drain devices are used quite often in
voltage-translation applications.

Vet Reference Voltage

JEDEC — A power supply that acts as a reference for determining internal threshold voltages,
but does not supply any substantial power to the device.

Tl — A reference bias voltage used to set the switching threshold of differential input devices.

ViH High-Level Input Voltage

JEDEC - V|4 min is the least positive (most negative) value of high-level input voltage for which
operation of the logic element within specification limits is to be expected. V|4 max is the most
positive (least negative) value of high-level input voltage for which operation of the logic element
within specification limits is to be expected.

Tl — An input voltage within the more positive (the 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.

A voltage within this range corresponds to the logic-1 state in positive logic. During device
testing, V|4 min is specified for all inputs. Since V| min is used to set up Von, VoL, lozH, and
loz\ tests, all possible combinations of input thresholds may not be verified. The nondata inputs
(e.g., direction, clear, enable, and preset) may be considered unused inputs and may not be at
threshold conditions. These inputs control functions that can cause all the outputs to switch
simultaneously. The noise that can be generated by switching a majority of the outputs at one
time can cause significant tester ground and Vcc movement. This can result in false test
measurements.

Helpful Hint:

Some bipolar-input devices sink a certain amount of current into the input pin, as specified on
the data sheet. The higher the V|4 voltage is, the more current that will be drawn into the input
pin. CMOS-input devices behave in a different manner because, in most cases, the input pin
essentially is tied directly to the high-impedance gate of an input inverter. In a static dc state, a
CMOS input sinks or sources only a minute amount of leakage current (a few pA). However, it is
imperative that for any logic device, but especially for a CMOS input, the input high logic level
always be above the recommended V|4 min. Failure to do this causes a surge of current to flow
through the input inverter from the V¢ supply to ground and, subsequently, may destroy the
device.

Helpful Hint:

TI data sheets do not specify a V|q max that typically is found in competitor data sheets. Instead,
see V| max for the same value.
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Helpful Hint:

Failure to supply a voltage to the input of a CMOS device that meets the V|4 or V.
recommended operating conditions can cause: (1) propagation of incorrect logic states, (2) high
Icc currents, (3) high input noise gain and oscillations, (4) power- and ground-rail surge currents
and noise, and (5) catastrophic device and circuit failure.

Helpful Hint:

A device with an input V| =2 V and a V)= 0.8 V has a TTL-compatible input. A device with the
input levels scaled with respect to Vcc (e.9., Vi = 0.7 x Ve, V)L = 0.3 x V) has CMOS inputs.

VL Low-level Input Voltage

JEDEC — V| min is the least-positive (most negative) value of low-level input voltage for which
operation of the logic element within specification limits is to be expected. V|_max is the most
positive (least negative) value of low-level input voltage for which operation of the logic element
within specification limits is to be expected.

Tl — 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.

A voltage within this range corresponds to the logic-0 state in positive logic. During device
testing, V| max is specified for all inputs. Since V|_max is used to set up VoH, VoL, lozH, and
loz| tests, all possible combinations of input thresholds may not be verified. The nondata inputs
(e.g., direction, clear, enable, and preset) may be considered unused inputs and may not be at
threshold conditions. These inputs control functions that can cause all the outputs to switch
simultaneously. The noise that can be generated by switching a majority of the outputs at one
time can cause significant tester ground and V¢ changes. This can result in false test
measurements.

Helpful Hint:

Most bipolar-input devices source a certain amount of current out of the input pin, as specified
on the data sheet. The lower the V,_voltage is, the more current that will be drawn out of the
input pin. CMOS-input devices behave in a different manner because, in most cases, the input
pin essentially is tied directly to the gate of an input inverter. In a static dc state, a CMOS input
sinks or sources only a minute amount of leakage current (a few uA). However, it is imperative
that for any logic device, but especially for a CMOS input, the input low logic level always be
below the recommended V,_max. Failure to do this will cause a surge of current to flow through
the input inverter from the V¢ supply to ground and, subsequently, may destroy the device.

Helpful Hint:

Tl data sheets do not specify a V| min that typically is found in competitor data sheets. Instead,
see V| min for the same value.

Helpful Hint:

Failure to supply a voltage to the input of a CMOS device that meets the V|4 or V.
recommended operating conditions can cause: (1) propagation of incorrect logic states, (2) high
Icc currents, (3) high input noise gain and oscillations, (4) power- and ground-rail surge currents
and noise, and (5) catastrophic device and circuit failure.
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Helpful Hint:

A device with an input V| =2 V and a V|_= 0.8 V has a TTL-compatible input. A device with the
input levels scaled with respect to Ve (e.9., V|4 = 0.7 X Ve, VL = 0.3 x V) has CMOS inputs.

lon High-Level Output Current

JEDEC - The current into the output terminal with input conditions applied that, according to the
product specification, establishes a high level at the output.

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

TI data sheets specify currents flowing out of a device as a negative value. Igy max is used as a
test condition for Voy. See Vgy testing for further details.

Logic output drivers have a maximum current drive capability that they can source and still be
able to sustain a valid logic-high level. In a static dc state, where current is drawn continuously
from the output, because CMOS drivers operate in the linear region, their behavior is somewhat
like a low-impedance resistor and increases in voltage potential (i.e., decreases the Vgon level)
as the increasing current is sourced out of the output pin during a Von test. Consequently, a Tl
logic device operates with a high-level output current that is above the recommended operating
range (but below the absolute maximum rating), but Tl does NOT represent that the device can
sustain the specified Vop level or that the device will operate without any reliability concerns.

loHs Static High-Level Output Current
JEDEC — no definition offered

Tl — The static and testable current into a Dynamic Output Control (DOC™ circuitry) 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 circuitry
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.

Tl data sheets specify currents flowing out of a device as a negative value.

DOC circuitry is designed to drive CMOS input devices, which are capacitive in nature, in
point-to-point applications (one receiver input per driver output). For this reason, a large static
high-level output current is not required. In this case, what matters most is the high
transient-drive capability of the output.

For additional information about DOC circuitry, refer to the TI application report, Dynamic Output
Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

loL Low-Level Output Current

JEDEC - The current into the output terminal with input conditions applied that, according to the
product specification, will establish a low level at the output.

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

Tl data sheets specify currents flowing out of a device as a negative value. Ig| maximum is used
as a test condition for Vg . See Vo _testing for details.
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Logic output drivers have a maximum current-drive capability that they can sink and still be able
to sustain a valid logic-low level. In a static dc state where current is continuously drawn into the
output, because CMOS drivers operate in the linear region, their behavior will be somewhat like
a low-impedance resistor and will increase in voltage potential (i.e., increase the Vg|_level) as
the increasing current is sunk into the output pin during a Vg|_ test. Consequently, a Tl logic
device will operate with a low-level output current that is above the recommended operating
range (but below the absolute maximum rating), but Tl does NOT represent that the device can
sustain the specified Vg level or that the device will operate without any reliability concerns.

loLs Static Low-Level Output Current
JEDEC — no definition offered

Tl — The static and testable current into a Dynamic Output Control (DOC circuitry) 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 circuitry
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.

Tl data sheets specify currents flowing out of a device as a negative value.

DOC circuitry is designed to drive CMOS input devices, which are capacitive in nature, in
point-to-point applications (one receiver input per driver output). For this reason, a large static
low-level output current is not required. What matters most in this case is the high-transient-drive
capability of the output.

For additional information about DOC circuitry, refer to the Tl application report, Dynamic Output
Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

V| Input Voltage
JEDEC - The voltage at the input terminals.
Tl — The range of input voltage levels over which the logic element is specified to operate.

V| min and V| max values are used as test conditions for the I}, Icc, Alcc, Cj, and Cj, test. See
those specifications for details.

Helpful Hint:

If there are clamp diodes between the device inputs and the V¢ supply (see Figure 20) for ESD
protection or overshoot clamping, the positive absolute maximum rating for the input voltage will
be specified as Vcc + 0.5 V. Keeping the applied input voltage less than 0.5 V above V¢
ensures that there will not be enough voltage across the clamp diode to forward bias it and
cause current to flow through it.

You may exceed the negative rating if you ensure that you are not putting too much current
through the ground-clamp diode. The maximum current that you may put through the
ground-clamp diode is specified in the ||k absolute-maximum rating.
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Helpful Hint:

This parameter provides a means to determine if the device is tolerant of a higher voltage than
the supply voltage. If the input is overvoltage tolerant, the positive maximum rating for the input
voltage will be an absolute voltage rating (e.g., 5.5 V) and will be limited by the capabilities of the
wafer-fab process. For example, the LVC technology is specified to operate at a voltage supply
no higher than 3.6 V. However, the input voltage is recommended to be 5.5 V maximum. This
indirectly states that the device is a 5-V tolerant device. The same can be said about AUC
devices because the maximum supply voltage is 2.7 V, whereas the maximum input voltage is
3.6 V, making this technology 3.3-V tolerant.

Helpful Hint:

This parameter explicitly states the recommended minimum and maximum input voltage levels
for any input. While the V| specification typically spans the range from below ground to above
Vcc, failure to supply a voltage to the input of a CMOS device that meets the V| or V,_
recommended operating conditions can cause: (1) propagation of incorrect logic states, (2) high
Icc currents, (3) high input noise gain and oscillations, (4) power- and ground-rail surge currents
and noise, and (5) catastrophic device and circuit failure.

Vo Output Voltage

JEDEC - The voltage at the output terminals.

TI — The range of output voltage levels over which the logic element is specified.

Vo min and max values are used as test conditions for Iz and lgz| . See these tests for details.
Helpful Hint:

The load at the output strictly determines the output voltage. As discussed in the Vo and Vg
descriptions, a constant dc current decreases and increases, respectively, the output voltage.
For this reason, it is not recommended to drive bipolar inputs with CMOS outputs unless the
sum of all bipolar input current is less than the rated Igy and Ig| of the CMOS output. Highly
capacitive loads, such as any CMOS type input, will not incur any static dc current, so a CMOS
output voltage should be close to the rail when asserted high or low. Capacitive loads, not the
ultimate static dc voltage level, determine the time it takes for the output to arrive at the logic
high or low state.

At/Av Input Transition Rise or Fall Rate
JEDEC - no definition offered

Tl — The rate of change of the input voltage waveform during a logic transition (low-to-high or
high-to-low).

To avoid output-waveform abnormalities, input voltage transitions should be within the range set
forth in the recommended operating conditions.

Customers often place external capacitors on a trace to ensure the driver does not switch rapidly
from one logic state to another. This is sometimes done to prevent unwanted overshoot and
undershoot voltage conditions that could cause ringing and degrade signal integrity, or in switch
debounce circuits. However, this could cause problems at the input; therefore, Tl provides input
transition rise or fall rates. The problem may not arise due to external capacitive loading,
however, but may be the result of choosing a device with a weak driver. In either case, the end
result is a voltage waveform that is too slow for the device.
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Slow transition rates wreak havoc on CMOS inputs because a slowly changing input voltage will
induce a large amount of current from the power supply to ground. This phenomenon is known
as through current. Through currents are normal ac transient currents, but when they are
sustained indefinitely—as are those caused by slow input transition rates—the device will not
perform as expected, and its output voltage may oscillate or, even worse, damage the device.
This surge of current, if large enough, will disturb the ground reference because of the inductive
nature of the package [V = L x (di/dt)] and produce a positive-going glitch on the ground
reference. The glitch may, in turn, reduce the relative magnitude, causing the output node of the
input inverter to switch states. Ultimately, this erroneous data propagates to the output of the
device, thereby causing oscillations. The more inputs that are being switched in the same
manner, the worse this condition becomes, as more current is being forced into ground during a
short time. Tl data sheets specify the slowest input transition rate to avoid this problem. For
additional information, refer to the Tl application report, Implications of Slow or Floating CMOS
Inputs, literature number SCBA004.

Helpful Hint:

If you must supply a slowly changing voltage to the input of a logic device, select a device that
has Schmitt-trigger inputs. These inputs have been specifically designed to tolerate slow edges.
An example of such a device in the LVC family is the SN74LVC14.

AYAVcc Power-up Ramp Rate
JEDEC — no definition offered

Tl — The rate of change of the supply voltage waveform during power up.

Tp Operating Free-Air Temperature
JEDEC — no definition offered
Tl — The range of operating temperatures over which the logic element is specified.

In digital-system design, consideration must be given to thermal management of components.
The small size of packages makes this more critical. Figure 21 shows the high-effect (high-K)
thermal resistance for the 5-, 14-, 16-, 20-, 24-, 48-, 56-, 64-, and 80-pin packages for various
rates of airflow calculated in accordance with JESD51-7.

The thermal resistances in Figure 21 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:

Tj=RgiaxP1+Tp

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)
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Figure 21. High-K Thermal-Resistance Graphs for 5-, 14-, 16-, 20-, 24-, 48-, 56-, 64-,
and 80-Pin Packages
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Figure 21. High-K Thermal-Resistance Graphs for 5-, 14-, 16-, 20-, 24-, 48-, 56-, 64-,
and 80-Pin Packages (Continued)
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Electrical Characteristics

V14 Positive-Going Input Threshold Level
JEDEC — The input threshold voltage when the input voltage is rising.
Tl — 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, V_.

See AVt hysteresis for further information.

V1- Negative-Going Input Threshold Level
JEDEC - The input threshold voltage when the input voltage is falling.
Tl — 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, V.

See AVt hysteresis for further information.
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AVt Hysteresis (V 1+ — V12)

JEDEC - The difference between the positive-going and negative-going input threshold
voltages.

Tl — Refer to the JEDEC definition above.

Hysteresis has been incorporated into logic devices for many years and exists in bipolar as well
as CMOS circuitry. Although the circuitry is different, the implementation is the same: the input
voltage threshold actually changes internally from one level to another, as the input logic level
itself switches. Figure 22 is the most common voltage plot for the input and output, as the input
transitions from one logic state to the other. Figure 23, however, shows V 1+ and V|T-in a

voltage vs time waveform.
A

VOH —— ——

Output Voltage
>
<
_|

_—>
Vo™ — — — — — — — ———— >

v

Input Voltage

Figure 22. Hysteresis:V |vs Vo
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Figure 23. Hysteresis: Input Voltage vs Time

The benefit of a device that has built-in dc hysteresis is that, depending on the amount of
hysteresis and the amount of noise present, the input is immune to such noise. This digital form
of filtering out unwanted noise can be beneficial in a system where noise caused by
electromagnetic interference (EMI) or crosstalk cannot be reduced. Figures 24 and 25
conceptually depict the functionality of hysteresis.
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Vik Input Clamp Voltage
JEDEC - An input voltage in a region of relatively low differential resistance that serves to limit

the voltage swing.
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Tl — The maximum voltage developed across an input diode with test current applied.
Helpful Hint:

The presence of a V| specification indicates that there is a ground-clamp diode on the input and
the V-1 characteristics of that diode in its forward-biased region are given.

Von High-Level Output Voltage

JEDEC - The voltage level at an output terminal with input conditions applied that, according to
the product specification, will establish a high level at the output.

Tl — The voltage level at an output terminal with input conditions applied that, according to the
product specification, establishes a high level at the output.

VoH is tested with input conditions that should cause the output under test to be at a high-level
voltage. The output then is forced to source the required current, as defined in the data sheet,
and the output voltage is measured. The test is passed if the voltage is greater than Vg min.
The input voltage levels used to precondition the device are V|_max and V|4 min, as defined in
the recommended operating conditions. See gy high-level output current for further information.

Helpful Hint:

Inclusion of a Vg specification with a test condition of Ioy = =100 pA is done primarily to
indicate that the device has CMOS outputs instead of bipolar (npn or pnp) drivers. Bipolar output
transistors typically are not able to swing the output voltages all the way to the power-supply ralil
or ground rail, even under no-load or lightly loaded conditions. If a device has bipolar outputs,
this test condition would not apply and is not included in the data sheet. If you see this
specification, you can safely assume the outputs to be of CMOS construction.

VoHs Static High-level Output Voltage
JEDEC — no definition offered

Tl — The static and testable voltage at a Dynamic Output Control (DOC circuitry) 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 circuitry
outputs because of its transient nature.

See Ipys static high-level output current for further information.

For additional information about DOC circuitry, refer to the Tl application report, Dynamic Output
Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

VoL Low-Level Output Voltage

JEDEC - The voltage level at an output terminal with input conditions applied that, according to
the product specification, will establish a low level at the output.

Tl — The voltage level at an output terminal with input conditions applied that, according to the
product specification, establishes a low level at the output.

VoL is tested with input conditions that should cause the output under test to be at a low level.
The output then is forced to sink the required current, as defined in the data sheet, and the
output voltage is measured. The test is passed if the voltage is less than Vo max. The input
voltage levels used to precondition the device are V| max and V|4 min, as defined in the
recommended operating conditions. See lg| low-level output current for further information.
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Helpful Hint:

Inclusion of a Vg specification with a test condition of I = 100 pA is done primarily to indicate
that the device has CMOS outputs instead of bipolar (npn or pnp) drivers. Bipolar output
transistors typically are not able to swing the output voltages all the way to the power-supply ralil
or ground rail, even under no-load or lightly loaded conditions. If the outputs were bipolar, this
test condition would not apply and is not included in the data sheet. If you see this specification,
you can safely assume the outputs to be of CMOS construction.

VoLs Static Low-Level Output Voltage
JEDEC — no definition offered

Tl — The static and testable voltage at a Dynamic Output Control (DOC circuitry) 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 circuitry
outputs because of its transient nature.

See |pg|_s static low-level output current for further information.

For additional information about DOC circuitry, refer to the Tl application report, Dynamic Output
Control (DOC™) Circuitry Technology and Applications, literature number SCEA009.

ron On-State Resistance

JEDEC - The resistance between specified terminals with input conditions applied that,
according to the product specification, will establish minimum resistance (the on-state) between
those terminals.

Tl — The resistance measured across the channel drain and source (or input and output) of a
bus-switch device.

|| Input Current
JEDEC - The current at the input terminals.

Tl — The current into an input (current into a terminal is given as a positive value).

Helpful Hint:

CMOS inputs sink or source only minute amounts of current (commonly called leakage current)
because of the behavior of standard CMOS technology, which is voltage controlled instead of
current controlled. As a result, this parameter always should have a maximum specification no
greater than a few tens of microamperes. For most bipolar inputs, which are current controlled
instead of voltage controlled, a large amount of current is normal (a few milliamperes). In fact, a
good method to determine if a device has a CMOS input is to examine its maximum input
current specification: if this current is approximately the value of leakage current, typically, this
means that it is a CMOS input.

Helpful Hint:

For the data signals of a device without bus-hold, the I} specification includes both input and
output leakage currents at the I/O pin. For devices that have bus-hold on the data signals, the |,
specification should apply only to the control inputs because the bus-hold output supplies
enough current to overcome any internal input leakage.
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An exception to this is an || specification for an overvoltage-tolerant bus-hold input with a test
condition of V| >> V. This is used to indicate that the overvoltage-tolerant bus-hold output has
a Schottky blocking diode in series with the output p-channel pullup transistor to V¢, which
prevents current from flowing from the output back into the V¢ supply. See Ijhold) and loff for
more information.

iy High-Level Input Current

JEDEC - The current into an input terminal when a specified high-level voltage is applied to that
input.

— The current into an input when a high-level voltage is applied to that input.
Helpful Hint:

li4 and Ij_typically are found only on devices with bipolar inputs that usually require a
significantly different amount of pulldown current on the input to provide a logic low, rather than
pullup current to provide a logic high. CMOS inputs usually have only leakage currents at the
inputs and use the |} parameter, but are measured at both low- and high-bias conditions.

L Low-Level Input Current

JEDEC - The current into an input terminal when a specified low-level voltage is applied to that
input.

Tl — The current out of an input when a low-level voltage is applied to that input.
Helpful Hint:

li4 and Ij_typically are found only on devices with bipolar inputs that usually require a
significantly different amount of pulldown current on the input to provide a logic low, rather than
pullup current to provide a logic high. CMOS inputs usually have only leakage currents at the
inputs and use the |} parameter.

li(holg) Input Hold Current
JEDEC — no definition offered

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

For additional information about the bus-hold feature, refer to the Tl application report, Bus-Hold
Circuit, literature number SCLAO15.

Older technologies, such as ABT, LVT, LVC and ALVC (on devices that have the H option),
specify this parameter. This parameter is measured with the minimum V¢ and an input bias
voltage that is at V|4 min and V| max of the particular input threshold. For example, the ALVC
family has a specified V|_max of 0.7 V for a Vcc ranging from 2.3 V to 2.7 V, whereas its V|4
min is 1.7 V for the same supply voltage. Within a V¢ range of 2.7 V to 3.6 V, the input
threshold for the ALVC family is V|y min =2 V and V) max = 0.8 V. Therefore, with Vcc = 2.3V,
li(hold) is measured with the input voltage set to 0.7 V and 1.7 V. With a V¢ = 2.7 V (minimum
Ve 0f 2.3V 1o 2.7 V), ljhold) is measured with the input voltage set to 0.8 V and 2.0 V. This
specification explicitly states the minimum amount of current the input structure sources or sinks,
with input voltages set to the minimum threshold requirements of the device.
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Another parameter that may be included with this I;(he|q) specification is the maximum current the
device can sink or source as the input transitions from one logic state to another. This maximum
current is the minimum amount of drive capability that must be provided by the driver that is
connected to this bus-hold input to switch the input stage to the other logic state. In newer
technologies such as AVC, the parameters Igyn, IgHL, IsHHO, and IgyLo have been defined with
their own separate specifications, but are identical in nature to those that are lumped with the
li(hold) Parameter. Figure 26 is a representation of these bus-hold current measurements.

Helpful Hint:

The ljhold) specification is not used in recent data sheets; instead, IgyH, IgHL, IBHHO, @nd IHLO
are used.
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Figure 26. Bus-Hold Currents

lsyH Bus-Hold High Sustaining Current
JEDEC — no definition offered

T1 — The bus-hold circuit can source at least the minimum high sustaining current at V4 min.
IgHH should be measured after raising the input voltage to V¢, then lowering it to Vi min.

For additional information about the bus-hold feature, refer to the Tl application report, Bus-Hold
Circuit, literature number SCLAO15. Also, see lj(holqg) input hold current for further information.
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IsHL Bus-Hold Low Sustaining Current
JEDEC — no definition offered

Tl — The bus-hold circuit can sink at least the minimum low sustaining current at V,_ max. Igy_
should be measured after lowering the input voltage to GND and raising it to V| max.

For additional information about the bus-hold feature, refer to the Tl application report, Bus-Hold
Circuit, literature number SCLAO15. Also, see lholq) input hold current for further information.

lsyHO Bus-Hold High Overdrive Current
JEDEC - no definition offered
Tl — The current that an external driver must sink to switch this node from high to low.

For additional information about the bus-hold feature, refer to the Tl application report, Bus-Hold
Circuit, literature number SCLAO15. Also, see ljholq) input hold current for further information.

lsHLO Bus-Hold Low Overdrive Current
JEDEC - no definition offered
Tl — The current that an external driver must source to switch this node from low to high.

For additional information about the bus-hold feature, refer to the Tl application report, Bus-Hold
Circuit, literature number SCLAO15. Also, see ljholq) input hold current for further information.

loff Input/Output Power-Off Leakage Current

JEDEC - The current into a circuit node when the device or a portion of the device affecting that
circuit node is in the off state.

TI — The maximum leakage current into an input or output terminal of the device, with the
specified voltage applied to the terminal and Vcc =0 V.

The lf protection circuitry ensures that no excessive current is drawn from or to an input,
output, or combined I/O that is biased to a specified voltage while the device is powered down,
and is said to support partial-power-down mode of system operation. This condition can occur
when subsections of a system are powered down (partial power down) to reduce power
consumption. The Tl logic families with the Iy feature that support partial power down are: AVC,
LV, LVC, (CY)FCT, GTL, LS, ALS, and AUC.

All TI standard logic devices with ¢ allow a maximum of approximately 100 pA to flow under
these conditions. Any current in excess of this amount (a pn junction, for example, being forward
biased) is not considered normal leakage current. Inherent in all CMOS designs are the parasitic
diodes in all n-channel and p-channel FETs, which must be properly biased to prevent unwanted
current paths. The output structure of a typical CMOS output is shown in Figure 27.
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The common cathode connection for the parasitic diodes on the p-channel MOS transistor is
called the back gate and, typically, is tied to the highest potential on the device (Vcc, in the case
of Tl logic devices). For p-channel transistors, which are directly connected to external pins, the
back gate is blocked with a diode to prevent excess currents flowing from the external pin to the
supply-voltage Vcc when the output voltage is greater than V¢ by at least 0.7 V. This blocking
diode is a subcircuit of the complete | circuitry found in several logic families, such as ABT and
LVC. The other portion of the I circuit is not shown, but is, essentially, added FET circuitry that
prevents the upper output p-channel from turning on during a partial-power-down event. The
output n-channel, however, does not pose a problem because the parasitic diode already blocks
current when the device is powered down and the output is biased high.

Figure 28 shows a typical CMOS input structure with bus-hold circuitry, which is essentially a
weak latch that holds the previous state of the input inverter. The blocking diode is, again,
required in the upper p-channel transistor that is connected to the external input pin. A
non-bus-hold device does not require a blocking diode, as there is no p-channel source or drain
connected to an external pin.
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loz Off-State (High-Impedance State) Output Current (of a 3-State Output)
JEDEC - no definition offered

Tl — 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

Tl data sheets specify currents flowing out of a device as a negative value.

The electrical characteristic, 1oz, is verified utilizing the oz and lgz|_ tests. Two tests are
required to verify the integrity of both the p- and n-channel transistors.

Helpful Hint:

For bidirectional (transceiver) devices that have bus hold on the data input/output pins, there
should not be an Iz specification because the bus-hold output supplies enough current to
overcome any internal output leakage.

An exception to this is an IgzH specification for an overvoltage-tolerant bus-hold output with a
test condition of Vg >> V. This is used to indicate that the overvoltage-tolerant bus-hold output
has a Schottky blocking diode in series with the output p-channel pullup transistor to Vo and I
circuitry, preventing the upper p-channel from turning on, which prevents current from flowing
from the output back into the Ve supply. See ljhold) and lgff for more information.

lozy Off-State Output Current With High-Level Voltage Applied
JEDEC - no definition offered

Tl — The current flowing into a 3-state output with input conditions established that, according to
the product specification, will establish the high-impedance state at the output with a high-level
voltage applied to the output.

This parameter is measured with other input conditions established that would cause the output
to be at a low level if it were enabled. o7y is tested by applying the specified voltage to the
output and measuring the current into the device with the output in the high-impedance state.
Input conditions that would establish a low level on the output if it were enabled are

V|L =V, max and V| = V|y min. Each output is tested individually. For example, the unused
inputs are at V| =0 or V| = V¢ for AC devices and V) =0 or V|q = 3 V for ACT devices,
depending on the desired state of the outputs not being tested.
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Helpful Hint:

An lpzH specification on bidirectional (transceiver) devices with bus hold on the data input/output
pins, with a test condition of Vg >> V¢, indicates that the overvoltage-tolerant bus-hold output
has a Schottky blocking diode in series with the output p-channel pullup transistor to V. This
diode prevents current flowing from the output back into the V¢ supply. See li(hold) and | for
more information.

loz Off-State Output Current With Low-Level Voltage Applied
JEDEC — no definition offered

Tl — The current flowing into a 3-state output with input conditions established that, according to
the product specification, will establish the high-impedance state at the output, with a low-level
voltage applied to the output.

This parameter is measured with other input conditions established that would cause the output
to be at a high level if it were enabled. gz is tested by applying the specified voltage to the
output and measuring the current into the device with the output in the high-impedance state.
Input conditions that would establish a high level on the output if it were enabled are

V|L = V)L max and V| = V|4 min. Each output is tested individually.

lozpp Power-Down Off-State (High-Impedance State) Output Current (of a 3-State Output)
JEDEC — no definition offered

Tl — 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 =0 V.

Tl data sheets specify currents flowing out of a device as a negative value.

Power-up 3-state (PU3S) circuitry is characterized by the parameters Igzpp and lgzpy. For
hot-insertion support, lgf, and the addition of Igzpp and Igzpy are necessary. The Tl logic
families with the l5¢ and PUS3S features that support hot insertion are: ABT (some), ALVT, BCT,
LVT, and LVCZ.

While lq¢f is tested in a steady-state dc environment, PU3S is checked dynamically by ramping
the power supply from 0 V to its maximum recommended value, then back to 0 V. The power-up
and power-down ramp rates also affect the internal circuitry, but a ramp rate faster than 20 us/V
is not recommended for GTLP devices, for example, and slower than that (~200 us/V) for older
logic technologies. This ramp rate sometimes is specified as At/AVcc in the recommended
operating conditions section of the data sheet. Because typical power supplies power up within a
few milliseconds (due, in part, to the enormous capacitance distributed throughout a PCB), the
PU3S circuit should function properly in all applications.

PU3S circuitry disables the logic device outputs at a V¢ range of 0 V to a specified
power-supply voltage trip point, regardless of the state of the output enable pin. At a certain
guard-banded voltage above this supply voltage, the device will assert a voltage at the output,
as indicated by its respective bit input-voltage logic level. This is true only if the voltage at the
input of the output-enable pin enables the outputs during normal operation of the device. If the
output is required to be in the high-impedance state while the device is being powered up or
powered down throughout the entire range, the output-enable pin must be set to disable the
output.
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The voltage-versus-time plot shown in Figure 29 demonstrates how PU3S functions. As the
device is being powered up, until it reaches the minimum V¢ supply voltage (labeled Supply
Trip Point in Figure 29), the device output remains in the high-impedance state and remains at
the pullup voltage, as defined by the load at the output. Once the internal PU3S circuitry
determines that the supply voltage is slightly above this trip point, the device resumes normal
functionality and enables the output. In this case, the input pin is such that the output goes low
when enabled. The falling edge of the power-supply voltage shows similar results: just before
Vcc reaches this trip point, the output is disabled.

For further information on power-up 3-state, refer to the Tl application report, Power-Up 3-State
(PU3S) Circuits in Tl Standard Logic Devices, literature number SZZA033.
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Figure 29. TI Logic Device I/O Text for | ozpy and lozpp

lozpy Power-Up Off-State (High-Impedance State) Output Current (of a 3-State Output)
JEDEC - no definition offered

— 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 Vcc =0 V.

See lpzpp power-down off-state output current for further information.

Tl data sheets specify currents flowing out of a device as a negative value.

Ilcex Output High Leakage Current
JEDEC — no definition offered

— The maximum leakage current into an output that is in the high state and Vg = V.

lcc Supply Current

JEDEC — IccH is the current into a supply terminal of an integrated circuit when the output is (all
outputs are) at a high-level voltage. Icc is the current into a supply terminal of an integrated
circuit when the output is (all outputs are) at a low-level voltage.
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TI — The current into the V¢ supply terminal of an integrated circuit.

This parameter is the current into the V¢ supply terminal of an integrated circuit under static
no-load conditions. Icc is tested by applying the specified V¢ level and measuring the current
into the device.

The outputs of the device are left open, while all inputs—control and data—are biased to either
Vcc or GND. For CMOS technologies, this is done to eliminate any current that may be caused
by any input conditions or output loads.

Alcc Supply-Current Change
JEDEC — no definition offered

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

If n inputs are at voltages other than 0 V or V¢, the increase in supply current will be n x Icc.
The change in supply current (Icc) is tested by applying the specified Vcc level, setting one
input lower than V¢ (for example, Vcc — 0.6 V for LVC and ALVC devices) and all other inputs
the same as the Icc test, at 0 V or V¢, then measuring the current into the device (see

Figure 30). The outputs of the device are open, as well. The Alcc specification typically is useful
only on CMOS products that are designed to be operated at 5 V or 3.3 V because its purpose is
to provide information about the supply-current performance of the CMOS device when driven
by 5-V TTL signal levels.

A
Vcc=5V
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5 ——
4
<
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0
2 41—
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| i i | 1 >
0 1 2 3 4 5
Input Voltage — V
Figure 30. Example Typical AC and AHC | ¢ vs Input Voltage
Helpful Hint:
Use the Alcc specification as a reference when driving a CMOS device input with a TTL output
driver.
Helpful Hint:

The Al specification also demonstrates the high currents that can occur if V| and Vi
recommended operating conditions are not observed.
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G Input Capacitance
JEDEC - no definition offered
Tl — The capacitance of an input terminal of the device.

This parameter is the internal capacitance encountered at an input of the device. The values that
are given are not production-tested values. Normally, they are typical values given for the benefit
of the designer. These values are established by the design, process, and package of the
device.

Cip Input/Output Capacitance
JEDEC - no definition offered

Tl — The capacitance of an input/output (1/0O) terminal of the device with the input conditions
applied that, according to the product specification, establishes the high-impedance state at the
output.

This parameter is the internal capacitance encountered at an input/output (1/0) of the device.
The values that are given are not production-tested values. Normally, they are typical values
given for the benefit of the designer. These values are established by the design, process, and
package of the device.

Co Output Capacitance
JEDEC - no definition offered

Tl — 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.

This parameter is the internal capacitance encountered at an output of the device. The values
that are given are not production-tested values. Normally, they are typical values given for the
benefit of the designer. These values are defined by the design, process, and package of the
device.

Live-Insertion Specifications

In addition to the following parameters, lof, lozpu, and lozpp are specified in the live-insertion
table because these parameters are necessary for live-insertion applications and typically are
not stated in the electrical characteristics section of the data sheet, if already mentioned in this
section.

lcc (BIAS V) BIAS Vc Current
JEDEC — no definition offered

TI — This specification defines the maximum current at the BIAS V¢ pin during the ramp up or
ramp down of the V¢ voltage.

Vo Output Bias Voltage
JEDEC — no definition offered
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Tl — This specification defines the range of voltages that will be applied to the output pin when
the device is powered down.

lo Output Bias Current
JEDEC - no definition offered

TI — This specification defines the minimum current measured at the output pin when the device
is powered down.

Timing Requirements

folock Clock Frequency
JEDEC — no definition offered

Tl — This specification defines the range of clock frequencies over which a bistable device can
be operated while maintaining stable transitions between logic levels at the outputs.

The fglock Parameter is tested by driving the clock input with a predetermined number of pulses.
The output then is checked for the correct number of output transitions corresponding to the
number of input pulses applied. The output is loaded as defined in the data-sheet specifications.
Each output is individually tested and not checked simultaneously with other recommended
operating conditions or propagation delays. For counters, shift registers, or any other devices for
which the state of the final output is dependent on the correct operation of the previous outputs,
felock Will be tested only on the final output, unless specified independently in the data sheet. Full
functionality testing is not performed during fgjgck testing or fax testing.

Helpful Hint:

The fjax and fgjock parameters are two sides of the same coin. The fggck parameter tells you, the
user, how fast you can reliably switch the input to the device. The f,5x parameter informs Tl
when to reject a device that fails to function below a minimum speed. If you are a device user,
you should simply disregard the f,5x specification and use the fq ek Specification.

Helpful Hint:

For products that are not clocked (e.g., buffers and transceivers) for which you would like to
know the maximum operating frequency, an estimate is the fg|ock Value from a comparable
clocked part. For example, an LVC16245 maximum data frequency is conservatively similar to
the LVC16374 maximum clock frequency. However, this is highly dependent upon load, and is a
rule-of-thumb only.

ty Pulse Duration (Width)

JEDEC - The time interval between the specified reference points on the two transitions of the
pulse waveform.

Tl — The time interval between specified reference points on the leading and trailing edges of the
pulse waveform.

A minimum value is specified that is the shortest interval for which correct operation of the digital
circuit is specified (see Figure 31). Pulse duration is tested by applying a pulse to the specified
input for a time period equal to the minimum specified in the data sheet. The device passes if
the outputs switch to their expected logic levels and fails if they do not. Pulse-duration times are
not checked simultaneously with other inputs or other recommended operating conditions.
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Figure 31. Pulse Duration

tsy Setup Time

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

Tl — The time interval between the application of a signal that is maintained at a specified input
terminal and a consecutive active transition at another specified input terminal.

NOTE: 1. The setup time is the 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.

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

Setup time is tested by switching an input to a fixed logic level at a specified time before the
transition of the other input (see Figure 32). The device passes if the outputs switch to their
expected logic levels and fails if they do not. Setup times are not checked simultaneously with
other inputs or other recommended operating conditions. For additional information about setup
time, refer to the Tl application report, Metastable Response in 5-V Logic Circuits, literature
number SDYAOQ06.

tn, Hold Time

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

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

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

Hold time is tested by holding an input at a fixed logic level for the specified time after the
transition of the other input (see Figure 32). The device passes if the outputs switch to their
expected logic levels and fails if they do not. Hold times are not checked simultaneously with
other inputs or other recommended operating conditions. For additional information about hold
time, refer to the TI application report; Metastable Response in 5-V Logic Circuits, literature
number SDYAOQO06.
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Figure 32. Setup and Hold Times

Switching Characteristics

fmax Maximum Clock Frequency

JEDEC - The highest frequency at which a clock input of an integrated circuit can be driven,
while maintaining proper operation.

Tl — 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.
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The fhax value is the value of the upper limit of the fgock Specification, and is specified in the
data sheet as a minimum limit. The circuit is specified to operate up to the minimum frequency
value. See fggck for additional f,5x testing information. Due to test-machine capability limitations,
it may be necessary to test f,ax Or minimum recommended operating conditions (i.e., pulse
duration, setup time, hold time) in accordance with the following paragraph.

The fhax parameter may be tested in either of two ways. One method is to test simultaneously
the responses to the symmetrical clock-high and clock-low pulse durations that correspond to
the period of the specified minimum value of f;,5x. The second method is to test individually the
responses to the minimum clock-high and clock-low pulse durations under specified load
conditions. A pulse generator is used to propagate a signal through the device to verify device
operation with the minimum pulse duration. When clock-high and clock-low pulse durations are
equal to or less than the corresponding fy,ax pulse duration, f,ax testing suffices for testing
clock-high and clock-low pulse durations.

Helpful Hint:

The fjax and fgjock parameters are two sides of the same coin. The fggck parameter tells you, the
user, how fast you can reliably switch the input to the device. The f,5x parameter informs Tl
when to reject a device that fails to function below a minimum speed. If you are a device user,
you should simply disregard the f,5x Specification and use the fjqck Specification.

Helpful Hint:

For products that are not clocked (e.g., buffers and transceivers) for which you would like to
know the maximum operating frequency, an estimate is the fgqck value from a comparable
clocked part. For example, an LVC16245 maximum data frequency is conservatively similar to
the LVC16374 maximum clock frequency. However, this is highly dependent upon load and is a
rule-of-thumb only.

tod Propagation Delay Time

JEDEC — The time interval between 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.

Tl — 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 (tpd =tpHL

or tpLH).-

A common misconception about logic devices is that the maximum data-signaling rate (or
maximum frequency, as it is commonly misnamed) is equal to the inverse of the propagation
delay. The maximum data rate on buffers is dependent on several factors, such as propagation
delay matching, input sensitivity, and output edge rates. A device can have a high maximum
signaling rate if the propagation delays from low-to-high and high-to-low are matched, the input
is fast enough to respond to the fast data rate, and the output edge rate does not interfere with
the low and high-level steady states. Clocked devices behave in the same manner, but now the
set-up and hold times must be taken into account.

Helpful Hint:

The maximum value of tpp simply is the worst case of tpy_ Or tp| H-
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Helpful Hint:

Bus switch devices such as CBT and CBTLYV typically are specified with a maximum limit of
0.25 ns. This limit is not a measured value, but is derived from the calculated RC time constant
of the typical on-state resistance of the switch and the specified load capacitance, when driven
by an ideal voltage source (zero output impedance).

tpy Propagation Delay Time, High-Level to Low-Level Output

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

Tl — 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.

Propagation delay time, tpy| , is tested by causing a transition on the specified input that causes
the designated output to switch from a high logic level to a low logic level. For example, the
transition applied is 0 V to Ve or Ve to 0V for AC devices and O Vto 3V or 3V to O for ACT
devices. Trip points used for the timing measurements and output loads used during testing are
defined in the individual data sheets in the parameter measurement information section, typically
found after the switching characteristics over recommended ranges of supply and operating
free-air temperature table. Propagation delay time, tpy| , is not checked simultaneously with
other outputs or with other recommended operating conditions. The time between the specified
reference point on the input voltage waveform and the specified reference point on the output
voltage waveform is measured.

tp 4 Propagation Delay Time, Low-Level to High-Level Output

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

Tl — 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.

Propagation delay time, tp| 4, is tested by causing a transition on the specified input that causes
the designated output to switch from a low logic level to a high logic level. For example, the
transition applied is 0 V to Vg or Ve to 0V for AC devices and O Vto 3V or 3V to O for ACT
devices. Trip points used for the timing measurements and output loads used during testing are
defined in the individual data sheets in the parameter measurement information section, typically
found after the switching characteristics over recommended ranges of supply and operating
free-air temperature table. Propagation delay time, tp| , is not checked simultaneously with
other outputs or with other recommended operating conditions. The time between the specified
reference point on the input voltage waveform and the specified reference point on the output
voltage waveform is measured.

ten Enable Time (of a 3-State or Open-Collector Output)

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

Tl — 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).
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NOTE: Open-collector outputs change only if they are responding to data that would cause the
output to go low, so tep = tpHL -

tpzHy Enable Time (of a 3-State Output) to High Level

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

Tl — 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.

This parameter is the propagation delay time between the specified reference point on the input
voltage waveform and the specified reference point on the output voltage waveform, with the
3-state output changing from the high-impedance (off) state to the defined high level. Output
enable time, tpzp, is tested by generating a transition on the specified input that will cause the
designated output to switch from the high-impedance state to a high logic level. Trip points used
for the timing measurements and output loads used during testing are defined in the individual
data sheets in the parameter measurement information section, typically found after the
switching characteristics over recommended ranges of supply and operating free-air
temperature table. Output enable time, tpz, is not checked simultaneously with other outputs or
with other recommended operating conditions. Outputs not being tested should be set to a
condition that minimizes switching currents. The tested output load includes a pulldown resistor
to obtain a valid logic-low level when the output is in the high-impedance state.

tpz1 Enable Time (of a 3-State Output) to Low Level

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

Tl — 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.

This parameter is the propagation delay time between the specified reference point on the input
voltage waveform and the specified reference point on the output voltage waveform, with the
3-state output changing from the high-impedance (off) state to the defined low level. Output
enable time, tpz| , is tested by generating a transition on the specified input that will cause the
designated output to switch from the high-impedance state to a low logic level. Trip points used
for the timing measurements and output loads used during testing are defined in the individual
data sheets in the parameter measurement information section, typically found after the
switching characteristics over recommended ranges of supply and operating free-air
temperature table. Output enable time, tpz| , is not checked simultaneously with other outputs or
with other recommended operating conditions. Outputs not being tested should be set to a
condition that minimizes switching currents. The tested output load includes a pullup resistor to
obtain a valid logic-high level when the output is in the high-impedance state.

tyis Disable Time (of a 3-State or Open-Collector Output)
JEDEC - no definition offered
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Tl — 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 tpL z. Open-collector outputs change only if they are
low at the time of disabling, so tyis = tpLH-
tpyz Disable Time (of a 3-State Output) From High Level

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

Tl — 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.

tp z Disable Time (of a 3-State Output) From Low Level

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

Tl — 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.

tr Fall Time

JEDEC - The time interval between one reference point on a waveform and a second reference
point of smaller magnitude on the same waveform.

Tl — 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.

ty Rise Time

JEDEC - The time interval between one reference point on a waveform and a second reference
point of greater magnitude on the same waveform.

Tl — 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.

Slew Rate

JEDEC — no definition offered

Tl — The voltage rate of change of an output (AV/At).
tsk() Input Skew

JEDEC - The magnitude of the difference in propagation delay times between two inputs and a
single output of an integrated circuit at identical operating conditions.
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Tl — 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. Typically, this is 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.

tsk() Limit Skew

JEDEC - The difference between (1) the greater of the maximum specified values of
propagation delay times tp| 4 and tpy, and (2) the lesser of the minimum specified values of
propagation delay times tp| 4 and tppyy .

TI — The difference between: the greater of the maximum specified values of tp| 4 and tpy_ and
the lesser of the minimum specified values of tp| 4 and tpy . Limit skew is not directly observed
on a device. Itis calculated from the data-sheet limits for tp_ 1y and tpy . tsk() 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, tg()) also accounts for process variation. In fact, all other skew specifications
(tsk(o)- tsk(i): tsk(p), @nd tsk(pr)) are subsets of tg()); they never are greater than tgy)).

tsk(o) Output Skew

tsk(p)

JEDEC - The skew time between two outputs of a single integrated circuit with all driving inputs
switching simultaneously and the outputs switching in the same direction while driving identical
loads.

Tl — 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

JEDEC — The magnitude of the difference between the propagation delay times tpy and tp| 4
when a single switching input causes one or more outputs to switch.

TI — The magnitude of the time difference between the propagation delay times, tpy and tp| 4,
when a single switching input causes one or more outputs to switch.

tsk(pr) Process Skew

JEDEC — The part-to-part skew time between corresponding terminals of two samples of an
integrated circuit from a single manufacturer.

Tl —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, have identical package styles, have identical specified loads,
have identical internal logic functions, and have the same manufacturer.

Helpful Hint:

Process variation is the only factor that affects process skew.
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Noise Characteristics

VoL(p) Quiet Output, Maximum Dynamic V. oL
JEDEC — no definition offered

Tl — The maximum positive voltage level at an output terminal with input conditions applied that,
according to the product specification, establishes a low level at the specified output and a
high-to-low transition at all other outputs.

Commonly called ringback, this parameter is the peak voltage of an output in the quiescent low
condition, while all other outputs are switched from high to low (see Figure 33). Sometimes
called a one-quiet-low test, this is a simultaneous switching measurement and indicates a
device’s noise performance due to power-rail and ground-rail bounce caused by the high peak
currents during dynamic switching. VoL(p) also can apply to a switching output just after a
high-to-low transition.
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Figure 33. Output Noise Characteristics

VoL (v) Quiet Output, Minimum Dynamic V. oL
JEDEC — no definition offered

Tl — The maximum negative voltage level at an output terminal with input conditions applied that,
according to the product specification, establishes a low level at the specified output and a
high-to-low transition at all other outputs.

Commonly called undershoot, this parameter is the valley voltage of an output in the quiescent
low condition, while all other outputs are switched from high to low (see Figure 33). Sometimes
called a one-quiet-low test, this is a simultaneous-switching measurement and indicates a
device’s noise performance due to power-rail and ground-rail bounce caused by the high peak
currents during dynamic switching. VoL(v) also can apply to a switching output during a
high-to-low transition.
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VoH(p) Quiet Output, Maximum Dynamic V. oH
JEDEC — no definition offered

Tl — The maximum positive voltage level at an output terminal with input conditions applied that,
according to the product specification, establish a high level at the specified output and a
low-to-high transition at all other outputs.

Commonly called overshoot, this parameter is the peak voltage of an output in the quiescent
high condition, while all other outputs are switched from low to high (see Figure 33). Sometimes
called a one-quiet-high test, this is a simultaneous-switching measurement and indicates a
device’s noise performance due to power-rail and ground-rail bounce caused by the high peak
currents during dynamic switching. Voup) also can apply to a switching output during a
low-to-high transition.

VoH(v) Quiet Output, Minimum Dynamic V. oy
JEDEC - no definition offered

TI — The minimum positive voltage level at an output terminal with input conditions applied that,
according to the product specification, establishes a high level at the specified output and a
low-to-high transition at all other outputs.

Commonly called ringback, this parameter is the valley voltage of an output in the quiescent high
condition, while all other outputs are switched from low to high (see Figure 33). Sometimes
called a one-quiet-high test, this is a simultaneous-switching measurement and indicates a
device’s noise performance due to power-rail and ground-rail bounce caused by the high peak
currents during dynamic switching. VOH(V) also can apply to a switching output just after a
low-to-high transition.

ViH(D) High-Level Dynamic Input Voltage
JEDEC — no definition offered

Tl — An input voltage during dynamic switching conditions 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.

High-level dynamic input voltage is a measurement of the shift of the input threshold due to
noise generated while under the multiple-outputs-switching condition, with outputs operating in
phase. This test is package and test-environment sensitive.

ViL(p) Low-Level Dynamic Input Voltage
JEDEC — no definition offered

TI — An input voltage during dynamic switching conditions 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.
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Low-level dynamic input voltage is a measurement of the shift of the input threshold due to noise
generated while under the multiple-outputs-switching condition, with outputs operating in phase.
This test is package and test-environment sensitive.

Operating Characteristics

Cod Power-Dissipation Capacitance
JEDEC — no definition offered

Tl — This parameter is the equivalent capacitance used to determine the no-load dynamic power
dissipation per logic function for CMOS devices. Pp = Cpq Vee? f+lce Vee

The Cpqd test is a measure of the dynamic power a device requires with a specific load. The
values given on the data sheet are typical values that are not production tested. These values
are defined by the design and process of the device. For more information on Cyq, refer to the Tl
application report, CMOS Power Consumption and Cod Calculation, literature number SCAA035.

Parameter Measurement Information

The parameter measurement information (PMI) section of a data sheet is a graphical illustration
of the test conditions used to characterize a logic device. Usually, this includes a load schematic,
example waveforms with measurement points, and related notes. The PMI that is attached to
each data sheet typically is a generic PMI for the entire logic family, and may include additional
information that is not used for that specific device. For example, the voltage waveforms for
enable and disable times (which are used on devices with 3-state outputs) may be included in
the data sheet of a device without 3-state outputs. Therefore, this is superfluous information for
that device and can be disregarded. The PMI may include the test information for multiple Vccs
in one page, with a table of test-load circuit and measurement point information, or the test
information for each separate V¢ range at which the device operates may be in separate PMI
pages, in which case the V¢ range will be stated at the top of the PMI illustration. Relevant load
and test setup information also is included in the footnotes at the bottom of the PMI illustration.

Logic Compatibility

Logic compatibility has become more prevalent since the first 3.3-V logic devices were
introduced into the market, thus creating an evolutionary trend in logic ICs. This trend demands
that lower power-supply-voltage devices have the capability to communicate with older 5-V
devices. In time, power-supply nodes have decreased even further mainly due to
power-consumption reduction. This reduction in supply nodes, coupled with the fact that 5-V
systems are not only still in use, but thriving, has forced logic manufacturers to provide logic
devices that are compatible with technologies from several different output-voltage levels (see
Table 3).
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Table 3. Key Parameters per Technology for Logic Compatibility

/O VOLTAGE Vor MIN VoL MAX
TECHNOLOGY | PORT(S) VC(CV';’”N TOLE(I?/,?NCE V'F('V'\)’”N V'L(\'\/’;AX ATSIVEN ATSIVEN
V) V)
ABT A and B 4.5 5 2 0.8 2.5 (@t -3 mA) Not specified
2 (at —-32 mA) Not specified
Not specified 0.55 (at 64 mA)
AHC Aand B 2 Vce +0.5 15 0.5 Not specified
Ve +0.5 2.1 0.9 2.48 (at -4 mA) 0.44 (at 4 mA)
4.5 Vce +0.5 Not Specified 3.8 (at-8 mA) 0.44 (at 8 mA)
55 Ve +0.5 385 | 165 Not specified

NOTE: These values are general technology performance characteristics. Because these values are derived from standard ‘245 or 16245
functions, carefully read the data sheet for each device for exact performance values.

Suppose you have created Table 3 above, which details the most important parameters
discussed in the previous section that affect the compatibility of one device to another. Using the
table to determine if a port from one technology is compatible to another, simply compare the
VonH min and Vo max levels to the input threshold (V4 min and V,_ max). If the output dc
steady-state logic-high and logic-low voltage levels (VgH and Vg ) are outside of the minimum
V|4 and maximum Vg _range of an input port, then, in general, one can consider these two ports
compatible (see Figure 34).

INTERFACE
N\
/ \
Output Vce High Noise Margin Vce Input
High VoH (min)
Pl — > High
- >
ViH (min)
V|L (max)
———— e ——— >
> . Low
Low VoL (max)
GND Low Noise Margin GND

Figure 34. Logic Compatibility Between 1/Os
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For example, is the A-port output of an ABT device compatible with a B-port input of the same
technology? Because the input of an ABT device is CMOS technology (I} input current was
discussed for determination of CMOS or bipolar input type), if it is connected in a point-to-point
topology with an ABT output, the static dc current will be very low-leakage current range—and

the Vpoy level will not be lower than 2.5 V and the Vq|_level will be no greater than 0.55 V. The
input threshold to any ABT input port is set at the standard TTL/LVTTL threshold of 0.8 V -2 V.
Because the Vgu level of 2.5 V is greater than the minimum V| level of 2 V, and the Vg level of
0.55 V is less than the maximum V,_level of 0.8 V, these two ports are considered compatible.

Care must be taken when driving bipolar inputs because of the excessive currents at the input. If
sufficiently large, the Vgp level could drop (or, conversely, the Vg level could increase) to a
level that violates the input threshold of the receiver.

Another major consideration is the voltage tolerance of the I/O structure. Simply because the
previous conditions were satisfied, that does not mean 1/0Os are compatible. Take, for example,
the same ABT output, which, if driving a CMOS input, will provide a Voy level that will not be
lower than 2.5 V and a Vg|_level that will be no greater than 0.55 V, to drive an AHC input (which
is CMOS) powered with a 3-V supply. The input threshold is met (i.e., 2.5V >2.1V and 0.55V <
0.9 V), but the I/O voltage tolerance is only 3.5V (3 V + 0.5 V). An ABT output is very capable of
producing voltage logic-high levels greater than 3.5 V; therefore, an ABT (5-V V) output is not
compatible to an AHC input powered with a 3-V supply.

Conclusion

The information in this application report is provided so that the designer can derive the
maximum amount of information about standard-logic devices from the device data sheets.
Texas Instruments provides this information to ease the task of the designer in incorporating
standard-logic products into new system designs and upgrading legacy systems.
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SN74CB3Q3305
DUAL FET BUS SWITCH

2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS141A - OCTOBER 2003 - REVISED NOVEMBER 2003

High-Bandwidth Data Path ® Data and Control Inputs Provide
(Up To 500 MHz 1) Undershoot Clamp Diodes
5-V Tolerant I/Os with Device Powered-Up ® | ow Power Consumption
or Powered-Down (Icc = 0.25 mA Typical)
Low and Flat ON-State Resistance (I opn) ® V¢ Operating Range From 2.3V t0 3.6 V
Characteristics Over Operating Range ® Data I/Os Support 0 to 5-V Signaling Levels
(ron =3 Q Typical) (0.8-V, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
- 0- to 5-V Switching With 3.3-VV ¢ 5-V/3.3-V CMOS Outputs
B O o _3'3'\/ Switching Wllth 2.5-VV cc ® | Supports Partial-Power-Down Mode
Bidirectional Data Flow, With Near-Zero Operation
Propagation Delay ' o ® | atch-Up Performance Exceeds 100 mA Per
Low Input/Output Capacitance Minimizes JESD 78, Class II
ngdlng arldgsgigng ITDls_torlnon ® ESD Performance Tested Per JESD 22
(Cio(oFF) = 3.5 pF Typical) —~ 2000-V Human-Body Model
Fast Switching Frequency (A114-B, Class 1)
(foe = 20 MHz Max) - 1000-V Charged-Device Model (C101)
1 For additional information regarding the performance P -
characteristics of the CB3Q family, refer to the TI SUpr?ort.S BO"[h Digital a?d Anal.(f)fg ial
application report, CBT-C, CB3T, and CB3Q App ications: USB Inter ace, Differentia
Signal-Switch Families, literature number SCDAQOS. Signal Interface, Bus Isolation,
Low-Distortion Signal Gating
PW PACKAGE
(TOP VIEW)
10E[]1 “ 8|l Vee
1A[] 2 7] 20E
1B[]3 6] 2B
GND [] 4 5] 2A

description/ordering information

The SN74CB3Q3305 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ron). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q3305 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing

systems.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
T
A PACKAGE PART NUMBER MARKING
Tube SN74CB3Q3305PW
-40°C to 85°C | TSSOP - PW BU305
Tape and reel SN74CB3Q3305PWR

¥ Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Producti ing does not ily include
testing of all parameters.

Copyright © 2003, Texas Instruments Incorporated
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SN74CB3Q3305
DUAL FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS141A - OCTOBER 2003 - REVISED NOVEMBER 2003

description/ordering information (continued)

The SN74CB3Q3305 is organized as two 1-bit switches with separate output-enable (10E, 20E) inputs. It can
be used as two 1-bit bus switches, or as one 2-bit bus switch. When OE is high, the associated 1-bit bus switch
is ON and the A port is connected to the B port, allowing bidirectional data flow between ports. When OE is low,
the associated 1-bit bus switch is OFF and a high-impedance state exists between the A and B ports.

This device is fully specified for partial-power-down applications using lys. The I circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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

FUNCTION TABLE
(each bus switch)

INPUT | INPUT/OUTPUT
OF A FUNCTION
H B A port = B port
L Z Disconnect
logic diagram (positive logic)
2
1A
1
10E
5
2A
7
20E

simplified schematic, each FET switch (SW)

F—————————e
I
A i B
| Vee
T
| Charge
| Pump
I
I
I
I

ENT

T EN is the internal enable signal applied to the switch.
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SN74CB3Q3305
DUAL FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS141A - OCTOBER 2003 - REVISED NOVEMBER 2003

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE FANGE, VG« ottt ettt ettt e et e e e e e e -05Vto4.6V
Control input voltage range, Viy (see Notes 1 and 2) ..., -05Vto7V
Switch I/O voltage range, Vo (see Notes 1,2, and 3) ..., -05Vto7V
Control input clamp current, ik (VIN<0) .o -50 mA
I/O port clamp current, ljjok (Vi/o <0) o oo -50 mA
ON-state switch current, ljjg (see NOte 4) .. ... .. 64 mA
Continuous current through Vcc or GND terminals . ... e +100 mA
Package thermal impedance, 0ja (See NOte 5) . ...t 88°C/W
Storage temperature range, Totg cvveee —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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V0.

I and I are used to denote specific conditions for Ij;0.

The package thermal impedance is calculated in accordance with JESD 51-7.

o w

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vee=23Vto2.7V 1.7 5.5
VIH High-level control input voltage Vee=27V1036V > 55 \
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vee=27V1036V o 08 \Y
Vi/o Data input/output voltage 0 5.5 Vv
TA Operating free-air temperature -40 85 °C
NOTE 6: All unused control 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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SN74CB3Q3305

DUAL FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS141A - OCTOBER 2003 - REVISED NOVEMBER 2003

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VK Vec =36V, l|=-18 mA -1.8 v
IIN | Control inputs [Vcc=3.6V, VIN=0to 55V +1 HA
Vo=0to55YV, Switch OFF,
t - o) f :
loz Vec =36V, V=0, VN = Ve of GND il
loff Vee =0, Vo=0t055YV, V=0 1| uA
- lijo =0, -
lcc Vcc =36V, Switch ON or OFF,  VIN = VcC or GND 025 07| mA
AICC§ Control inputs [Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND 25 uA
Per control Vcc=3.6V, A and B ports open, mA/
f
lccp input Control input switching at 50% duty cycle 0040 0.045 MHz
Cin Control inputs [ Vcc =3.3V, VIN=55V,3.3V,0r0 25 35 pF
Switch OFF, _
Cio(OFF) Vcc =33V, VN = Vee or GND, IO =55V. 33V, 0r0 35 5| pF
Switch ON, _
Cio(ON) Vcec =33V, ViN = Ve or GND, V)jo=55V,33V,o0r0 8 105 pF
Veec =23V, V| =0, lo =30 mA 3 8
TYPatVcc =25V  |vi=17YV, o =-15mA 35 9
ron' Q
V=0, lo =30 mA 3 6
Vcc=3V
V=24V, lop=-15mA 3.5 8

VN and Iy refer to control inputs. V|, Vo, |}, and Ig refer to data pins.

T Al typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter 1oz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

11 This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

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

otherwise noted) (see Figure 3)

FROM 0 Vcc=25V | Vcc=33V
PARAMETER (INPUT) (OUTPUT) 02 \,;AX MIiNO.S \l\/IIAX UNIT
fogll OE AorB 10 20| MHz
tpd”™ AorB BorA 0.09 0.15 ns
ten OE AorB 5 1 4.5 ns
tdis OE AorB 4.5 1 5 ns

Il Maximum switching frequency for control input (Vo > Vee, V=5V, R 21 MQ, C| = 0)
*The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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SN74CB3Q3305
DUAL FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS141A - OCTOBER 2003 - REVISED NOVEMBER 2003

TYPICAL 1 g
VS
Vi
16 ‘
a Vcc =33V
14| 15 =25°C
Jg 12 | lo=-15mA
%
5 10
3
& 8
Q
s 6
n
z 4 el
)
: 2
5
0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 45 5.0
V|-V
Figure 1. Typical r g vs V|, Vcc =3.3Vand g =-15mA
TYPICAL I¢cc
VS
OE SWITCHING FREQUENCY
12
Vcc =33V
10 |- Tp = 25°C
A and B ports Open
8
<
€ 6
I
Q
S 4
2 One OE Switching ——
0
0 2 4 6 8 10 12 14 16 18 20

OE Switching Frequency — MHz

Figure 2. Typical | c¢ vs OE Switching Frequency, V. cc=3.3V
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SN74CB3Q3305
DUAL FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS141A - OCTOBER 2003 - REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vce
| Input Generator I T
I I VIN
I s0Q |
I Va1 I 50 Q
I [ TEST CIRCUIT
I e | —
e = DUT
rI——G————— O 2xVce
nput Generator
I P ! V) O Open
1
I 500 | GND
| Va2 I 500
I I
I = I e - - - -
b o
TEST Vce S1 RL \ CL VA
tod(s) 25V+0.2V Open 500 Q Vcc or GND 30 pF
3.3V+03V Open 500 Q Vcc or GND 50 pF
tpLzltpg | 28V*02V | 2xVce | 5000 GND 30 pF 0.15V
3.3V+03V 2xVce 500 Q GND 50 pF 0.3V
tpzitpzy | 25V E02V GND 500 Q Vee 30 pF 0.15V
3.3V+03V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCCIZ XVCch
VIN) | | oV
| |
tpzL B le— —» I‘— tpLz
Output |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2xVcc
ViNn) | | oV (see Note B)
tPLH —f¢—»! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, Zo =50 Q, t,<2.5ns, < 2.5 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 tpyy_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

T

Figure 3. Test Circuit and Voltage Waveforms

{'f TEXAS
INSTRUMENTS

2-8 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74CB3Q3306A
DUAL FET BUS SWITCH

2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS113D - DECEMBER 2002 — REVISED NOVEMBER 2003

High-Bandwidth Data Path ® Data and Control Inputs Provide
p to z ndershoot Clamp Diodes
(Up to 500 MHz 1) Undershoot Cl Diod
5-V Tolerant I/Os with Device Powered-Up ® | ow Power Consumption
or Powered-Down (Icc = 0.25 mA Typical)
Low and Flat ON-State Resistance (I opn) ® V¢ Operating Range From 2.3V t0 3.6 V
Characteristics Over Operating Range ® Data I/Os Support 0 to 5-V Signaling Levels
(ron =4 Q Typical) (0.8-V, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
- 0- to 5-V Switching With 3.3-VV ¢ 5-V/3.3-V CMOS Outputs
B O o _3'3'\/ Switching Wllth 2.5-VV cc ® | Supports Partial-Power-Down Mode
Bidirectional Data Flow, With Near-Zero Operation
Propagation Delay ' o ® |atch-Up Performance Exceeds 100 mA Per
Low Input/Output Capacitance Minimizes JESD 78, Class II
I(_ggdlng arldsségnngDlsiE(;rSon ® ESD Performance Tested Per JESD 22
io(OFF) = -2 P 1yP ~ 2000-V Human-Body Model
Fast Switching Frequency (A114-B, Class 1)
(foe = 20 MHz Max) - 1000-V Charged-Device Model (C101)
1 For additional information regarding the performance P -
characteristics of the CB3Q family, refer to the TI SUpr?ort.S BO"[h Digital a?d Anal.(f)fg ial
application report, CBT-C, CB3T, and CB3Q App ications: USB Inter ace, Differentia
Signal-Switch Families, literature number SCDAQOS. Signal Interface, Bus Isolation,
Low-Distortion Signal Gating
PW PACKAGE
(TOP VIEW)
1& 1 8 ] V&
1A [] 2 7[] 20E
1B[]s 6[] 2B
GND [ 4 5[] 2Aa

description/ordering information

The SN74CB3Q3306A is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ron). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q3306A provides an
optimized interface solution ideally suited for broadband communications, networking, and data-intensive

computing systems.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
i
TA PACKAGE PART NUMBER MARKING
Tube SN74CB3Q3306APW
-40°C to 85°C | TSSOP - PW BU306A
Tape and reel SN74CB3Q3306APWR

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Producti ing does not ily include
testing of all parameters.

Copyright © 2003, Texas Instruments Incorporated
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SN74CB3Q3306A
DUAL FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS113D - DECEMBER 2002 - REVISED NOVEMBER 2003

description/ordering information (continued)

The SN74CB3Q3306A is organized as two 1-bit switches with separate output-enable (1OE, 20E) inputs. It can
be used as two 1-bit bus switches, or as one 2-bit bus switch. When OE is low, the associated 1-bit bus switch
is ON and the A port is connected to the B port, allowing bidirectional data flow between ports. When OE is high,
the associated 1-bit bus switch is OFF and a high-impedance state exists between the A and B ports.

This device is fully specified for partial-power-down applications using lys. The I Circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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.

FUNCTION TABLE
(each bus switch)

INPUT | INPUT/OUTPUT
OF A FUNCTION
L B A port = B port
H Z Disconnect
logic diagram (positive logic)
2
1A
— 1
10E
5
2A
7
20E

simplified schematic, each FET switch (SW)

F————————————
I
A i B
I Vee
T
| Charge
| Pump
|
|
I
I

ENT

T EN is the internal enable signal applied to the switch.
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SN74CB3Q3306A
DUAL FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS113D - DECEMBER 2002 — REVISED NOVEMBER 2003

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE FANGE, VG« ottt ettt ettt e et e e e e e e -05Vto4.6V
Control input voltage range, Viy (see Notes 1 and 2) ..., -05Vto7V
Switch I/O voltage range, Vo (see Notes 1,2, and 3) ..., -05Vto7V
Control input clamp current, ik (VIN<0) .o -50 mA
I/O port clamp current, ljjok (Vi/o <0) o oo -50 mA
ON-state switch current, ljjg (see NOte 4) .. ... .. 64 mA
Continuous current through Vcc or GND terminals . ... e +100 mA
Package thermal impedance, 0ja (See NOte 5) . ... 88°C/W
Storage temperature range, Totg cvveee —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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V0.

I and I are used to denote specific conditions for Ij;0.

The package thermal impedance is calculated in accordance with JESD 51-7.

o w

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vee=23Vto2.7V 1.7 5.5
VIH High-level control input voltage Vee=27V1036V > 55 \
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vee=27V1036V o 08 \Y
Vi/o Data input/output voltage 0 5.5 Vv
TA Operating free-air temperature -40 85 °C
NOTE 6: All unused control 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.

*9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-11



SN74CB3Q3306A
DUAL FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS113D - DECEMBER 2002 - REVISED NOVEMBER 2003

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

PARAMETER TEST CONDITIONS MIN TYPT mMAX | UNIT
Vik Vcec =36V, l|=-18 mA -1.8 \
IIN | Control inputs [Vcc=3.6V, VIN=0to 55V +1 HA
Vo=0to55YV, Switch OFF,
t - o) f :
loz Vcc=3.6V, V=0, ViN = Vee or GND +1 A
loff Vce =0, Vo=0to55YV, V=0 1 UA
- lijo =0, -
Icc Vcec =36V, Switch ON or OFF, VN = Ve or GND 0.25 0.7 mA
A'CC§ Control inputs [Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND 25 A
Per control Vcc=3.6V, A and B ports open, mA/
I Al
ccb input Control input switching at 50% duty cycle 0.03 01 MHz
Cin Control inputs [ Vcc =3.3V, VIN=5.5V,3.3V,0r0 25 35 pF
Switch OFF, _
Cio(OFF) Vcec =33V, VN = Ve of GND, V)j0=55V,33V,o0r0 35 5 pF
Switch ON, _
Cio(ON) Vcec=33Y, VN = Vee of GND, Vijo=55V,33V,o0r0 8 105 pF
Veec =23V, V| =0, lo =30 mA 4 8
4 TYPatVcc =25V Vi=17V, lo=-15mA 5 9 o
r
on V| =0, 1o = 30 MA 4 6
Vcc=3V
V=24V, lop=-15mA 5 8

VN and Iy refer to control inputs. V|, Vo, |}, and g refer to data pins.

T Al typical values are at Vg = 3.3 V (unless otherwise noted), Tp = 25°C.

¥For /0 ports, the parameter |gz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

11 This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 3)

Vcc=25V | Vcc=33V

FROM TO

PARAMETER (INPUT) (OUTPUT) MJI—fNO-Z \,;AX MJI—fNO-3 \l\/IIAX UNIT
fogll OE AorB 10 20 | MHz
thd”™ AorB BorA 0.2 0.2 ns
ten OE AorB 15 65| 15 55| ns
tdis OE AorB 1 6 1 5 ns

Il Maximum switching frequency for control input (Vo > Vee, V=5V, R 21 MQ, C| = 0)
*The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance when
driven by an ideal voltage source (zero output impedance).
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SN74CB3Q3306A
DUAL FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS113D - DECEMBER 2002 — REVISED NOVEMBER 2003

TYPICAL 1,
Vs
Vi
16 T
a Vcc =33V
o 4 Ta=25C
g 12| lo=-15mA
8
% 10
[%]
¥ 8
&
S 6
n
ZI 4 [y
O
5°
0
0.0 0.5 1.0 15 2.0 2.5 3.0 35 4.0 4.5 5.0
V|-V
Figure 1. Typical r g vs V|, Vcc =3.3Vand g =-15mA
TYPICAL Icc
_ Vs
OE SWITCHING FREQUENCY
12 T
Vcc =33V
10 } TA =25°C
A and B ports Open
8
<
1S
|
O 6
o
4
2 _— .
One OE Switching
0 \ |
0 2 4 6 8 10 12 14 16 18 20

OE Switching Frequency - MHz

Figure 2. Typical | cc vs OE Switching Frequency, V. cc =3.3V
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SN74CB3Q3306A
DUAL FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS113D - DECEMBER 2002 - REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vce
| Input Generator I T
I I VIN
I s0Q |
I Va1 I 50 Q
I [ TEST CIRCUIT
I e | —
e = DUT
rI——G————— O 2xVce
nput Generator
I P ! V) O Open
1
I 500 | GND
| Va2 I 500
I I
I = I e - - - -
b o
TEST Vce S1 RL \ CL VA
tod(s) 25V+0.2V Open 500 Q Vcc or GND 30 pF
3.3V+03V Open 500 Q Vcc or GND 50 pF
tpLzltpg | 28V*02V | 2xVce | 5000 GND 30 pF 0.15V
3.3V+03V 2xVce 500 Q GND 50 pF 0.3V
tpzitpzy | 25V E02V GND 500 Q Vee 30 pF 0.15V
3.3V+03V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCCIZ XVCch
VIN) | | oV
| |
tpzL B le— —» I‘— tpLz
Output |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2xVcc
ViNn) | | oV (see Note B)
tPLH —f¢—»! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, Zo =50 Q, t,<2.5ns, < 2.5 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 tpyy_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

T

Figure 3. Test Circuit and Voltage Waveforms
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SN74CB3Q3125
QUADRUPLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS143A — OCTOBER 2003 - REVISED NOVEMBER 2003

High-Bandwidth Data Path
(Up To 500 MHz 1)

5-V Tolerant I/Os with Device Powered-Up

or Powered-Down

Low and Flat ON-State Resistance (I opn)
Characteristics Over Operating Range
(ron = 3 Q Typical)

Rail-to-Rail Switching on Data 1/0O Ports

- 0-to 5-V Switching With 3.3-VV ¢

- 0-to 3.3-V Switching With 2.5-VV ¢
Bidirectional Data Flow, With Near-Zero
Propagation Delay

Low Input/Output Capacitance Minimizes
Loading and Signal Distortion
(Cio(oFF) = 4 pF Typical)
Fast Switching Frequency
(fog = 20 MHz Max)

T For additional information regarding the performance
characteristics of the CB3Q family, refer to the TI

application report, CBT-C, CB3T, and CB3Q
Signal-Switch Families, literature number SCDA0O0S.

Data and Control Inputs Provide
Undershoot Clamp Diodes

Low Power Consumption
(Icc = 0.3 mA Typical)
Vcc Operating Range From 2.3V to 3.6 V

Data I/0Os Support 0 to 5-V Signaling Levels
(0.8-v, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)

Control Inputs Can be Driven by TTL or
5-V/3.3-V CMOS Outputs

loff Supports Partial-Power-Down Mode
Operation

Latch-Up Performance Exceeds 100 mA Per

JESD 78, Class Il

ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model

(Al114-B, Class Il)
— 1000-V Charged-Device Model (C101)

Supports Both Digital and Analog
Applications: USB Interface, Differential
Signal Interface, Bus Isolation,

Low-Distortion Signal Gating

DGV OR PW PACKAGE RGY PACKAGE DBQ PACKAGE

NC - No internal connection

(TOP VIEW) (TOP VIEW) (TOP VIEW)
— L Q
10E[]1 U14]v$ ‘9‘ L &[1 UlG]VQ
1A[]2 13[] 40E T ) 10E[]2 15 |] 40E
1B[ls 12]] 4A 1A |2 ——— 13| 40E 1afls 14flan
20Ell4  uflas_ 1B |3 (_ | 12| 4A 184 13fl4B_
2a[]s  10[]30E 5o |4 | | 11|48 20E[]s  12[]30E
2B[]6 9l 3a N | 10| 30E 2A[]e 11[] 3A
GND[]7 8|l 3B mle bee—ed o 3a 2B[|7 10[] 3B
; 8 GND[]8 9[INC
o m
P ™
(O]

description/ordering information

The SN74CB3Q3125 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ron). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q3125 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing
systems.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Producti ing does not ily include
testing of all parameters.

Copyright © 2003, Texas Instruments Incorporated
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SN74CB3Q3125
QUADRUPLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS143A — OCTOBER 2003 - REVISED NOVEMBER 2003

description/ordering information (continued)

The SN74CB3Q3125 is organized as four 1-bit bus switches with separate output-enable (10E, 20E, 30E,
40E) inputs. It can be used as four 1-bit bus switches, or as one 4-bit bus switch. When OE is low, the associated
1-bit bus switch is ON, and the A port is connected to the B port, allowing bidirectional data flow between ports.
When OE is high, the associated 1-bit bus switch is OFF, and a high-impedance state exists between the A and
B ports.

This device is fully specified for partial-power-down applications using lys. The I Circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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.

ORDERING INFORMATION

" ety | aman
QFN - RGY Tape and reel | SN74CB3Q3125RGYR BU125
SSOP (QSOP) — DBQ | Tape and reel | SN74CB3Q3125DBQR BU125
-40°C to 85°C Tube SN74CB3Q3125PW
TSSOP —PW Tape and reel | SN74CB3Q3125PWR BU125
TVSOP - DGV Tape and reel | SN74CB3Q3125DGVR BU125

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines
are available at www.ti.com/sc/package.

FUNCTION TABLE
(each bus switch)

INPUT | INPUT/OUTPUT FUNCTION
OE A
L B A port = B port
H z Disconnect
logic diagram (positive logic)
i‘ ------ q i‘ ------ q
2 — | 3 5 — | s
1A | SW [— 1B 2A | SW [— 2B
— 1 | | 4| [
10E I 20E I
I [ I [
b 4 b 4
i‘ ------ q i‘ ------ q
9 — | 8 12 — | 1
3A | SW [— 3B aA | SW [— 4B
__ 10 | | — 13 | |
30E I 40E I
| I I |
b 4 b 4

Pin numbers shown are for the DGV, PW, and RGY packages.

2-16
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SN

74CB3Q3125

QUADRUPLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS143A — OCTOBER 2003 - REVISED NOVEMBER 2003

simplified schematic, each FET switch (SW)

r————————————— 1
I I
A { | B
I Vee I
| L |
| Charge |
| Pump |
I I
I I
I I
I I
b —— — 4
ENT
T EN is the internal enable signal applied to the switch.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) +
SUPPlY VOIAGE raNgE, VG « ot ot ettt e e e e e -0.5Vto4.6V
Control input voltage range, V| (see Notes1and 2) ................. ... -05Vto7V
Switch I/O voltage range, V|jo (see Notes 1,2, and 3) ............ ..., -05Vto7V
Control input clamp current, Ik (VIN < 0) .o v =50 mA
I/0 port clamp current, ;oK (VI/o S 0) . oo v -50 mA
ON-state switch current, o (S NOtE 4) . ... e 164 mA
Continuous current through Vccor GND terminals . ....... ... oo +100 mA
Package thermal impedance, 63p (see Note 5): DBQ package ....................... ... .. .... 90°C/W
(see Note 5): DGV package ......... ..., 127°C/W
(see Note 5): PWpackage .............cccoiiiiiiiiiinan... 113°C/W
(see Note 6): RGY package ............ ... 47°CIW

Storage temperature range, Tgtg

-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.

All voltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

o0k w

V| and Vg are used to denote specific conditions for V|/0.
I and Ip are used to denote specific conditions for Ij/o.

The package thermal impedance is calculated in accordance with JESD 51-7.
The package thermal impedance is calculated in accordance with JESD 51-5.

recommended operating conditions (see Note 7)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 Vv
Vcc=23Vto27V 1.7 5.5
VIH High-level control input voltage Vee-27V1036V > 55 \%
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vee-27V036V 0 08 \
Vi/o Data input/output voltage 0 5.5 \Y
TA Operating free-air temperature -40 85 °C
NOTE 7: All unused control 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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SN74CB3Q3125

QUADRUPLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS143A — OCTOBER 2003 - REVISED NOVEMBER 2003

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViK Vee =36V, I} =-18 mA -18| Vv
IIN | Control inputs [Vcc=3.6V, VIN=0to 55V +1 HA
Vo=0to55YV, Switch OFF,
t - o) f :
loz Vec =36V, V=0, VN = Ve of GND il
loff Vce =0, Vo=01t055V, V|=0 1| upA
Icc Vee =36V, o =0, VIN = Ve of GND 03 1| mA
o Switch ON or OFF, IN :
AICC§ Control inputs [Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND 30 uA
Per control Vcc=3.6V, A and B ports open, mA/
Al
lcco input Control input switching at 50% duty cycle 0.04 0.2 MHz
Cin Control inputs [ Vcc =3.3V, VIN=55V,3.3V,0r0 25 35 pF
Switch OFF, _
Cio(OFF) Vcc =33V, VN = Vee or GND, IO =55V. 33V, 0r0 4 5| pF
Switch ON, _
Cio(ON) Vece =33V, ViN = Ve or GND, Vijo=55V,33V,0r0 8 10 pF
Veec =23V, V| =0, lo =30 mA 4 8
TYPatVcc =25V Vi=17V, lo=-15mA 4 9
ron' Q
V=0, lo =30 mA 4 6
Vcc=3V
V=24V, lop=-15mA 4 8

VN and Iy refer to control inputs. V|, Vo, |}, and Ig refer to data pins.

T Al typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter 1oz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

11 This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

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

otherwise noted) (see Figure 3)

FROM 0 Vcc=25V | V=33V
PARAMETER (INPUT) (OUTPUT) MJI—fNO-Z \,;AX MIiNO.S \l\/IIAX UNIT
fogll OE AorB 10 20 | MHz
tpd”™ AorB BorA 0.12 0.2 ns
ten OE AorB 15 6.7 15 6.6 ns
tgis OE AorB 1 46 1 53| ns

Il Maximum switching frequency for control input (Vo > Vee, V=5V, R 21 MQ, C| = 0)
*The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).

2-18
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SN74CB3Q3125
QUADRUPLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS143A — OCTOBER 2003 - REVISED NOVEMBER 2003

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

TYPICAL 1,
VS
Vi
16 ‘
G Vcc =33V
o 14T 1a=25C
8 12| lo=-15mA
I
2 10
[0
x g
g
©
o 6
P Iy
o 4
|
5 2
0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5 5.0
V|-V
Figure 1. Typical r g vs V|, Vcc =3.3Vand g =-15mA
TYPICAL lcc
_ Vs
OE SWITCHING FREQUENCY
12 ‘
Vcc =33V
10| TA=25°C
A and B ports Open
8
E
. 6
[}
O
4
2 One OE Switching
|
0 \
0 2 4 6 8 10 12 14 16 18 20
OE Switching Frequency — MHz
Figure 2. Typical | c¢ vs OE Switching Frequency, V. ¢cc =3.3V
¥ 7
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SN74CB3Q3125
QUADRUPLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS143A — OCTOBER 2003 - REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vce
| Input Generator I T
I I VIN
I s00 |
I Va1 I 50 Q
I [ TEST CIRCUIT
I == | =
[ | = DUT
F——————— O 2xVce
I Input Generator ! v O Open
)
I 500 | GND
| Va2 I 500
I I
I = I = = - - -
e ——— — -
TEST Vce S1 RL \ CL VA
tod(s) 25V+0.2V Open 500 Q Vcc or GND 30 pF
3.3V+03V Open 500 Q | Vcc or GND 50 pF
/ 25V+02V | 2xVee | 500Q GND 30 pF 0.15V
tpLz/tPzL
3.3V+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+02V GND 500 Q Vee 30 pF 0.15V
tpHZ/tPZH
3.3V+03V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCCIZ XVCch
(VIN) | | oV
| |
tpzL B le— —» I‘— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2xVcc
ViNn) | oV (see Note B)
I
tPLH —f¢—»! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, Zo =50 Q, t,<2.5ns, < 2.5 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 tpyy_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

T

Figure 3. Test Circuit and Voltage Waveforms
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SN74CB3Q3244
8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS154A - OCTOBER 2003 - REVISED NOVEMBER 2003

® High-Bandwidth Data Path ® | ow Power Consumption
(Up To 500 MHz ™) ® V¢ Operating Range From 2.3 V t0 3.6 V
® 5-V-Tolerant I/Os with Device Powered-Up ® Data I/Os Support 0 to 5-V Signaling Levels
or Powered-Down (0.8-V, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
® Low and Flat ON-State Resistance (r on) ® Control Inputs Can Be Driven by TTL or
Characteristics Over Operating Range 5-V/3.3-V CMOS Outputs
® Rail-to-Rail Switching on Data I/O Ports ® |, Supports Partial-Power-Down Mode
B 0 o .3'3'\/ Switching W'.th 2.5-VV cc ® |atch-Up Performance Exceeds 100 mA Per
® Bidirectional Data Flow, With Near-Zero JESD 78, Class I
Propagation Delay . o ® ESD Performance Tested Per JESD 22
® | ow Input/Output Capacitance Minimizes ~ 2000-V Human-Body Model
Loading and Signal Distortion (A114-B, Class II)
® Fast Switching Frequency - 1000-V Charged-Device Model (C101)
® Data and Control Inputs Provide ® Supports Both Digital and Analog
Undershoot Clamp Diodes Applications: Differential Signal Interface,
1 For additional information regarding the performance Memory Interleaving, Bus Isolation,
characteristics of the CB3Q family, refer to the Tl Low-Distortion Signal Gating
application report, CBT-C, CB3T, and CB3Q
Signal-Switch Families, literature number SCDA0O0S.
DB, DBQ, DGV, DW, OR PW PACKAGE RGY PACKAGE
(TOP VIEW) (TOP VIEW)
— J S 3
10el1 7 20fl Ve 9 S
1a10] 2 19]] 20E 1 20
2B4[|3  18[1B1 1A1 |2 y=—=—m—m 19| 20E
1a2f4 17124 smalsl | 18] 181
2B3[l5 16[] 1B2 1A2 | 4 I | 17| 2A4
1a3lle 15[12A3 283 |5 I | 16] 182
2B2[]7 14[] 1B3 1A3 |6 | | 15| 2A3
1a4(] 8 13[] 2A2 2B2 |7 | | 14| 183
o1l 12[] 1B4 1A4 |8 | | 13] 2a2
GND[j20  1fjoar 281 |0 bmm—— 12| 184
10 1
o) —
Z S

description/ordering information

The SN74CB3Q3244 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ron). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q3244 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing
systems.

PRODUCT PREVIEW information concerns products in the formative or Copyright © 2003, Texas Instruments Incorporated
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PRODUCT PREVIEW

SN74CB3Q3244

8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS154A - OCTOBER 2003 - REVISED NOVEMBER 2003

description/ordering information (continued)

The SN74CB3Q3244 is organized as two 4-bit bus switches with separate output-enable (10E, 20E) inputs.
It can be used as two 4-bit bus switches or as one 8-bit bus switch. When OE is low, the associated 4-bit bus
switch is ON, and the A port is connected to the B port, allowing bidirectional data flow between ports. When
OE is high, the associated 4-bit bus switch is OFF, and the high-impedance state exists between the A and B

ports.

This device is fully specified for partial-power-down applications using lys. The I Circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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.

ORDERING INFORMATION

A PACKAGE ! PARTNUMBER | MARKING
QFN - RGY Tape and reel | SN74CB3Q3244RGYR
Tube SN74CB3Q3244DW

SOIC - bW Tape and reel | SN74CB3Q3244DWR
SSOP - DB Tape and reel SN74CB3Q3244DBR

TA0C 1o 85°C SSOP (QSOP) — DBQ [ Tape and reel SN74CB3Q3244DBQR
TSSOP - PW Tape and reel SN74CB3Q3244PWR
TVSOP - DGV Tape and reel SN74CB3Q3244DGVR
VFBGA - GQN Tape and reel SN74CB3Q3244GQNR

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines
are available at www.ti.com/sc/package.

GQN PACKAGE

m O O ©® >»

(TOP VIEW) terminal assignments
1 2 3 4
/ N\ 1 2 3 4
CCCcoe A 1A1 10E vVee 20E
CcCCCOe B 1A2 2A4 2B4 1B1
CCCO C 1A3 2B3 2A3 1B2
CCCO D 1A4 2A2 2B2 1B3
ENENDENPEN E GND 2B1 2A1 1B4
cCCO
FUNCTION TABLE
(each 4-bit bus switch)
INPUT | INPUT/OUTPUT
TS A FUNCTION
L B A port = B port
H Z Disconnect

2-22
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SN74CB3Q3244
8-BIT FET BUS SWITCH

2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS154A - OCTOBER 2003 - REVISED NOVEMBER 2003

logic diagram (positive logic)

2 | — | 18
1A1 | swW |
I
. | |

8 — 12
1A4 , SwW |

I [
I

— 1
10E : {>o I
e 4
[ —

11 9
2A1 , sw |
2 e

| I
® 17 I — I 3
2A4 , Sw |
I I
— 19 I {>o I
20E
I I
e 4
simplified schematic, each FET switch (SW)
r— |
! I
I Vee I
| —L |
| Charge |
| Pump |
| I
| I
I I
I I
I R J

ENT

T EN is the internal enable signal applied to the switch.
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PRODUCT PREVIEW

SN74CB3Q3244
8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS154A - OCTOBER 2003 - REVISED NOVEMBER 2003

abso

lute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE FANGE, VO - - ot v vttt e et e et e e e e e -0.5Vto4.6V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (see Notes 1, 2, and 3) . ..., -05Vto7V
Control input clamp current, Ik (VIN<O) ..o -50 mA
I/0 port clamp current, ljjok (Vo <0) oo -50 mA
ON-state switch current, ljjg (see NOte 4) . ... . +64 mA
Continuous current through Vecc or GND terminals . ... e +100 mA
Package thermal impedance, 635 (see Note 5): DB package ..............oviiiiiiiinnneann.. 70°C/W
(see Note 5): DBQpackage ........couiiiiiiniiinann... 68°C/W
(see Note 5): DGV package ........coviiiiiiiniinannn... 92°C/W
(see Note 5): DW package .........couiiiiiiniininannnn... 58°C/W
(see Note 5): GQN package .......... ..., 78°C/W
(see Note 5): PWpackage ........... ... 83°C/W
(see Note 6): RGY package .............cciiiiiiiinn.n. 37°CIW
Storage temperature range, Totg « e —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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for Vy/o.

I and I are used to denote specific conditions for Ij;o.

The package thermal impedance is calculated in accordance with JESD 51-7.

The package thermal impedance is calculated in accordance with JESD 51-5.

o0, w

recommended operating conditions (see Note 7)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 5.5
VIH High-level control input voltage Vec=27V036V > 55 \Y
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vec=27V1036V 0 08 \
Vijo Data input/output voltage 0 5.5 \%
TA Operating free-air temperature -40 85 °C
NOTE 7: All unused control 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.

2-24
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SN74CB3Q3244

8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS154A - OCTOBER 2003 - REVISED NOVEMBER 2003

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIK Vcc =36V, I|=-18 mA \Y
N | Controlinputs |Vcc=3.6V, VIN=01055V UA

Vo=0t055YV, Switch OFF,

t = o , )
loz Vec =36V, V| =0, VN = Ve or GND WA
loff Ve =0, Vo=0t055V, V=0 HA
[ Vec =36V, o =0. VIN = Ve or GND mA
cc cc==oW Switch ON or OFF, IN=VCC
AICC§ Control inputs | Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND uA
| q Per control Vcc =36V, A and B ports open, mA/
cch input Control input switching at 50% duty cycle MHz
Cin Control inputs | Vcc =3.3V, VIN=55V,33V,0r0 pF

Switch OFF, _
Cio(OFF) Ve =33V, Vin = Ve or GND, Vijo=55V,3.3V,0r0 pF
Switch ON, _
Cio(ON) Vcc =33V, VN = Ve of GND, Vijo=55V,33V,or0 pF
Vce =23V, V| =0, lo =30mA
4 TYPatVcc =25V V=17V, lo=-15mA o
r
on V| =0, Io =30 mA
Vcc =3V
V=24V, lo=-15mA

VN and Il refer to control inputs. V|, Vo, I}, and I refer to data pins.

T All typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter oz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

1 This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

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

otherwise noted) (see Figure 3)

FROM 0 Vcc =25V Vcc =33V
PARAMETER (INPUT) (OUTPUT) MTNO-Z \|</|Ax MIiNOS \I</IAX UNIT
foell OE AorB MHz
tpd™ AorB BorA ns
ten OE AorB ns
tdis OE AorB ns

Il Maximum switching frequency for control input (Vo > Vee, Vi =5V, R 21 MQ, C = 0)
* The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).

*5‘ TEXAS
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SN74CB3Q3244
8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS154A - OCTOBER 2003 - REVISED NOVEMBER 2003

TYPICAL 1 g,
VS
Vi
16 ‘
a Vcc =33V
o 14 1a=25C
Ecﬁ 12 | lo=-15mA
8
2 10
i
S 8
©
o 6
& a4
|
§ 2
0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 45 5.0
V|-V
Figure 1. Typical r g, vs V|, Vcc=3.3Vand g =-15mA
TYPICAL Icc
_ Vs
OE SWITCHING FREQUENCY
12 ‘
Vcc =33V
10| Ta=25°C
A and B ports Open
8
g
;6
Q
©
4
2
0
0 2 4 6 8 10 12 14 16 18 20

OE Switching Frequency — MHz

Figure 2. Typical | c¢ vs OE Switching Frequency, V. ¢cc =3.3V
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SN74CB3Q3244
8-BIT FET BUS SWITCH

2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH
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PARAMETER MEASUREMENT INFORMATION

——————— Vece
| Input Generator I T
I I VIN
I s0Q |
IVGl I 50 Q
I [ TEST CIRCUIT
I = | —-
[ | - DUT
[ ———— O 2xVce
I Input Generator ! Vi O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = e e - -
b o
TEST Vce S1 RL V) CL VA
tod(s) 25Vv+02V Open 500 Q Vcc or GND 30 pF
3.3V+0.3V Open 500Q | Vccor GND 50 pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+0.2V GND 500 Q Vee 30 pF 0.15V
tpHZ/tPZH
3.3V+0.3V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
VIN) | | oV
| |
tpzL ¥ —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
(VIN) | oV (see Note B)
|
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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.

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

@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2.5ns, tf<2.5 ns.
The outputs are measured one at a time with one transition per measurement.

tpLH and tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state

resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).

I

All parameters and waveforms are not applicable to all devices.

Figure 3. Test Circuit and Voltage Waveforms
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SN74CB3Q3245
8-BIT FET BUS SWITCH

2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS124B - JULY 2003 - REVISED NOVEMBER 2003

® High-Bandwidth Data Path
(Up to 500 MHz 1)

® FEquivalent to IDTQS3VH384 Device

® 5-V Tolerant I/Os with Device Powered-Up
or Powered-Down

® |ow and Flat ON-State Resistance (r gp)
Characteristics Over Operating Range
(ron = 4 Q Typical)

® Rail-to-Rail Switching on Data 1/0 Ports
- 0- to 5-V Switching With 3.3-VV ¢
- 0-to 3.3-V Switching With 2.5-VV ¢

® Bidirectional Data Flow, With Near-Zero
Propagation Delay

® | ow Input/Output Capacitance Minimizes
Loading and Signal Distortion
(Cio(oFF) = 3.5 pF Typical)

® Fast Switching Frequency
(foe = 20 MHz Max)

T For additional information regarding the performance
characteristics of the CB3Q family, refer to the TI
application report, CBT-C, CB3T, and CB3Q
Signal-Switch Families, literature number SCDAO008.

DBQ, DGV, OR PW PACKAGE

(TOP VIEW)
ne [ 2 U20:|V_<:c
ALll2 19[] OE
IVAIE 18]] B1
A3l 4 17]] B2
aalls 16]] B3
A5 (] 6 15(] B4
A6l 7 14[] B5
A7l s 13[] B6
aslle  12[lB7

GND[J10 1[I B8

NC - No internal connection

Data and Control Inputs Provide
Undershoot Clamp Diodes

Low Power Consumption
(Icc = 1 mA Typical)
Vcc Operating Range From 2.3V to 3.6 V

Data I/0Os Support 0 to 5-V Signaling Levels
(0.8-v, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
Control Inputs Can be Driven by TTL or
5-V/3.3-V CMOS Outputs

loff Supports Partial-Power-Down Mode
Operation

Latch-Up Performance Exceeds 100 mA Per
JESD 78, Class I

ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model

(Al114-B, Class Il)
— 1000-V Charged-Device Model (C101)
Supports Both Digital and Analog
Applications: PCI Interface, Differential
Signal Interface, Memory Interleaving, Bus
Isolation, Low-Distortion Signal Gating

RGY PACKAGE

(TOP VIEW)
O
@)
> s
1 20
All2 ~————19|0E
A2 |3 I(- | 18] B1
A3 |4 | 17| B2
A4 15 | 16| B3
A5 |6 | | 15| B4
A6 |7 | | 14| B5
A7 ls | | 13| B6
As|o beee—Jd12]B7
10 11
a) o0}
= [a1]
o

NC - No internal connection

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Production p ing does not ily include
testing of all parameters.
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SN74CB3Q3245
8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS124B - JULY 2003 - REVISED NOVEMBER 2003

description/ordering information

The SN74CB3Q3245 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ryp). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q3245 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing
systems.

The SN74CB3Q3245 is organized as an 8-bit bus switch with a single output-enable (OE) input. When OE is
low, the bus switch is ON and the A port is connected to the B port, allowing bidirectional data flow between ports.
When OE is high, the bus switch is OFF and a high-impedance state exists between the A and B ports.

This device is fully specified for partial-power-down applications using lys. The I circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
:
TA PACKAGE PART NUMBER MARKING
QFN - RGY Tape and reel | SN74CB3Q3245RGYR | BU245
SSOP (QSOP) - DBQ | Tape andreel | SN74CB3Q3245DBQR | CB3Q3245
Tube SN74CB3Q3245PW
~40°C t0 85°C | TSSOP - PW BU245
Tape and reel SN74CB3Q3245PWR
TVSOP - DGV Tape and reel SN74CB3Q3245DGVR BU245
VFBGA - GON Tape and reel | SN74CB3Q3245GONR | BU245

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.com/sc/package.

GQN PACKAGE

(TOP VIEW) terminal assignments
1 2 3 4
/ N 1 2 3 4
Al CCCC A Al NC Vee OE
Bl (CCCC B A3 B2 A2 B1
cl cCcCco C A5 A4 B4 B3
D (D (3 (3 (3 D A7 B6 A6 B5
el Ccocoo E GND A8 B8 B7
Q y NC - No internal connection

FUNCTION TABLE

2-30

IN%JT INPUT/(A)UTPUT FUNCTION
L B A port = B port
H z Disconnect
i
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logic diagram (positive logic)

18

11

19

T
Vﬁ] ﬂé’]

Pin numbers shown are for the DBQ, DGV, PW, and RGY packages.

simplified schematic, each FET switch (SW)

F—————————e
I
A i B
| Vee
T
| Charge
| Pump
|
|
I
I
b —

ENT

T EN is the internal enable signal applied to the switch.
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SN74CB3Q3245
8-BIT FET BUS SWITCH

2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE FANGE, VO - - ot v vttt e et e et e e e e e -0.5Vto4.6V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (see Notes 1, 2, and 3) . ..., -05Vto7V
Control input clamp current, Ik (VIN<O) ..o -50 mA
I/0 port clamp current, ljjok (Vo <0) oo -50 mA
ON-state switch current, ljjg (see NOte 4) . ... . +64 mA
Continuous current through Vecc or GND terminals . ... e +100 mA
Package thermal impedance, 635 (see Note 5): DBQ package ..............ccoiiiiiiinniean.. 68°C/W

(see Note 5): DGV package ........couiiiiiiiiiiiinnn .. 92°C/W
(see Note 5): GON package .........c.coiiiiiiiiiiinainnn... 78°CIW
(see Note 5): PWpackage ..., 83°C/W
(see Note 6): RGY package ..............ciiiiiiiiiii.n. 37°C/IW

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.

All voltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

o0, w

recommended operating conditions (see Note 7)

V| and Vg are used to denote specific conditions for V0.

I and Ip are used to denote specific conditions for Ij;Q.

The package thermal impedance is calculated in accordance with JESD 51-7.
The package thermal impedance is calculated in accordance with JESD 51-5.

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 5.5
VIH High-level control input voltage \Y
Vcc=27Vto36V 2 5.5
ovel | | Vcc=23Vto27V 0 0.7
\Y Low-level control input voltage \Y
IL P g Vec=27V1036V 0 o8
Vijo Data input/output voltage 0 5.5 \%
TA Operating free-air temperature -40 85 °C
NOTE 7: Allunused control 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 1,
I EXAS
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electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIK Vcc =36V, I|=-18 mA -1.8 \Y
IIN | Control inputs | Vcc=3.6V, VIN=0to 55V +1 A
loz* Vec =36V, \\;|O==0? ooy \S/mtihv?;fbr GND £owA
loff Ve =0, Vo=0t055V, V=0 1| pA
Icc Vee =36V, 'S'/O. =0, VIN = Ve or GND 1 2| mA
witch ON or OFF,
AICC§ Control inputs | Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND 30 uA
lcept Fer control Vece = 3.6 V, o A and B ports open, 030  0.35 mA/
input Control input switching at 50% duty cycle MHz
Cin Control inputs | Vcc =3.3V, VIN=55V,33V,0r0 25 35 pF
Cio(OFF) Vee =33V, \S/mtgh\/%':c':'o ‘GND, VIO =55V,33V,0r0 35 5| pF
Cio(ON) Vec =33V, \S/‘I”V\;tihvoc'\c" orGND, VWO=55V,33V,0r0 9 1| pF
Vee =23V, V| =0, lo =30 mA 8
o TYPatVcc=25V  |v|=17V, lo =-15 mA 45 9 o
on V=0, Io =30 mA 6
Vcc =3V
V=24V, lo=-15mA 8

VN and Il refer to control inputs. V|, Vo, I}, and I refer to data pins.

T All typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter oz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

1 This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

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

otherwise noted) (see Figure 3)

FROM 0 Vcc =25V Vcc =33V
PARAMETER (INPUT) (OUTPUT) MTNO-Z \|</|Ax MIiNOS \I</IAX UNIT
foell OE AorB 10 20| MHz
tpd™ AorB BorA 0.12 0.20 ns
ten OE AorB 1.5 75| 15 65| ns
tdis OE AorB 1 65 1 65| ns

Il Maximum switching frequency for control input (Vo > Vee, Vi =5V, R 21 MQ, C = 0)
* The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance when
driven by an ideal voltage source (zero output impedance).
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ron — ON-State Resistance - Q

Ilcc—-mA

TYPICAL r g
S
Vi
16 T
Vcc =33V
141 15 =25C
12| lo=-15mA
10
8
6
4 ——
2
0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 45 5.0
V|-V
Figure 1. Typical r g, vs V|, Vo =3.3Vand g =-15mA
TYPICAL Icc
_ S
OE SWITCHING FREQUENCY
12 |
Vcc =33V
10 |- Tp =25°C
A and B ports Open
8
//
4 e
//
2 e
—1
0
0 2 4 6 8 10 12 14 16 18 20

OE Switching Frequency — MHz

Figure 2. Typical | cc vs OE Switching Frequency, V. cc =3.3V
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SN74CB3Q3245
8-BIT FET BUS SWITCH

2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS124B - JULY 2003 - REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vee
| Input Generator I T
I I VIN
I s0Q |
IVGl I 50 Q
I [ TEST CIRCUIT
I = | =
e = DUT
F——————— O 2xVce
I Input Generator ! V) O Open
)
| 500 | GND
| Va2 I 500
I I
I = I = = e - -
e ——— — -
TEST Vce S1 RL V) CL VA
tod(s) 25Vv+02V Open 500 Q Vcc or GND 30 pF
3.3V+03V Open 500Q | Vg or GND 50 pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+0.2V GND 500 Q Vee 30 pF 0.15V
tpHZ/tPZH
3.3V+0.3V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL —b 4 —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
(VIN) | oV (see Note B)
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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.

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

@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2.5ns, tf<2.5 ns.
The outputs are measured one at a time with one transition per measurement.

tpLH and tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state

resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).

I

All parameters and waveforms are not applicable to all devices.

Figure 3. Test Circuit and Voltage Waveforms
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SN74CB3Q3345
8-BIT FET BUS SWITCH

2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS144A - OCTOBER 2003 - REVISED NOVEMBER 2003

® High-Bandwidth Data Path
(Up To 500 MHz 1)

® 5-V Tolerant I/Os with Device Powered-Up
or Powered-Down

® | ow and Flat ON-State Resistance (r opn)
Characteristics Over Operating Range
(ron = 4 Q Typical)
® Rail-to-Rail Switching on Data 1/0 Ports
- 0-to 5-V Switching With 3.3-VV ¢
- 0-to 3.3-V Switching With 2.5-VV ¢
® Bidirectional Data Flow, With Near-Zero
Propagation Delay

® |ow Input/Output Capacitance Minimizes
Loading and Signal Distortion
(Cio(oFF) = 4 pF Typical)
® Fast Switching Frequency
(fog = 20 MHz Max)
T For additional information regarding the performance
characteristics of the CB3Q family, refer to the TI

application report, CBT-C, CB3T, and CB3Q
Signal-Switch Families, literature number SCDA0O0S.

DBQ, DGV, OR PW PACKAGE

(TOP VIEW)
oel]1 U20:|V_cc
A1[2 19]OE
a2 ll3 18]] B1
A3[4 17]82
A4[5 16]83
As[] 6 15]] B4
a6ll7 14[] B5
A7[l8 13[] B6
asflo 12[] B7

GND[J10 1] B8

Data and Control Inputs Provide
Undershoot Clamp Diodes

Low Power Consumption
(Icc = 0.7 mA Typical)
Vcc Operating Range From 2.3V to 3.6 V

Data I/0Os Support 0 to 5-V Signaling Levels
(0.8-v, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
Control Inputs Can be Driven by TTL or
5-V/3.3-V CMOS Outputs

loff Supports Partial-Power-Down Mode
Operation

Latch-Up Performance Exceeds 100 mA Per
JESD 78, Class I

ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model

(Al114-B, Class Il)
— 1000-V Charged-Device Model (C101)
Supports Both Digital and Analog
Applications: Differential Signal Interface,
Memory Interleaving, Bus Isolation,
Low-Distortion Signal Gating

RGY PACKAGE

(TOP VIEW)
O
L
o S
1 20
All2 ~————19|0E
IVAE I(- | 18]B1
A3 |4 | | 17| B2
A4 15 | 16| B9
A5 |6 | | 15| B4
A6 |7 | | 14| B5
A7 ls | | 13| B6
As|o beee—Jd12]B7
10 11
2 &
o

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Production p ing does not ily include
testing of all parameters.
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SN74CB3Q3345
8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS144A - OCTOBER 2003 - REVISED NOVEMBER 2003

description/ordering information

The SN74CB3Q3345 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ryp). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q3345 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing
systems.

The SN74CB3Q3384A is organized as an 8-bit bus switch with two output-enable (OE, OE) inputs. When OE
is high or OE is low, the bus switch is ON, and the A port is connected to the B port, allowing bidirectional data
flow between ports. When OE is low and OE is high, the bus switch is OFF, and a high-impedance state exists
between the A and B ports.

This device is fully specified for partial-power-down applications using lys. The I circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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

ORDERING INFORMATION

" St | o
QFN - RGY Tape and reel SN74CB3Q3345RGYR BU345
SSOP (QSOP) - DBQ Tape and reel SN74CB3Q3345DBQR CB3Q3345
-40°C to 85°C Tube SN74CB3Q3345PW
TSSOP ~PW Tape and reel | SN74CB3Q3345PWR BU345
TVSOP - DGV Tape and reel SN74CB3Q3345DGVR BU345

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.ti.com/sc/package.

FUNCTION TABLE

INPUTS INPUT/OUTPUT
oF o A FUNCTION
H X B A port = B port
X L B A port = B port
L H Z Disconnect
logic diagram (positive logic)
2 — 18
Al SW B1
N =l .
o o
o o
9 — 1
A8 L sw ] B8
1
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SN

74CB3Q3345

8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS144A - OCTOBER 2003 - REVISED NOVEMBER 2003

simplified schematic, each FET switch (SW)

r————————————— 1
I I
A { | B
I Vee I
| L |
| Charge |
| Pump |
I I
I I
I I
I I
b —— — 4
ENT
T EN is the internal enable signal applied to the switch.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) +
SUPPlY VOIAGE raNgE, VG « ot ot ettt e e e e e -0.5Vto4.6V
Control input voltage range, V| (see Notes1and 2) ................. ... -05Vto7V
Switch I/O voltage range, V|jo (see Notes 1,2, and 3) ............ ..., -05Vto7V
Control input clamp current, Ik (VIN < 0) .o v =50 mA
I/0 port clamp current, ;oK (VI/o S 0) . oo v -50 mA
ON-state switch current, o (S NOtE 4) . ... e 164 mA
Continuous current through Vccor GND terminals . ....... ... oo +100 mA
Package thermal impedance, 63p (see Note 5): DBQ package ....................... ... .. .... 68°C/W
(see Note 5): DGV package ............coiiiiiiiiiii... 92°C/W
(see Note 5): PWpackage ...........ccoiiiiiiiiiiinnnn. 83°C/W
(see Note 6): RGY package ............ ... 37°C/IW

Storage temperature range, Tgtg

-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.

All voltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

o0k w

V| and Vg are used to denote specific conditions for V|/0.
I and Ip are used to denote specific conditions for Ij/o.

The package thermal impedance is calculated in accordance with JESD 51-7.
The package thermal impedance is calculated in accordance with JESD 51-5.

recommended operating conditions (see Note 7)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 Vv
Vcc=23Vto27V 1.7 5.5
VIH High-level control input voltage Vee-27V1036V > 55 \%
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vee-27V036V 0 08 \
Vi/o Data input/output voltage 0 5.5 \Y
TA Operating free-air temperature -40 85 °C
NOTE 7: All unused control 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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SN74CB3Q3345

8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS144A - OCTOBER 2003 - REVISED NOVEMBER 2003

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViK Vee =36V, I} =-18 mA -18| Vv
IIN | Control inputs [Vcc=3.6V, VIN=0to 55V +1 HA
Vpo=0t055V Switch OFF,
t - o) f :
loz Vec =36V, V=0, VN = Ve of GND il
loff Vce =0, Vo=01t055V, V|=0 1| upA
Icc Vee =36V, o =0, VIN = Ve of GND 07 2 ma
o Switch ON or OFF, IN :
AICC§ Control inputs [Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND 30 uA
Per control Vcc=3.6V, A and B ports open, mA/
Al
lcco input Control input switching at 50% duty cycle 013 014 MHz
Cin Control inputs [ Vcc =3.3V, VIN=55V,3.3V,0r0 25 35 pF
Switch OFF, _
Cio(OFF) Vcc =33V, VN = Vee or GND, IO =55V. 33V, 0r0 35 5| pF
Switch ON, _
Cio(ON) Vee =33V, VIN = Ve or GND, Vijo=5.5V,3.3V,0r0 9 115| pF
Veec =23V, V| =0, lo =30 mA 4 8
TYPatVcc =25V  |vi=17YV, o =-15mA 4.5 9
ron' Q
V| =0, lo =30 mA 4 6
Vcc=3V
V=24V, lop=-15mA 4.5 8

VN and Iy refer to control inputs. V|, Vo, |}, and Ig refer to data pins.

T Al typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter 1oz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

11 This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

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

otherwise noted) (see Figure 3)

FROM 0 Vcc=25V | V=33V
PARAMETER (INPUT) (OUTPUT) MJI—fNO-Z \,;AX MIiNO.S \l\/IIAX UNIT
foe or foell OE or OE AorB 10 20 [ MHz
tpd”™ AorB BorA 0.12 0.2 ns
ten OE or OE AorB 15 7.7 15 6.5 ns
tgis OE or OE AorB 1 69 1 68| ns

Il Maximum switching frequency for control input (Vo > Vee, V=5V, R 21 MQ, C| = 0)
*The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).

2-40
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SN74CB3Q3345
8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS144A - OCTOBER 2003 - REVISED NOVEMBER 2003

ron — ON-State Resistance - Q

Ilcc—mA

TYPICAL 1,
Vs
Vi
16 T
Vcc =33V
14| 15 =25°C
12} lo=-15mA
10
8
6
4 — |
2
0
0.0 0.5 1.0 15 2.0 2.5 3.0 35 4.0 4.5 5.0
V|-V
Figure 1. Typical r g vs V|, Vcc =3.3Vand g =-15mA
TYPICAL Icc
_ S
OE or OE SWITCHING FREQUENCY
12 ‘
Vcc =33V
10 |- Ta=25°C
A and B ports Open
8
6
4
2 One OE or OE Switching ——|
0

6 8 10 12 14 16 18 20
OE or OE Switching Frequency - MHz

Figure 2. Typical | cc vs OE or OE Switching Frequency, V. cc =3.3V
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SN74CB3Q3345
8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS144A - OCTOBER 2003 - REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vce
| Input Generator I T
I I VIN
I s00 |
I Va1 I 50 Q
I [ TEST CIRCUIT
I == | =
[ | = DUT
F——————— O 2xVce
I Input Generator ! v O Open
)
I 500 | GND
| Va2 I 500
I I
I = I = = - - -
e ——— — -
TEST Vce S1 RL \ CL VA
tod(s) 25V+0.2V Open 500 Q Vcc or GND 30 pF
3.3V+03V Open 500 Q | Vcc or GND 50 pF
/ 25V+02V | 2xVee | 500Q GND 30 pF 0.15V
tpLz/tPzL
3.3V+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+02V GND 500 Q Vee 30 pF 0.15V
tpHZ/tPZH
3.3V+03V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCCIZ XVCch
(VIN) | | oV
| |
tpzL B le— —» I‘— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2xVcc
ViNn) | oV (see Note B)
I
tPLH —f¢—»! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, Zo =50 Q, t,<2.5ns, < 2.5 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 tpyy_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

T

Figure 3. Test Circuit and Voltage Waveforms
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SN74CB3Q3384A
10-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS114D - DECEMBER 2002 — REVISED NOVEMBER 2003

High-Bandwidth Data Path ® Data and Control Inputs Provide

(Up To 500 MHz 1) Undershoot Clamp Diodes

5-V Tolerant I/Os with Device Powered-Up ® | ow Power Consumption

or Powered-Down (Icc = 1 mA Typical)

Low and Flat ON-State Resistance (I opn) ® V¢ Operating Range From 2.3V t0 3.6 V
Characteristics Over Operating Range ® Data I/Os Support 0 to 5-V Signaling Levels
(ron =3 Q Typical) (0.8-V, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)

- 0-to 5-V Switching With 3.3-VV ¢

5-V/3.3-V CMOS Outputs

~ 0- t0 3.3-V Switching With 2.5-VV ¢

® Bidirectional Data Flow, With Near-Zero
Propagation Delay

® |ow Input/Output Capacitance Minimizes
Loading and Signal Distortion
(Cio(oFF) = 4 pF Typical)
® Fast Switching Frequency
(fog = 20 MHz Max)
T For additional information regarding the performance P
characteristics of the CB3Q family, refer to the TI

application report, CBT-C, CB3T, and CB3Q
Signal-Switch Families, literature number SCDA0O0S.

® |4 Supports Partial-Power-Down Mode
Operation

® | atch-Up Performance Exceeds 100 mA Per
JESD 78, Class I

® ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model
(Al114-B, Class Il)
— 1000-V Charged-Device Model (C101)

Supports Both Digital and Analog
Applications: PCI Interface, Differential
Signal Interface, Memory Interleaving, Bus
Isolation, Low-Distortion Signal Gating

DBQ, DGV, OR PW PACKAGE

(TOP VIEW)
10E [J1 U 24]] Vee
1B1 []2 23[] 2B5
1A1 []3 22[] 2A5
1A2 [|4 21]] 2a4
1B2 []5 20]] 2B4
1B3 []6 19]] 2B3
1A3 []7 18]] 2A3
1A4 [|8 17]] 2a2
1B4 []9 16[] 2B2
1B5 [J10  15[] 2B1
1A5 [J11 14]] 2A1
GND [J12  13]] 20E

description/ordering information

ORDERING INFORMATION

ORDERABLE TOP-SIDE
t
A PACKAGE PART NUMBER MARKING
QSOP - DBQ Tape and reel SN74CB3Q3384ADBQR CB3Q3384A
Tube SN74CB3Q3384APW
—-40°C to 85°C TSSOP - PW BU384A
Tape and reel SN74CB3Q3384APWR
TVSOP - DGV | Tape and reel SN74CB3Q3384ADGVR | BU384A

¢Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Producti ing does not ily include
testing of all parameters.

Copyright © 2003, Texas Instruments Incorporated
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SN74CB3Q3384A
10-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS114D - DECEMBER 2002 - REVISED NOVEMBER 2003

description/ordering information (continued)

The SN74CB3Q3384A is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ryp). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q3384A provides an
optimized interface solution ideally suited for broadband communications, networking, and data-intensive
computing systems.

The SN74CB3Q3384A is organized as two 5-bit bus switches with separate output-enable (1OE, 20E) inputs.
It can be used as two 5-bit bus switches, or as one 10-bit bus switch. When OE is low, the associated 5-bit bus
switch is ON, and the A port is connected to the B port, allowing bidirectional data flow between ports. When
OE is high, the associated 5-bit bus switch is OFF, and a high-impedance state exists between the A and B ports.

This device is fully specified for partial-power-down applications using lgs. The I circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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.

FUNCTION TABLE
(each 5-bit bus switch)

INPUT [ INPUT/OUTPUT
OF A FUNCTION
L B A port = B port
H z Disconnect
logic diagram (positive logic)
=
3 2
1A1 | sw | 1B1
S
I
[ ] °
1 | — 10
1A5 i sw l 1B5
I |
I
— 1
10E : {>o I
e o
i‘ ——————— A
14 — 15
2A1 | sw l 2B1
S
I
[ ] °
22 — 23
2A5 l sw I 2B5
I I
| |
20E ! |
I I
b d
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SN74CB3Q3384A
10-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS114D - DECEMBER 2002 — REVISED NOVEMBER 2003

simplified schematic, each FET switch (SW)

r————————————— 1
I I
A { | B
I Vee I
| L |
| Charge |
| Pump |
I I
I I
I I
I I
IS S —— 4
ENT
T EN is the internal enable signal applied to the switch.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) +
SUPPlY VOIAGE raNgE, VG « ot ot ettt e e e e e -0.5Vto4.6V
Control input voltage range, V| (see Notes1and 2) ................. ... -05Vto7V
Switch I/O voltage range, V|jo (see Notes 1,2, and 3) ............ ..., -05Vto7V
Control input clamp current, Ik (VIN < 0) .o v =50 mA
I/0 port clamp current, ;oK (VI/o S 0) . oo v -50 mA
ON-state switch current, o (S NOtE 4) . ... e 164 mA
Continuous current through Vccor GND terminals . ....... ... oo +100 mA
Package thermal impedance, 635 (see Note 5): DBQ package .............. .. ....... .. ... .... 61°C/W
DGV package ...........ccoiiiiiiiiii 86°C/W
PWpackage ............c it 88°C/W

Storage temperature range, Tstg

—-65°C to 150°C

¥ 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.

All voltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

a s

V| and Vg are used to denote specific conditions for V|/0.
I and Ip are used to denote specific conditions for Ij/0.
The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 6)

MIN  MAX | UNIT

Vce Supply voltage 2.3 3.6 Vv
Veec=23Vt027V 1.7 5.5

VIH High-level control input voltage \%
Vecc=27V1t03.6V 2 5.5
Veec=23Vt027V 0 0.7

VL Low-level control input voltage \Y
Vcc=27V1t03.6V 0 0.8

Vi/o Data input/output voltage 0 55 \

TA Operating free-air temperature -40 85 °C

NOTE 6: All unused control 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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SN74CB3Q3384A

10-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS114D - DECEMBER 2002 - REVISED NOVEMBER 2003

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViK Vee =36V, I} =-18 mA -18| Vv
IIN | Control inputs [Vcc=3.6V, VIN=0to 55V +1 HA
Vpo=0t055V Switch OFF,
t - o) f :
loz Vec =36V, V=0, VN = Ve of GND il
loff Vce =0, Vo=01t055V, V|=0 1| upA
Icc Vec =36V, lijo = 0. VIN = Ve or GND 1 2| ma
o Switch ON or OFF, IN
AICC§ Control inputs [Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND 30 uA
Per control Vcc=3.6V, A and B ports open, mA/
Al
lcco input Control input switching at 50% duty cycle 015 025 MHz
Cin Control inputs [ Vcc =3.3V, VIN=55V,3.3V,0r0 25 35 pF
Switch OFF, _
Cio(OFF) Vcc =33V, VN = Vee or GND, IO =55V. 33V, 0r0 35 5| pF
Switch ON, _
Cio(ON) Vece =33V, ViN = Ve or GND, Vijo=55V,33V,0r0 8 10 pF
Veec =23V, V| =0, lo =30 mA 3 8
TYPatVcc =25V  |vi=17YV, o =-15mA 35 9
ron' Q
V| =0, lo =30 mA 3 6
Vcc=3V
V=24V, lop=-15mA 3.5 8

VN and Iy refer to control inputs. V|, Vo, |}, and Ig refer to data pins.

T Al typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter 1oz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

11 This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

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

otherwise noted) (see Figure 3)

FROM 0 Vcc=25V | V=33V
PARAMETER (INPUT) (OUTPUT) MJI—fNO-Z \,;AX MIiNO.S \l\/IIAX UNIT
fogll OE AorB 10 20 | MHz
tpd”™ AorB BorA 0.09 0.15 ns
ten OE AorB 15 72| 15 6 ns
tgis OE AorB 15 66| 15 66| ns

Il Maximum switching frequency for control input (Vo > Vee, V=5V, R 21 MQ, C| = 0)
*The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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SN74CB3Q3384A
10-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS114D - DECEMBER 2002 — REVISED NOVEMBER 2003
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TYPICAL 1,
VS
Vi
16 :
G Vec =33V
14| 14 =25°C
S o] lo=-15mA
©
% 10
2
o 8
3
n 6
=z
O a4 —
|
S 2
0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5 5.0
V|-V
Figure 1. Typical r g vs V|, Vcc =3.3Vand g =-15mA
TYPICAL Icc
_ Vs
OE SWITCHING FREQUENCY
12 :
Vcc =33V
10| TaA=25°C
A and B ports Open
8
E
| 6
6}
O
4 —
) One OE Switching
0
0 2 4 6 8 10 12 14 16 18 20
OE Switching Frequency — MHz
Figure 2. Typical | c¢ vs OE Switching Frequency, V. ¢cc =3.3V
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SN74CB3Q3384A
10-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS114D - DECEMBER 2002 - REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vce
| Input Generator I T
I I VIN
I s00 |
I Va1 I 50 Q
I [ TEST CIRCUIT
I == | =
[ | = DUT
F——————— O 2xVce
I Input Generator ! v O Open
)
I 500 | GND
| Va2 I 500
I I
I = I = = - - -
e ——— — -
TEST Vce S1 RL \ CL VA
tod(s) 25V+0.2V Open 500 Q Vcc or GND 30 pF
3.3V+03V Open 500 Q | Vcc or GND 50 pF
/ 25V+02V | 2xVee | 500Q GND 30 pF 0.15V
tpLz/tPzL
3.3V+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+02V GND 500 Q Vee 30 pF 0.15V
tpHZ/tPZH
3.3V+03V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCCIZ XVCch
(VIN) | | oV
| |
tpzL B le— —» I‘— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2xVcc
ViNn) | oV (see Note B)
I
tPLH —f¢—»! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, Zo =50 Q, t,<2.5ns, < 2.5 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 tpyy_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

T

Figure 3. Test Circuit and Voltage Waveforms
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SN74CB3Q6800
10-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS142A - OCTOBER 2003 — REVISED NOVEMBER 2003

High-Bandwidth Data Path
(Up To 500 MHz 1)

5-V Tolerant I/Os with Device Powered-Up
or Powered-Down

Low and Flat ON-State Resistance (I opn)
Characteristics Over Operating Range
(ron = 4.5 Q Typical)

Rail-to-Rail Switching on Data 1/0O Ports

- 0-to 5-V Switching With 3.3-VV ¢

~ 0- t0 3.3-V Switching With 2.5-VV ¢

® B-Port Outputs Are Precharged by Bias
Voltage (BIASV) to Minimize Signal
Distortion During Live Insertion and
Hot-Plugging

® Supports PCI Hot Plug

® Bidirectional Data Flow, With Near-Zero
Propagation Delay

® | ow Input/Output Capacitance Minimizes
Loading and Signal Distortion
(Cio(oFF) = 3.5 pF Typical)
® Fast Switching Frequency
(fon = 20 MHz Max)
T For additional information regarding the performance
characteristics of the CB3Q family, refer to the TI

application report, CBT-C, CB3T, and CB3Q
Signal-Switch Families, literature number SCDA0OS.

Data and Control Inputs Provide
Undershoot Clamp Diodes

Low Power Consumption
(Icc = 0.75 mA Typical)

Vcc Operating Range From 2.3V to 3.6 V

Data I/0Os Support 0 to 5-V Signaling Levels
(0.8-v, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)

Control Inputs Can be Driven by TTL or
5-V/3.3-V CMOS Outputs

loff Supports Partial-Power-Down Mode

Operation

Latch-Up Performance Exceeds 100 mA Per
JESD 78, Class I

ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model

(Al114-B, Class Il)
— 1000-V Charged-Device Model (C101)

Supports Both Digital and Analog
Applications: PCI Interface, Differential
Signal Interface, Memory Interleaving, Bus
Isolation, Low-Distortion Signal Gating

DBQ, DGV, OR PW PACKAGE

(TOP VIEW)
on [ VY24 Vee
AL [] 2 23[] B1
A2 []3 22]] B2
A3 [| 4 21]] B3
A4 (] 5 20[] B4
A5 [] e 19(] B5
A6 []7 18] B6
A7 [l 8 17]] B7
a8 ] o 16]] B8
A9 [0 15[ BO
A0 [J1n  14]] B1O
GND [J12  13[] BIASV

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Producti ing does not ily include
testing of all parameters.
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SN74CB3Q6800
10-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS142A - OCTOBER 2003 - REVISED NOVEMBER 2003

description/ordering information

The SN74CB3Q6800 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ryp). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q6800 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing
systems.

The SN74CB3Q6800 is a 10-bit bus switch with a single output-enable (ON) input. When ON is low, the 10-bit
bus switch is ON and the A port is connected to the B port, allowing bidirectional data flow between ports. When
ON is high, the 10-bit bus switch is OFF and a high-impedance state exists between the A and B ports. The B
port is precharged to bias voltage (BIASV) through the equivalent of a 10-kQ resistor when ON is high, or if the
device is powered down (Vcc =0 V).

During insertion (or removal) of a card into (or from) an active bus, the card’s output voltage may be close to
GND. When the connector pins make contact, the card’s parasitic capacitance tries to force the bus signal to
GND, creating a possible glitch on the active bus. This glitching effect can be reduced by using a bus switch
with precharged bias voltage (BIASV) of the bus switch equal to the input threshold voltage level of the receivers
on the active bus. This method will ensure that any glitch produced by insertion (or removal) of the card will not
cross the input threshold region of the receivers on the active bus, minimizing the effects of live-insertion noise.

This device is fully specified for partial-power-down applications using lys. The I circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

To ensure the high-impedance state during power up or power down, ON 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.

ORDERING INFORMATION

™ et | e
SSOP (QSOP) - DBQ | Tape and reel | SN74CB3Q6800DBQR | CB3Q6800
_40°C1085°C | TssOP - PW Tube SN74CB3Q6800PW BY800
Tape and reel SN74CB3Q6800PWR
TVSOP - DGV Tape and reel | SN74CB3Q6800DGVR | BY800

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines
are available at www.ti.com/sc/package.

FUNCTION TABLE

INPUT | INPUT/OUTPUT FUNCTION
ON A
L B A port = B port
Disconnect
H z B port = BIASV
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SN74CB3Q6800

10-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS142A - OCTOBER 2003 — REVISED NOVEMBER 2003

logic diagram (positive logic)

13
I e BIASV
2 23
Al Ev\] B1
° [ ]
e I [ )
[ ] [ ]
11 14
A10 EVE B10
e
— 1 {>C
ON
simplified schematic, each FET switch (SW)
BIASV
r————————————————— a

Vce

Charge
Pump

ENn'

T EN is the internal enable signal applied to the switch.
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SN74CB3Q6800
10-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS142A - OCTOBER 2003 - REVISED NOVEMBER 2003

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE FANGE, VO - - ot v vttt e et e et e e e e e -0.5Vto4.6V
BIAS supply voltage range, BIASY . ... . e -05Vto7V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (see Notes 1,2, and 3) ..., -05Vto7V
Control input clamp current, Ik (VIN<O) .. o e -50 mA
I/0 port clamp current, l;ok (Vi/o < 0) oo -50 mA
ON-state switch current, ljjg (see Note 4) ... ... . 64 mA
Continuous current through Ve or GND terminals . ... e +100 mA
Package thermal impedance, 635 (see Note 5): DBQ package .............. ... 61°C/W

DGV opackage ........ ... 86°C/W
PWopackage ............ i, 88°C/W
Storage temperature range, Tggg ..o v v et —65°C to 150°C

1 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. All voltages are with respect to ground unless otherwise specified.

N

The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V) and Vg are used to denote specific conditions for V0.

I and Ip are used to denote specific conditions for l}/0.

The package thermal impedance is calculated in accordance with JESD 51-7.

o s w

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
BIASV Bias supply voltage 0 5 \%
Vcc=23Vto27V 1.7 5.5
VIH High-level control input voltage Vec=27V1036V > 55 \Y
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vec=27V1036V o 08 \Y
Vijo Data input/output voltage 0 55 \%
TA Operating free-air temperature -40 85 °C
NOTE 6: All unused control 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. BIASV is a supply voltage, not a control input.
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SN74CB3Q6800

10-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS142A - OCTOBER 2003 — REVISED NOVEMBER 2003

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIK Vcc =36V, I|=-18 mA -1.8 \Y
IIN Control inputs | Vcc =3.6V, VIN=0to 55V +1 A
BIASV =24V, Switch OFF,
lo B port Vce =3V, Vo =0, VN = Vee or GND 0.2 mA
Vo=0to5.5YV, Switch OFF,
i — (@] ) )
loz Vcc =36V, V| =0, VIN = Vcc or GND = HA
loff Vee =0, Vo=0t055V, Vi=0 1| upA
- lijo =0, -
Icc Vcc =36V, Switch ON or OFF, VIN = Vcc or GND 0.75 2 mA
Alec8 Control inputs [Vcc=3.6V, One inputat 3V, Other inputs at Vo or GND 30 UA
Per control Vcc =36V, A and B ports open, mA/
icco | . _— 0.38 045
input Control input switching at 50% duty cycle MHz
Cin Control inputs | Vcc =3.3V, VIN=55V,33V,0r0 25 35 pF
Switch OFF, _
Cio(OFF) | A port Vee =33V, Vin=Vee or GND, VW0 =55V,33V0r0 35 5 pF
Switch ON, _
Cio(ON) Vee =33V, Vi = Vee or GND, V0 =5:5V.3.3V,0r0 9 1| pF
Vee =23V, V| =0, lo=30mA 4.5 8
u TYPatVcc =25V V=17V, o =-15mA 4.8 9 o
r
on V| =0, lo =30 mA 45 6
Vcc =3V
Vi=24V, lo = -15 mA 46 8

VN and Iy refer to control inputs. V), Vo, |, and Ig refer to data pins.

T All typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

fFori/o ports, the parameter |gz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

T This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 3)

Vcc =25V Vcc =33V
FROM TO +02V +03V
PARAMETER TEST CONDITIONS (INPUT) (OUTPUT) UNIT
MIN  MAX | MIN  MAX
fon!! ON AorB 10 20 | MHz
tod” AorB BorA 0.135 0.225 ns
tpzH BIASV = GND — 1.5 85 15 67
ON AorB ns
tpzL BIASV =3V 1.5 85 15 67
tPHZ BIASV = GND _ 1 5 1 5
ON AorB ns
tpLz BIASV =3V 1 6.9 1 6.9

Il Maximum switching frequency for control input (Vo > Ve, V) =5V, R 21 MQ, C|_=0).
*The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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10-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS

2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH
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ron — ON-State Resistance - Q

lcc - mA

TYPICAL r g
S
Vi
16 T
Vcc =33V
141 15 =25C
12 | lo=-15mA
10
8
L~
6
4
2
0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 45 5.0
V|-V
Figure 1. Typical r g, vs V|, Vo =3.3Vand g =-15mA
TYPICAL Icc
_ S
ON SWITCHING FREQUENCY
12 | |
Vcc =33V
10 |- Tp =25°C
A and B ports Open, BIASV Open
8 =
/,
6
//
4 //
2 l/
//
0
0 2 4 6 8 10 12 14 16 18 20

ON Switching Frequency — MHz

Figure 2. Typical | cc vs ON Switching Frequency, V. cc =3.3V
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SN74CB3Q6800
10-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS142A - OCTOBER 2003 — REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vee
| Input Generator I T
I I VIN
I s0Q |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | =
e = DUT
rI——G————— O 2xVce
nput Generator
I p ! V) O Open
{
| 500 | GND
| Va2 | 50 Q
I I
I = I = = e - -
e ——— — -
TEST Vce S1 RL V) CL VA
tod(s) 25Vv+02V Open 500 Q Vcc or GND 30 pF
3.3V+03V Open 500Q | Vg or GND 50 pF
tpLzltpz | 28V*02V | 2xVce | 5000 GND 30 pF 0.15V
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
tpzltpzy | 25V 102V GND 500 Q Vee 30 pF 0.15V
3.3V+03V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL —b 4 —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
(VIN) | | oV (see Note B)
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, ty<2.5ns, tf<2.5 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 tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

I

Figure 3. Test Circuit and Voltage Waveforms
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SN74CB3Q16244
16-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS155A - OCTOBER 2003 - REVISED NOVEMBER 2003

® Member of the Texas Instruments
Widebus ™ Family

® High-Bandwidth Data Path
(Up To 500 MHz 1)

® 5-V-Tolerant I/Os with Device Powered-Up
or Powered-Down

® | ow and Flat ON-State Resistance (r opn)
Characteristics Over Operating Range

® Rail-to-Rail Switching on Data 1/0 Ports
- 0- to 5-V Switching With 3.3-VV ¢
- 0-to 3.3-V Switching With 2.5-VV ¢

® Bidirectional Data Flow, With Near-Zero
Propagation Delay

® | ow Input/Output Capacitance Minimizes
Loading and Signal Distortion

® Fast Switching Frequency

® Data and Control Inputs Provide
Undershoot Clamp Diodes

® | ow Power Consumption
® Vcc Operating Range From 2.3V to 3.6 V

® Data I/Os Support 0 to 5-V Signaling Levels
(0.8-v, 1.2V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)

® Control Inputs Can Be Driven by TTL or
5-V/3.3-V CMOS Outputs

® |, Supports Partial-Power-Down Mode
Operation

® |atch-Up Performance Exceeds 100 mA Per
JESD 78, Class Il

® ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model
(A114-B, Class Il)
— 1000-V Charged-Device Model (C101)

® Supports Both Digital and Analog
Applications: PCI Interface, Memory
Interleaving, Bus Isolation, Low-Distortion
Signal Gating
1 For additional information regarding the performance
characteristics of the CB3Q family, refer to the TI

application report, CBT-C, CB3T, and CB3Q
Signal-Switch Families, literature number SCDA008.

Widebus is a trademark of Texas Instruments.

DGG, DGV, OR DL PACKAGE

(TOP VIEW)
10E[| 1 " s ] 2O
12 47fl1a1
18203 48[l 1a2

enoll4  45flenp
1B3[]s  44[l1A3
1B4lle 4314
vecl 7 42 vee
oB1[le  41fl2a1
oB2[lo  40fl2n2
oNnDll10 39l oD
oB3[J11 38fl 2A3
oBall12  37fl o4
3B1l]13  38fl3a1
3B2[]14 35[3A2
ohp 15 34l enp
3B3[]16  33[]3a3
34l 32fl3a4
Vecll1s 31 ] Vee
4B1[[19  30fl 4a1
4B2[]20 29[l a2
Ghp 21 28l anp
48322 27[l ap3
aB4[l23  26[] apa
40E[]24  25[] 30E

PRODUCT PREVIEW information concerns products in the formative or
design phase of development. Characteristic data and other

)
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PRODUCT PREVIEW

SN74CB3Q16244
16-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS155A - OCTOBER 2003 - REVISED NOVEMBER 2003

description/ordering information

The SN74CB3Q16244 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ryp). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q16244 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing
systems.

The SN74CB3Q16244 is organized as four 4-bit bus switches with separate output-enable (1OE, 20E, 30E,
40E) inputs. It can be used as four 4-bit bus switches, two 8-bit bus switches, or as one 16-bit bus switch. When
OE is low, the associated 4-bit bus switch is ON, and the A port is connected to the B port, allowing bidirectional
data flow between ports. When OE is high, the associated 4-bit bus switch is OFF, and the high-impedance state
exists between the A and B ports.

This device is fully specified for partial-power-down applications using lys. The I Circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
t
A PACKAGE PART NUMBER MARKING
Tube SN74CB3Q16211DL
SSOP - DL

Tape and reel | SN74CB3Q16211DLR
TSSOP - DGG Tape and reel | SN74CB3Q16211DGGR
TVSOP - DGV Tape and reel | SN74CB3Q16211DGVR

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.ti.com/sc/package.

-40°C to 85°C

FUNCTION TABLE
(each 4-bit bus switch)

INPUT | INPUT/OUTPUT
OE A FUNCTION
L B A port = B port
H Z Disconnect
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16-BIT FET BUS SWITCH
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logic diagram (positive logic)

10E

30E

i‘ ---------- A i‘ ---------- A
47 — | 2 41 | | 8
| SW | 1B1 2A1 | SW |
I I ° ° I I
| e Do |
43 — | 6 37 — | 12
] SW | 1B4 2A4 | SW |
I I I I
1 | I — 48 | I

| | 2F T |

I 4 b 4

i‘ ---------- A i‘ ---------- A
36 — 13 30 — 19

] SW I 3B1 4A1 | SW I

I I ° ° I I

| e D |
32 — | 17 26 — | 23

| SW I 3B4 4A4 I SW |

I I I I
25 I I 24 I I

40E
I I I I
I 4 I 4

F—————————
!
A ]
I Vee
| T
| Charge
| Pump
|
|
I
I
b —

ENT

T EN is the internal enable signal applied to the switch.
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abso

lute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE FANGE, VO - - ot v vttt e et e et e e e e e -0.5Vto4.6V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (see Notes 1, 2, and 3) . ..., -05Vto7V
Control input clamp current, Ik (VIN<O) ..o -50 mA
I/0 port clamp current, ljjok (Vo <0) oo -50 mA
ON-state switch current, ljjg (see NOte 4) . ... . +64 mA
Continuous current through Vecc or GND terminals . ... e +100 mA
Package thermal impedance, 635 (see Note 5): DGG package ............ccovviiiiinnieann.. 70°C/W
DGV opackage ......... ..o 58°C/W
DLpackage ........c.c.oouiiiiiiiiiiiin 63°C/W
Storage temperature range, Tggg - -« .o 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V|/0o.

I} and Ip are used to denote specific conditions for 1}/0.

The package thermal impedance is calculated in accordance with JESD 51-7.

o ks w

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 55
VIH High-level control input voltage Vee=27V036V > 55 \%
Vcc=23Vt027V 0o 07
VL Low-level control input voltage Vee=27V1036V 0 08 \
Vijo Data input/output voltage 0 55 \%
TA Operating free-air temperature =40 85 °C
NOTE 6: All unused control 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 MIN TYPT MAX | UNIT
VIK Vcc =36V, I|=-18 mA \Y
N | Controlinputs |Vcc=3.6V, VIN=01055V UA

Vo=0t055YV, Switch OFF,

t = o , )
loz Vec =36V, V| =0, VN = Ve or GND WA
loff Ve =0, Vo=0t055V, V=0 HA
[ Vec =36V, o =0. VIN = Ve or GND mA
cc cc==oW Switch ON or OFF, IN=VCC
AICC§ Control inputs | Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND uA
| q Per control Vcc =36V, A and B ports open, mA/
cch input Control input switching at 50% duty cycle MHz
Cin Control inputs | Vcc =3.3V, VIN=55V,33V,0r0 pF

Switch OFF, _
Cio(OFF) Ve =33V, Vin = Ve or GND, Vijo=55V,3.3V,0r0 pF
Switch ON, _
Cio(ON) Vcc =33V, VN = Ve of GND, Vijo=55V,33V,or0 pF
Vce =23V, V| =0, lo =30mA
4 TYPatVcc =25V V=17V, lo=-15mA o
r
on V| =0, Io =30 mA
Vcc =3V
V=24V, lo=-15mA

VN and Il refer to control inputs. V|, Vo, I}, and I refer to data pins.

T All typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter oz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

1 This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 3)

FROM 0 Vcc =25V Vcc =33V
PARAMETER (INPUT) (OUTPUT) MTNO-Z \|</|Ax MIiNOS \I</IAX UNIT
foell OE AorB MHz
tpd™ AorB BorA ns
ten OE AorB ns
tdis OE AorB ns

Il Maximum switching frequency for control input (Vo > Vee, Vi =5V, R 21 MQ, C = 0)
* The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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16-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH
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TYPICAL 1 g,
VS
Vi
16 ‘
a Vcc =33V
o 141 1A =25°C
8 12} lo=-15mA
8
2 10
i
s 8
©
o 6
P
o 4
|
s 2
0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5 5.0
V|-V
Figure 1. Typical r g, vs V|, Vcc=3.3Vand g =-15mA
TYPICAL Icc
_ VS
OE SWITCHING FREQUENCY
12 ‘
Vcc =33V
10| Ta=25°C
A and B ports Open
8
S
[ 6
O
O
4
2
0
0 2 4 6 8 10 12 14 16 18 20

OE Switching Frequency — MHz

Figure 2. Typical | c¢ vs OE Switching Frequency, V. ¢cc =3.3V
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PARAMETER MEASUREMENT INFORMATION

PRODUCT PREVIEW

——————— Vece
| Input Generator I T
I I VIN
I s0Q |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | —-
[ | - DUT
[ ———— O 2xVce
I Input Generator ! Vi O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = —_ e - -
b o
TEST Vce S1 RL V) CL VA
tod(s) 25Vv+02V Open 500 Q Vcc or GND 30 pF
3.3V+0.3V Open 500Q | Vccor GND 50 pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+0.2V GND 500 Q Vee 30 pF 0.15V
tpHZ/tPZH
3.3V+0.3V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
VIN) | | oV
| |
tpzL ¥ —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
(VIN) | oV (see Note B)
|
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, ty<2.5ns, tf<2.5 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 tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

I

Figure 3. Test Circuit and Voltage Waveforms
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® Member of the Texas Instruments
Widebus ™ Family

® High-Bandwidth Data Path
(Up To 500 MHz 1)

® 5-V-Tolerant I/Os with Device Powered-Up
or Powered-Down

® | ow and Flat ON-State Resistance (r opn)
Characteristics Over Operating Range

® Rail-to-Rail Switching on Data 1/0 Ports
- 0- to 5-V Switching With 3.3-VV ¢
- 0-to 3.3-V Switching With 2.5-VV ¢

® Bidirectional Data Flow, With Near-Zero
Propagation Delay

® | ow Input/Output Capacitance Minimizes
Loading and Signal Distortion

® Fast Switching Frequency

® Data and Control Inputs Provide
Undershoot Clamp Diodes

® | ow Power Consumption
® Vcc Operating Range From 2.3V to 3.6 V

® Data I/Os Support 0 to 5-V Signaling Levels
(0.8-v, 1.2V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)

® Control Inputs Can Be Driven by TTL or
5-V/3.3-V CMOS Outputs

® |, Supports Partial-Power-Down Mode
Operation

® |atch-Up Performance Exceeds 100 mA Per
JESD 78, Class Il

® ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model
(A114-B, Class Il)
— 1000-V Charged-Device Model (C101)

® Supports Both Digital and Analog
Applications: PCI Interface, Differential
Signal Interface, Memory Interleaving, Bus
Isolation, Low-Distortion Signal Gating
1 For additional information regarding the performance
characteristics of the CB3Q family, refer to the TI

application report, CBT-C, CB3T, and CB3Q
Signal-Switch Families, literature number SCDA008.

Widebus is a trademark of Texas Instruments.

DGG, DGV, OR DL PACKAGE

(TOP VIEW)
NC [} 1 o 48[ 10E
1A1[] 2 47[]20E
1A2 []3 46[]1B1
1A3[] 4 45[]1B2
1A4 ] 5 44]]1B3
1A5 [ 6 43[]1B4
1A6 [] 7 42]]1B5
GND [| 8 41[]GND
1A7 (]9 40(]1B6
1A8[J10  39[l1B7
1a9 [Jir  38[l1Bs
1a10 [J12 37[]1B9
2a1[]13  36[]1B10
2A2[J14  35[]2B1
Vee [ 15 34 ]282
2a3[]16  33[]2B3
oo [J17  32fleND
2aa[]18  31[]2Bs
oas[J19  30[]2ms
ona6[J20  29[]2B6
oa7[j21 28[lop7
oag ]2z 27[l2Bs
oa0 []23 26[]2mg
oa10[J22 251210

NC - No internal connection

PRODUCT PREVIEW information concerns products in the formative or
design phase of development. Characteristic data and other
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SN74CB3Q16210
20-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS151A - OCTOBER 2003 - REVISED NOVEMBER 2003

description/ordering information

The SN74CB3Q16210 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ryp). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q16210 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing
systems.

The SN74CB3Q16210 is organized as two 10-bit bus switches with separate output-enable (1OE, 20E) inputs.
It can be used as two 10-bit bus switches, or as one 20-bit bus switch. When OE is low, the associated 10-bit
bus switch is ON, and the A port is connected to the B port, allowing bidirectional data flow between ports. When
OE is high, the associated 10-bit bus switch is OFF, and a high-impedance state exists between the A and B
ports.

This device is fully specified for partial-power-down applications using lgs. The I Circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
t
A PACKAGE PART NUMBER MARKING
Tube SN74CB3Q16210DL
SSOP - DL

Tape and reel | SN74CB3Q16210DLR
TSSOP - DGG Tape and reel | SN74CB3Q16210DGGR
TVSOP - DGV Tape and reel | SN74CB3Q16210DGVR

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.ti.com/sc/package.

-40°C to 85°C

FUNCTION TABLE
(each 10-bit bus switch)

INPUT | INPUT/OUTPUT
OE A FUNCTION
L B A port = B port
H Z Disconnect
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SN74CB3Q16210
20-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH
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logic diagram (positive logic)

2 | — | 46
1A1 i S 1B1
° I I [ ]
[ ) I I [ ]
|
° [ ]
12 — 36
1A10 : sw I 1B10
I I
| |
10E I
| I
e o
i‘ ——————— 1
13 — 35
2A1 i sw I 2B1
S T i
° [ ]
° 2 I I 25 [ ]
4
2A10 l [sw] I 2B10
I I
— 47 I |
20E I |
I I
I 4
simplified schematic, each FET switch (SW)
r— A
I I
I Vee |
| L |
| Charge |
| Pump |
I I
I I
I I
I I
N 4

ENT

T EN is the internal enable signal applied to the switch.
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SN74CB3Q16210
20-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH
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abso

lute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE FANGE, VO - - ot v vttt e et e et e e e e e -0.5Vto4.6V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (see Notes 1, 2, and 3) . ..., -05Vto7V
Control input clamp current, Ik (VIN<O) ..o -50 mA
I/0 port clamp current, ljjok (Vo <0) oo -50 mA
ON-state switch current, ljjg (see NOte 4) . ... . +64 mA
Continuous current through Vecc or GND terminals . ... e +100 mA
Package thermal impedance, 635 (see Note 5): DGG package ............ccovviiiiinnieann.. 70°C/W
DGV opackage ......... ..o 58°C/W
DLpackage ........c.c.oouiiiiiiiiiiiin 63°C/W
Storage temperature range, Tggg - -« .o 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V|/0o.

I} and Ip are used to denote specific conditions for 1}/0.

The package thermal impedance is calculated in accordance with JESD 51-7.

o ks w

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 55
VIH High-level control input voltage Vee=27V036V > 55 \%
Vcc=23Vt027V 0o 07
VL Low-level control input voltage Vee=27V1036V 0 08 \
Vijo Data input/output voltage 0 55 \%
TA Operating free-air temperature =40 85 °C
NOTE 6: All unused control 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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SN74CB3Q16210
20-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH
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electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIK Vcc =36V, I|=-18 mA \Y
N | Controlinputs |Vcc=3.6V, VIN=01055V UA

Vo=0t055YV, Switch OFF,
t = o , )
loz Vec =36V, V| =0, VN = Ve or GND WA
loff Ve =0, Vo=0t055V, V=0 HA
[ Vec =36V, o =0. VIN = Ve or GND mA
cc cc==oW Switch ON or OFF, IN=VCC
AICC§ Control inputs | Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND uA
| q Per control Vcc =36V, A and B ports open, mA/
cch input Control input switching at 50% duty cycle MHz
Cin Control inputs | Vcc =3.3V, VIN=55V,33V,0r0 pF
Switch OFF, _
Cio(OFF) Ve =33V, Vin = Ve or GND, Vijo=55V,3.3V,0r0 pF
Switch ON, _
Cio(ON) Vcc =33V, VN = Ve of GND, Vijo=55V,33V,or0 pF
Vce =23V, V| =0, lo =30mA
4 TYPatVcc =25V V=17V, lo=-15mA o
r
on V| =0, Io =30 mA
Vcc =3V
V=24V, lo=-15mA

VN and Il refer to control inputs. V|, Vo, I}, and I refer to data pins.

T All typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter oz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

1 This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 3)

FROM 0 Vcc =25V Vcc =33V
PARAMETER (INPUT) (OUTPUT) MTNO-Z \|</|Ax MIiNOS \I</IAX UNIT
foell OE AorB MHz
tpd™ AorB BorA ns
ten OE AorB ns
tdis OE AorB ns

Il Maximum switching frequency for control input (Vo > Vee, Vi =5V, R 21 MQ, C = 0)
* The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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TYPICAL 1 g,
VS
Vi
16 ‘
G Vec =33V
LA TA=25°C
% 12] lo=-15mA
3 10
2
o 8
o
n 6
P4
O 4
|
§ 2
0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 45 5.0
V|-V
Figure 1. Typical r g, vs V|, Vcc=3.3Vand g =-15mA
TYPICAL Icc
_ Vs
OE SWITCHING FREQUENCY
12 ‘
Vcc =33V
10 | Ta=25°C
A and B ports Open
8
S
[ 6
(&)
o
4
2
0
0 2 4 6 8 10 12 14 16 18 20

OE Switching Frequency — MHz

Figure 2. Typical | c¢ vs OE Switching Frequency, V. ¢cc =3.3V

{'f TEXAS
INSTRUMENTS

2-70 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74CB3Q16210
20-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS151A - OCTOBER 2003 - REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

PRODUCT PREVIEW

——————— Vece
| Input Generator I T
I I VIN
I s0Q |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | =
[ | - DUT
e —————— O 2xVce
I Input Generator ! Vi O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = —_ e - -
e ——— — -
TEST Vce S1 RL V) CL VA
tod(s) 25Vv+02V Open 500 Q Vcc or GND 30 pF
3.3V+0.3V Open 500Q | Vccor GND 50 pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+0.2V GND 500 Q Vee 30 pF 0.15V
tpHZ/tPZH
3.3V+0.3V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL ¥ —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control X Veel2 X Veel2 Slat2 xVcc
(VIN) | oV (see Note B)
I
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, ty<2.5ns, tf<2.5 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 tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO
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Figure 3. Test Circuit and Voltage Waveforms
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SN74CB3Q16211
24-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS152A - OCTOBER 2003 - REVISED NOVEMBER 2003

® Member of the Texas Instruments
Widebus ™ Family

® High-Bandwidth Data Path
(Up To 500 MHz 1)

® 5-V-Tolerant I/Os with Device Powered-Up
or Powered-Down

® | ow and Flat ON-State Resistance (r opn)
Characteristics Over Operating Range

® Rail-to-Rail Switching on Data 1/0 Ports
- 0- to 5-V Switching With 3.3-VV ¢
- 0-to 3.3-V Switching With 2.5-VV ¢

® Bidirectional Data Flow, With Near-Zero
Propagation Delay

® | ow Input/Output Capacitance Minimizes
Loading and Signal Distortion

® Fast Switching Frequency

® Data and Control Inputs Provide
Undershoot Clamp Diodes

® | ow Power Consumption
® Vcc Operating Range From 2.3V to 3.6 V

® Data I/Os Support 0 to 5-V Signaling Levels
(0.8-v, 1.2V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)

® Control Inputs Can Be Driven by TTL or
5-V/3.3-V CMOS Outputs

® |, Supports Partial-Power-Down Mode
Operation

® |atch-Up Performance Exceeds 100 mA Per
JESD 78, Class Il

® ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model
(A114-B, Class Il)
— 1000-V Charged-Device Model (C101)

® Supports Both Digital and Analog
Applications: Differential Signal Interface,
Memory Interleaving, Bus Isolation,
Low-Distortion Signal Gating
1 For additional information regarding the performance
characteristics of the CB3Q family, refer to the TI

application report, CBT-C, CB3T, and CB3Q
Signal-Switch Families, literature number SCDA008.

Widebus is a trademark of Texas Instruments.

DGG, DGV, OR DL PACKAGE

(TOP VIEW)

NC 1 o 56|] 10E
1A1[]2 55[] 20E
1A2[]3 54[] 1B1
1A3[] 4 53[] 1B2
1A4[]5 52[] 1B3
1A5 |6 51[] 1B4
1A6[]7 50[] 1B5

GND [] 8 49[]GND
1A7 ]9 48[] 186
1a8[]10  47[]1B7
1a9[j11  46[]1B8

1a10[J12  45[]1B9

1A11[J13  44[]1B10

1A12[J14  43[]1B11
2a1[l15  42[]1B12
2A2[j16  41[]2B1

Vec 17 4of]2B2
2A3[|18  39[]2B3

GND[J19  38[JGND
2A4[l20  37[12B4
2a5[]21  36[]2B5
2A6[]22  35[]2B6
2A7[]23  34[]2B7
2A8[]24  33[]2B8
2A9[]25  32[]2B9

2A10[]26  31[]2B10
2A11[]27  30[]2B11
2A12[|28  29[]2B12

NC - No internal connection

PRODUCT PREVIEW information concerns products in the formative or
design phase of development. Characteristic data and other
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PRODUCT PREVIEW

SN74CB3Q16211
24-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS152A - OCTOBER 2003 - REVISED NOVEMBER 2003

description/ordering information

The SN74CB3Q16211 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ryp). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q16211 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing
systems.

The SN74CB3Q16211 is organized as two 12-bit bus switches with separate output-enable (1OE, 20E) inputs.
It can be used as two 12-bit bus switches, or as one 24-bit bus switch. When OE is low, the associated 12-bit
bus switch is ON and the A port is connected to the B port, allowing bidirectional data flow between ports. When
OE is high, the associated 12-bit bus switch is OFF and a high-impedance state exists between the A and B
ports.

This device is fully specified for partial-power-down applications using lgs. The I Circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
t
A PACKAGE PART NUMBER MARKING
Tube SN74CB3Q16211DL
SSOP - DL

Tape and reel SN74CB3Q16211DLR
TSSOP - DGG Tape and reel SN74CB3Q16211DGGR
TVSOP - DGV Tape and reel | SN74CB3Q16211DGVR

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.ti.com/sc/package.

-40°C to 85°C

FUNCTION TABLE
(each 12-bit bus switch)

INPUT | INPUT/OUTPUT
OE A FUNCTION
L B A port = B port
H Z Disconnect
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SN74CB3Q16211
24-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS152A - OCTOBER 2003 - REVISED NOVEMBER 2003

logic diagram (positive logic)

2 | — 54
1A1 | S l 1B1
SN i -
[ ] I I L]
[ ] o
14 | — 42
1A12 | S l 1B12
I I
| |
10E I
| I
e o
i‘ ——————— 1
15 — 41
2A1 | sw l 2B1
S
[ ) I I [ ]
[ ] o
28 — 29
2A12 l sw I 2B12
I I
— 55 I |
20E I |
I I
I 4
simplified schematic, each FET switch (SW)
r— A
I I
K |
I L I
| Charge |
| Pump |
I I
I I
I I
I I
[ S 4

ENT

T EN is the internal enable signal applied to the switch.
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PRODUCT PREVIEW

SN74CB3Q16211
24-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS152A - OCTOBER 2003 - REVISED NOVEMBER 2003

abso

lute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE FANGE, VO - - ot v vttt e et e et e e e e e -0.5Vto4.6V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (see Notes 1, 2, and 3) . ..., -05Vto7V
Control input clamp current, Ik (VIN<O) ..o -50 mA
I/0 port clamp current, ljjok (Vo <0) oo -50 mA
ON-state switch current, ljjg (see NOte 4) . ... . +64 mA
Continuous current through Vecc or GND terminals . ... e +100 mA
Package thermal impedance, 635 (see Note 5): DGG package ............cooiiiiiiinnnaann.. 64°C/W
DGV opackage ...........coiiiiiiiiiii 48°C/W
DLpackage . ........c.coiiiiiiiiiii i, 56°C/W
Storage temperature range, Tggg . .-« o .o 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V|o.

I} and Ip are used to denote specific conditions for 1}/0.

The package thermal impedance is calculated in accordance with JESD 51-7.

o bhw

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 5.5
VIH High-level control input voltage Vee-27V036V > 55 \%
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vec=27V036V 0 08 \
Vijo Data input/output voltage 0 55 \%
TA Operating free-air temperature -40 85 °C
NOTE 6: All unused control 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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SN74CB3Q16211
24-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS152A - OCTOBER 2003 - REVISED NOVEMBER 2003

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIK Vcc =36V, I|=-18 mA \Y
N | Controlinputs |Vcc=3.6V, VIN=01055V UA

Vo=0t055YV, Switch OFF,

t = o , )
loz Vec =36V, V| =0, VN = Ve or GND WA
loff Ve =0, Vo=0t055V, V=0 HA
[ Vec =36V, o =0. VIN = Ve or GND mA
cc cc==oW Switch ON or OFF, IN=VCC
AICC§ Control inputs | Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND uA
| q Per control Vcc =36V, A and B ports open, mA/
cch input Control input switching at 50% duty cycle MHz
Cin Control inputs | Vcc =3.3V, VIN=55V,33V,0r0 pF

Switch OFF, _
Cio(OFF) Ve =33V, Vin = Ve or GND, Vijo=55V,3.3V,0r0 pF
Switch ON, _
Cio(ON) Vcc =33V, VN = Ve of GND, Vijo=55V,33V,or0 pF
Vce =23V, V| =0, lo =30mA
4 TYPatVcc =25V V=17V, lo=-15mA o
r
on V| =0, Io =30 mA
Vcc =3V
V=24V, lo=-15mA

VN and Il refer to control inputs. V|, Vo, I}, and I refer to data pins.

T All typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter oz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

1 This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

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

otherwise noted) (see Figure 3)

FROM 0 Vcc =25V Vcc =33V
PARAMETER (INPUT) (OUTPUT) MTNO-Z \|</|Ax MIiNOS \I</IAX UNIT
foell OE AorB MHz
tpd™ AorB BorA ns
ten OE AorB ns
tdis OE AorB ns

Il Maximum switching frequency for control input (Vo > Vee, Vi =5V, R 21 MQ, C = 0)
* The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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PRODUCT PREVIEW

SN74CB3Q16211
24-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS152A - OCTOBER 2003 - REVISED NOVEMBER 2003

TYPICAL 1 g,
VS
Vi
16 ‘
o Vcc =33V
. 14 Ta=25C
8 12| lo=-15mA
8
% 10
%]
O]
x 8
2
©
3 6
Z
O 4
|
c 2
°
0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5 5.0
V|-V
Figure 1. Typical r g, vs V|, Vcc=3.3Vand g =-15mA
TYPICAL Icc
_ VS
OE SWITCHING FREQUENCY
12 ‘
Vcc =33V
10| Ta=25°C
A and B ports Open
8
S
[ 6
O
O
4
2
0
0 2 4 6 8 10 12 14 16 18 20

OE Switching Frequency — MHz

Figure 2. Typical | c¢ vs OE Switching Frequency, V. ¢cc =3.3V
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SN74CB3Q16211
24-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS152A - OCTOBER 2003 - REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

PRODUCT PREVIEW

——————— Vece
| Input Generator I T
I I VIN
I 500 |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | =
[ | - DUT
F——————— 1 O 2xVce
I Input Generator ! V) O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = —_ = - -
e ——— — -
TEST Vce S1 RL V) CL VA
tod(s) 25Vv+02V Open 500 Q Vcc or GND 30 pF
3.3V+03V Open 500Q | Vccor GND 50 pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+0.2V GND 500 Q Vee 30 pF 0.15V
tpHZ/tPZH
3.3V+0.3V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL ¥ —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
(VIN) | oV (see Note B)
I
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, ty<2.5ns, tf<2.5 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 tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO
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Figure 3. Test Circuit and Voltage Waveforms
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SN74CB3Q16811
24-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS153A - OCTOBER 2003 - REVISED NOVEMBER 2003

® Member of the Texas Instruments
Widebus ™ Family

® High-Bandwidth Data Path
(Up To 500 MHz 1)

® 5-V-Tolerant I/Os with Device Powered-Up
or Powered-Down

® | ow and Flat ON-State Resistance (r opn)
Characteristics Over Operating Range

® Rail-to-Rail Switching on Data 1/0 Ports
- 0- to 5-V Switching With 3.3-VV ¢
- 0-to 3.3-V Switching With 2.5-VV ¢

® B-Port Outputs Are Precharged by Bias
Voltage (BIASV) to Minimize Signal
Distortion During Live Insertion and
Hot-Plugging

® Supports PCI Hot Plug

® Bidirectional Data Flow, With Near-Zero
Propagation Delay

® | ow Input/Output Capacitance Minimizes
Loading and Signal Distortion

® [ast Switching Frequency

® Data and Control Inputs Provide
Undershoot Clamp Diodes

® | ow Power Consumption

® Vcc Operating Range From 2.3V to 3.6 V

® Data I/Os Support 0 to 5-V Signaling Levels
(0.8-Vv, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)

® Control Inputs Can Be Driven by TTL or
5-V/3.3-V CMOS Outputs

® |, Supports Partial-Power-Down Mode
Operation

® [atch-Up Performance Exceeds 100 mA Per
JESD 78, Class Il

® ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model
(A114-B, Class II)

— 1000-V Charged-Device Model (C101)

T For additional information regarding the performance
characteristics of the CB3Q family, refer to the TI
application report, CBT-C, CB3T, and CB3Q
Signal-Switch Families, literature number SCDAOQ08.

Widebus is a trademark of Texas Instruments.

® Supports Both Digital and Analog

Applications: PCI Interface, Differential
Signal Interface, Memory Interleaving, Bus
Isolation, Low-Distortion Signal Gating

DGG, DGV, OR DL PACKAGE

(TOP VIEW)
BlAasv [J1 “ 56[] 10E
1a1[]2 55(] 20E
1A2(]3 s54{]1B1
1a3[]4 53|l 182
1a4[]5 s52[]11B3
1A5[]6 51[]1B4
1a6 [} 7 50]] 185
GND []8 49[] GND
1a7 (]9 48[l 1B6
1a8lji0  47[]1B7
1a9[J1t  4efliBs
1a10[012  45[]1B9
1a11 013 44]l1B10
1a12[J14  43]l1B12
2a1[]15  42[]1B12
2a2[]16  41[]2B1
Vec 17 4ofl2B2
2a3[]18  39[]2B3
oND 29  38[lGND
2a4]20  37[]2B4
2a5[]21  36[]2Bs
2a6[]22  35[]2B6
2a7[]23  34[]l2B7
2ag |24 33[]2Bs
2a9[]25  32[]2B9
2a10[]26  31[]2B10
2A11[]27  30[]2B11
2a12[]28  29[]2B12

PRODUCT PREVIEW information concerns products in the formative or
design phase of development. Characteristic data and other

L]
specifications are design goals. Texas Instruments reserves the right to l
change or discontinue these products without notice. EXAS

Copyright © 2003, Texas Instruments Incorporated
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PRODUCT PREVIEW

SN74CB3Q16811
24-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS153A - OCTOBER 2003 - REVISED NOVEMBER 2003

description/ordering information

The SN74CB3Q16811 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ryp). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q16811 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing
systems.

The SN74CB3Q16811 is organized as two 12-bit bus switches with separate output-enable (1OE, 20E) inputs.
It can be used as two 12-bit bus switches or as one 24-bit bus switch. When OE is low, the associated 12-bit
bus switch is ON, and the A port is connected to the B port, allowing bidirectional data flow between ports. When
OE is high, the associated 12-bit bus switch is OFF, and a high-impedance state exists between the A and B
ports. The B port is precharged to BIASV through the equivalent of a 10-kQ resistor when OE is high, or if the
device is powered down (Vcc =0 V).

During insertion (or removal) of a card into (or from) an active bus, the card’s output voltage may be close to
GND. When the connector pins make contact, the card’s parasitic capacitance tries to force the bus signal to
GND, creating a possible glitch on the active bus. This glitching effect can be reduced by using a bus switch
with precharged bias voltage (BIASV) of the bus switch equal to the input threshold voltage level of the receivers
on the active bus. This method will ensure that any glitch produced by insertion (or removal) of the card will not
cross the input threshold region of the receivers on the active bus, minimizing the effects of live-insertion noise.

This device is fully specified for partial-power-down applications using lgg. The lff Circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
A PACKAGE PART NUMBER MARKING
Tube SN74CB3Q16811DL
SSOP - DL

Tape and reel | SN74CB3Q16811DLR
TSSOP - DGG Tape and reel | SN74CB3Q16811DGGR
TVSOP - DGV Tape and reel | SN74CB3Q16811DGVR

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.ti.com/sc/package.

—40°C to 85°C

FUNCTION TABLE
(each 12-bit bus switch)

INPUT | INPUT/OUTPUT
OE A FUNCTION
L B A port = B port
Disconnect
H z B port = BIASV
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SN74CB3Q16811
24-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS153A - OCTOBER 2003 - REVISED NOVEMBER 2003

logic diagram (positive logic)

r———————— A
I | 1
| J— BIASV
I I
2 s,
1A1 | [sw] | 1B1
I | |
I
° | — | :
. | | .
o
14 | )
1A12 } E\E | 1B12
I I
el
— 56 | I
10E | |
I I
b —_d
r———————- e |
I I
I I
|
2 I [sw] I Sl
| sw !
I | |
I
S
I
[ ]
[ ] I I
I
28 | | 29
1A12 | E\E | 1B12
I I
N
— 55 | I
10E "
I I
I I
b J

*9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-83

PRODUCT PREVIEW



SN74CB3Q16811
24-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS153A - OCTOBER 2003 - REVISED NOVEMBER 2003

simplified schematic, each FET switch (SW)

BIASV
r——————————————— —
I
I
I
A —I B
I Vce
| T
| Charge
| Pump
I
I
I
I
e e e — ——
ENT
; T EN is the internal enable signal applied to the switch.
LL
S absolute maximum ratings over operating free-air temperature range (unless otherwise noted) +
H:J SUPPIY VOIAGE FANGE, VO - -ttt vt ettt e e e e e e -0.5Vto4.6V
BIAS supply voltage range, BIASY . ... -0.5Vto7V
% Control input voltage range, V| (see Notesland 2) ..., -0.5Vto7V
Switch 1/O voltage range, V|jg (see Notes 1, 2, and 3) ........... ... -05Vto7V
@) Control input clamp current, Ik (VIN < O) oot -50 mA
D) I/0 port clamp current, 1jok (VI/o S 0) oo v -50 mA
(A ON-state switch current, ljjo (S€& NOtE 4) . .. oo e 164 mA
O Continuous current through Vcc or GND terminals . ... e +100 mA
o Package thermal impedance, 63p (see Note 5): DGG package .............. ... ... ... ... 64°C/W
o DGV package .......... ... . i 48°C/W
DLpackage .........c.cciiiiiiiiiiiiii, 56°C/W
Storage temperature range, Tstg ................................................... -65°C to 150°C

¥ 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V0.

I} and Ip are used to denote specific conditions for 1}/0.

The package thermal impedance is calculated in accordance with JESD 51-7.
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SN74CB3Q16811
24-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS153A - OCTOBER 2003 - REVISED NOVEMBER 2003

recommended operating conditions (see Note 6)

MIN  MAX [ UNIT
Vce Supply voltage 2.3 3.6 \%
BIASV Bias supply voltage 0 5 \%
Vcc=23Vto27V 1.7 55
VIH High-level control input voltage Vee-27V036V > 55 \
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vee-27V1036V 0 08 \
V|0 Data input/output voltage 0 5.5 \Y
TA Operating free-air temperature -40 85 °C

NOTE 6: All unused 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 SCBAQ0O4. BIASV is a supply voltage, not a control input.

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VK Vcc =36V, I|=-18 mA \Y
IIN Control inputs | Vcc =3.6V, VIN=0to 55V A
Io B port Vee =3V, Sgi\f),: 24V, \S/‘I”V\:tihvocf'o GND mA
loz* Vec =36V, \\;|O=:0? oo \S;mtzhv(z:;or GND HA
loff Vce =0, Vo=0to 5.5V, V=0 A
Icc Vee =36V, 'S'/O. =0, VIN = Ve or GND mA
witch ON or OFF,
Alcc8 Control inputs | Vcc =3.6V, One inputat 3V, Other inputs at Vcc or GND uA
Per control Vcc =36V, A and B ports open, mA/
lecof input Control input switching at 50% duty cycle MHz
Cin Control inputs | Vcc =3.3V, VIN=55V,33V,0r0 pF
Cio(OFF) | A port Vcc =33V, \S/mtihv(();'z:’or GND., Vijo=55V,33V,or0 pF
Cio(ON) Vcc =33V, \S/mtih\/%’\(l:’ or GND, Vijo=55V,33V,or0 pF
Vee =23V, V=0, lo =30mA
o TYPatVcc =25V v =17V, lo =-15mA o
on V) =0, Io =30 mA
Vee=3V Vi=24V, lo =-15 mA

V)N and Iy refer to control inputs. V), Vo, |}, and Ig refer to data pins.

1 All typical values are at Vce = 3.3V (unless otherwise noted), Ta = 25°C.

fForiio ports, the parameter |gz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

T This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.
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PRODUCT PREVIEW

SN74CB3Q16811
24-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS153A - OCTOBER 2003 - REVISED NOVEMBER 2003

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 3)

Vcc=25V | Vcc=33V
FROM TO +0.2V +0.3V
PARAMETER TEST CONDITIONS (INPUT) (OUTPUT) UNIT
MIN  MAX MIN  MAX
foET OE AorB MHz
tod* AorB B or A ns
tpzH BIASV = GND —
OE AorB ns
tpzL BIASV =3V
tPHZ BIASV = GND —
OE AorB ns
tpLz BIASV =3V

T Maximum switching frequency for control input (Vo > Ve, V=5V, R 21 MQ, C|_=0).
¥The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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SN74CB3Q16811
24-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS153A - OCTOBER 2003 - REVISED NOVEMBER 2003

TYPICAL rgp,
VS
Vi
o 16 :
Vcc =33V
14| 14 =25C
S 5] lo=-15mA
]
2 10
2
s 8
e
N 6
P
o 4
|
§ 2
0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 45 5.0
V|-V
Figure 1. Typical r g vs V|, Vcc =3.3Vand g =-15mA
TYPICAL Icc
_ Vs
OE SWITCHING FREQUENCY
12 :
Vcc =33V
10| TA=25°C
A and B ports Open
8
E
. 6
&}
O
4
2
0
0 2 4 6 8 10 12 14 16 18 20
OE Switching Frequency — MHz
Figure 2. Typical | c¢ vs OE Switching Frequency, V. ¢cc =3.3V
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PRODUCT PREVIEW

SN74CB3Q16811
24-BIT FET BUS SWITCH WITH PRECHARGED OUTPUTS
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS153A - OCTOBER 2003 - REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vee
| Input Generator I T
I I VIN
I s0Q |
I Va1 I 50 Q
I [ TEST CIRCUIT
I == | =
[ | = DUT
F——————— O 2xVce
I Input Generator ! v O Open
)
I 500 | GND
| Va2 I 500
I I
I = I = = - - -
e ——— — -
TEST Vce S1 RL \ CL VA
tod(s) 25V+0.2V Open 500 Q Vcc or GND 30 pF
3.3V+03V Open 500 Q Vcc or GND 50 pF
/ 25V+02V | 2xVee | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3V+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+02V GND 500 Q Vee 30 pF 0.15V
tpHZ/tPZH
3.3V+03V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCCIZ XVCch
(VIN) | | oV
| |
tpzL B le— —» I‘— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2xVcc
ViNn) oV (see Note B)
tPLH —f¢—»! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, Zo =50 Q, t,<2.5ns, < 2.5 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 tpyy_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

T

Figure 3. Test Circuit and Voltage Waveforms
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SN74CB3Q3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS145A - OCTOBER 2003 - REVISED NOVEMBER 2003

High-Bandwidth Data Path ® Data and Control Inputs Provide
(Up To 500 MHz T) Undershoot Clamp Diodes
5-V Tolerant I/Os with Device Powered-Up ® | ow Power Consumption
or Powered-Down (Icc = 0.6 mA Typical)
Low and Flat ON-State Resistance (I opn) ® V¢ Operating Range From 2.3V t0 3.6 V
Characteristics Over Operating Range ® Data I/Os Support 0 to 5-V Signaling Levels
(ron =4 Q Typical) (0.8-V, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
- 0- to 5-V Switching With 3.3-VV ¢ 5-V/3.3-V CMOS Outputs
B O o _3'3'\/ Switching Wllth 2.5-VV cc ® | Supports Partial-Power-Down Mode
Bidirectional Data Flow, With Near-Zero Operation
Propagation Delay ' o ® |atch-Up Performance Exceeds 100 mA Per
Low Input/Output Capacitance Minimizes JESD 78, Class II
Lg_""d'”g arldsség”g'TD's.torl“O” ® ESD Performance Tested Per JESD 22
(Cio(oFF) = 3.5 pF Typical) ~ 2000-V Human-Body Model
Fast Switching Frequency (A114-B, Class 1)
(foe = 20 MHz Max) - 1000-V Charged-Device Model (C101)
1 For additional information regarding the performance P -
characteristics of the CB3Q family, refer to the TI SUpr?ort.S BO"[h Digital a?d Anal.(f)fg ial
application report, CBT-C, CB3T, and CB3Q App ications: USB Inter ace, Differentia
Signal-Switch Families, literature number SCDAQOS. Signal Interface Bus Isolation,
Low-Distortion Signal Gating
DBQ, DGV, OR PW PACKAGE RGY PACKAGE
(TOP VIEW) (TOP VIEW)
— w Q
10E [|1 o 16[] Vec ‘9 L
s1]2 15]] 20E T o
1B4[]3 14[] so —
S1|2 —=—=—= 15| 20E
1B3[]4 13[] 2B4 184 |3 I(_ —114 0
1B2[]5 12[] 2B3 183 [4 | | 13| 284
e1fe % 262 1825 | | 12) 26
1Bl |6 11| 2B2
GND (8 of] 2A 1|7 bb———— 10| 281
8 9
a) <
= (oY
o

description/ordering information

The SN74CB3Q3253 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (rgp). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q3253 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing

systems.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Producti ing does not ily include
testing of all parameters.

Copyright © 2003, Texas Instruments Incorporated
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SN74CB3Q3253

DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER

2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS145A - OCTOBER 2003 - REVISED NOVEMBER 2003

description/ordering information (continued)

The SN74CB3Q3253 is organized as two 1-of-4 multiplexers/demultiplexers with separate output-enable
(10E, 20E) inputs. The select (SO, S1) inputs control the data path of each multiplexer/demultiplexer. When
OE is low, the associated multiplexer/demultiplexer is enabled, and the A port is connected to the B port, allowing
bidirectional data flow between ports. When OE is high, the associated multiplexer/demultiplexer is disabled,

and a high-impedance state exists between the A and B ports.

This device is fully specified for partial-power-down applications using lys. The I Circuitry prevents damaging
current backflow through the device when it is powered down. The device has isolation during power off.

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.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
PACKAGE PART NUMBER MARKING
QFN - RGY Tape and reel | SN74CB3Q3253RGYR BU253
SSOP (QSOP) - DBQ | Tape and reel | SN74CB3Q3253DBQR BU253
-40°C to 85°C Tube SN74CB3Q3253PW
TSSOP - PW BU253
Tape and reel | SN74CB3Q3253PWR
TVSOP - DGV Tape and reel | SN74CB3Q3253DGVR BU253

1t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines
are available at www.ti.com/sc/package.

FUNCTION TABLE
(each multiplexer/demultiplexer)
__ INPUTS INPUT/OUTPUT FUNCTION
OE S1 S0 A
L L L B1 A port = B1 port
L L H B2 A port = B2 port
L H L B3 A port = B3 port
L H H B4 A port = B4 port
H X X Z Disconnect

2-90
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SN74CB3Q3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS145A - OCTOBER 2003 - REVISED NOVEMBER 2003

logic diagram (positive logic)

1A

2A

SO

S1

10E

20E

F————————————————————————— |
7 | | 6
T |
| (=] »
| En =
— 3
: LSW ] :
e e e S, -
T T = k
9 10
i LSW ]
: |_|5_|VL| 511
12
| G
l |_|SW !13
ISR R R S U VNN S ey ot i
4> o o T
® ® ®
2 >—T—I>O ® ® ®
® ® ®
! >o ® ® ®
1o >© ® ® ®

ENnT

T EN is the internal enable signal applied to the switch.

1B1

1B2

1B3

1B4

2B1

2B2

2B3

2B4
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SN74CB3Q3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS145A - OCTOBER 2003 - REVISED NOVEMBER 2003

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE FANGE, VO - - ot v vttt e et e et e e e e e -0.5Vto4.6V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (see Notes 1, 2, and 3) . ..., -05Vto7V
Control input clamp current, Ik (VIN<O) ..o -50 mA
I/0 port clamp current, ljjok (Vo <0) oo -50 mA
ON-state switch current, ljjg (see NOte 4) . ... . +64 mA
Continuous current through Vecc or GND terminals . ... e +100 mA
Package thermal impedance, 635 (see Note 5): DBQ package ..............ccovviiiiinniean.. 90°C/W

(see Note 5): DGV package ........coiiiiiiiniiinannnn.. 120°C/W
(see Note 5): PWpackage ..., 108°C/W
(see Note 6): RGY package ........ ..., 39°C/W
Storage temperature range, Tggg .-« oo v et —65°C to 150°C

1 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. All voltages are with respect to ground unless otherwise specified.

N

The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V) and Vg are used to denote specific conditions for V0.

I and Ip are used to denote specific conditions for l}/0.

The package thermal impedance is calculated in accordance with JESD 51-7.

The package thermal impedance is calculated in accordance with JESD 51-5.

o gk w

recommended operating conditions (see Note 7)

MIN  MAX | UNIT
Vce  Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 55
V|H  High-level control input voltage Vec=27V1036V 2 55 \%
Vcc=23Vto27V 0 0.7
ViL  Low-level control input voltage Vec=27V1036V o 08 \Y
V)jo Data input/output voltage 0 5.5 \Y
TA Operating free-air temperature -40 85 °C
NOTE 7: Allunused control 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.

2-92
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SN74CB3Q3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS145A - OCTOBER 2003 - REVISED NOVEMBER 2003

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

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIK Vcc =36V, I[|=-18 mA -1.8 \Y
IIN | Control inputs | Vcc=3.6V, VIN=0to 55V +1 A
Vo=0to55YV, Switch OFF,
b - O i )
loz Vec =36V, V=0, VN = Ve of GND oA
loff Ve =0, Vo=0t055YV, V=0 1| pA
[ Vec =36V, o =0, VIN = Ve or GND 0.6 2| ma
cc cc==bW Switch ON or OFF, ~ 'IN=YCC '
AICC§ Control inputs | Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND 30 uA
T Per control Vcc =36V, A and B ports open, | OE input 0.15 016 | ma/
| .
ccb input Control input switching at 50% duty cycle | S input 0.04 0.05| MHz
Cin Control inputs | Vcc =3.3V, VIN=5.5V,3.3V,0r0 25 35 pF
Switch OFF, _
A port Vcc =33V, VN = Ve of GND, Vijo=55V,33V,or0 8 11 pF
Cio(OFF) -
Switch OFF, _
B port Vcec =33V, VN = Vee of GND, Vij0o=55V,33V,o0r0 35 4.5 pF
_ Switch ON, _
Cio(ON) Vee =3.3V, ViN = Ve or GND, Vijo=5.5V,33V,o0r0 13 17| pF
Vce =23V, V| =0, lo =30 mA 4 10
4 TYPatVcc =25V [v)=1.7V, lo =-15mA 4.5 11 o
r
on V| =0, Io =30 mA 35 8
Vece=3V
V=24V, Io =-15 mA 4 10

VN and Iy refer to control inputs. V), Vo, |, and Ig refer to data pins.

1 All typical values are at Vce = 3.3 V (unless otherwise noted), Ta = 25°C.

fForiio ports, the parameter |gz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

T This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 3)

Vcc =25V Vcc =33V
FROM TO +0.2V +03V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX [ MIN  MAX
foE or fll OE or S AorB 10 20 | MHz
tpd”™ AorB BorA 0.12 018 | ns
thd(s) s A 15 67| 15 59| ns
s B 1.5 67| 15 59
ten — ns
OE AorB 15 67| 15 59
s B 1 61 1 61
tdis — ns
OE AorB 1 61 1 61

Il Maximum switching frequency for control input (Vo > Vee, V=5V, R 21 MQ, C| = 0).
*The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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SN74CB3Q3253

DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS145A - OCTOBER 2003 - REVISED NOVEMBER 2003

TYPICAL r g
S
Vi
16 T
] Vcc =33V
1 141 15 =25°C,
8 1o lo=-15mA
3
2 10
i
@ 8
©
o 6
z e
o 4
|
§ 2
0
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 4.5 5.0
V|-V
Figure 1. Typical r g, vs V|, Vo =3.3Vand g =-15mA
TYPICAL Icc
VS
CONTROL INPUT SWITCHING FREQUENCY
12 T
Vcc =33V
10 | Ta=25°C
A and B ports Open
8
E
| 6
Q
o
4 One S Switching
2
0 One OE Switching
0 2 4 6 8 10 12 14 16 18 20

OEorS Switching Frequency — MHz

Figure 2. Typical | c¢ vs OE or S Switching Frequency, V. ¢cc =3.3V

{'f TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74CB3Q3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE HIGH-BANDWIDTH BUS SWITCH

SCDS145A - OCTOBER 2003 - REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vee
| Input Generator I T
I I VIN
I s0Q |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | —-
[ | - DUT
[ ———— O 2xVce
I Input Generator ! Vi O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = - e - -
b o
TEST Vce S1 RL V) CL VA
tod(s) 25Vv+02V Open 500 Q Vcc or GND 30 pF
3.3V+0.3V Open 500Q | Vccor GND 50 pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+0.2V GND 500 Q Vee 30 pF 0.15V
tpHZ/tPZH
3.3V+0.3V GND 500 Q Vce 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
VIN) | | oV
| |
tpzL ¥ —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
(VIN) | oV (see Note B)
|
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, ty<2.5ns, tf<2.5 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 tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

I

Figure 3. Test Circuit and Voltage Waveforms
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SN74CB3Q3257
4-BIT 1-OF-2 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS135A — SEPTEMBER 2003 — REVISED NOVEMBER 2003

® High-Bandwidth Data Path ® Data and Control Inputs Provide
(Up to 500 MHz 1) Undershoot Clamp Diodes
® 5-V Tolerant I/Os with Device Powered-Up ® | ow Power Consumption
or Powered-Down (Icc = 0.7 mA Typical)
® | ow and Flat ON-State Resistance (r opn) ® V¢ Operating Range From 2.3V t0 3.6 V
Characteristic; Over Operating Range ® Data I/Os Support 0- to 5-V Signaling
(ron =4 Q Typical) Levels (0.8V,1.2V,1.5V,1.8V, 25V, 3.3V,
® Rail-to-Rail Switching on Data 1/0 Ports 5V)
= 0-t0 5-V Switching With 3.3-V'V cc ® Control Inputs Can be Driven by TTL or
- 0- to 3.3-V Switching With 2.5-VV ¢ 5-V/3.3-V CMOS Outputs
® Bidirectional Data Flow, With Near-Zero ® |, Supports Partial-Power-Down Mode
Propagation Delay Operation
® Low Input/Output Capacitance Minimizes ® Latch-Up Performance Exceeds 100 mA Per
Loading and Signal Distortion JESD 78, Class I
(Cio(o':':_) 2_3'5 pF Typical) ® ESD Performance Tested Per JESD 22
® Fast Switching Frequency (f o =20 MHz - 2000-V Human-Body Model
Max) (A114-B, Class Il
1 For additional information regarding the performance — 1000-V Charged-Device Model (C101)
characteristics of the CB3Q family, refer to the TI .
application report, CBT-C, CB3T, and CB3Q ¢ SUPPOH?' Both Digital and Ana!OQ .
Signal-Switch Families, literature number SCDAQOS. Applications: USB Interface, Differential

Signal Interface, Bus Isolation,
Low-Distortion Signal Gating

DBQ, DGV, OR PW PACKAGE RGY PACKAGE

(TOP VIEW) (TOP VIEW)

O

sz U16]_(; o L

1B1[]2 15%0 T o
1B2[]s  14[l4B 1511, ——— 5|
1Alla 131482 1B2 |3 |(_ —114 4B1
2B1[]5 12[] 4A 1A |4 | | 13| 482
282[le  nflsB1 2815 | | 12| 4a
2All7 - 10fl 382 282 |6 | 11 3B1
GND[|8 o[l 3A on |7 b—=——- 10| 382

8 9

2 )

o

description/ordering information
ORDERING INFORMATION

T e | o
QFN - RGY Tape and reel | SN74CB3Q3257RGYR BU257
SSOP (QSOP) — DBQ | Tape and reel | SN74CB3Q3257DBQR BU257
40°Clo85°C TSSOP - PW Tape and reel [ SN74CB3Q3257PWR BU257
TVSOP - DGV Tape and reel | SN74CB3Q3257DGVR BU257

¢Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

PRODUCTION DATA information is current as of publication date. Copyright © 2003, Texas Instruments Incorporated
Products conform to speclflcatmns per the terms of Texas Inslruments

dard warranty. P pi g does not y include
testing of all parameters. I EXAS
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SN74CB3Q3257
4-BIT 1-OF-2 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS135A — SEPTEMBER 2003 — REVISED NOVEMBER 2003

description/ordering information (continued)

The SN74CB3Q3257 is a high-bandwidth FET bus switch utilizing a charge pump to elevate the gate voltage
of the pass transistor, providing a low and flat ON-state resistance (ryp). The low and flat ON-state resistance
allows for minimal propagation delay and supports rail-to-rail switching on the data input/output (1/O) ports. The
device also features low data I/O capacitance to minimize capacitive loading and signal distortion on the data
bus. Specifically designed to support high-bandwidth applications, the SN74CB3Q3257 provides an optimized
interface solution ideally suited for broadband communications, networking, and data-intensive computing
systems.

The SN74CB3Q3257 is a 4-bit 1-of-2 high-speed FET multiplexer/demultiplexer with a single output-enable
(OE) input. The select (S) input controls the data path of the multiplexer/demultiplexer. When OE is low, the
multiplexer/demultiplexer is enabled and the A port is connected to the B port, allowing bidirectional data flow
between ports. When OE is high, the multiplexer/demultiplexer is disabled and a high-impedance state exists
between the A and B ports.

This device is fully specified for partial-power-down applications using lgs. The I Circuitry prevents damaging
current backflow through the device when it is powered-down. The device has isolation during power off.

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.

FUNCTION TABLE

O_:;\IPUTSS INPUT/gUTPUT FUNCTION
L L B1 A port = B1 port
L H B2 A port = B2 port
H X 4 Disconnect

2-98
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SN74CB3Q3257

4-BIT 1-OF-2 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS135A — SEPTEMBER 2003 — REVISED NOVEMBER 2003

logic diagram (positive logic)

i

oA 7 [Egg;_‘ 5
I IS_I‘—Wi. 6

A 9 [5%%;_‘ 11
I =

A 12 @. 14
e

()

Vce

Pump

I
|
I
I
I
| Charge
I
|
|
I
I

ENT

T EN is the internal enable signal applied to the switch.

1B1

1B2

2B1

2B2

3B1

3B2

4B1

4B2
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SN74CB3Q3257
4-BIT 1-OF-2 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS135A — SEPTEMBER 2003 — REVISED NOVEMBER 2003

abso

lute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE FANGE, VO - - ot v vttt e et e et e e e e e -0.5Vto4.6V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (see Notes 1, 2, and 3) . ..., -05Vto7V
Control input clamp current, Ik (VIN<O) ..o -50 mA
I/0 port clamp current, ljjok (Vo <0) oo -50 mA
ON-state switch current, l|g (See Note 4) . ... ... +64 mA
Continuous current through Vecc or GND terminals . ... e +100 mA
Package thermal impedance, 63p (see Note 5): D package ............cco ... 73°C/IW
(see Note 5): DB package .........couiiiiiiiiiiiinannnn... 82°C/W
(see Note 5): DBQ package ........ ..., 90°C/W
(see Note 5): DGV package .........ccoiiiiiiiniininannn... 120°C/W
(see Note 5): PWpackage ............ ..o, 108°C/W
(see Note 6): RGY package ............c.iiiiiiiannnnan.. 39°C/W
Storage temperature range, Totg « e —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. All voltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V|o.

I} and Ip are used to denote specific conditions for 1}/0.

The package thermal impedance is calculated in accordance with JESD 51-7.

The package thermal impedance is calculated in accordance with JESD 51-5.

o0, w

recommended operating conditions (see Note 7)

MIN  MAX | UNIT
Vcc  Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 55
ViH  High-level control input voltage Vee=27V036V > 55 \%
Vcc=23Vto27V 0 0.7
ViL  Low-level control input voltage Vee=27V036V 0 08 \
Vijo Data input/output voltage 0 55 \%
TA Operating free-air temperature -40 85 °C
NOTE 7: All unused control 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 SCBA0O4.
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SN74CB3Q3257

4-BIT 1-OF-2 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS135A — SEPTEMBER 2003 — REVISED NOVEMBER 2003

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

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIK Vcc =36V, I[|=-18 mA -1.8 \Y
IIN | Control inputs | Vcc=3.6V, VIN=0to 55V +1 A
Vo=0to55YV, Switch OFF,
t = O ) :
loz Vec =36V, V=0, VN = Ve of GND oA
loff Ve =0, Vo=0t055YV, V=0 1| pA
[ Vec =36V, o =0, VIN = Ve or GND 07 15| mA
cc cc==bW Switch ON or OFF, ~ 'IN=YCC ' :
AICC§ Control inputs | Vcc=3.6V, One input at 3V, Other inputs at Vcc or GND 30 uA
Per control Vce =3.6V, A and B ports open mA/
1 CcC , )
lccp input Control input switching at 50% duty cycle 03 0.35 MHz
Cin Control inputs | Vcc =3.3V, VIN=55V,33V,0r0 25 35 pF
Switch OFF, _
A port Vee =3.3V, VIN = Ve or GND, Vijo=55V,33V,o0r0 5.5 7| pF
Cio(OFF) -
Switch OFF, _
B port Vee =33V, VIN = Ve or GND, Vijo=55V,33V,o0r0 35 5| pF
A port Switch ON, 10.5 13
Cio(ON) B port Vcc =33V, ViN = VCe or GND, Vijo=55V,33V,or0 105 13 pF
Vee =23V, V| =0, lo =30 mA 4 8
4 TYPatVcc =25V |v|=17V, lo=-15mA 4 9 o
r
on V| =0, Io =30 mA 4 6
Vece=3V
V=24V, Io =-15 mA 4 8

VN and Iy refer to control inputs. V), Vo, |, and Ig refer to data pins.

1 All typical values are at Vce = 3.3 V (unless otherwise noted), Ta = 25°C.

fForiio ports, the parameter |gz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

T This parameter specifies the dynamic power-supply current associated with the operating frequency of a single control input (see Figure 2).

# Measured by the voltage drop between the A and B terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (A or B) terminals.

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 3)

Vcc =25V Vcc =33V
FROM TO +0.2V +03V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX [ MIN  MAX
foE or fgl OE or S AorB 10 20 | MHz
tod”™ AorB BorA 0.12 0.2 ns
thd(s) s A 15 65| 15 55| ns
s B 1.5 65| 15 55
ten — ns
OE AorB 15 65| 15 55
s B 1 6 1 6
tdis — ns
OE AorB 1 6 1 6

Il Maximum switching frequency for control inputs (Vo > Vee, Vi =5V, R 21 MQ, C|_ = 0).
*The propagation delay is the calculated RC time constant of the typical on-state resistance of the switch and the specified load capacitance, when
driven by an ideal voltage source (zero output impedance).
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SN74CB3Q3257

4-BIT 1-OF-2 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS135A — SEPTEMBER 2003 — REVISED NOVEMBER 2003

TYPICAL r o,
VS
\4
16 :
Vcc =33V
141 15 =25°C,
G 10| lo=-15mA
|
3 10
c
©
5 8
3
x 6
|
5 4 —_—
2
0
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 45 5.0
V|-V
Figure 1. Typical r g, vs V|, Vcc=3.3Vand g =-15mA
TYPICAL lcc
VS
CONTROL-INPUT SWITCHING FREQUENCY
12 i
Vcc =33V
10 [~ Tp =25°C
A and B Ports Open
< 8
6 S Switching ]
4 | OE Switching
//
2 ]
0
0 2 4 6 8 10 12 14 16 18 20
OEorsS Switching Frequency - MHz
Figure 2. Typical | cc vs OE or S Switching Frequency, V. cc =3.3V
¥ 7
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INSTRUMENTS
2-102

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74CB3Q3257
4-BIT 1-OF-2 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE, HIGH-BANDWIDTH BUS SWITCH

SCDS135A — SEPTEMBER 2003 — REVISED NOVEMBER 2003

PARAMETER MEASUREMENT INFORMATION

I input Generator e
nput Generator |
I I VIN
I 500 |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = I
[ | - DUT
——————— O 2xVce
I Input Generator ! V) O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = = = - -
e ——— — -
TEST Vce S1 RL V) CL VA
tod(s) 25Vv+02V Open 500 Q Vcc or GND 30 pF
33V+03V Open 500 Q Vcc or GND 50 pF
/ 25V+02V | 2xVee | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+02V GND 500 Q Vee 30 pF 0.15V
tpHZ/tPZH
3.3V+03V GND 500 Q Vee 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | (Y
| |
tpzL —¥ ‘H— —» I‘— tPLZ
I
Output | | vee
Output Vce Waveform 1
Control XVCC/Z X Vecl2 Slat2xVce I VoL +Va
VIN) | oV (see Note B) I T VoL
I |
tpzH «—  —» e—tpyy
tpPLH —IQ—DI —— tPHL _H ‘ |
I I Output —— — — VOH
I ——— VOoH Waveform 2 VOH - Va
Output Veel2 Veel2 S1at GND Veel2
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.

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <2.5 ns, tf<2.5 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 tpp_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state resistance
of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).

All parameters and waveforms are not applicable to all devices.

@mmooO

I

Figure 3. Load Circuit and Voltage Waveforms
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SN74CB3T1G125
SINGLE FET BUS SWITCH

2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS150 - OCTOBER 2003

® Output Voltage Translation Tracks V  ¢c

® Supports Mixed-Mode Signal Operation On
All Data 1/0O Ports
- 5-V Input Down To 3.3-V Output Level
Shift With 3.3-VV ¢
- 5-V/3.3-V Input Down To 2.5-V Output
Level Shift With 2.5-VV ¢c

® 5-V Tolerant I/Os With Device Powered-Up
or Powered-Down

® Bidirectional Data Flow, With Near-Zero
Propagation Delay

® | ow ON-State Resistance (r gp)
Characteristics (r on =5 Q Typical)

® Low Input/Output Capacitance Minimizes
Loading (C jo(oFF) = 5 pF Typical)

® Data and Control Inputs Provide
Undershoot Clamp Diodes

® | ow Power Consumption
(ICC =20 pA Max)

Vcc Operating Range From 2.3V to 3.6 V
Data I/Os Support 0 to 5-V Signaling Levels
(0.8-v, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
Control Inputs Can be Driven by TTL or
5-V/3.3-V CMOS Outputs
loff Supports Partial-Power-Down Mode
Operation
Latch-Up Performance Exceeds 250 mA Per
JESD 17
ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model

(A114-B, Class II)
— 1000-V Charged-Device Model (C101)

Supports Digital Applications: Level
Translation, USB Interface, Bus Isolation

Ideal for Low-Power Portable Equipment

DBV OR DCK PACKAGE

OE [| 1 5
Afl2

GND [] 3 4

description/ordering information

(TOP VIEW)
U

] Ve

B

The SN74CB3T1G125 is a high-speed TTL-compatible FET bus switch with low ON-state resistance (rgp),
allowing for minimal propagation delay. The device fully supports mixed-mode signal operation on all data 1/0
ports by providing voltage translation that tracks Vcc. The SN74CB3T1G125 supports systems using 5-V TTL,
3.3-V LVTTL, and 2.5-V CMOS switching standards, as well as user-defined switching levels (see Figure 1).

The SN74CB3T1G125 is a 1-bit bus switch with a single ouput-enable (OE) input. When OE is low, the bus
switch is ON, and the A port is connected to the B port, allowing bidirectional data flow between ports. When
OE is high, the bus switch is OFF, and a high-impedance state exists between the A and B ports.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
R
A PACKAGE PART NUMBER MARKING ¥
sooc 1o 8o | ST (SOT23) ~DBV_ [ Tape and reel | SN74CBSTIGI2SDBVR | W25_
—_ o] 0 o
SOT (SC-70) - DCK | Tape and reel | SN74CB3TIG125DCKR | WM_

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines

are available at www.ti.com/sc/package.

% The actual top-side marking has one additional character that designates the assembly/test site.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Producti ing does not ily include
testing of all parameters.
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SN74CB3T1G125
SINGLE FET BUS SWITCH

2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS150 - OCTOBER 2003

description/ordering information (continued)

Input Voltages

Vce

CB3T

OuUT [—

1

Output Voltages

=Vcc-1V

NOTE A: If the input high voltage (V|H) level is greater than or equal to Vcc - 1V, and less than or equal to 5.5 V, then the output high voltage

(Vo) level will be equal to approximately the Vcc voltage level.

Figure 1. Typical DC Voltage-Translation Characteristics

This device is fully specified for partial-power-down applications using lgs. The g feature ensures that
damaging current will not backflow through the device when it is powered down. The device has isolation during

power off.

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.

FUNCTION TABLE

INPUT | INPUT/OUTPUT
TS A FUNCTION
L B A port = B port
H Z Disconnect
logic diagram (positive logic)
— 4
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SN74CB3T1G125
SINGLE FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS150 - OCTOBER 2003

simp

lified schematic, each FET switch (SW)

T Gate Voltage (V @) is approximately
equal to V cc + VT when the switch is ON
and V| >Vce + VT

I I
I I
I I
A I I B
I
| 1L |
I VGT |
I I
I Control |
| Circuit |
I I
I I
I Ay 4
ENF
¥ ENis the internal enable signal applied to the switch.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) §
Supply voltage range, Vo (SEE NOtE 1) ..ottt e -05Vto7V
Control input voltage range, Vi (see Notes1and 2) .............coiiiiiiiiiiiinnn... -05Vto7V
Switch I/O voltage range, V|jo (See Notes 1, 2, and 3) ........... ... .. -05Vto7V
Control input clamp current, Ik (VIN < 0) .o -50 mA
I/O port clamp current, ljjok (Vi/o < 0) oo -50 mA
ON-state switch current, ljjo (SEe NOtE 4) . ... ot s +128 mA
Continuous current through Vo or GND terminals ... oo e +100 mA
Package thermal impedance, 035 (see Note 5): DBV package ................ccoiiiiiiio... 206°C/W
DCKpackage ...........ccoiiiiiiiiiiiinann.. 252°C/IW
Storage temperature range, Totg cvveee —65°C to 150°C

§ 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V|/0.

I and Ip are used to denote specific conditions for /0.

The package thermal impedance is calculated in accordance with JESD 51-7.

apw

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vec=23Vt027V 17 5.5
VIH High-level control input voltage Vee-27V1036V > 55 \%
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vee=27V1036V 0 08 \
Vi/o Data input/output voltage 0 5.5 Vv
TA Operating free-air temperature -40 85 °C
NOTE 6: All unused control 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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SN74CB3T1G125
SINGLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS150 - OCTOBER 2003

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

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT

Vcc =3V,
Vi | = -18 mA

-1.2 \Y

VOH See Figures 3 and 4
Vcc=3.6V,

VIN =3.6Vt05.5Vor GND
Ve =36V, Vi=Vcc-0.7Vto55V +20
Iy Switch ON, V|=0.7VtoVce -0.7V -40| paA
VIN = Vcc or GND V|=01t00.7V +5
Vcc =36V,
Vo=01055V,
loz¥ V=0, +10| upA
Switch OFF,

VIN = Vcc or GND

IIN Control inputs +10 UA

Vce =0,
loff Vo=0to55YV, 10 LA
V| =0,

Vec=36V, V| = Ve or GND 20
| o =0

cc Switch ON or OFF,
VIN = Vcc or GND

Vcc=3Vto3.6V,
AICC§ Control inputs [ One input at Vcc - 0.6V, 300 UA
Other inputs at Vcc or GND

Vcc =33V,

VIN = Vcc or GND

Vcec =33V,

. Vijo=5.5V,3.3V, or GND,
Cio(OFF) Switch OFF, > P
VIN = Vcc or GND
Vcc =33V, Vijo=55Vor33V 4

Cio(ON Switch ON, pF
o) VIN = Ve or GND Vijo = GND 12

UA
V| =55V 20

Cin Control inputs

Ve =23V, lo=24mA 5
TYPatVcc =25V,
q V=0 lp =16 mA 5

fon

Vee=3V, lp = 64 mA

V=0 lo =32 mA

VN and Iy refer to control inputs. V|, Vo, |}, and Ig refer to data pins.

T Al typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter 1oz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

' Measured by the voltage drop between A and B terminals at the indicated current through the switch. ON-state resistance is determined by the
lower of the voltages of the two (A or B) terminals.

~N || © [ee)
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SN74CB3T1G125
SINGLE FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS150 - OCTOBER 2003

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

FROM 0 Vcc =25V Vcc =33V
PARAMETER (INPUT) (OUTPUT) t02v 03V UNIT
MIN  MAX | MIN MAX
tod " AorB BorA 0.15 025| ns
ten OE AorB 1 75 1 65| ns
tdis OE AorB 1 55 1 6| ns

T The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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SN74CB3T1G125
SINGLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS150 - OCTOBER 2003

PARAMETER MEASUREMENT INFORMATION

_______ a Vce
| Input Generator I T
I I VIN
I s0Q |
I Va1 I 50 Q
I [ TEST CIRCUIT
L___T_____! = DUT
F——————— O 2xVce
I Input Generator ! v O Open
)
I 500 | GND
| Va2 I 500
I I
I = I = = - - -
b — |
TEST Vce S1 RL \ CL VA
t 25VvV+0.2V Open 500 Q 3.6 Vor GND 30 pF
pd(s)
3.3V+03V Open 500 Q 5.5V or GND 50 pF
/ 25V+02V | 2xVee | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3V+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+0.2V | Open 500 Q 36V 30 pF 0.15V
tpHZ/tPZH
3.3V+03V Open 500 Q 55V 50 pF 0.3V
Output Vce
Control XVCCIZ XVCch
(VIN) | | oV
| |
tpzL B le— —» I‘— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2xVcc
VIN) | oV (see Note B)
I
tPLH —H—PI I<—P‘I— tPHL

| ——— Von
Output Vcel/2

VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES (t pd(s))

NOTES: A.

CL includes probe and jig capacitance.

Vce/2

VoL

Output
Waveform 2
S1 at Open
(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.

@mmooO

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, t,<2.5ns, < 2.5 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 tpyy_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state

resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).

T

All parameters and waveforms are not applicable to all devices.

Figure 2. Test Circuit and Voltage Waveforms
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SN74CB3T1G125
SINGLE FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS150 - OCTOBER 2003

VO - Output Voltage - V

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
VS VS
INPUT VOLTAGE INPUT VOLTAGE
4.0 ‘ 4.0 ‘
Io=1pA Io= 1A
Ta = 25°C Ta =25°C m—
3.0 > 30
o
e g
2.0 e S 20
=
2
=l
3
1.0 10
/ >O /
0.0

0.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0 0.0 10 20 30 40 50 6.0

V| - Input Voltage - V V| — Input Voltage - V

Figure 3. Data Output Voltage vs Data Input Voltage
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SN74CB3T1G1
SINGLE FET B

25
US SWITCH

2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS150 - OCTOBER 2003

TYPICAL CHARACTERISTICS (continued)

OUTPUT VOLTAGE HIGH

100 pA

24 mA

VS
SUPPLY VOLTAGE

4.0 Vee=23V1036V |

I 35| Tp=85°C =
8 mA

% /// 16 mA
S 3.0 -~
8 L
s /&//
3 25 Pt %
3 %/
L 20 =
© /

1.5

2.3 25

2.7 2.9 3.1

3.3 3.5 3.7

Ve — Supply Voltage - V

VOH - Output Voltage High - V

4.0

3.5

3.0

25

15

OUTPUT VOLTAGE HIGH

VS
SUPPLY VOLTAGE
Vcc=23Vto3.6V
Vi=55V
i 35 [ Ta=25°C et ;Or::A
5 T L~ 16 mA
g 30 = 7/ 24 mA
&
2 25 ////%
>
/
T ///
57
15
23 25 27 29 31 33 35 37

Vcc - Supply Voltage - V

OUTPUT VOLTAGE HIGH

'S

SUPPLY VOLTAGE

Vcc=‘2.3Vt(‘J3.6V | |
V|=55V 100 uA
Ta = -40°C B mA
=
T /
/
//
L~
2.3 25 2.7 2.9 3.1 3.3 3.5 3.7

Vcc — Supply Voltage - V

Figure 4. V g Values
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SN74CB3T3306
DUAL FET BUS SWITCH

2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS119A — JANUARY 2003 — REVISED OCTOBER 2003

® Output Voltage Translation Tracks V  ¢c

® Supports Mixed-Mode Signal Operation On
All Data 1/0O Ports
- 5-V Input Down To 3.3-V Output Level
Shift With 3.3-VV ¢
- 5-V/3.3-V Input Down To 2.5-V Output
Level Shift With 2.5-VV ¢c

® 5-V Tolerant I/Os With Device Powered-Up
or Powered-Down

® Bidirectional Data Flow, With Near-Zero
Propagation Delay

® | ow ON-State Resistance (r gp)
Characteristics (r on =5 Q Typical)

® Low Input/Output Capacitance Minimizes
Loading (C jo(oFF) = 4.5 pF Typical)

® Data and Control Inputs Provide
Undershoot Clamp Diodes

® | ow Power Consumption
(ICC =20 pA Max)

® V¢ Operating Range From 2.3V to 3.6 V
® Data I/Os Support 0 to 5-V Signaling Levels
(0.8-v, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
® Control Inputs Can be Driven by TTL or
5-V/3.3-V CMOS Outputs
® |4 Supports Partial-Power-Down Mode
Operation
® [atch-Up Performance Exceeds 250 mA Per
JESD 17
® ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model
(A114-B, Class II)
— 1000-V Charged-Device Model (C101)

® Supports Digital Applications: Level
Translation, USB Interface, Bus Isolation

® |deal for Low-Power Portable Equipment

DCT OR DCU PACKAGE

(TOP VIEW)

1& 1 o 8 ]VCC
1A [] 2 7] 20E
1B[]s 6] 2B

GND [] 4 5[] 2A

description/ordering information

The SN74CB3T3306 is a high-speed TTL-compatible FET bus switch with low ON-state resistance (rgp),
allowing for minimal propagation delay. The device fully supports mixed-mode signal operation on all data 1/0
ports by providing voltage translation that tracks V. The SN74CB3T3306 supports systems using 5-V TTL,
3.3-V LVTTL, and 2.5-V CMOS switching standards, as well as user-defined switching levels (see Figure 1).

The SN74CB3T3306 is organized as two 1-bit bus switches with separate ouput-enable (1OE, 20E) inputs. It
can be used as two 1-bit bus switches or as one 2-bit bus switch. When OE is low, the associated 1-bit bus switch
is ON, and the A port is connected to the B port, allowing bidirectional data flow between ports. When OE is high,
the associated 1-bit bus switch is OFF, and a high-impedance state exists between the A and B ports.

ORDERING INFORMATION

TA PACKAGE f

ORDERABLE TOP-SIDE
PART NUMBER MARKING ¥

SSOP - DCT Tape and reel

SN74CB3T3306DCTR WAG_

-40°C to 85°C

VSSOP - DCU | Tape and reel

SN74CB3T3306DCUR WAG_

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.
¥ DCT: The actual top-side marking has three additional characters that designate the year, month, and

assembly/test site.

DCU: The actual top-side marking has one additional character that designates the assembly/test site.

PRODUCTION DATA information is current as of publication date.

Products conform to specifications per the terms of Texas Instruments l’
dard warranty. Producti ing does not ily include
testing of all parameters. " ’ I EXAS

Copyright © 2003, Texas Instruments Incorporated
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SN74CB3T3306
DUAL FET BUS SWITCH

2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS119A - JANUARY 2003 — REVISED OCTOBER 2003

description/ordering information (continued)

Input Voltages

Vce

CB3T

OouT|—

1

Output Voltages

=Vcc-1V

NOTE A: If the input high voltage (V|H) level is greater than or equal to Vcc - 1V, and less than or equal to 5.5 V, then the output high voltage

(Vo) level will be equal to approximately the Vcc voltage level.

Figure 1. Typical DC Voltage-Translation Characteristics

This device is fully specified for partial-power-down applications using lgs. The g feature ensures that
damaging current will not backflow through the device when it is powered down. The device has isolation during

power off.

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.

FUNCTION TABLE
(each bus switch)

INPUT | INPUT/OUTPUT .
oF A FUNCTION
L B A port = B port
H Z Disconnect
logic diagram (positive logic)
r—————- |
2 — 3
1A : sw : 1B
— 1
10E I I\ I
| L7 I
[ 4
r—————- |
5 — 6
2A : sw : 2B
=1 |
20E
| L7 I

{'f TEXAS
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SN74CB3T3306
DUAL FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS119A — JANUARY 2003 — REVISED OCTOBER 2003

simp

lified schematic, each FET switch (SW)

T Gate Voltage (V @) is approximately
equal to V cc + VT when the switch is ON
and V| >Vce + VT

I I
I I
I I
A I I B
I
| 1L |
I VGT |
I I
I Control |
| Circuit |
I I
I I
I Ay 4
ENF
¥ ENis the internal enable signal applied to the switch.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) §
Supply voltage range, Vo (SEE NOtE 1) ..ottt e -05Vto7V
Control input voltage range, Vi (see Notes1and 2) .............coiiiiiiiiiiiinnn... -05Vto7V
Switch I/O voltage range, V|jo (See Notes 1, 2, and 3) ........... ... .. -05Vto7V
Control input clamp current, Ik (VIN < 0) .o -50 mA
I/O port clamp current, ljjok (Vi/o < 0) oo -50 mA
ON-state switch current, ljjo (SEe NOtE 4) . ... ot s +128 mA
Continuous current through Vo or GND terminals ... oo e +100 mA
Package thermal impedance, 035 (see Note 5): DCT package ..............ccooiiiiiinnna... 220°C/W
DCUpackage ..........ccoviiiiiiiiiinann.. 227°CIW
Storage temperature range, Totg cvveee —65°C to 150°C

§ 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V|/0.

I and Ip are used to denote specific conditions for /0.

The package thermal impedance is calculated in accordance with JESD 51-7.

apw

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vec=23Vt027V 17 5.5
VIH High-level control input voltage Vee-27V1036V > 55 \%
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vee=27V1036V 0 08 \
Vi/o Data input/output voltage 0 5.5 Vv
TA Operating free-air temperature -40 85 °C
NOTE 6: All unused control 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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SN74CB3T3306
DUAL FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS119A - JANUARY 2003 — REVISED OCTOBER 2003

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

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT

Vcc =3V,
Vi | = -18 mA

-1.2 \Y

VOH See Figures 3 and 4
Vcc=3.6V,

VIN =3.6Vt05.5Vor GND
Ve =36V, Vi=Vcc-0.7Vto55V +20
Iy Switch ON, V|=0.7VtoVce -0.7V -40| paA
VIN = Vcc or GND V|=01t00.7V +5
Vcc =36V,
Vo=01055V,
loz¥ V=0, +10| upA
Switch OFF,

VIN = Vcc or GND

IIN Control inputs +10 UA

Vce =0,
loff Vo=0to55YV, 10 LA
V| =0,

Vec=36V, V| = Ve or GND 20
| o =0

cc Switch ON or OFF,
VIN = Vcc or GND

Vcc=3Vto3.6V,
AICC§ Control inputs [ One input at Vcc - 0.6V, 300 UA
Other inputs at Vcc or GND

Vcc =33V,
VIN = Vcc or GND

Vcec =33V,

_ Vo = 5.5V, 3.3V, or GND,
Cio(OFF) Switch OFF, 45 PF

VIN = Vcc or GND

Vec =33V, Vjo=55Vor33V 4
Cio(ON Switch ON, pF
(ON) VIN = Ve or GND Vijo = GND 15

UA
V| =55V 20

Cin Control inputs

Ve =23V, lo=24mA 5
TYPatVcc =25V,
q V=0 lp =16 mA 5

fon

Vee=3V, lp = 64 mA

V=0 lo =32 mA

VN and Iy refer to control inputs. V|, Vo, |}, and Ig refer to data pins.

T Al typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter 1oz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

' Measured by the voltage drop between A and B terminals at the indicated current through the switch. ON-state resistance is determined by the
lower of the voltages of the two (A or B) terminals.

~N || © [ee)
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SN74CB3T3306
DUAL FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS119A — JANUARY 2003 — REVISED OCTOBER 2003

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

Vcc =25V Vcc =33V
FROM TO +02V +0.3V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX | MIN MAX
tod " AorB BorA 0.15 025| ns
ten OE AorB 1 85 1 65| ns
tdis OE AorB 1 9 1 9| ns

T The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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SN74CB3T3306
DUAL FET BUS SWITCH

2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS119A - JANUARY 2003 — REVISED OCTOBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vce
| Input Generator I T
I I VIN
I s00 |
I Va1 I 50 Q
I [ TEST CIRCUIT
I == | =
[ | = DUT
F——————— O 2xVce
I Input Generator ! v O Open
)
I 500 | GND
| Va2 I 500
I I
I = I = = = - -
e ——— — -
TEST Vce S1 RL \ CL VA
t 25VvV+0.2V Open 500 Q 3.6 Vor GND 30 pF
pd(s)
3.3V+03V Open 500Q |55VorGND| 50pF
/ 25V+02V | 2xVee | 500Q GND 30 pF 0.15V
tpLz/tPzL
3.3V+03V 2xVce 500 Q GND 50 pF 0.3V
y 25V+02V Open 500 Q 3.6V 30 pF 0.15V
tpHZ/tPZH
3.3V+03V Open 500 Q 55V 50 pF 0.3V
Output Vce
Control XVCCIZ XVCch
(VIN) | | oV
| |
tpzL—¥ —» I‘— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2xVcc
VIN) | oV (see Note B)
I
tPLH —f¢—»! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1 at Open
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, Zo =50 Q, t,<2.5ns, < 2.5 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 tpyy_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

T

Figure 2. Test Circuit and Voltage Waveforms
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SN74CB3T3306
DUAL FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS119A — JANUARY 2003 — REVISED OCTOBER 2003

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
VS VS
INPUT VOLTAGE INPUT VOLTAGE
4.0 ‘ 4.0 T
Vcc =23V Vee=3V
lo=1uA lo=1pA
TA = 25°C Ta =25°C m—
> 3.0 > 3.0
| I
(0] (0]
g e g
S 20 = S 20
5 5
=3 =3
> >
e} o
1.0 ' 1.0
° / ° /
0.0 0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0
V| - Input Voltage — V V| - Input Voltage - V

Figure 3. Data Output Voltage vs Data Input Voltage
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SN74CB3T3306
DUAL FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS119A - JANUARY 2003 — REVISED OCTOBER 2003

TYPICAL CHARACTERISTICS (continued)

OUTPUT VOLTAGE HIGH

OUTPUT VOLTAGE HIGH

VS VS
SUPPLY VOLTAGE SUPPLY VOLTAGE
*0 \\;C—CS:‘SZ\? V~-36V o zc_cs‘zszi, Vio36V'
i 35 | Ta - s8°C g 100pA i a5 | Ta = 25°C et 100pA
£ " —loma 2 " — 6 mA
& 30 — // 24mA 8 30 —— 7/ 24 mA
G S
] = S ] ——
e =
g g
L= L=
. / . r
s F G
15 15
23 25 27 29 31 33 35 37 23 25 27 29 31 33 35 37

Vcc - Supply Voltage - V

Vce — Supply Voltage - V

OUTPUT VOLTAGE HIGH

VS

SUPPLY VOLTAGE
4.0
VCC:JZL3Vt$313V
> V=55V 100 pA
I 35 | Tp=-40°C & mA
5 L~ 16 mA
T L =
o 3.0 ////;::;/'
g 25 ;//
! g
T 2.0 (=
O
15
23 25 27 29 31 33 35 37

Vcc — Supply Voltage - V

Figure 4. V g Values
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SN74CB3T3125
QUADRUPLE FET BUS SWITCH

2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS120A - FEBRUARY 2003 — REVISED OCTOBER 2003

Output Voltage Translation Tracks V. ¢

Supports Mixed-Mode Signal Operation On

All Data 1/0O Ports

- 5-V Input Down To 3.3-V Output Level
Shift With 3.3-VV ¢

- 5-V/3.3-V Input Down To 2.5-V Output
Level Shift With 2.5-VV ¢c

5-V Tolerant I/Os With Device Powered-Up
or Powered-Down

Bidirectional Data Flow, With Near-Zero
Propagation Delay

Low ON-State Resistance (r gpn)
Characteristics (r on =5 Q Typical)

Low Input/Output Capacitance Minimizes
Loading (C jo(oFF) = 4.5 pF Typical)
Data and Control Inputs Provide

® V¢ Operating Range From 2.3V to 3.6 V

® Data I/Os Support 0 to 5-V Signaling Levels
(0.8-v, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)

® Control Inputs Can be Driven by TTL or
5-V/3.3-V CMOS Outputs

® |4 Supports Partial-Power-Down Mode
Operation

® [atch-Up Performance Exceeds 250 mA Per
JESD 17

® ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model

(A114-B, Class II)

— 1000-V Charged-Device Model (C101)

® Supports Digital Applications: Level
Translation, USB Interface, Bus Isolation

® |deal for Low-Power Portable Equipment

Undershoot Clamp Diodes

Low Power Consumption
(ICC =20 pA Max)

DGV OR PW PACKAGE

(TOP VIEW)
10E[]1 o 14l vee
1A[] 2 13[] 40E
1B[] 3 12]] 4A
20E[] 4 1[] 4B
2A[] 5 10[] 30E
2B[]6 9]l 3A
GND[]7 8|l 3B

description/ordering information

The SN74CB3T3125 is a high-speed TTL-compatible FET bus switch with low ON-state resistance (rgp),
allowing for minimal propagation delay. The device fully supports mixed-mode signal operation on all data I/O
ports by providing voltage translation that tracks V. The SN74CB3T3125 supports systems using 5-V TTL,
3.3-V LVTTL, and 2.5-V CMOS switching standards, as well as user-defined switching levels (see Figure 1).

ORDERING INFORMATION

ORDERABLE TOP-SIDE
t
A PACKAGE PART NUMBER MARKING
Tube SN74CB3T3125PW
TSSOP - PW KS125
-40°C to 85°C Tape and reel | SN74CB3T3125PWR
TVSOP - DGV | Tape and reel | SN74CB3T3125DGVR KS125

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines
are available at www.ti.com/sc/package.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. P
testing of all parameters.

g does not
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SN74CB3T3125
QUADRUPLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS120A - FEBRUARY 2003 — REVISED OCTOBER 2003

description/ordering information (continued)

Vce

—1IN OuUT [—

CB3T Vec-1Vv

1

Input Voltages Output Voltages

NOTE A: If the input high voltage (V|H) level is greater than or equal to Vcc - 1V, and less than or equal to 5.5 V, then the output high voltage

(Vo) level will be equal to approximately the Vcc voltage level.
Figure 1. Typical DC Voltage-Translation Characteristics

The SN74CB3T3125 is organized as four 1-bit bus switches with separate output-enable (1OE, 20E, 30E,
40E) inputs. It can be used as four 1-bit bus switches or as one 4-bit bus switch. When OE is low, the associated
1-bit bus switch is ON, and the A port is connected to the B port, allowing bidirectional data flow between ports.
When OE is high, the associated 1-bit bus switch is OFF, and the high-impedance state exists between the A
and B ports.

This device is fully specified for partial-power-down applications using lgf. The Iy feature ensures that
damaging current will not backflow through the device when it is powered down. The device has isolation during
power off.

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.

FUNCTION TABLE
(each bus switch)

INPUT | INPUT/OUTPUT FUNCTION
OE A
L B A port = B port
H z Disconnect

3-20
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SN74CB3T3125
QUADRUPLE FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS120A - FEBRUARY 2003 — REVISED OCTOBER 2003

logic diagram (positive logic)

i‘ ------ q i‘ ------ q
2 — 3 5 — 6
1A { sw I 1B 2A { sw I 2B
1| I g | I
10E I 20E I
I [ I I
b —— — 4 b e—— — 4
i‘ ------ q i‘ ------ q
9 — 8 12 — 11
3A ] sw I 3B 4A { sw I 4B
10 | | _ 13 | |
30E I I 40E I I
b e—— — 4 b e—— — .!
simplified schematic, each FET switch (SW)
r———————————————————— |
| T Gate Voltage (V) is approximately |
| equal to V cc + VT when the switch is ON |
| and V|>Vce + VT |
I I
A i B
| |
| Ll |
| VG'r I
I I
I Control |
| Circuit |
I I
I I
M 4
ENY
t EN is the internal enable signal applied to the switch.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) §
Supply voltage range, Vo (see Note 1) . ... o -05Vto7V
Control input voltage range, Vy (see Notes 1 and 2) ... -0.5Vto7V
Switch I/O voltage range, V|jo (see Notes 1,2, and 3) ..., -05Vto7V
Control input clamp current, Ik (VIN < O) .ot -50 mA
11O port clamp current, ljok (VI/o < 0) .« oottt =50 mA
ON-state switch current, ljjg (See NOte 4) . ... o e +128 mA
Continuous current through Vccor GND terminals . ............ i +100 mA
Package thermal impedance, 035 (see Note 5): DGV package ................. ...t 127°C/W
PWpackage ......... ... .o, 113°C/W
Storage temperature range, Tgg - -« oo eveve it —65°C to 150°C

§ 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

V| and Vg are used to denote specific conditions for V|/o.

I} and Ip are used to denote specific conditions for Ij;0.

The package thermal impedance is calculated in accordance with JESD 51-7.

o s w
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SN74CB3T3125
QUADRUPLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS120A - FEBRUARY 2003 — REVISED OCTOBER 2003

recommended operating conditions (see Note 6)

MIN  MAX | UNIT

Vce Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 5.5

VIH High-level control input voltage \%
Vcc=27Vto3.6V 2 5.5
Vcc=23Vto27V 0 0.7

VL Low-level control input voltage \Y
Vcc=27Vto3.6V 0 0.8

Vijo Data input/output voltage 0 5.5 \Y

TA Operating free-air temperature -40 85 °C

NOTE 6: All unused control 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 Inpults, literature number SCBA004.
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SN74CB3T3125
QUADRUPLE FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS120A - FEBRUARY 2003 — REVISED OCTOBER 2003

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

otherwise noted)

PARAMETER

TEST CONDITIONS

MIN TYPT  MAX

UNIT

VIK

Vcc =3V,
I|=-18 mA

-1.2

VOH

See Figures 3 and 4

IIN Control inputs

Vcc =36V,
VIN=3.6Vt055VorGND

UA

Vcec =36V,
Switch ON,
VIN = Vcc or GND

VI=Vcc-0.7Vto55V

V|=0.7VtoVce - 0.7V

V|=01t00.7 V

Vcc=3.6V,
Vo=0to55YV,

V| =0,

Switch OFF,

VIN = Ve or GND

+10

HA

Vce =0,
Vo=0to55YV,
V=0,

10

UA

Icc

Vcc=3.6V,

o =0,

Switch ON or OFF,
VIN = Vcc or GND

V| =Vcc or GND

20

V|=55V

20

LA

Alcc8 | Control inputs

Vcc=3Vto36YV,
OneinputatVcc - 0.6V,
Other inputs at Vcc or GND

300

HA

Cin Control inputs

Vcec =33V,
VIN = Vcc or GND

pF

Cio(OFF)

Vce =33V,

Vijo=5.5V, 3.3V, or GND,
Switch OFF,

VIN = Vcc or GND

4.5

pF

Cio(ON)

Vce =33V,
Switch ON,
VIN = Ve or GND

Vjjo=55Vor33V

Vo = GND

10

pF

fon

Vcec=23Y,
TYPatVcc =25V,
V=0

lo = 24 mA

lo =16 mA

Vcec =3V,
V=0

lo = 64 mA

Io =32 mA

VN and Il refer to control inputs. V|, Vo, I}, and I refer to data pins.

tAll typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter Iz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

1 Measured by the voltage drop between A and B terminals at the indicated current through the switch. ON-state resistance is determined by the
lower of the voltages of the two (A or B) terminals.
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SN74CB3T3125
QUADRUPLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS120A - FEBRUARY 2003 — REVISED OCTOBER 2003

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

Vcc=25V | Vcc=383V
FROM TO +0.2V +0.3V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX [ MIN  MAX
tod ' AorB BorA 0.15 025| ns
ten OE AorB 1 85 1 44| ns
tgis OE AorB 1 9 1 9| ns

T The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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SN74CB3T3125

QUADRUPLE FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS120A - FEBRUARY 2003 — REVISED OCTOBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vce
| Input Generator I T
I I VIN
I s0Q |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | =
[ | - DUT
F——————— O 2xVce
I Input Generator ! V) O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = = e - -
b — |
TEST Vce S1 RL V) CL VA
t 25Vv+02V Open 500 Q 3.6 Vor GND 30 pF
pd(s)
3.3V+03V Open 500 Q 5.5V or GND 50 pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+0.2V | Open 500 Q 36V 30 pF 0.15V
tpHZ/tPZH
33V+03V Open 500 Q 55V 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL —b 4 —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
VIND | oV (see Note B)
I
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1 at Open
VoL (see Note B)

NOTES: A

B.

@mmooO

I

VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES (t pd(s))

. 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.

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

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.

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2.5ns, tf<2.5 ns.
The outputs are measured one at a time with one transition per measurement.

tpLH and tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state

resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).

All parameters and waveforms are not applicable to all devices.

Figure 2. Test Circuit and Voltage Waveforms
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SN74CB3T3125
QUADRUPLE FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS120A - FEBRUARY 2003 — REVISED OCTOBER 2003

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
VS Vs
INPUT VOLTAGE INPUT VOLTAGE
4.0 : 4.0 :
Vcc =23V Vcc =3V
lo=1pA Io=1uA
Tp = 25°C Tp = 25°C -
> 30 > 30
| |
] )
g s g
S 20 f 2 20
5 5
= g
> >
©) o
I 1.0 ' 1.0
-0 / 0 /
0.0 0.0
0.0 1.0 20 3.0 40 50 6.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0
V| - Input Voltage — V V| - Input Voltage - V

Figure 3. Data Output Voltage vs Data Input Voltage
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VoH - Output Voltage High - V

4.0

35

3.0

2.5

2.0

15

OUTPUT VOLTAGE HIGH

TYPICAL CHARACTERISTICS (continued)

VS

OUTPUT VOLTAGE HIGH
'S

SUPPLY VOLTAGE SUPPLY VOLTAGE
Ve =23V1036V | | o VeC£23V103.6V |
Vi=55V Vi=55V
: T,IA =85°C P ;00 :A T 35t TJ_\ = 25°C - ;Or::A
m <
L~ = L~ 16 mA
7 /,/ 2 E’ 30 L ?,/ 24 mA
8
//// ‘c;j 25 ///4/
I~ 2 N '~
// T =
] S "
15
23 25 27 29 31 33 35 37 23 25 27 29 31 33 35 37

Vcc - Supply Voltage - V

VoH — Output Voltage High - V

4.0

3.5

3.0

25

2.0

15

Ve - Supply Voltage - V

OUTPUT VOLTAGE HIGH
VS

SUPPLY VOLTAGE
Vcc=‘2.3Vt(‘)3.6V | |
V=55V 100 uA
Ta = -40°C 8 mA

16 mA
] 42 24 MA
" //
/ //

—
4¢/

=

2.3 25 2.7 2.9 3.1 3.3 35 3.7
Vcc — Supply Voltage - V

Figure 4. V oy Values
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SN74CB3T3245
8-BIT FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS136 - OCTOBER 2003

Standard '245-Type Pinout
Output Voltage Translation Tracks V¢

Supports Mixed-Mode Signal Operation On

All Data 1/O Ports

— 5-V Input Down To 3.3-V Output Level
Shift With 3.3-V V ¢

- 5-V/3.3-V Input Down To 2.5-V Output
Level Shift With 2.5-VV ¢c

5-V-Tolerant I/Os With Device Powered-Up
or Powered-Down

Bidirectional Data Flow, With Near-Zero
Propagation Delay

Low ON-State Resistance (r gn)
Characteristics (r on =5 Q Typical)

Low Input/Output Capacitance Minimizes
Loading (C jo(oFF) = 5 pF Typical)

Data and Control Inputs Provide
Undershoot Clamp Diodes

Low Power Consumption
(Icc = 40 pA Max)

Vcc Operating Range From 2.3V to 3.6 V

Data I/Os Support 0 to 5-V Signaling Levels
(0.8-Vv, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
Control Inputs Can Be Driven by TTL or
5-V/3.3-V CMOS Outputs

loff Supports Partial-Power-Down Mode
Operation

Latch-Up Performance Exceeds 250 mA Per
JESD 17

ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model

(A114-B, Class II)
— 1000-V Charged-Device Model (C101)

Supports Digital Applications: Level
Translation, PCI Interface, USB Interface,
Memory Interleaving, Bus Isolation

Ideal for Low-Power Portable Equipment

DBQ, DGV, DW, OR PW PACKAGE

(TOP VIEW)
ne [ 1 Uz0:|V_<:c
A1[2 19]OE
A2 [l3 18]] B1
Asll4  17[lB2
Aslls  18]1B3
As[l6  15]B4
Asll7  14[lBs
A7[8 13]86
Aslleo  12[lB7

GND [] 10 11{] B8

NC - No internal connection

description/ordering information

The SN74CB3T3245 is a high-speed TTL-compatible FET bus switch with low ON-state resistance (rgp),
allowing for minimal propagation delay. The device fully supports mixed-mode signal operation on all data I/O
ports by providing voltage translation that tracks V. The SN74CB3T3245 supports systems using 5-V TTL,
3.3-V LVTTL, and 2.5-V CMOS switching standards, as well as user-defined switching levels (see Figure 1).

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. P
testing of all parameters.

g does not ily include

*5‘ TEXAS
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SN74CB3T13245
8-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS136 - OCTOBER 2003

description/ordering information (continued)

Vee
— IN OUT |— =Vce
CB3T =Vcc -1V
oV

1

Input Voltages Output Voltages

NOTE A: If the input high-voltage (V|H) level is greater than or equal to Vcc — 1V, and less than or equal to 5.5V, then the output

high-voltage(Von) level will be equal to approximately the V¢ voltage level.
Figure 1. Typical DC Voltage Translation Characteristics

The SN74CB3T3245 is an 8-bit bus switch with a single ouput-enable (OE) input and a standard '245 pinout.
When OE is low, the 8-bit bus switch is ON, and the A port is connected to the B port, allowing bidirectional data
flow between ports. When OE is high, the 8-bit bus switch is OFF, and a high-impedance state exists between
the A and B ports.

This device is fully specified for partial-power-down applications using lgf. The I feature ensures that
damaging current will not backflow through the device when it is powered down. The device has isolation during
power off.

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

ORDERING INFORMATION

ORDERABLE TOP-SIDE
t
A PACKAGE PART NUMBER MARKING
Tube SN74CB3T3245DW
SOIC - DW CB3T3245

Tape and reel SN74CB3T3245DWR
SSOP (QSOP) - DBQ Tape and reel SN74CB3T3245DBQR CB3T3245

—-40°C to 85°C

Tube SN74CB3T3245PW

TSSOP - PW KS245
Tape and reel SN74CB3T3245PWR

TVSOP - DGV Tape and reel SN74CB3T3245DGVR KS245

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.ti.com/sc/package.

FUNCTION TABLE

INPUT | INPUT/OUTPUT FUNCTION
OE A
L B A port = B port
H z Disconnect

3-30
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SN74CB3T3245
8-BIT FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS136 - OCTOBER 2003

logic diagram (positive logic)

[sw]l 18
Al [ sW | B1
[ ] °
. .
9 — 11
A8 | sw | B8
— 19 {>o
OE
simplified schematic, each FET switch (SW)
r———————————————————— |
I 1 Gate Voltage (v G) is approximately equal I
I to Vcc + VT when the switch is ON and |
I V|>Vce + VT I
A i B
| |
| 1l |
| VGT I
I I
| Control |
| Circuit |
I I
I I
S Ay J
ENF
1 EN is the internal enable signal applied to the switch.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) §
Supply voltage range, Vo (see Note 1) ... -05Vto7V
Control input voltage range, Viy (see Notes 1 and 2) ..., -05Vto7V
Switch I/O voltage range, Vo (see Notes 1, 2, and 3) ..., -0.5Vto7V
Control input clamp current, ik (VIN < 0) ..o -50 mA
11O port clamp current, ljok (V1/o < 0) .« oottt =50 mA
ON-state switch current, ljjg (S€e@ NOte 4) . ... .. e +128 mA
Continuous current through Vccor GND terminals ... +100 mA
Package thermal impedance, 03a (see Note 5): DBQ package ....................... ... . ... 68°C/W
DGV package .........coiiiiiiiiiiii 92°C/W
DWopackage .......c.ovvuiiiieniinannn 58°C/W
PWpackage ......... ... i, 83°C/W
Storage temperature range, Tstg ................................................... —-65°C to 150°C

§ 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

V| and Vg are used to denote specific conditions for V|/0.

I and Ip are used to denote specific conditions for Ij/0.

The package thermal impedance is calculated in accordance with JESD 51-7.

a s
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SN74CB3T13245
8-BIT FET BUS SWITCH
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recommended operating conditions (see Note 6)

MIN  MAX | UNIT

Vce Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 5.5

VIH High-level control input voltage \%
Vcc=27Vto3.6V 2 5.5
Vcc=23Vto27V 0 0.7

VL Low-level control input voltage \Y
Vcc=27Vto3.6V 0 0.8

Vijo Data input/output voltage 0 5.5 \Y

TA Operating free-air temperature -40 85 °C

NOTE 6: All unused control 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 Inpults, literature number SCBA004.
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SN74CB3T3245
8-BIT FET BUS SWITCH

2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS136 - OCTOBER 2003

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

otherwise noted)

PARAMETER

TEST CONDITIONS

MIN TYPT MAX | UNIT

VIK

Vcc =3V,
I|=-18 mA

-1.2 \%

VOH

See Figures 3 and 4

IIN Control inputs

Vcc =36V,
VIN=3.6Vt055VorGND

UA

Vcec =36V,
Switch ON,
VIN = Vcc or GND

VI=Vcc-0.7Vto55V

V|=0.7VtoVce - 0.7V

V|=01t00.7 V

Vcc=3.6V,
Vo=0to55YV,

V| =0,

Switch OFF,

VIN = Ve or GND

+10 [ pA

Vce =0,
Vo=0to55YV,
V=0,

10| pA

Icc

Vcc=3.6V,

o =0,

Switch ON or OFF,
VIN = Vcc or GND

V| =Vcc or GND

40

V|=55V

LA
40

Alcc8 | Control inputs

Vcc=3Vto36YV,
OneinputatVcc - 0.6V,
Other inputs at Vcc or GND

300 pA

Cin Control inputs

Vcec =33V,
VIN = Vcc or GND

Cio(OFF)

Vce =33V,

Vijo=5.5V, 3.3V, or GND,
Switch OFF,

VIN = Vcc or GND

Cio(ON)

Vce =33V,
Switch ON,
VIN = Ve or GND

Vjjo=55Vor33V

Vo = GND

pF

fon

Vcec=23Y,
TYPatVcc =25V,
V=0

lo = 24 mA

5 8.5

lo =16 mA

Vcec =3V,
V=0

lo = 64 mA

lo=32mA

VN and Iy refer to control inputs. V), Vo, |}, and Ig refer to data pins.

T All typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

*For /0 ports, the parameter |gz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

1 Measured by the voltage drop between A and B terminals at the indicated current through the switch. ON-state resistance is determined by the
lower of the voltages of the two (A or B) terminals.
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switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 2)

Vcc=25V | Vcc=33V
FROM TO +0.2V +03V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX [ MIN  MAX
tod ' AorB BorA 0.15 025| ns
ten OE AorB 1 105 1 8| ns
tdis OE AorB 1 55 1 75| ns

T The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER
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PARAMETER MEASUREMENT INFORMATION

_______ a Vce
| Input Generator I T
I I VIN
I 500 |
I VG1 I 50 Q
I [ TEST CIRCUIT
L_____:;_______J = DUT
F——————— O 2xVce
I Input Generator ! Vi O Open
{
I 500 | GND
| Va2 | 50 Q
I I
I = I = = = - -
e ———— -
TEST Vce S1 RL V) CL VA
t 25Vv+02V Open 500 Q 3.6 Vor GND 30 pF
pd(s)
3.3V+03V Open 500Q | 5.5V or GND 50 pF
J 25V+02V | 2xVce 500 Q GND 30 pF 0.15V
tpLz/tpzL
3.3V+03V | 2xVcc 500 Q GND 50 pF 0.3V
y 25Vv+02V Open 500 Q 3.6V 30 pF 0.15V
tpHZ/tPZH
3.3Vv+03V Open 500 Q 55V 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL — —» ‘I4— tpLz
Output I | |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
VIND | oV (see Note B)
I
tPLH ——K—————ﬂ h———’L—tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1 at Open
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, t; <2.5 ns, tt<2.5 ns.
D. The outputs are measured one at a time with one transition per measurement.
E. tpLz and tpHz are the same as tgjs.
F. tpzL and tpzH are the same as tgp.
G. tpLH and tpy| are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
H. All parameters and waveforms are not applicable to all devices.

Figure 2. Test Circuit and Voltage Waveforms
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TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
Vs VS
INPUT VOLTAGE INPUT VOLTAGE
4.0 i 4.0 ‘
Vcc =23V Vcc=3V
lo=1pA lo=1pA
Tp = 25°C Ta=25C T
> 30 > 3.0
® o
g e g
5 5
g g
> >
(@] (@]
! 1.0 ' 1.0
RS / 0
0.0 0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0
V| - Input Voltage — V V| — Input Voltage — V

Figure 3. Data Output Voltage vs Data Input Voltage
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VoH - Output Voltage High - V

4.0

3.5

3.0

2.5

2.0

15

TYPICAL CHARACTERISTICS (continued)

OUTPUT VOLTAGE HIGH

SUPPLY VOLTAGE

| | |
Veec=23V103.6V
V|=55V
- Tp = 85°C

1 |

//16 mA

]

//
==

W

=

=
=—

2.3 2.5 2.7 2.9

3.1 3.3 3.5

Vcc - Supply Voltage - V

100pA =
8mA &
I
24mA S
g
S
5
o
=
o)
I
T
o
>
3.7

4.0

OUTPUT VOLTAGE HIGH

VS

SUPPLY VOLTAGE

\ \ \
Vcc=23Vto3.6V

V=55V
3.5 |FTpa=25°C

1

3.0

2.5

—

/
4/

W

100 pA
8 mA

16 mA

24 mA

W\

W
\

/
2.0 ///

15
2.3

2.5

OUTPUT VOLTAGE HIGH

VS

2.7

2.9 3.1 3.3 3.5

Vcc - Supply Voltage - V

SUPPLY VOLTAGE
Vcc=23V1to3.6V
> V|=55V 100 pA
%’ 3.5 TA =-40°C 8 mA
2 6
:%’ 3.0 //
S L
E‘- . ////
3 L
T 0 é/
o 20 (=
pS
1.5
2.3 2.5 2.7 2.9 3.1 3.3 3.5 3.7

Vcc - Supply Voltage - V

Figure 4. V gy Values
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SN74CB3T3384
10-BIT FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS159 - OCTOBER 2003

Output Voltage Translation Tracks V. ¢ ® V¢ Operating Range From 2.3V to 3.6 V
Supports Mixed-Mode Signal Operation On ® Data I/Os Support 0 to 5-V Signaling Levels
All Data 1/O Ports (0.8-Vv, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
= 5-V Input Down To 3.3-V Output Level ® Control Inputs Can Be Driven by TTL or

?T}%Vgllt\? |3-3-VE\)/ cc 25V 5-V/3.3-V CMOS Outputs
- 5-V/3.3-V Input Down To 2.5-V Output ° . )

Level Shift With 2.5V V e Iooge?:t[i)c[))r?rts Partial-Power-Down Mode
5-V-Tolerant I/Os With Device Powered-Up ® Latch-Up Performance Exceeds 250 mA Per
or Powered-Down

T . JESD 17
E'rc(j)lre;t;:ir:)a: g:}: Flow, With Near-Zero ® ESD Performance Tested Per JESD 22

pag y ~ 2000-V Human-Body Model
Low ON-State Resistance (r ) (A114-B, Class I1)

Characteristics - 1000-V Charged-Device Model (C101)
Low Input/Output Capacitance Minimizes ® Supports Digital Applications: Level
Loading Translation, PCI Interface, Memory

Data and Control Inputs Provide Interleaving, Bus Isolation

Undershoot Clamp Diodes ® |deal for Low-Power Portable Equipment

Low Power Consumption

DBQ, DGV, DW, OR PW PACKAGE

(TOP VIEW)
10E[| 1 o ] Ve
1B1[] 2 23] 2B5
1A1[] 3 22[] 2a5
1A2[] 4 21[] 2n4
1B2[] 5 20[] 2B4
1B3[] 6 19 [] 2B3
1A3[] 7 18] 2A3
1A4[] 8 17[] 2A2
1B4[] 9 16 |] 2B2
1B5[ 10 15[] 2B1
1A5[] 11 14[] 2a1
GND[] 12 13|] 20E

description/ordering information

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
A PACKAGE PART NUMBER MARKING
Tube SN74CB3T3384DW
SOIC - DW
Tape and reel SN74CB3T3384DWR
-40°C to 85°C | SSOP (QSOP) - DBQ Tape and reel SN74CB3T3384DBQR
TSSOP - PW Tape and reel SN74CB3T3384PWR
TVSOP - DGV Tape and reel SN74CB3T3384DGVR

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.com/sc/package.

PRODUCT PREVIEW

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.

Copyright © 2003, Texas Instruments Incorporated
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PRODUCT PREVIEW

SN74CB3T3384
10-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS159 - OCTOBER 2003

description/ordering information (continued)

The SN74CB3T3384 is a high-speed TTL-compatible FET bus switch with low ON-state resistance (rgp),
allowing for minimal propagation delay. The device fully supports mixed-mode signal operation on all data 1/0O
ports by providing voltage translation that tracks V. The SN74CB3T3384 supports systems using 5-V TTL,
3.3-V LVTTL, and 2.5-V CMOS switching standards, as well as user-defined switching levels (see Figure 1).

Vee

-

=Vce
=Vcc-1V

— N ouT |—

CB3T

I

Input Voltages Output Voltages

NOTE A: If the input high voltage (V|p) level is greater than or equal to Vcc — 1V, and less than or equal to 5.5 V, then the output high

voltage (Vo) level will be equal to approximately the Vcc voltage level.
Figure 1. Typical DC Voltage Translation Characteristics

The SN74CB3T3384 is organized as two 5-bit bus switches with separate ouput-enable (10E, 20E) inputs. It
can be used as two 5-bit bus switches or as one 10-bit bus switch. When OE is low, the associated 5-bit bus
switch is ON, and the A port is connected to the B port, allowing bidirectional data flow between ports. When
OE is high, the associated 5-bit bus switch is OFF, and a high-impedance state exists between the A and B ports.

This device is fully specified for partial-power-down applications using lgf. The I feature ensures that
damaging current will not backflow through the device when it is powered down. The device has isolation during
power off.

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.

FUNCTION TABLE
(each 5-bit bus switch)

INPUT | INPUT/OUTPUT
OE A FUNCTION
L B A port = B port
H Z Disconnect

3-40
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SN74CB3T3384
10-BIT FET BUS SWITCH

2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS159 - OCTOBER 2003

logic diagram (positive logic)

I —
3 2
1A1 I SW I 1B1
S i -
I
° °
1 | — | 10
1A5 I SW I 1B5
I I
I
— 1
10E : {>o I
e — -
e 1
14 | — 15
2A1 I SW I 2B1
S -
I
° °
22 | — | 23
2A5 | SW I 2B5
I I
— 13 I I
20E I |
e — -
simplified schematic, each FET switch (SW)
r———————————————————— !
| T Gate Voltage (Vv G) is approximately |
| equal to V ¢ + VT when the switch is ON |
| and V|>Vce + VT |
I I
A [l P
|
| LL |
I VG'I |
I I
I Control |
| Circuit |
I I
I I
et -
EN

$ EN is the internal enable signal applied to the switch.
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PRODUCT PREVIEW

SN74CB3T3384
10-BIT FET BUS SWITCH

2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS159 - OCTOBER 2003

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage range, Vo (SEe NOte 1) .. oot -05Vto7V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (See Notes 1,2, and 3) . ..., -05Vto7V
Control input clamp current, Ik (VIN<O) .. oo -50 mA
I/0 port clamp current, ljjok (Vo <0) oo -50 mA
ON-state switch current, ljo (see Note 4) .. ... . +128 mA
Continuous current through Vcc or GND terminals . ... et +100 mA
Package thermal impedance, 635 (see Note 5): DBQ package ..............ccoiiiiiiniiaan.. 61°C/W

DGV opackage ...........coiiiiiiiiiiii 86°C/W
DWpackage .........c.cco i, 46°C/W
PWpackage .......... ..o, 88°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. All voltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

V| and Vg are used to denote specific conditions for V|o.
I} and Ip are used to denote specific conditions for 1}/0.

o ks w

recommended operating conditions (see Note 6)

The package thermal impedance is calculated in accordance with JESD 51-7.

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vec=23Vt02.7V 1.7 5.5
VIH High-level control input voltage \%
Vec=27V1t03.6V 2 5.5
Vec=23Vt027V 0 0.7
ViL Low-level control input voltage \%
Vec=27V1t03.6V 0 0.8
Vijo Data input/output voltage 0 55 \Y
TA Operating free-air temperature -40 85 °C
NOTE 6: All unused control 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 Inpults, literature number SCBA004.
‘Ui TEXAS
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SN74CB3T3384
10-BIT FET BUS SWITCH

2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS159 - OCTOBER 2003

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

otherwise noted)

PARAMETER

TEST CONDITIONS

MIN TYPT

MAX

UNIT

VIK

Vcc =3V,
I|=-18 mA

VOH

See Figures 3 and 4

IIN Control inputs

Vcc =36V,
VIN=3.6Vt055VorGND

UA

Vcec =36V,

VI=Vcc-0.7Vto55V

Switch ON,

V|=0.7VtoVce - 0.7V

VIN = Vcc or GND

V|=01t00.7 V

Vcc=3.6V,
Vo=0to55YV,

V| =0,

Switch OFF,

VIN = Ve or GND

HA

Vce =0,
Vo=0to55YV,
V=0,

UA

Icc

Vcc=3.6V,
hio=0,

V| =Vcc or GND

Switch ON or OFF,
VIN = Vcc or GND

V|=55V

LA

Alcc8 | Control inputs

Vcc=3Vto36YV,
OneinputatVcc - 0.6V,
Other inputs at Vcc or GND

HA

Cin Control inputs

Vcec =33V,
VIN = Vcc or GND

pF

Cio(OFF)

Vce =33V,

Vijo=5.5V, 3.3V, or GND,
Switch OFF,

VIN = Vcc or GND

pF

Cio(ON)

Vce =33V,

Vjjo=55Vor33V

Switch ON,
VIN = Ve or GND

Vo = GND

pF

fon

Vcec=23Y,

lo = 24 mA

TYP atVee =25V,
V=0

lo =16 mA

Vcec =3V,

lo = 64 mA

V=0

lo=32mA

VN and Iy refer to control inputs. V), Vo, |}, and Ig refer to data pins.

T All typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

*For /0 ports, the parameter |gz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

1 Measured by the voltage drop between A and B terminals at the indicated current through the switch. ON-state resistance is determined by the
lower of the voltages of the two (A or B) terminals.
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SN74CB3T3384
10-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS159 - OCTOBER 2003

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

PRODUCT PREVIEW

FROM 0 Vcc=25V | Vcc=33V
PARAMETER (INPUT) (OUTPUT) 02V 93V UNIT
MIN  MAX MIN  MAX
tder AorB BorA ns
ten OE AorB ns
tdis OE AorB ns

T The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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SN74CB3T3384
10-BIT FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS159 - OCTOBER 2003

PARAMETER MEASUREMENT INFORMATION

PRODUCT PREVIEW

——————— Vce
| Input Generator I T
I I VIN
I 500 |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | =
[ | - DUT
F——————— 1 O 2xVce
I Input Generator ! V) O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = —_ = - -
e ——— — -
TEST Vce S1 RL V) CL VA
t 25Vv+02V Open 500 Q 3.6 Vor GND 30 pF
pd(s)
3.3V+03V Open 500Q |55VorGND| 50pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
. 25V+0.2V Open 500 Q 36V 30 pF 0.15V
tpHZ/tPZH
3.3V+03V Open 500 Q 55V 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL —b 4 —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
VIND | oV (see Note B)
I
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1 at Open
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, ty<2.5ns, tf<2.5 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 tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

I

Figure 2. Test Circuit and Voltage Waveforms
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PRODUCT PREVIEW

SN74CB3T3384
10-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS159 - OCTOBER 2003

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
VS VS
INPUT VOLTAGE INPUT VOLTAGE
4.0 T 4.0 I

Vcc =23V Vcc=3V

lo=1 uA lo=1 pA

Tp = 25°C Ta=25C T
> 3.0 > 3.0
v v
g Ve g
S 20 f S 20
5 5
g =
> >
(e} O
! 1.0 ' 1.0
>O / >O

0.0 © 0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0
V| - Input Voltage - V V| - Input Voltage - V

Figure 3. Data Output Voltage vs Data Input Voltage
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SN74CB3T3384
10-BIT FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS159 - OCTOBER 2003

VoH — Output Voltage High - V

TYPICAL CHARACTERISTICS (continued)

OUTPUT VOLTAGE HIGH OUTPUT VOLTAGE HIGH
Vs VS
SUPPLY VOLTAGE SUPPLY VOLTAGE
4.0 T T T 4.0 T \ T
Vcc=23Vt036V Vcc=23Vt03.6V
V|=55V oha > V| =55V 100 1A
3.5 |- Tao =85°C - I 35 [ Tp=25C - u
T s mpr\l 5 1 sma
/ —16mA I / 16 mA
L~ 7 8 L~ 7
//% S ///
25 '////% 2 25 '///%
— == o A
A / ! A /
2.0 7 T 20 =
> ]
1.5 1.5
2.3 2.5 2.7 2.9 3.1 3.3 35 3.7 2.3 2.5 2.7 2.9 3.1 3.3 3.5 3.7
Vcc - Supply Voltage - V Vce - Supply Voltage - V
OUTPUT VOLTAGE HIGH
S
SUPPLY VOLTAGE
Vcc=23V1to3.6V
> V| =55V 100 UA
L 35 [Tp=-40°C e
£ - femnf\A
E‘» 3.0 //445 24 mA
g ° =
=
< _— /é
3 ==
T 20 4/
o TP
>
1.5

2.3 25 2.7 2.9 3.1 3.3 35 3.7
Vcc - Supply Voltage - V

Figure 4. V gy Values
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SN74CB3T16210
20-BIT FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS156 - OCTOBER 2003

® Member of the Texas Instruments
Widebus ™ Family

® Output Voltage Translation Tracks V. ¢c

® Supports Mixed-Mode Signal Operation On
All Data 1/O Ports
- 5-V Input Down To 3.3-V Output Level
Shift With 3.3-VV ¢
- 5-V/3.3-V Input Down To 2.5-V Output
Level Shift With 2.5-VV ¢c

® 5-V-Tolerant I/Os With Device Powered-Up
or Powered-Down

® Bidirectional Data Flow, With Near-Zero
Propagation Delay

® | ow ON-State Resistance (r gp)
Characteristics

® Low Input/Output Capacitance Minimizes
Loading

® Data and Control Inputs Provide
Undershoot Clamp Diodes

® | ow Power Consumption
® Vcc Operating Range From 2.3V to 3.6 V

® Data I/Os Support 0 to 5-V Signaling Levels
(0.8-v, 1.2-v, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)

® Control Inputs Can Be Driven by TTL or
5-V/3.3-V CMOS Outputs

® |, Supports Partial-Power-Down Mode
Operation

® | atch-Up Performance Exceeds 250 mA Per
JESD 17

® ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model

(A114-B, Class II)
- 1000-V Charged-Device Model (C101)

® Supports Digital Applications: Level
Translation, PCI Interface, Bus Isolation

® |deal for Low-Power Portable Equipment

description/ordering information

DGG, DGV, OR DL PACKAGE

(TOP VIEW)
NC[]1 o 48] 10E
1A1[] 2 47[] 20E
1A2 (] 3 46|]1B1
1A3[] 4 45|]1B2
1A4 ] 5 44]]1B3
1A5 [ 6 43|]1B4
1A6 [] 7 42|]1B5

GND [| 8 41[]GND
1Aa7 [| 9 40]]1B6
1a8l10  39[1B7
100 [J12 38[)1B8

1a10 [J12 37[l1B9
2a1[]13  36[]1B10
2A2[J14  3s5[]2B1

Vec 15 34[l282
2A3[]16  33[]2B3

oo [J17 32fleND
2aa[]18  31[l2B4
oas[[19  30[]2ms
ona6[]20  29[]2B6
oa7[j21  28[lom7
oagll22  27[l2Bs
oa0 [[23  26[]2Bg

oa10[J24  25[12B10

NC - No internal connection

The SN74CB3T16210 is a high-speed TTL-compatible FET bus switch with low ON-state resistance (rgp),
allowing for minimal propagation delay. The device fully supports mixed-mode signal operation on all data I/O
ports by providing voltage translation that tracks V. The SN74CB3T16210 supports systems using 5-V TTL,
3.3-V LVTTL, and 2.5-V CMOS switching standards, as well as user-defined switching levels (see Figure 1).

Widebus is a trademark of Texas Instruments.

PRODUCT PREVIEW information concerns products in the formative or
design phase of development. Characteristic data and other g

specifications are design goals. Texas Instruments reserves the right to l

change or discontinue these products without notice. TEXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 2003, Texas Instruments Incorporated
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PRODUCT PREVIEW

SN74CB3T16210
20-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS156 - OCTOBER 2003

description/ordering information (continued)

Vce
—IN ouT |— =Vcc
CB3T ~Vcc-1v
oV

1

Input Voltages Output Voltages

NOTE A: If the input high voltage (V|p) level is greater than or equal to Vcc — 1V, and less than or equal to 5.5 V, then the output high

voltage (VoH) level will be equal to approximately the V¢ voltage level.
Figure 1. Typical DC Voltage Translation Characteristics

The SN74CB3T16210 is organized as two 10-bit bus switches with separate ouput-enable (1OE, 20E) inputs.
It can be used as two 10-bit bus switches or as one 20-bit bus switch. When OE is low, the associated 10-bit
bus switch is ON, and the A port is connected to the B port, allowing bidirectional data flow between ports. When
OE is high, the associated 10-bit bus switch is OFF, and a high-impedance state exists between the A and B
ports.

This device is fully specified for partial-power-down applications using lgf. The Iyf feature ensures that
damaging current will not backflow through the device when it is powered down. The device has isolation during
power off.

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.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
TA PACKAGE PART NUMBER MARKING
Tube SN74CB3T16210DL
SSOP - DL
Tape and reel | SN74CB3T16210DLR
-40°C to 85°C Tube SN74CB3T16210DGG
TSSOP - DGG
Tape and reel SN74CB3T16210DGGR
TVSOP - DGV | Tape and reel SN74CB3T16210DGVR

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

FUNCTION TABLE
(each 10-bit bus switch)

INPUT | INPUT/OUTPUT
OE A FUNCTION
L B A port = B port
H Z Disconnect
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SN74CB3T16210
20-BIT FET BUS SWITCH

2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS156 - OCTOBER 2003

logic diagram (positive logic)

2 | — 46
1A1 I SW I 1B1
S i -
I
° °
12 | — | 36
1A10 I SW I 1B10
I [
— 48 | I
10E I |
e — -
| — |
13 35
2A1 I SW I 2B1
S -
I
° °
24 | — | 25
2A10 | SW I 2B10
I I
— 47 I I
20E I |
e — -
simplified schematic, each FET switch (SW)
r———————————————————— !
| T Gate Voltage (Vv G) is approximately |
| equal to V ¢ + VT when the switch is ON |
| and V|>Vce + VT |
I I
A I t B
|
| LL |
I VG'I |
I I
| Control |
| Circuit |
I I
I I
et -
EN

$ EN is the internal enable signal applied to the switch.
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SN74CB3T16210
20-BIT FET BUS SWITCH
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS156 - OCTOBER 2003

abso

lute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage range, Vo (SEe NOte 1) .. oot -05Vto7V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (See Notes 1,2, and 3) . ..., -05Vto7V
Control input clamp current, Ik (VIN<O) .. oo -50 mA
I/0 port clamp current, ljjok (Vo <0) oo -50 mA
ON-state switch current, ljo (see Note 4) .. ... . +128 mA
Continuous current through Vcc or GND terminals . ... et +100 mA
Package thermal impedance, 635 (see Note 5): DGG package ............ccoviiiiiinnneann.. 70°C/W
DGV opackage ...........coiiiiiiiiiii 58°C/W
DLpackage . ........c.coiiiiiiiiiii i, 63°C/W
Storage temperature range, Tggg . .-« o .o 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V|o.

I} and Ip are used to denote specific conditions for 1}/0.

The package thermal impedance is calculated in accordance with JESD 51-7.

o bhw

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 5.5
VIH High-level control input voltage Vee-27V036V > 55 \%
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vec=27V036V 0 08 \
Vijo Data input/output voltage 0 55 \%
TA Operating free-air temperature -40 85 °C
NOTE 6: All unused control 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.

3-52

{'f TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74CB3T16210
20-BIT FET BUS SWITCH

2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V-TOLERANT LEVEL SHIFTER

SCDS156 - OCTOBER 2003

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

otherwise noted)

PARAMETER

TEST CONDITIONS

MIN TYPT

MAX

UNIT

VIK

Vcc =3V,
I|=-18 mA

VOH

See Figures 3 and 4

IIN Control inputs

Vcc =36V,
VIN=3.6Vt055VorGND

UA

Vcec =36V,

VI=Vcc-0.7Vto55V

Switch ON,

V|=0.7VtoVce - 0.7V

VIN = Vcc or GND

V|=01t00.7 V

Vcc=3.6V,
Vo=0to55YV,

V| =0,

Switch OFF,

VIN = Ve or GND

HA

Vce =0,
Vo=0to55YV,
V=0,

UA

Icc

Vcc=3.6V,
hio=0,

V| =Vcc or GND

Switch ON or OFF,
VIN = Vcc or GND

V|=55V

LA

Alcc8 | Control inputs

Vcc=3Vto36YV,
OneinputatVcc - 0.6V,
Other inputs at Vcc or GND

HA

Cin Control inputs

Vcec =33V,
VIN = Vcc or GND

pF

Cio(OFF)

Vce =33V,

Vijo=5.5V, 3.3V, or GND,
Switch OFF,

VIN = Vcc or GND

pF

Cio(ON)

Vce =33V,

Vjjo=55Vor33V

Switch ON,
VIN = Ve or GND

Vo = GND

pF

fon

Vcec=23Y,

lo = 24 mA

TYP atVee =25V,
V=0

lo =16 mA

Vcec =3V,

lo = 64 mA

V=0

lo=32mA

VN and Iy refer to control inputs. V), Vo, |}, and Ig refer to data pins.

T All typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

*For /0 ports, the parameter |gz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

1 Measured by the voltage drop between A and B terminals at the indicated current through the switch. ON-state resistance is determined by the
lower of the voltages of the two (A or B) terminals.
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switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 2)

PRODUCT PREVIEW

FROM 0 Vcc=25V | Vcc=33V
PARAMETER (INPUT) (OUTPUT) 02V 93V UNIT
MIN  MAX MIN  MAX
tder AorB BorA ns
ten OE AorB ns
tdis OE AorB ns

T The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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PARAMETER MEASUREMENT INFORMATION

PRODUCT PREVIEW

——————— Vce
| Input Generator I T
I I VIN
I 500 |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | =
[ | - DUT
F——————— 1 O 2xVce
I Input Generator ! V) O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = = = - -
e ——— — -
TEST Vce S1 RL V) CL VA
t 25Vv+02V Open 500 Q 3.6 Vor GND 30 pF
pd(s)
3.3V+03V Open 500Q |55VorGND| 50pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
. 25V+0.2V Open 500 Q 36V 30 pF 0.15V
tpHZ/tPZH
3.3V+03V Open 500 Q 55V 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL —b 4 —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
VIND | oV (see Note B)
I
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1 at Open
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, ty<2.5ns, tf<2.5 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 tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

I

Figure 2. Test Circuit and Voltage Waveforms
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TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
VS VS
INPUT VOLTAGE INPUT VOLTAGE
4.0 l 4.0 T

Vcc =23V Vcc=3V

lo=1 uA l0o=1 pA

Tp = 25°C Ta=25C T
> 30 > 3.0
o o
2 Ve g
S 20 f S 20
5 5
g g
=} >
o) o)
1.0 I 1.0
>O / >O

0.0 Y 0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0
V| - Input Voltage - V V| - Input Voltage - V

Figure 3. Data Output Voltage vs Data Input Voltage
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VoH — Output Voltage High - V

TYPICAL CHARACTERISTICS (continued)

OUTPUT VOLTAGE HIGH

Vs

SUPPLY VOLTAGE
4.0 ‘ ‘ ‘
Ve =23V103.6V
V|=55V 100hA
3.5 [ Tp = 85°C /;Bmf
=
3.0 — 7,
=
2:5 /7/22/
=
2.0 ;é
15
23 25 27 29 31 33 35 37

Vcc - Supply Voltage - V

OUTPUT VOLTAGE HIGH

VS

SUPPLY VOLTAGE
4.0 T T T
Vcc=23Vto3.6V
V| =55V
T 35 [ Tp=250 // 100 pA
< 8 mA
2 _— L~ 16 mA
L 30 — Z,C 24 mA
©
5 ’,/”’ ,,/”’
LA
Lo b=
5
15
23 25 27 29 31 33 35 37

Vce - Supply Voltage - V

OUTPUT VOLTAGE HIGH

VS

SUPPLY VOLTAGE
Vcc=23V1to3.6V |
> V=55V 100 uA
L 35 [Ta=-40C - s
2 ~~ 16 mA
f 3.0 //445 24 mA
$ =
|I "0 %/
o) ~—
>
15
23 25 27 29 31 33 35 37

Vcc — Supply Voltage - V

Figure 4.V gn Values
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Member of the Texas Instruments
Widebus ™ Family

Output Voltage Translation Tracks V. ¢

Supports Mixed-Mode Signal Operation On

All Data 1/O Ports

- 5-V Input Down To 3.3-V Output Level
Shift With 3.3-VV ¢

- 5-V/3.3-V Input Down To 2.5-V Output
Level Shift With 2.5-VV ¢c

5-V Tolerant I/Os With Device Powered-Up
or Powered-Down

Bidirectional Data Flow, With Near-Zero
Propagation Delay

Low ON-State Resistance (r gpn)
Characteristics (r on =5 Q Typical)

Low Input/Output Capacitance Minimizes
Loading (C jo(oFF) = 5 pF Typical)

Data and Control Inputs Provide
Undershoot Clamp Diodes

Low Power Consumption

(ICC =70 pA Max)

Vcc Operating Range From 2.3V to 3.6 V
Data I/0Os Support 0 to 5-V Signaling Levels
(0.8-V, 1.2V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
Control Inputs Can be Driven by TTL or
5-V/3.3-V CMOS Outputs

loff Supports Partial-Power-Down Mode
Operation

Latch-Up Performance Exceeds 250 mA Per
JESD 17

ESD Performance Tested Per JESD 22
— 2000-V Human-Body Model

(A114-B, Class Il)
- 1000-V Charged-Device Model (C101)

Supports Digital Applications: Level
Translation, PCI Interface, Bus Isolation

Ideal for Low-Power Portable Equipment

description/ordering information

DGG, DGV, OR DL PACKAGE

(TOP VIEW)

NC []1 o 56[] 10E
1A1[]2 55[] 20E
1A2[]3 54[]1B1
1A3[] 4 53] 1B2
1A4[]s 52[] 1B3
1A5 |6 51[] 1B4
1A6 []7 50[] 1B5

GND [|8 49[]GND
1A7 ]9 48[] 1B6
1A8[J10  4a7[]1B7
1A9[J12  4e[]1B8

1a10[J12  4s[]1B9

1A11[J13  44[]1B10

1A12[J14  43[]1B11
2A1[]15  42[]1B12
2A2[]16  41[]2B1

Vece 17 4ofl2B2
2A3[]18  39[]2B3

GND[]J19  38[JGND
2A4[]20  37[]2B4
2a5[21  36[]2B5
2A6[]22  35[]2B6
2A7[]23  34[]2B7
2A8[]24  33[]2BS8
2A9[]25  32[]2B9

2A10[]26  31[]2B10
2A11[]27  30[]2B11
2A12[]28  29[]2B12

NC - No internal connection

The SN74CB3T16211 is a high-speed TTL-compatible FET bus switch with low ON-state resistance (rgp),
allowing for minimal propagation delay. The device fully supports mixed-mode signal operation on all data 1/0
ports by providing voltage translation that tracks Vcc. The SN74CB3T16211 supports systems using 5-V TTL,
3.3-V LVTTL, and 2.5-V CMOS switching standards, as well as user-defined switching levels (see Figure 1).

Widebus is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. P pi g does not ily include
testing of all parameters.
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description/ordering information (continued)

Vce
—IN ouT |— =Vcc
CB3T Vec-1Vv
oV

1

Input Voltages Output Voltages

NOTE A: If the input high voltage (V|H) level is greater than or equal to Vcc - 1V, and less than or equal to 5.5 V, then the output high voltage

(Vo) level will be equal to approximately the Vcc voltage level.
Figure 1. Typical DC Voltage-Translation Characteristics

The SN74CB3T16211 is organized as two 12-bit bus switches with separate ouput-enable (1OE, 20E) inputs.
It can be used as two 12-bit bus switches or as one 24-bit bus switch. When OE is low, the associated 12-bit
bus switch is ON, and the A port is connected to the B port, allowing bidirectional data flow between ports. When
OE is high, the associated 12-bit bus switch is OFF, and a high-impedance state exists between the A and B
ports.

This device is fully specified for partial-power-down applications using lgf. The Iy¢ feature ensures that
damaging current will not backflow through the device when it is powered down. The device has isolation during
power off.

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.

ORDERING INFORMATION

™ Rl
Tube SN74CB3T16211DL
SSOP - DL Tape and reel | SN74CB3T16211DLR CB3T16211
-40°C to 85°C Tube SN74CB3T16211DGG
TSSOP - DGG Tape and reel SN74CB3T16211DGGR CB3T16211
TVSOP - DGV | Tape and reel SN74CB3T16211DGVR KR211

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

FUNCTION TABLE
(each 12-bit bus switch)

INPUT | INPUT/OUTPUT
OE A FUNCTION
L B A port = B port
H Z Disconnect
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logic diagram (positive logic)

r—————————— 1
2 | — 54
1A1 I SW I 1B1
S i -
I
° °
14 | — | 42
1A12 I SW I 1B12
I I
— 56 | I
10E I |
e — -
i' ---------- a
15 | 41
2A1 I SW I 2B1
S -
I
° °
28 | — | 29
2A12 | SW I 2B12
I I
— 55 I I
20E I |
e — -
simplified schematic, each FET switch (SW)
r———————————————————— !
| T Gate Voltage (Vv G) is approximately |
| equal to V ¢ + VT when the switch is ON |
| and V|>Vce + VT |
I I
A I t B
|
| LL |
I VG'I |
I I
| Control |
| Circuit |
I I
I I
e -
ENY

$ EN is the internal enable signal applied to the switch.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage range, Vo (SEe NOte 1) .. oot -05Vto7V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (See Notes 1,2, and 3) . ..., -05Vto7V
Control input clamp current, Ik (VIN<O) .. oo -50 mA
I/0 port clamp current, ljjok (Vo <0) oo -50 mA
ON-state switch current, ljo (see Note 4) .. ... . +128 mA
Continuous current through Vcc or GND terminals . ... et +100 mA
Package thermal impedance, 635 (see Note 5): DGG package ............ccoviiiiiinnneann.. 64°C/W

DGV opackage ...........coiiiiiiiiiii 48°C/W
DLpackage . ........c.coiiiiiiiiiii i, 56°C/W
Storage temperature range, Tggg . .-« o .o 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V|o.

I} and Ip are used to denote specific conditions for 1}/0.

The package thermal impedance is calculated in accordance with JESD 51-7.

o bhw

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 5.5
VIH High-level control input voltage Vee-27V036V > 55 \%
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vec=27V036V 0 08 \
Vijo Data input/output voltage 0 55 \%
TA Operating free-air temperature -40 85 °C
NOTE 6: All unused control 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

MIN TYPT MAX | UNIT

VIK

Vcc =3V,
I|=-18 mA

-1.2 \%

VOH

See Figures 3 and 4

IIN Control inputs

Vcc =36V,
VIN=3.6Vt055VorGND

+10| pA

Vcec =36V,
Switch ON,
VIN = Vcc or GND

VI=Vcc-0.7Vto55V

V|=0.7VtoVce - 0.7V

V|=01t00.7 V

Vcc=3.6V,
Vo=0to55YV,

V| =0,

Switch OFF,

VIN = Ve or GND

+10 [ pA

Vce =0,
Vo=0to55YV,
V=0,

10| pA

Icc

Vcc=3.6V,

o =0,

Switch ON or OFF,
VIN = Vcc or GND

V| =Vcc or GND

70

V|=55V

LA
70

Alcc8 | Control inputs

Vcc=3Vto36YV,
OneinputatVcc - 0.6V,
Other inputs at Vcc or GND

300 pA

Cin Control inputs

Vcec =33V,
VIN = Vcc or GND

Cio(OFF)

Vce =33V,

Vijo=5.5V, 3.3V, or GND,
Switch OFF,

VIN = Vcc or GND

Cio(ON)

Vce =33V,
Switch ON,
VIN = Ve or GND

Vjjo=55Vor33V

Vo = GND

pF

fon

Vcec=23Y,
TYPatVcc =25V,
V=0

lo = 24 mA

5 9.5

lo =16 mA

Vcec =3V,
V=0

lo = 64 mA

8.5

Io =32 mA

8.5

VN and Il refer to control inputs. V|, Vo, I}, and I refer to data pins.

tAll typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

¥ For 1/0 ports, the parameter Iz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND.

1 Measured by the voltage drop between A and B terminals at the indicated current through the switch. ON-state resistance is determined by the
lower of the voltages of the two (A or B) terminals.
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switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 2)

FROM 0 Vcc=25V | Vcc=33V
PARAMETER (INPUT) (OUTPUT) 0.2V t03V UNIT
MIN  MAX [ MIN  MAX
tod ' AorB BorA 0.15 025| ns
ten OE AorB 1 12 1 10| ns
tgis OE AorB 1 75 1 85| ns

T The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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PARAMETER MEASUREMENT INFORMATION

——————— Vce
| Input Generator I T
I I VIN
I s0Q |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | =
[ | - DUT
F——————— O 2xVce
I Input Generator ! V) O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = = e - -
b — |
TEST Vce S1 RL V) CL VA
t 25Vv+02V Open 500 Q 3.6 Vor GND 30 pF
pd(s)
3.3V+03V Open 500 Q 5.5V or GND 50 pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+0.2V | Open 500 Q 36V 30 pF 0.15V
tpHZ/tPZH
33V+03V Open 500 Q 55V 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL —b 4 —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
VIND | oV (see Note B)
I
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1 at Open
VoL (see Note B)

NOTES: A

B.

@mmooO

I

VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES (t pd(s))

. 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.

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

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.

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2.5ns, tf<2.5 ns.
The outputs are measured one at a time with one transition per measurement.

tpLH and tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state

resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).

All parameters and waveforms are not applicable to all devices.

Figure 2. Test Circuit and Voltage Waveforms
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TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
'S VS
INPUT VOLTAGE INPUT VOLTAGE
4.0 T 4.0 T

Vcc =23V Vcc =3V

lo=1uA lo=1pA

Tp =25°C Ta = 25°C -
> 3.0 > 3.0
o o
g - g
S 20 f S 20
5 5
= =g
> >
O O
I 1.0 ' 10
0 / 0 /

0.0 0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0
V| - Input Voltage — V V| - Input Voltage - V

Figure 3. Data Output Voltage vs Data Input Voltage

{'f TEXAS
INSTRUMENTS

3-66 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74CB3T16211
24-BIT FET BUS SWITCH
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS147 - OCTOBER 2003

TYPICAL CHARACTERISTICS (continued)

OUTPUT VOLTAGE HIGH

VS

OUTPUT VOLTAGE HIGH
'S

SUPPLY VOLTAGE SUPPLY VOLTAGE
4.0 T T T 4.0 [ [ [
Vec=23V103.6V | Vec=23Vt036V
V=55V V=55V
>
T 35 [ Ta=85C A éor::A I 35 [Ta=25C - ;oo:A
= o m
2 T ~— 16mA £ L r~ 16 mA
A // 24 mA A A/
% 3.0 / ‘é’, 3.0 /, 24 mA
g 25 //// % 2.5 ///4 /
£ 20 /// T 20 ——
= '/ o .'//
1.5 1.5
2.3 2.5 2.7 2.9 3.1 3.3 3.5 3.7 23 25 2.7 2.9 3.1 3.3 3.5 3.7
Vcc - Supply Voltage - V Vcc - Supply Voltage - V
OUTPUT VOLTAGE HIGH
VS
SUPPLY VOLTAGE
Vcc=23V1to3.6V
> V|=55V 100 pA
1 35[Ta=-40C 8 mA
=) L~ 16 mA
E) /4% 24 mA
°
> //
2 25 7 ’/
L L=
0 =
>O
1.5
2.3 2.5 2.7 2.9 3.1 3.3 35 3.7
Vcc — Supply Voltage - V
Figure 4. V oy Values
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SN74CB3T3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS148 - OCTOBER 2003

® Output Voltage Translation Tracks V  ¢c ® V¢ Operating Range From 2.3V to 3.6 V
® Supports Mixed-Mode Signal Operation On ® Data I/Os Support 0 to 5-V Signaling Levels
All Data 1/O Ports (0.8-Vv, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
= 5-VInput Down To 3.3-V Output Level ® Control Inputs Can be Driven by TTL or
Shift With 3.3-V'V cc 5-V/3.3-V CMOS Outputs

- 5-V/3.3-V Input Down To 2.5-V Output

° ial- -
Level Shift With 2.5V V e loff Supports Partial-Power-Down Mode

: _ Operation
® 5-V Tolerant I/0Os With Device Powered-Up ® Latch-Up Performance Exceeds 250 mA Per
or Powered-Down JESD 17

® Bidirectional Data Flow, With Near-Zero

. ® ESD Performance Tested Per JESD 22
Propagation Delay

— 2000-V Human-Body Model

® | ow ON-State Resistance (r gp) (A114-B, Class II)
Characteristics (r on = 5 Q Typical) - 1000-V Charged-Device Model (C101)
® | ow Input/Output Capacitance Minimizes ® Supports Digital Applications: Level
Loading (C jo(0FF) = 5 PF Typical) Translation, USB Interface, Memory
® Data and Control Inputs Provide Interleaving, Bus Isolation
Undershoot Clamp Diodes ® |deal for Low-Power Portable Equipment

® | ow Power Consumption
(ICC =20 pA Max)

D, DBQ, DGV, OR PW PACKAGE

(TOP VIEW)
10E []2 ~ 6 [l Vee
si(]2 15[] 20E
1B4[] 3 14]] S0
1B3 [] 4 13[] 2B4
1B2[]5 12]] 2B3
1B1[]6 11[] 2B2
1A [l 7 10]] 2B1
GND [] 8 9[] 2A

description/ordering information

The SN74CB3T3253 is a high-speed TTL-compatible FET multiplexer/demultiplexer with low ON-state
resistance (rqp), allowing for minimal propagation delay. The device fully supports mixed-mode signal operation
on all data I/O ports by providing voltage translation that tracks V. The SN74CB3T3253 supports systems
using 5-V TTL, 3.3-V LVTTL, and 2.5-V CMOS switching standards, as well as user-defined switching levels
(see Figure 1).

The SN74CB3T3253 is organized as two 1-of-4 multiplexer/demultiplexers with separate output-enable (10E,
20E) inputs. The select (SO, S1) inputs control the data path of each multiplexer/demultiplexer. When OE is low,
the associated multiplexer/demultiplexer is ON, and the A port is connected to the B port, allowing bidirectional
data flow between ports. When OE is high, the associated multiplexer/demultiplexer is OFF, and a
high-impedance state exists between the A and B ports.

This device is fully specified for partial-power-down applications using lgf. The lg¢ feature ensures that
damaging current will not backflow through the device when it is powered down. The device has isolation during
power off.

PRODUCTION DATA information is current as of publication date.

Prodycth conform !2 sgecif_ications per thedlerms t:l Texas In_sllrymlendts l’
testing olvzlalr;r):rr‘;yrﬁ;ters. " g doesno yineluce TEXAS
INSTRUMENTS
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SN74CB3T3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS148 — OCTOBER 2003

description/ordering information (continued)

Vce
—IN ouT [— =Vcc
CB3T Vec-1Vv
oV

1

Input Voltages Output Voltages

NOTE A: If the input high voltage (V|H) level is greater than or equal to Vcc - 1V, and less than or equal to 5.5 V, then the output high voltage
(Vo) level will be equal to approximately the Vcc voltage level.

Figure 1. Typical DC Voltage-Translation Characteristics

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.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
T
TA PACKAGE PART NUMBER MARKING
Tube SN74CB3T3253D
SOIC -D CB3T3253

Tape and reel SN74CB3T3253DR
SSOP (QSOP) - DBQ | Tape and reel SN74CB3T3253DBQR KS253

-40°C to 85°C

Tube SN74CB3T3253PW

TSSOP - PW KS253
Tape and reel SN74CB3T3253PWR

TVSOP - DGV Tape and reel SN74CB3T3253DGVR KS253

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines
are available at www.ti.com/sc/package.

FUNCTION TABLE
(each multiplexer/demultiplexer)

___INPUTS INPUT/OUTPUT FUNCTION
OE S1 S0 A
L L L B1 A port = B1 port
L L H B2 A port = B2 port
L H L B3 A port = B3 port
L H H B4 A port = B4 port
H X X z Disconnect
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SN74CB3T3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS148 - OCTOBER 2003

logic diagram (positive logic)

1A

2A

SO

S1

10E

20E

r—-————=—————————————— A

7 | | 6
et |
| [sv] —
| Lo .
| =
| S A S (S |
T T = i

9 10
i — i
: |SW| i 11
: |_|S_IW_| i 12
: r;;;1 = 13
| I P SPN SN (U S S S S |

e >_T—I>O_l l l

@ @ @
2

15

1B1

1B2

1B3

1B4

2B1

2B2

2B3

2B4
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SN74CB3T3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS148 — OCTOBER 2003

simp

TEN

abso

lified schematic, each FET switch (SW)

t Gate Voltage (V @) is approximately
equal to V cc + VT when the switch is ON
andV|>Vce + VT

I I
I I
I I
A I I B
|
| 1L |
I VGT |
I I
I Control |
| Circuit |
I I
I I
S 4
ENF
s the internal enable signal applied to the switch.
lute maximum ratings over operating free-air temperature range (unless otherwise noted) §
Supply voltage range, Vo (SEe NOtE 1) ..ot -0.5Vto7V
Control input voltage range, Vi (see Notesland 2) ..., -05Vto7V
Switch 1/0O voltage range, Vo (see Notes 1, 2, and 3) ......... ..., -05Vto7V
Control input clamp current, Ik (VIN < O) oo -50 mA
I/0 port clamp current, l;ok (Vi/o < 0) oo -50 mA
ON-state switch current, Iy (SE€ NOtE 4) . ... e +128 mA
Continuous current through Vec or GND terminals . ... e +100 mA
Package thermal impedance, 63p (see Note 5): Dpackage .......... ... .o ... 73°C/W
DBQpackage .......... ... i 90°C/W
DGV opackage ..........coiiiiiiiiiiii 120°C/W
PWpackage ..........cciiiiiiiiiiii, 108°C/W
Storage temperature range, TSty e —65°C to 150°C

§ 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V|/0o.

I and I are used to denote specific conditions for Ij;o.

The package thermal impedance is calculated in accordance with JESD 51-7.

o ks w

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vee=23Vt027V 1.7 5.5
VIH High-level control input voltage Vec=27V1036V 2 55 \Y
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vec=27V1036V o 08 \Y
Vijo Data input/output voltage 0 55 \%
TA Operating free-air temperature -40 85 °C
NOTE 6: All unused control 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.

3-72
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SN74CB3T3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS148 - OCTOBER 2003

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

otherwise noted)

PARAMETER

TEST CONDITIONS

MIN TYPT

MAX

UNIT

VIK

Vcc =3V,
I|=-18 mA

-1.2

VOH

See Figures 3 and 4

IIN Control inputs

Vcc =36V,
VIN=3.6Vt055VorGND

UA

Vcec =36V,
Switch ON,
VIN = Vcc or GND

VI=Vcc-0.7Vto55V

V|=0.7VtoVce - 0.7V

V|=01t00.7 V

Vcc=3.6V,
Vo=0to55YV,

V| =0,

Switch OFF,

VIN = Ve or GND

+10

HA

Vce =0,
Vo=0to55YV,
V=0,

10

UA

Icc

Vcc=3.6V,

o =0,

Switch ON or OFF,
VIN = Vcc or GND

V| =Vcc or GND

20

V|=55V

20

LA

Alcc8 | Control inputs

Vcc=3Vto36YV,
OneinputatVcc - 0.6V,
Other inputs at Vcc or GND

300

HA

Cin Control inputs

Vcec =33V,
VIN = Vcc or GND

pF

A port

Cio(OFF)
B port

Vcec =33V,
Vijo=5.5V,3.3V, or GND,
Switch OFF,

VIN = Vcc or GND

12

pF

A port

Cio(ON)
B port

Vcec =3.3YV,
Switch ON,
VIN = Ve or GND

Vjjo=55Vor33V

10

V)jo = GND

22

Vjjo=55Vor33V

Vijo = GND

22

pF

fon

Vcc =23V,
TYPatVcc =25V,
V=0

lo =24 mA

lo=16 mA

Vcec =3V,
V=0

lo =64 mA

Io =32 mA

VN and Iy refer to control inputs. V), Vo, |}, and Ig refer to data pins.

tAll typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

fFori/o ports, the parameter |gz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

T Measured by the voltage drop between A and B terminals at the indicated current through the switch. ON-state resistance is determined by the
lower of the voltages of the two (A or B) terminals.
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SN74CB3T3253

DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS148 — OCTOBER 2003

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

Vcc=25V | Vcc=33V
FROM TO +0.2V +03V
PARAMETER (INPUT) (OUTPUT) UNIT

MIN  MAX [ MIN  MAX

tod ' AorB BorA 0.15 025| ns

tpd(s) S A 1 105 1 8 ns
s B 1 10 1 8

ten — ns
OE AorB 1 85 1 8
s B 1 75 1 85

tdis = ns
OE AorB 1 65 1 8

T The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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SN74CB3T3253

DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS148 - OCTOBER 2003

PARAMETER MEASUREMENT INFORMATION

——————— Vce
| Input Generator I T
I I VIN
I 500 |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | =
[ | - DUT
F——————— O 2xVce
I Input Generator ! V) O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = = = - -
e ——— — -
TEST Vce S1 RL V) CL VA
t 25Vv+02V Open 500 Q 3.6 Vor GND 30 pF
pd(s)
3.3V+03V Open 500Q |55VorGND| 50pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
. 25V+0.2V Open 500 Q 36V 30 pF 0.15V
tpHZ/tPZH
3.3V+03V Open 500 Q 55V 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL —b 4 —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
VIND | oV (see Note B)
I
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1 at Open
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES (t pd(s)) 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, ty<2.5ns, tf<2.5 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 tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state
resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).
All parameters and waveforms are not applicable to all devices.

@mmooO

I

Figure 2. Test Circuit and Voltage Waveforms
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SN74CB3T3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS148 — OCTOBER 2003

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
VS VS
INPUT VOLTAGE INPUT VOLTAGE
4.0 T 4.0 T
Vcc =23V Vcc =3V
Io=1pA I0=1pA
Ta = 25°C TA = 25°C -
> 3.0 > 3.0
o o
g - g
S 20 f S 20
5 5
o =3
] >
(@] e}
1.0 ' 1.0
0 / 0 /
0.0 0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 0.0 1.0 20 3.0 4.0 5.0 6.0
V| - Input Voltage — V V| - Input Voltage - V

Figure 3. Data Output Voltage vs Data Input Voltage
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SN74CB3T3253
DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS148 - OCTOBER 2003

VOH - Output Voltage High —= V

TYPICAL CHARACTERISTICS (continued)

OUTPUT VOLTAGE HIGH

VS

OUTPUT VOLTAGE HIGH

'S

SUPPLY VOLTAGE SUPPLY VOLTAGE
4.0 T T T 4.0 [ [ [
xc_cg):sz\.;a V1t03.6V | xc_%:sz\.? V1036V |
a5 | T,L - 85°C /, gor: :A > 35} T;I\_= 25°C - ;on(: :A
ey
L~ =)
. ,//,/ 2ama I 3.0 ,/?E 20
: o 3.
S
. /, 2// i e ,/2/4/
2.0 /// ? 20 //
= 37
15 15
2.3 2.5 2.7 2.9 3.1 3.3 35 3.7 23 25 2.7 29 3.1 3.3 35 3.7

Vcc - Supply Voltage - V

Ve - Supply Voltage - V

OUTPUT VOLTAGE HIGH

VS

SUPPLY VOLTAGE
Vcc=23V1to3.6V
- V|=55V 100 pA
£| 3.5 | Ta =-40°C 8 mA
2 = A
% 3.0 //
g 2.5 //
5
(')I 20 4/
>O
15

2.3 2.5 2.7 2.9 3.1

3.3 35 37

Vcc — Supply Voltage - V

Figure 4. V oy Values
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SN74CB3T3257

4-BIT 1-OF-2 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS149 - OCTOBER 2003

Output Voltage Translation Tracks V. ¢ ® V¢ Operating Range From 2.3V to 3.6 V
Supports Mixed-Mode Signal Operation On ® Data I/Os Support 0 to 5-V Signaling Levels
All Data I/0O Ports (0.8-v, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
~ 5-VInput Down To 3.3-V Output Level ® Control Inputs Can be Driven by TTL or

?T}%Vgllt\? |3-3-VE\)/ CC Vo 5-V/3.3-V CMOS Outputs
- 5-V/3.3-V Input Down To 2.5-V Output ° . )

Level Shift With 2.5V V e Iooge?:t[i)c[))r?rts Partial-Power-Down Mode
5-V Tolerant I/Os With Device Powered-Up ® |atch-Up Performance Exceeds 250 mA Per
or Powered-Down

T . JESD 17
E'rc(j)lre;t;ir:)e: g:}: Flow, With Near-Zero ® ESD Performance Tested Per JESD 22

pag y. — 2000-V Human-Body Model

Low ON-State Resistance (r gpn) (A114-B, Class II)
Characteristics (1 on =5 Q Typical) - 1000-V Charged-Device Model (C101)
Low Input/Output Capacitance Minimizes ® Supports Digital Applications: Level
Loading (C jo(oFF) = 5 pF Typical) Translation, USB Interface, Memory
Data and Control Inputs Provide Interleaving, Bus Isolation
Undershoot Clamp Diodes ® |deal for Low-Power Portable Equipment

Low Power Consumption
(ICC =20 pA Max)

DGV OR PW PACKAGE

(TOP VIEW)
sl]: UlG ] Vee
1B1[]2 15 ]O_
1B2[]s  14[l4B
1A[la 13 ]482
2B1[]5 12 [] 4A
2B2[] 6 11[]3B1
2A [l 7 10]] 3B2
GND [] 8 9[]3A

description/ordering information

The SN74CB3T3257 is a high-speed TTL-compatible FET multiplexer/demultiplexer with low ON-state
resistance (rqp), allowing for minimal propagation delay. The device fully supports mixed-mode signal operation
on all data I/O ports by providing voltage translation that tracks V. The SN74CB3T3257 supports systems
using 5-V TTL, 3.3-V LVTTL, and 2.5-V CMOS switching standards, as well as user-defined switching levels

(see Figure 1).

ORDERING INFORMATION

ORDERABLE TOP-SIDE
R
TA PACKAGE PART NUMBER MARKING
Tube SN74CB3T3257PW
TSSOP - PW KS257
—40°C to 85°C Tape and reel SN74CB3T3257PWR
TVSOP - DGV Tape and reel | SN74CB3T3257DGVR | KS257

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines

are available at www.ti.com/sc/package.

PRODUCTION DATA information is current as of publication date.
Products conform to speclflcatmns per the terms of Texas Inslruments

d warranty. Pi g does not y include
testing of all parameters.

Copyright © 2003, Texas Instruments Incorporated
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SN74CB3T3257
4-BIT 1-OF-2 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER

SCDS149 - OCTOBER 2003

description/ordering information (continued)

Vce
—IN ouT [— =Vcc
CB3T =Vcc-1V
oV

1

Input Voltages Output Voltages

NOTE A: If the input high voltage (V|H) level is greater than or equal to Vcc - 1V, and less than or equal to 5.5 V, then the output high voltage
(Vo) level will be equal to approximately the Vcc voltage level.

Figure 1. Typical DC Voltage-Translation Characteristics

The SN74CB3T3257 is a 4-bit 1-of-2 multiplexer/demultiplexer with a single output-enable (OE) input. The
select (S) input controls the data path of the multiplexer/demultiplexer. When OE is low, the
multiplexer/demultiplexer is enabled, and the A port is connected to the B port, allowing bidirectional data flow
between ports. When OE is high, the multiplexer/demultiplexer is disabled, and a high-impedance state exists
between the A and B ports.

This device is fully specified for partial-power-down applications using lgf. The I feature ensures that
damaging current will not backflow through the device when it is powered down. The device has isolation during
power off.

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.

FUNCTION TABLE
(each multiplexer/demultiplexer)
INPUTS INPUT/OUTPUT
S S A FUNCTION
L L B1 A port = B1 port
L H B2 A port = B2 port
H X z Disconnect
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4-BIT 1-OF-2 FET MULTIPLEXER/DEMULTIPLEXER
2.5-V/[3.3-V LOW-VOLTAGE BUS SWITCH WITH 5-V TOLERANT LEVEL SHIFTER
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logic diagram (positive logic)
4 i 2
1A L sw | 1B1
. 3
[ Sw | 1B2
7 i 5
2A L Sw | 2B1
— 6
[ Sw | 2B2
9 — 11
3A I L sw | 3B1
— 10
L Sw | 3B2
12 — 14
4A I SwW 4B1
T | 13
[ sw | 4B2
1
S
— 15
OE ®
simplified schematic, each FET switch (SW)
r———————————————————— !
| T Gate Voltage (V @) is approximately |
| equal to V ¢ + VT when the switch is ON |
| and V|>Vcce + VT |
I I
A i t B
| |
| 1L |
I VGT |
I I
I Control |
| Circuit |
I I
I I
e -
ENF

+ ENis the internal enable signal applied to the switch.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage range, Vo (SEe NOte 1) .. oot -05Vto7V
Control input voltage range, Vi (see Notes1and 2) ..., -05Vto7V
Switch 1/O voltage range, Vijg (See Notes 1,2, and 3) . ..., -05Vto7V
Control input clamp current, Ik (VIN<O) .. oo -50 mA
I/0 port clamp current, ljjok (Vo <0) oo -50 mA
ON-state switch current, ljo (see Note 4) .. ... . +128 mA
Continuous current through Vcc or GND terminals . ... et +100 mA
Package thermal impedance, 635 (see Note 5): DGV package ..............covviiiiinnn... 120°C/W

PWopackage ............ oo, 108°C/W
Storage temperature range, Tggg ..o 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. All voltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
V| and Vg are used to denote specific conditions for V|0.

I} and Ip are used to denote specific conditions for 1}/0.

The package thermal impedance is calculated in accordance with JESD 51-7.

ok w

recommended operating conditions (see Note 6)

MIN  MAX | UNIT

Vce Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 1.7 5.5

VIH High-level control input voltage \%
Vcc=27Vto36V 2 5.5
Vcc=23Vto27V 0 0.7

VL Low-level control input voltage \Y
Vcc=27Vto3.6V 0 0.8

Vijo Data input/output voltage 0 5.5 \Y

TA Operating free-air temperature -40 85 °C

NOTE 6: All unused control 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 Inpults, literature number SCBA004.
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electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER

TEST CONDITIONS

MIN TYPT

MAX

UNIT

VIK

Vcc =3V,
I|=-18 mA

-1.2

VOH

See Figures 3 and 4

IIN Control inputs

Vcc =36V,
VIN=3.6Vt055VorGND

UA

Vcec =36V,
Switch ON,
VIN = Vcc or GND

VI=Vcc-0.7Vto55V

V|=0.7VtoVce - 0.7V

V|=01t00.7 V

Vcc=3.6V,
Vo=0to55YV,

V| =0,

Switch OFF,

VIN = Ve or GND

+10

HA

Vce =0,
Vo=0to55YV,
V=0,

10

UA

Icc

Vcc=3.6V,

o =0,

Switch ON or OFF,
VIN = Vcc or GND

V| =Vcc or GND

20

V|=55V

20

LA

Alcc8 | Control inputs

Vcc=3Vto36YV,
OneinputatVcc - 0.6V,
Other inputs at Vcc or GND

300

HA

Cin Control inputs

Vcec =33V,
VIN = Vcc or GND

pF

A port

Cio(OFF)
B port

Vcec =33V,
Vijo=5.5V,3.3V, or GND,
Switch OFF,

VIN = Vcc or GND

pF

A port

Cio(ON)
B port

Vcec =3.3YV,
Switch ON,
VIN = Ve or GND

Vjjo=55Vor33V

V)jo = GND

16

Vjjo=55Vor33V

Vijo = GND

16

pF

fon

Vcc =23V,
TYPatVcc =25V,
V=0

lo =24 mA

lo=16 mA

Vcec =3V,
V=0

lo =64 mA

Io =32 mA

VN and Iy refer to control inputs. V), Vo, |}, and Ig refer to data pins.

tAll typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

fFori/o ports, the parameter |gz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

T Measured by the voltage drop between A and B terminals at the indicated current through the switch. ON-state resistance is determined by the
lower of the voltages of the two (A or B) terminals.
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switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 2)

Vcc=25V | Vcc=33V
FROM TO +0.2V +03V
PARAMETER (INPUT) (OUTPUT) UNIT

MIN  MAX [ MIN  MAX

tod ' AorB BorA 0.15 025| ns

tpd(s) S A 1 9.5 1 7 ns
s B 1 9 1 75

ten — ns
OE AorB 1 9 1 75
s B 1 7 1 75

tdis = ns
OE AorB 1 6 1 8

T The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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PARAMETER MEASUREMENT INFORMATION

——————— Vce
| Input Generator I T
I I VIN
I s0Q |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | =
[ | - DUT
F——————— O 2xVce
I Input Generator ! V) O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = = e - -
b — |
TEST Vce S1 RL V) CL VA
t 25Vv+02V Open 500 Q 3.6 Vor GND 30 pF
pd(s)
3.3V+03V Open 500 Q 5.5V or GND 50 pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
/ 25V+0.2V | Open 500 Q 36V 30 pF 0.15V
tpHZ/tPZH
33V+03V Open 500 Q 55V 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL —b 4 —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
VIND | oV (see Note B)
I
tPLH —f—! —— tpHL
I I Output
I ——— VoH Waveform 2
Output Veel2 Veel2 S1 at Open
VoL (see Note B)

NOTES: A

B.

@mmooO

I

VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES (t pd(s))

. 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.

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES

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.

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2.5ns, tf<2.5 ns.
The outputs are measured one at a time with one transition per measurement.

tpLH and tpy|_ are the same as tpq(s). The tpd propagation delay is the calculated RC time constant of the typical ON-state

resistance of the switch and the specified load capacitance, when driven by an ideal voltage source (zero output impedance).

All parameters and waveforms are not applicable to all devices.

Figure 2. Test Circuit and Voltage Waveforms
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TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
VS VS
INPUT VOLTAGE INPUT VOLTAGE
4.0 : 4.0 :

Vcc =23V Vcc =3V

lo=1pA Io=1uA

Tp = 25°C Tp = 25°C
> 3.0 > 30
o w
g s g
S 20 ( S 20
5 5
2 g
> >
o e}
I 1.0 ' 1.0
0 / 0 /

0.0 0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 0.0 1.0 20 3.0 4.0
V| - Input Voltage — V V| - Input Voltage - V

Figure 3. Data Output Voltage vs Data Input Voltage
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4.0

35

3.0

2.5

2.0

VOH - Output Voltage High — V

15

TYPICAL CHARACTERISTICS (continued)

OUTPUT VOLTAGE HIGH

SUPPLY VOLTAGE
Vec=23V1036V |
\T/| =_58-20\é 100 pA

A /, 8 mA
] 16 mA
~ // 24 mA

/ /

/’ /////
/
///
|
23 25 27 29 31 33 35 37

Vcc - Supply Voltage - V

4.0

35

3.0

2.5

VOH - Output Voltage High -V

15

VOH - Output Voltage High - V

4.0

3.5

3.0

25

2.0

15

OUTPUT VOLTAGE HIGH
VS

OUTPUT VOLTAGE HIGH

VS

Vcc - Supply Voltage - V

2.3

Figure 4.V gn Values

Vcc — Supply Voltage - V

SUPPLY VOLTAGE
Vcc=‘2.3Vt(‘)3.6V | |
V=55V 100 pA
Ta = -40°C 8 mA

-~ 16 mA
= 24 mA

/

=
//
4/
25 27 29 31 35 37

SUPPLY VOLTAGE
VCC‘=2.3Vt‘O3.6V‘ |
100 pA
/ 8 mA
] ]
=
2.7 2.9 3.1 3.3 35 3.7
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Output Voltage Translation Tracks V. ¢ ® V¢ Operating Range From 2.3V to 3.6 V
Supports Mixed-Mode Signal Operation On ® Data I/Os Support 0 to 5-V Signaling Levels
All Data I/O Ports (0.8-v, 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, 5-V)
~ 5-VInput Down To 3.3-V Output Level ® Control Inputs Can Be Driven by TTL or

?fwts V;/It\? |3-3-VE\)/ cc 25V 5-V/3.3-V CMOS Outputs
- 5-V/3.3-V Input Down To 2.5-V Output ° . )

Level Shift With 2.5V V e Iooge?:t[i)c[))r?rts Partial-Power-Down Mode
5-V-Tolerant I/Os With Device Powered-Up ® Latch-Up Performance Exceeds 250 mA Per
or Powered-Down

it . JESD 17
Bidirectional Data Flow, With Near-Zero ® ESD Performance Tested Per JESD 22
Propagation Delay ~ 2000-V Human-Body Model
Low ON-State Resistance (r o) (A114-B, Class II)
Characteristics - 1000-V Charged-Device Model (C101)
Low Input/Output Capacitance Minimizes ® Supports Digital Applications: Level
Loading Translation, Memory Interleaving, Bus
Data and Control Inputs Provide Isolation
Undershoot Clamp Diodes ® |deal for Low-Power Portable Equipment

Low Power Consumption

DBQ, DGV, DW, OR PW PACKAGE

(TOP VIEW)
BEQ1r ~ 22l Ve
1B1 [ 2 23[] 5B2
1A1 [] 3 22[] 5A2
1A2 [| 4 21]] 5A1
1B2 [|5 20[] 5B1
2B1[]6 19(] 4B2
2A1 []7 18[] 4A2
2A2 [|8 17]] 4A1
282 [] 9 16]] 4B1
3B1[J10  15[] 3B2
3a1 [J11 14] 3a2

GND [J12  13]] BX

description/ordering information

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
A PACKAGE PART NUMBER MARKING
Tube SN74CB3T3383DW
SOIC - DW
Tape and reel SN74CB3T3383DWR
-40°C to 85°C | SSOP (QSOP) - DBQ Tape and reel SN74CB3T3383DBQR
TSSOP - PW Tape and reel SN74CB3T3383PWR
TVSOP - DGV Tape and reel SN74CB3T3383DGVR

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.com/sc/package.

PRODUCT PREVIEW

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.

Copyright © 2003, Texas Instruments Incorporated
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description/ordering information (continued)

The SN74CB3T3383 is a high-speed TTL-compatible FET bus-exchange switch with low ON-state resistance
(ron), allowing for minimal propagation delay. The device fully supports mixed-mode signal operation on all data
I/0 ports by providing voltage translation that tracks V. The SN74CB3T3383 supports systems using 5-V
TTL, 3.3-V LVTTL, and 2.5-V CMOS switching standards, as well as user-defined switching levels
(see Figure 1).

Vee

=

Vee —IN ouT |—

CB3T ~Vec-1Vv

I

Input Voltages Output Voltages

NOTE A: If the input high voltage (V|R) level is greater than or equal to Vcc — 1V, and less than or equal to 5.5 V, then the output high

voltage (Vop) level will be equal to approximately the V¢ voltage level.
Figure 1. Typical DC Voltage Translation Characteristics

The SN74CB3T3383 is organized as a 10-bit bus switch or as a 5-bit bus-exchange with enable (BE)
input.When used as a 5-bit bus-exchange, the device provides data exchanging between four signal ports.
When BE is low, the bus-exchange switch is ON, and the select input (BX) controls the data path. When BE is
high, the bus-exchange switch is OFF, and a high-impedance state exists between the A and B ports.

This device is fully specified for partial-power-down applications using lgs. The Iy feature ensures that
damaging current will not backflow through the device when it is powered down. The device has isolation during
power off.

To ensure the high-impedance state during power up or power down, BE 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.
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FUNCTION TABLE
(each 5-bit switch)

logic diagram (positive logic)

1A1

1A2

5A1

5A2

BX

INPUTS INPUTS/OUTPUTS
13 Bx AL 2 FUNCTION
Al port = B1 port
L L Bl B2 A2 port = B2 port
Al port = B2 port
L H B2 Bl A2 port = B1 port
H X Z z Disconnect
= |
3 2
e —Lsw *—i
T |
[ew |
| Sw |
| n=RVe
| El |
, | ‘_i. | ;
| |
I I
e e e e e e e e s s s ———— <
i‘ ---------------- a
21 — I 20
i SW i
| . |
— I
| sw |
I I_EW I
22 I J | 23
el |
I I
S e . -
1
13 i

1B1

1B2

5B1

5B2
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simplified schematic, each FET switch (SW)

t Gate Voltage (V @) is approximately
equal to V cc + VT when the switch is ON
andV|>Vce + VT

I I
I I
I I
A I I B
|
| LL |
I VGT |
I I
I Control |
| Circuit |
I I
I I
S 4
ENF
¥ EN is the internal enable signal applied to the switch.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) §
Supply voltage range, Vo (SEe NOtE 1) ..ot -0.5Vto7V
Control input voltage range, Vi (see Notesland 2) ..., -05Vto7V
Switch 1/0O voltage range, Vo (see Notes 1, 2, and 3) ......... ..., -05Vto7V
Control input clamp current, Ik (VIN < O) oo -50 mA
I/0 port clamp current, l;ok (Vi/o < 0) oo -50 mA
ON-state switch current, Iy (SE€ NOtE 4) . ... e +128 mA
Continuous current through Vec or GND terminals . ... e +100 mA
Package thermal impedance, 635 (see Note 5): DBQ package ...............ccoiiiiiiiiaa... 61°C/W
DGV opackage ...........coiiiiiiiiiii 86°C/W
DWpackage ..........ccooiiiiiiiiiiin, 46°C/W
PWpackage ...........cciiiiiiiiiiiii. 88°C/W
Storage temperature range, Tggg - -« v v et —65°C to 150°C

§ 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. Allvoltages are with respect to ground unless otherwise specified.

2. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

V| and Vg are used to denote specific conditions for V|/0.

I and I are used to denote specific conditions for Ij;o.

The package thermal impedance is calculated in accordance with JESD 51-7.

o s w

recommended operating conditions (see Note 6)

MIN  MAX | UNIT
Vce Supply voltage 2.3 3.6 \%
Vcc=23Vto27V 17 55
VIH High-level control input voltage Vee=27V036V > 55 \%
Vcc=23Vto27V 0 0.7
VL Low-level control input voltage Vee-27V036V 0 08 \
Vijo Data input/output voltage 0 55 \%
TA Operating free-air temperature -40 85 °C

NOTE 6: All unused control 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

MIN TYPT MAX | UNIT

VIK

Vcc =3V,
I|=-18 mA

VOH

See Figures 3 and 4

IIN Control inputs

Vcc =36V,

VIN =3.6 V105.5V or GND

UA

Vcec =36V,
Switch ON,
VIN = Vcc or GND

VI=Vcc-0.7Vto55V

V|=0.7VtoVce - 0.7V

V|=01t00.7 V

Vcc=3.6V,
Vo=0to55YV,

V| =0,

Switch OFF,

VIN = Ve or GND

HA

Vce =0,
Vo=0to55YV,
V=0,

UA

Icc

Vcc=3.6V,

o =0,

Switch ON or OFF,
VIN = Vcc or GND

V| =Vcc or GND

V|=55V

LA

Alcc8 | Control inputs

Vcc=3Vto36YV,
OneinputatVcc - 0.6V,

Other inputs at Vcc or GND

HA

Cin Control inputs

Vcec =33V,
VIN = Vcc or GND

pF

Cio(OFF)

Vce =33V,

Vijo =55V, 3.3V, or GN
Switch OFF,

VIN = Vcc or GND

D,

pF

Cio(ON)

Vce =33V,
Switch ON,
VIN = Ve or GND

Vjjo=55Vor33V

Vo = GND

pF

fon

Vcec=23Y,
TYPatVcc =25V,
V=0

lo = 24 mA

lo =16 mA

Vcec =3V,
V=0

lo = 64 mA

lo=32mA

VN and Iy refer to control inputs. V), Vo, |}, and Ig refer to data pins.

T All typical values are at Vcc = 3.3 V (unless otherwise noted), Tp = 25°C.

*For /0 ports, the parameter |gz includes the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

1 Measured by the voltage drop between A and B terminals at the indicated current through the switch. ON-state resistance is determined by the
lower of the voltages of the two (A or B) terminals.
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switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 2)

Vcc=25V | Vcc=33V
FROM TO +0.2V +0.3V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN  MAX MIN  MAX

tpdT AorB BorA s
tpd(s) BX AorB

ten BE AorB ns
tdis BE AorB ns

PRODUCT PREVIEW

T The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load capacitance,
when driven by an ideal voltage source (zero output impedance).
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PARAMETER MEASUREMENT INFORMATION

——————— Vce
| Input Generator I T
I I VIN
I 500 |
I VG1 I 50 Q
I [ TEST CIRCUIT
I = | =
[ | - DUT
F——————— O 2xVce
I Input Generator ! V) O Open
)
I 50Q | GND
| Va2 I 500
I I
I = I = = = - -
e ——— — -
TEST Vce S1 RL V) CL VA
t 25Vv+02V Open 500 Q 3.6 Vor GND 30 pF
pd(s)
3.3V+03V Open 500Q |55VorGND| 50pF
/ 25V+02V | 2xVce | 500Q GND 30 pF 0.15V
tpLz/tpzL
3.3Vv+03V 2xVce 500 Q GND 50 pF 0.3V
. 25V+0.2V Open 500 Q 36V 30 pF 0.15V
tpHZ/tPZH
3.3V+03V Open 500 Q 55V 50 pF 0.3V
Output Vce
Control XVCC/Z XVCch
(VIN) | | oV
| |
tpzL —b 4 —» ‘I4— tpLz
Output || |
Output Vce Waveform 1
Control XVCC/Z X Veel2 Slat2 xVcc
VIND | oV (see Note B)
I
tPLH —f—