SN54LVTH16500, SN74LVTH16500
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SCBS701F - JULY 1997 - REVISED SEPTEMBER 2003

® Members of the Texas Instruments SN54LVTH16500 . . . WD PACKAGE
Widebus ™ Family SN74LVTH16500 . . . DGG OR DL PACKAGE
) ) (TOP VIEW)
® UBT ™ Transceivers Combine D-Type
Latches and D-Type Flip-Flops for oeAB [11 U 56 [] GND
Operation in Transparent, Latched, or LEAB [12 55|] CLKAB
Clocked Mode INRIE 54]] B1
® Support Mixed-Mode Signal Operation (5-V GND []4 53] GND
Input and Output Voltages With 3.3-VV ) A2 []s 52[] B2
® Support Unregulated Battery Operation A3 |]6 s51{] B3
Downto 2.7 V Vee Y7 s0(] Vce
® Typical V o p (Output Ground Bounce) A48 a9l B4
<0.8VatVee =33V, Ta = 25°C oo % B
Al 10 4710 B
° - -
lof ar_1d Power-Up 3-State Support Hot ono D 26[] GND
Insertion
o A7[J12  4s5]lB7
® Bus Hold on Data Inputs Eliminates the Aslliz 44l Bs
Neepl for External Pullup/Pulldown A9 [l 14 43[] B9
Resistors Ao fl1s  42[IB10
® Distributed V ¢c and GND Pins Minimize A1l [116 4[] B11
High-Speed Switching Noise A12 [117 40(] B12
® Flow-Through Architecture Optimizes PCB GND []18 39[] GND
Layout A13[J19  38[] B13
® Latch-Up Performance Exceeds 500 mA Per Al4[l20  37]1B14
JESD 17 A15[J21 36|l B15
® ESD Protection Exceeds JESD 22 Vec f2z 35 % Vee
~ 2000-V Human-Body Model (A114-A) Alely2s 341/ BI6
~ 200-V Machine Model (A115-A) a7 llea s3flB17
- 1000-V Charged-Device Model (C101) GND 25 s2[] GND
A18[l2s  31|] B18
description/ordering information OEBA[J27  30[] CLKBA
LEBA [J2s  29]] GND

The 'LVTH16500 devices are 18-bit universal bus
transceivers designed for low-voltage (3.3-V) Vcc
operation, but with the capability to provide a TTL
interface to a 5-V system environment.

ORDERING INFORMATION

ORDERABLE
) B
TA PACKAGE PART NUMBER TOP-SIDE MARKING
Tube SN74LVTH16500DL
SSOP - DL LVTH16500
Tape and reel SN74LVTH16500DLR
-40°C to 85°C TSSOP - DGG Tape and reel SN74LVTH16500DGGR LVTH16500
VFBGA - GQL SN74LVTH16500GQLR
Tape and reel LL500
VFBGA - ZQL (Pb-free) P SN74LVTH16500ZQLR
-55°C to 125°C [ CFP - WD Tube SNJ54LVTH16500WD SNJ54LVTH16500WD

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

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.

Widebus and UBT are trademarks of Texas Instruments.

UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 2003, Texas Instruments Incorporated

DATA information current as of publication date. Products conform to i

specifications per the terms of Texas | dard y

Production processing does not necessarily include testing of all EXAS
perameles INSTRUMENTS
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SN54LVTH16500, SN74LVTH16500
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SCBS701F - JULY 1997 — REVISED SEPTEMBER 2003

description/ordering information (continued)

X ¢« I @ mm OO @ >

Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA),
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the devices operate in the transparent mode when
LEAB is high. When LEAB is low, the A data is latched if CLKAB is held at a high or low logic level. If LEAB is
low, the A data is stored in the latch/flip-flop on the high-to-low transition of CLKAB. OEAB is active high. When
OEAB is high, the B-port outputs are active. When OEAB is low, the B-port outputs are in the high-impedance
state.

Data flow for B to A is similar to that of A to B, but uses OEBA, LEBA, and CLKBA. The output enables are
complementary (OEAB is active high and OEBA is active low).

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.

When V¢ is between 0 and 1.5V, the devices are in the high-impedance state during power up or power down.
However, to ensure the high-impedance state above 1.5 V, 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.

These devices are fully specified for hot-insertion applications using lqs and power-up 3-state. The Iy circuitry
disables the outputs, preventing damaging current backflow through the devices when they are 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.

GQL OR ZQL PACKAGE

(TOP VIEW)

12 3 4 5 &6 terminal assignments

/ \ 1 2 3 4 5 6
CCoCCCCoe A Al LEAB OEAB GND CLKAB B1
CCCoCCCo B A3 A2 GND GND B2 B3
CcCCcCCoCcCeco C A5 A4 Vee Vee B4 B5
CCCCCO D A7 A6 GND GND B6 B7
(3 (3 (3 3 E A9 A8 B8 B9
NN NN F Al0 All B11 B10
(OXA®; OA®;
2N N N N N G A12 A13 GND GND B13 B12
OADEDAOADE®;
2152212 H Al4 A15 vVee Vee B15 B14
cCOeooo
CAAAAA J A16 AL7 GND GND B17 B16
- s K A18 OEBA LEBA GND CLKBA B18
CCoCCCCcoe

\, /
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SN54LVTH16500, SN74LVTH16500

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS

WITH 3-STATE OUTPUTS

SCBS701F - JULY 1997 - REVISED SEPTEMBER 2003

logic diagram (positive logic)

OEAB

CLKAB

LEAB

LEBA

CLKBA

OEBA

Al

FUNCTION TABLE T

INPUTS OUTPUT

OEAB LEAB CLKAB A B

L X X X z

H H X L L

H H X H H

H L 2 L L

H L 2 H H

H L H X Bo¥

H L L X BgS

T A-to-B data flow is shown: B-to-A flow is similar, but

uses OEBA, LEBA, and CLKBA.

t Output level before the indicated steady-state input

conditions were established

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

was low before LEAB went low

1 N
~
55 N
|~
2 N
|~
28 N\
~
30 N\
1
27 N\
/ ®
D : “ o
> CLK
)/] T 1D
N ad
v

Pin numbers shown are for the DGG, DL, and WD packages.

To 17 Other Channels

*9 TEXAS
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SN54LVTH16500, SN74LVTH16500
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SCBS701F - JULY 1997 — REVISED SEPTEMBER 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
Input voltage range, V| (See NOte 1) ... ... e -05Vto7V
Voltage range applied to any output in the high-impedance

or power-off state, Vg (see Note 1) . ... . i -0.5Vto7V
Voltage range applied to any output in the high state, Vo (see Note 1) ............. -05VtoVec+05V
Current into any output in the low state, lo: SN54LVTH16500 . ............ ..., 96 mA
SN74LVTHL6500 . ... 128 mA

Current into any output in the high state, Io (see Note 2): SN54LVTH16500 . .................... 48 mA
SN74LVTH16500 ..................... 64 mA

Input clamp current, Ik (V] < 0) oo -50 mA
Output clamp current, Iok (VO < 0) ot -50 mA
Package thermal impedance, 63p (see Note 3): DGG package ............................... 64°C/W
DLpackage ........... ... 56°C/W

GQL/ZQL package ..........ciiiiiiiniiinann. 42°C/W

Storage temperature range, Tgig

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

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

2. This current flows only when the output is in the high state and Vg > V.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 4)

SN54LVTH16500 | SN74LVTH16500

MIN MAX MIN MAX UNIT
\ele: 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 5.5 \%
loH 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/iV
At/AVcc ~ Power-up ramp rate 200 200 us/vV
TA Operating free-air temperature -55 125 -40 85 °C

NOTE 4: 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.

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

)
specicallonsar deign qoal.Teas Insruments reservesth ight o {’} TEXAS
INSTRUMENTS
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SN54LVTH16500, SN74LVTH16500
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SCBS701F - JULY 1997 - REVISED SEPTEMBER 2003

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

SN54LVTH16500 SN74LVTH16500
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MmAX| MIN TYPT MAX
ViK Vee =27V, I = -18 mA -1.2 12| v
Vcc=27V1to36V, loH = —100 pA Vcc—0.2 Vcc—0.2
Vec =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=32mA 0.5 0.5
Vcc=3V
loL = 48 mA 0.55
loL =64 mA 0.55
Vec =36V, V| =V or GND +1 +1
Control inputs
PUS Tvec=00r36V, V=55V 10 10
| V=55V 20 20 HA
AorBportst |Vecc=36V V|I=Vce 1 1
V|=0 -5 -5
loff Vce =0, ViorVo=0to 4.5V +100 A
V=08V 75 75
Vcc=3V
lithold) | A or B ports V=2V =75 =75 HA
Ve = 3.6 VE, V|=01t03.6V +500
Vee=0t015V,Vo=05Vto3V,
lozpu éé/OE =don't care +100° +£100 HA
Vcc=15Vto0,Vo=05Vto3YV, 5
lozpPp éE;?OE =don't careO +100° +100 HA
Vec =36V Outputs high 0.19 0.19
Icc lop=0, Outputs low 5 5 mA
Vi =Vcc or GND Outputs disabled 0.19 0.19
Vcc=3V1t03.6V,OneinputatVcc -0.6V,
aicc'l Other inputs at Vcc or GND 0.2 0.2 mA
Ci Vi=3Vor0 4 4 =
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.

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. EXAS
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SN54LVTH16500, SN74LVTH16500
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SCBS701F - JULY 1997 — REVISED SEPTEMBER 2003

timing requirements over recommended operating free-air temperature range (unless otherwise
noted) (see Figure 1)

SN54LVTH16500 SN74LVTH16500
Vcc =33V _ Vcc =33V _
T 03V Vcc =27V Y03V Vcc =27V UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX
fclock  Clock frequency 150 150 150 150 | MHz
LE high 3.3 3.3 3.3 3.3
tw Pulse duration [=——— ns
CLK high or low 3.3 3.3 3.3 3.3
A before CLKABL 3.1 3.1 2.9 2.9
) B before CLKBAL 3.1 3.1 2.9 2.9
fsu  Setuptime CLK high 15 0.6 1.4 05 ns
Aor B before LEl =
CLK low 3.1 25 2.9 23
A or B after CLK{ 0.4 0.4 0.4 0.4
th Hold time ns
Aor B after LEL 1.7 1.7 16 1.6
switching characteristics over recommended operating free-air temperature range, C L = 50 pF
(unless otherwise noted) (see Figure 1)
SN54LVTH16500 SN74LVTH16500
FROM TO Vcc =33V Ve =33V
Vcc =27V Vcc =27V
PARAMETER (INPUT) (OUTPUT) 0.3V cc 03V cc UNIT
MIN  MAX MIN  MAX MIN TYPT  MAX MIN  MAX
fmax 150 150 150 150 MHz
tPLH 1.2 3.9 4.1 1.3 2.8 3.7 4
BorA AorB ns
tPHL 12 3.9 4.1 1.3 2.6 3.7 4
tPLH 1.4 5.5 5.9 15 3.8 5.1 5.7
LEBA or LEAB AorB ns
tPHL 1.4 5.5 5.9 15 3.8 5.1 5.7
tPLH CLKBA or 1.2 5.3 6.1 1.3 3.6 5 5.9
—— AorB ns
tPHL CLKAB 1.2 5.3 6.1 1.3 3.5 5 5.9
tp7H - 1.2 5.1 5.8 1.3 3.6 4.8 5.5
OEBA or OEAB AorB ns
tpzL or 12 51 58| 13 36 48 55
tpHZ - 1.6 6.1 6.6 17 45 5.8 6.3
OEBA or OEAB AorB ns
tpLz 1.6 6.1 6.6 17 41 5.8 6.3
T All typical values are at Vce =33V, Ta =25°C.
PRODUCT PREVIEW information concerns products in the formative or
spoocabons 18 ok Gout. Torss Kmuraonts oadrvss 1na g 10 i}
ications are design goals. lex: ul I
2ﬁ:rc||ge or discontinue%hegse products without notice. o TEXAS
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SN54LVTH16500, SN74LVTH16500

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS

WITH 3-STATE OUTPUTS

SCBS701F - JULY 1997 - REVISED SEPTEMBER 2003

PARAMETER MEASUREMENT INFORMATION

o6V
From Output 500Q Sl O Open
Under Test l GND
CL =50 pF
(see Note A) I 500 Q
LOAD CIRCUIT
—ty ——H
‘ ‘ 2.7V
Input Xl.S \% Xl's Vv
oV
VOLTAGE WAVEFORMS

PULSE DURATION
27V

Input Xl.S \ Xl.S \%
| oV

tPLH —ﬂ—b“ H tPHL
\

——— VoH
Output \ 15V | 15V
VoL

| \
tpHL —4—P! ‘4—“‘— tPLH
| ‘ VOH
15V 15V
——— VoL

Output

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES
INVERTING AND NONINVERTING OUTPUTS

NOTES: A. Cy includes probe and jig capacitance.

Timing Input

Data Input

Output
Control

Output
Waveform 1
Slat6V
(see Note B)

Output
Waveform 2
S1 at GND
(see Note B)

TEST S1
tPHL/tPLH Open
tpLz/tpzL 6V
tpHZ/tpZH GND

2.7V

—————— \
){1.5v
e e—— oV

| tsu th \
\ \ 27V
Xl.s v ><1.5 v
oV
VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Xl.S v
\

tpzL —¥ “4—

27V

XI.S \%
oV

| \
tpzH B = P

\
| [ tpHz

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES
LOW- AND HIGH-LEVEL ENABLING

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, tf< 2.5 ns.

D. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuit and Voltage Waveforms
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MECHANICAL DATA

ZQL (R—-PBGA—N56) PLASTIC BALL GRID ARRAY
3,25
0,65
¢ 4,60 R

440 o 0,325
: |
T |

kK1 OO OiO OO0O+t——=x
J 1 OO Qio O O

3X Via Hole

Without Ball G OO Q!Q OO 0,65

0
0
0
T
i

55

0,325

Missing Via Hole

indicates Pin A1 C | O O O

Quadrant

W |
\ 1 2 3 4 5 6
Al Bottom View

Corner

O O|O0 O
O OO0
O \
OO0
OO00O0
QOQC?

— 1,00 Max

1 [&[00]

Yy WU = ? Seating Plane

=
0,45
L 56X @ﬁ 0,25

S
o

4204437-3/E 07/04

NOTES: A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Falls within JEDEC MO-225 variation BA.

D

. This package is lead—free. Refer to the 56 GQL package (drawing 4200583) for tin—lead (SnPb).

b TeExAs
INSTRUMENTS

www.ti.com



MECHANICAL DATA

GQL (R—PBGA—-N56) PLASTIC BALL GRID ARRAY
3,25
0,65
¢ 4,60 R
440 ﬁ 0,325
: |
| \
kK| OO OiO OO0+——=
s OO OiO O O
3X Via Hole i OOOiOOO
Without Ball G O ONOO OO 0,65
o [ oo®le0oq—*
6,90 el OO OO O+ |
Missing Via Hole ’ OO iO OO 8,925
\Sdi%o?est nat ¢ | OO Qi@ O O
s OO O00OO
Al OO OiO OO04+—+
\ 12 3 4 5 6
Al Corner Bottom View
— 1,00 Max
1 [S[008]
=3 Seating P
ﬁf eating Plane
J Lsex @% | os
013
4200583-3/1 07/04
NOTES: . All linear dimensions are in millimeters.

A

B. This drawing is subject to change without notice.

C. Falls within JEDEC MO-225 variation BA.

D. This package is tin—lead (SnPb). Refer to the 56 ZQL package (drawing 4204437) for lead—free.

b TeExAs
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MECHANICAL DATA

MSS0001C — JANUARY 1995 — REVISED DECEMBER 2001

DL (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
48 PINS SHOWN

_0.025 (0,635) 0.0135 (0,343
4",‘7 0.008 (0,203) | $| 0.005 (0,13) @|

48 25

AR AR AR AR AR e

r

1/?\
o J 8::251333 pccme | | /
AR K/j\g/

[N |
 ALSHHRHARMRHR A . seaimgpiane ¢ \ JL) al
— 0.110 (2,79) MAX 0.008 (0,20) MIN j —T

*%
PINS 28 48 56
DIM
0.380 | 0.630 | 0.730
A MAX 9,65) | (16,00) | (18,54)
0.370 | 0.620 | 0.720
A MIN 9,40) | (15,75) | (18,29)

4040048/E 12/01

NOTES: A. Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
Falls within JEDEC MO-118

COow
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MECHANICAL DATA

MTSS003D — JANUARY 1995 — REVISED JANUARY 1998

DGG (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
48 PINS SHOWN

e | e
IORRARIAAARAAARARGRRRRD

kil i

7.90 0,15 NOM

(o222 K]
< oN
olo
~l| 0o
w
o
—»

O
URLREEEIRERRRG RN

o

| \
%\ _i Seating Plane * (_\ }
: 23 Epwl

,20 MAX

o

PINS **
48 56 64
DIM
A MAX 12,60 14,10 17,10
A MIN 12,40 13,90 16,90

4040078/F 12/97

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold protrusion not to exceed 0,15.
Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

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

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2004, Texas Instruments Incorporated
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