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SN74LVC1T45 Single-Bit Dual-Supply Bus Transceiver With Configurable Voltage
Translation and 3-State Outputs

1 Features

« ESD protection exceeds JESD 22
— 2000-V Human-Body Model (A114-A)
— 200-V Machine Model (A115-A)
— 1000-V Charged-Device Model (C101)
+ Available in the Texas Instruments NanoFree™
package
* Fully configurable dual-rail design allows each port
to operate over the full 1.65-V to 5.5-V power-
supply range
*  Vcc isolation feature — if either V¢ input is at
GND, both ports are in the high-impedance state
* DIR input circuit referenced to V¢ca
* Low power consumption, 4-yA maximum lgc
e 1+24-mA output drive at 3.3V
* o supports partial-power-down mode operation
*  Maximum data rates
— 420 Mbps (3.3-V to 5-V translation)
— 210 Mbps (translate to 3.3 V)
— 140 Mbps (translate to 2.5 V)
— 75 Mbps (translate to 1.8 V)
« Latch-up performance exceeds 100 mA per JESD
78, Class Il

2 Applications

« Personal electronic
¢ Industrial

* Enterprise

«  Telecom

Functional Block Diagram

DIR

3 Description

This single-bit noninverting bus transceiver uses two
separate configurable power-supply rails. The A port
is designed to track Vcca. Veca accepts any supply
voltage from 1.65 V to 5.5 V. The B port is designed
to track Vceg. Vecg accepts any supply voltage from
1.65 V to 5.5 V. This allows for universal low-voltage
bidirectional translation between any of the 1.8-V, 2.5-
V, 3.3-V, and 5-V voltage nodes.

The SN74LVC1T45 is designed for asynchronous
communication between two data buses. The logic
levels of the direction-control (DIR) input activate
either the B-port outputs or the A-port outputs. The
device transmits data from the A bus to the B bus
when the B-port outputs are activated and from the
B bus to the A bus when the A-port outputs are
activated. The input circuitry is always active on both
A and B ports and must have a logic HIGH or LOW
level applied to prevent excess lcc and lgcz.

The SN74LVC1T45 is designed so that the DIR input
is powered by Vcca. This device is fully specified
for partial-power-down applications using lys. The lgg
circuitry disables the outputs, preventing damaging
current backflow through the device when it is
powered down. The V¢ isolation feature is designed
so that if either V¢ input is at GND, then both ports
are in the high-impedance state.

NanoFree package technology is a major
breakthrough in IC packaging concepts, using the die
as the package.

Package Information

PART NUMBER |PACKAGE( BODY SIZE (NOM)
DRL (SOT, 6) 1.60 mm x 1.20 mm

DBV (SOT-23, 6) 2.90 mm x 1.60 mm

SN74LVC1T45 DCK (SC70, 6) 2.00 mm x 1.25 mm

DPK (USON, 6)
YZP (DSBGA, 6)

1.60 mm x 1.60 mm
1.39 mm x 0.90 mm

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

Figure 5-1. DBV Package, 6-Pin SOT-23 (Top View)

Figure 5-3. DRL Package, 6-Pin SOT (Top View)
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Figure 5-2. DCK Package, 6-Pin SC70 (Top View)
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Table 5-1. Pin Functions

Figure 5-4. DPK Package, 6-Pin USON (Top View)

PIN

NAME DBV, DD%? DRL, TYPE(" DESCRIPTION
Veea 1 P SYSTEM-1 supply voltage (1.65 V to 5.5 V)
GND 2 G Device GND

A 3 110 Output level depends on V¢ voltage.

B 4 110 Input threshold value depends on V2 voltage.

DIR 5 | GND (low level) determines B-port to A-port direction.

Vees 6 P SYSTEM-2 supply voltage (1.65 V to 5.5 V)

(1) P =power, G =ground, I/O = input and output, | = input

Copyright © 2022 Texas Instruments Incorporated
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1 2
Not to scale
Figure 5-5. YZP Package, 6-Pin DSBGA (Bottom View)
Legend
Input
Ground
Table 5-2. Pin Functions
PIN
TYPE( DESCRIPTION
NO. NAME
A1 Veea P SYSTEM-1 supply voltage (1.65 Vto 5.5 V)
A2 Vees P SYSTEM-2 supply voltage (1.65 Vto 5.5 V)
B1 GND G Device GND
B2 DIR | GND (low level) determines B-port to A-port direction.
C1 A 110 Output level depends on V¢4 voltage.
Cc2 B 1/0 Input threshold value depends on V¢, voltage.

(1

P = power, G = ground, I/O = input and output, | = input

4
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT
xgg’; Supply voltage -0.5 6.5 \Y
\/ Input voltage® -0.5 6.5 \Y;
Vo Voltage range applied to any output in the high-impedance or power-off state(?) -0.5 6.5 \
Vo ;/tc;ltt:(gz)e(g?nge applied to any output in the high or low |A port -0.5 Veea + 0.5 v
B port -0.5 Vceg + 0.5

lik Input clamp current V<0 -50 mA
lok Output clamp current Vo <0 =50 mA
lo Continuous output current +50 mA

Continuous current through V¢ or GND +100 mA
T, Junction temperature 150 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.

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

(3) The value of V¢ is provided in the recommended operating conditions table.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +1000 Y,
Machine Model +200
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
See (1) (2) ®)
Vcal Vceo MIN MAX| UNIT
Veea Supply voltage 165 55 \Y
Vees 1.65 55
1.6501.95V Vg X 0.65
Vi mf:t-nge Data inputs(® 2;(20317\7 1; v
451055V Veer X 0.7
1.6501.95V Vce % 0.35
W e s Twsv G
451055V Ve % 0.3
1.65t01.95V Viea X 0.65
Vi !-Iigh-level DIR 23t02.7V 1.7 v
input voltage (referenced to Veca)® 3t03.6V 2
451055V Vcea X 0.7

Copyright © 2022 Texas Instruments Incorporated
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6.3 Recommended Operating Conditions (continued)
See M () (3)
Vear Vceo MIN MAX| UNIT
1.65t01.95V Vcea % 0.35
v Low-level DIR 23t02.7V 0.7 v
I input voltage (referenced to Vcca)® 3t03.6 V 0.8
45t055V Veea X 0.3
V| Input voltage 0 55 \%
Vo Output voltage 0 Vcco \%
1.65t01.95V -4
231027V -8
lon High-level output current mA
3to3.6V 24
45t055V -32
1.65t01.95V 4
23t02.7V 8
loL Low-level output current mA
3to3.6V 24
45t05.5V 32
1.65t01.95V 20
Data inout 231027V 20
iti ata inputs
Ayay  Iput transition P 3t03.6V 10| nsv
rise or fall rate
45t055V 5
Control inputs 1.65t05.5V 5
Ta Operating free-air temperature —40 85 °C

(1) Vcc) is the V¢ associated with the input port.

(2) Vcco is the Vi associated with the output port.

(3) All unused data inputs of the device must be held at V¢, or GND to ensure proper device operation. See the Tl application report,
Implications of Slow or Floating CMOS Inputs, SCBAQ04.

(4) For Vg values not specified in the data sheet, Vg min = Vg % 0.7 V, V| max = Vg x 0.3 V.

(5) For Vg values not specified in the data sheet, Vi min = Vgca x 0.7 V, V). max = Vg X 0.3 V.

6.4 Thermal Information

SN74LVC1T45
THERMAL METRIC() (sgi\gs) (gg;f)) (uDs'g(N) (gg#) (Dgch;A) Lhg
6 PINS
Regya Junction-to-ambient thermal resistance 215.1 210.9 278.3 223.7 131.0 °C/W
Reycop)  Junction-to-case (top) thermal resistance 136.5 139.2 133.4 88.7 1.3 °C/W
Reys Junction-to-board thermal resistance 96.6 72 1741 58.4 22.6 °C/W
Wyt Junction-to-top characterization parameter 715 54.9 234 5.9 5.2 °C/W
Wi Junction-to-board characterization parameter 96.3 71.7 173.5 58.1 22.6 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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6.5 Electrical Characteristics

over recommended operating free-air temperature range, T = —40 to +85°C (unless otherwise noted)(") @)

PARAMETER |  TEST CONDITIONS Veen Vees MIN  TYP MAX | UNIT
lon = ~100 pA 1651045V 1651045V Veeo — 01
lop = —4 mA 165V 165V 12
Von lon = —8 MA Vi = Vi 23V 23V 19 v
lon = —24 mA 3V 3V 2.4
lon = ~32 mA 45V 45V 38
oL = 100 pA 1661045V 1651045V 01
loL = 4 mA 165V 165V 0.45
VoL oL = 8 mA Vi= V. 23V 23V 03| v
loL = 24 mA 3V 3V 0.55
loL = 32 mA 45V 45V 0.55
Tpa=25°C £1
I DR |Vi=Vccaor GND 1651055V | 1651055V [ 1,2 4010 L A
+85°C
Tp=25°C £1
A port ov 0to 5.5V Ta=—40to 2
losf ViorVo=0t0 5.5V +85°C pA
Th=25°C £1
B port Oto 5.5V ov Ta=—-40to o
+85°C
Ta=25°C +1
loz ';‘0?{ B Vo = Veeo or GND 1651055V | 1651055V [ T,= 40t L A
+85°C t
1661055V 1661055V
leca V= Ve or GND, lo =0 5.5V oV 2| A
ov 5.5V 2
1661055V 1651055V 3
lccs V= Vg o GND, 1g=0 5.5V ov 2| A
ov 5.5V 2
:ggg ;;g;’:a 1| Vi=Vecior GND, Io=0 165t055V 1651055V 4l A
Aport glgogt a\jc\éi,cg_pgf =V L)pen S0
Algca DIR at Veca— 0.6 V, 3to55V 3to5.5V MA
DIR B port = open, 50
A port at Vgca or GND
B port at Vocg— 0.6 V,
Alges Bport |DIR at GND, 3t05.5V 3055V 50| pA
A port = open
C. DR |V;=Vccaor GND 33V 33V Tp=25°C 25 oF
Co ’;‘0‘: B |V = Vieous or GND 33V 33V Ty=25°C 6 oF

(1) Vcco is the Vi associated with the output port.
(2) Ve is the V¢ associated with the input port.
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6.6 Switching Characteristics (Vgca =1.8V £0.15 V)
over recommended operating free-air temperature range, Voca = 1.8 V £ 0.15 V (see Figure 7-1)
FROM TO VCCB =18V VCCB =25V VCCB =3.3V VCCB =5V
+0.15V +0.2V 0.3V +*0.5V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN MAX MIN MAX MIN MAX MIN MAX
tpLH 3 17.7 2.2 10.3 1.7 8.3 1.4 7.2
A B ns
tpuL 28 143 2.2 8.5 1.8 7.1 1.7 7
tpLy 3 177 2.3 16 2.1 15.5 1.9 151
B A ns
tpuL 28 143 2.1 12.9 2 126 18 122
tpuz 52 194 48 185 47 184 5.1 17.1
DIR A ns
tpLz 2.3 10.5 21 10.5 2.4 10.7 3.1 10.9
tpuz 5.2 21.9 4.9 11.5 4.6 10.3 2.8 8.2
DIR B ns
tpLz 4.2 16 3.7 9.2 3.3 8.4 24 6.4
t M 33.7 25.2 23.9 21.5
Pzn DIR A ns
tpz () 36.2 24.4 22.9 20.4
t M 28.2 20.8 19 18.1
Pen DIR B ns
tpz () 33.7 27 25.5 24.1
(1) The enable time is a calculated value, derived using the formula shown in the Section 9.2.2.2.1 section.
6.7 Switching Characteristics (Vgca =2.5V £0.2V)
over recommended operating free-air temperature range, Voca = 2.5V £ 0.2 V (see Figure 7-1)
FROM TO VCCB =18V VCCB =25V VCCB =3.3V VCCB =5V
+0.15V 0.2V 0.3V +*0.5V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN MAX MIN MAX MIN MAX MIN MAX
tpLH 2.3 16 1.5 8.5 1.3 6.4 1.1 51
A B ns
tenL 2.1 12.9 14 7.5 13 5.4 0.9 46
toLy 22 103 1.5 8.5 1.4 8 1 75
B A ns
tpuL 2.2 8.5 1.4 7.5 1.3 7 0.9 6.2
t 3 8.1 3.1 8.1 2.8 8.1 3.2 8.1
Prz DIR A ns
tpLz 13 5.9 1.3 5.9 1.3 5.9 1 5.8
tpuz 5.2 23.7 4.1 1.4 3.9 10.2 2.4 71
DIR B ns
teLz 3.9 18.9 3.2 9.6 2.8 8.4 1.8 5.3
t M 29.2 18.1 16.4 12.8
Pzn DIR A ns
tpz () 32.2 18.9 17.2 13.3
t M 21.9 14.4 12.3 10.9
Pen DIR B ns
tpz 21 15.6 13.5 12.7

(1)  The enable time is a calculated value, derived using the formula shown in the Section 9.2.2.2.1 section.
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6.8 Switching Characteristics (Vgcca =3.3V 0.3 V)

over recommended operating free-air temperature range, Voca = 3.3 V £ 0.3 V (see Figure 7-1)

FROM TO Vecg =18V Vecg =25V Veecg =3.3V Vecg =5V
$0.15V 0.2V 0.3V 0.5V
PARAMETER (INPUT) (OUTPUT) UNIT

MIN MAX MIN MAX MIN MAX MIN MAX

toun 21 155 1.4 8 0.7 58 0.7 4.4
A B ns

tonL 2 126 1.3 7 0.8 5 0.7 4

toLn 5 R 1.7 8.3 1.3 6.4 0.7 5.8 0.6 5.4
ns

tonL 1.8 7.1 13 5.4 0.8 5 0.7 45

torz 2.9 7.3 3 7.3 2.8 7.3 3.4 7.3
DIR A ns

toLz 1.8 5.6 16 5.6 2.2 5.7 2.2 5.7

tpHz 54 205 39  10.1 2.9 8.8 2.4 6.8
DIR B ns

toL 2 33 145 2.9 7.8 2.4 7.1 1.7 4.9

tpzn (V) 22.8 14.2 12.9 10.3
PZH 1 DIR A ns

toy () 27.6 15.5 13.8 11.3

tpzn (M 21.1 13.6 1.5 10.1
P2 DIR B ns

toy () 19.9 14.3 12.3 11.3

(1)  The enable time is a calculated value, derived using the formula shown in the Section 9.2.2.2.1 section.

6.9 Switching Characteristics (Vgcca =5V 0.5 V)

over recommended operating free-air temperature range, Vcca = 5V 0.5 V (see Figure 7-1)

FROM TO Vecg =18V Vecg =25V Veecg=3.3V Vecg =5V
$0.15V 0.2V 0.3V 0.5V
PARAMETER (INPUT) (OUTPUT) UNIT

MIN MAX MIN MAX MIN MAX MIN MAX

toun R 5 19  15.1 1 75 0.6 5.4 0.5 3.9
ns

tonL 18 122 0.9 6.2 0.7 4.5 0.5 35

toLH 5 A 1.4 7.2 1 5.1 0.7 4.4 0.5 3.9
ns

tphL 1.7 7 0.9 46 0.7 4 0.5 3.5

topz 2.1 5.4 2.2 5.4 2.2 55 2.2 5.4
DIR A ns

tprz 0.9 3.8 1 3.8 0.7 3.7 0.7 3.7

tpHz 48 202 2.5 9.8 1 8.5 2.5 6.5
DIR B ns

toL2 3.2 14.8 2.5 7.4 2.5 7 16 45

tpzn (D 22 12.5 1.4 8.4
PZH 1 DIR A ns

tpgy (1 27.2 14.4 125 10

tpzn (M 18.9 1.3 9.1 7.6
P2 DIR B ns

tpy () 17.6 11.6 10 8.6

(1)  The enable time is a calculated value, derived using the formula shown in the Section 9.2.2.2.1 section.
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6.10 Operating Characteristics
Ta=25°C
TEST Veea = Veea = Veea = Veea =
Veeg=1.8V Veecg=2.5V | Vgecg=3.3V Veeg=5V
PARAMETER CONDITIONS CCB CCB CCB cCB UNIT
TYP TYP TYP TYP
A-port input, B-port output C,L =0 pF, 3 4 4 4
Cpaa (! _ f=10 MHz, oF
B-port input, A-port output t=t=1ns 18 19 20 21
A-port input, B-port output C,L =0 pF, 18 19 20 21
Cpap (" _ f=10 MHz, oF
B-port input, A-port output t=t=1ns 3 4 4 4

(1) Power dissipation capacitance per transceiver
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6.11 Typical Characteristics
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Figure 6-1. Typical Propagation Delay (A to B) vs Load
Capacitance

10
—
9
—
8
7
o 6 —
< fo"
[N "]
g5
a 1 L —
4 —
3
2
1
0
0 5 10 15 20 25 30 35

CL-pF
TA = 25°C, VCCA =18V

Figure 6-2. Typical Propagation Delay (B to A) vs Load
Capacitance
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Figure 6-3. Typical Propagation Delay (A to B) vs Load
Capacitance
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Figure 6-4. Typical Propagation Delay (B to A) vs Load
Capacitance
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Figure 6-5. Typical Propagation Delay (A to B) vs Load
Capacitance
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Figure 6-6. Typical Propagation Delay (B to A) vs Load
Capacitance
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6.11 Typical Characteristics (continued)
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Figure 6-7. Typical Propagation Delay (A to B) vs Load

Capacitance
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Figure 6-8. Typical Propagation Delay (B to A) vs Load

Capacitance
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7 Parameter Measurement Information

2xV
o A cco TEST S1
R / o0
From Output L pen tod Open
Under Test GND tpLzZ/tpzL 2xVceo
tpHz/tpzH GND
CL RL
(see Note A) I
LOAD CIRCUIT — tyw ——p
| |
| | Vea
Input X Vcer/2 XVCC|/2
Veco CL RL Vip ov
1.8V+0.15V 15 pF 2kQ 0.15V VOLTAGE WAVEFORMS
33v+03V 15 pF 2kQ 0.3V
5V+05V 15 pF 2kQ 0.3V
Output Veea
Control
(low-level
enabling) oV
______ Veal Output Veco
Input 7‘1 Vear2 Sk Veor'2 Waveform 1 VoL + V1P
| oV S1at2xVeco ———— Vo
| | (see Note B) | |<— | ]
tpLH —H—Pll H—’l—l tpHL outout tpzH B | > tenz
utpu
| — — — Vo Waveform 2 Vo
Output Veeo/2 Veco/2 S1 at GND
VoL (see Note B) ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES

NOTES: A. C includes probe and jig capacitance.

c_IOMMOO

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 @, dv/dt > 1 V/ns.

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

tpLz and tpyz are the same as tgjs.

tpzL and tpzy are the same as tgp.

tpLH and tpy are the same as tpg.

Vel is the Vg associated with the input port.

Vceo is the Vg associated with the output port.

All parameters and waveforms are not applicable to all devices.

Figure 7-1. Load Circuit and Voltage Waveforms
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8 Detailed Description

8.1 Overview

The SN74LVC1T45 is a single-bit, dual-supply, noninverting voltage level transceiver. Pin A and the direction
control pin (DIR) are supported by Vcca and pin B is supported by Vecg. The A port is able to accept I/0

voltages ranging from 1.65 V to 5.5 V, while the B port can accept I/O voltages from 1.65 V to 5.5 V. The high on
the DIR allows data transmissions from A to B and a low on the DIR allows data transmissions from B to A.

8.2 Functional Block Diagram

DIR

Figure 8-1. Logic Diagram (Positive Logic)

8.3 Feature Description

8.3.1 Fully Configurable Dual-Rail Design Allows Each Port to Operate Over the Full 1.65-V to 5.5-V
Power-Supply Range

Both Vcca and Ve can be supplied at any voltage between 1.65 V and 5.5 V, making the device suitable for
translating between any of the voltage nodes (1.8-V, 2.5-V, 3.3-V, and 5-V).

8.3.2 Support High Speed Translation

The SN74LVC1T45 device supports high data rate applications. The translated signal data rate can be up to 420
Mbps when the signal is translated from 3.3 Vto 5 V.

8.3.3 loss Supports Partial Power-Down Mode Operation

The inputs and outputs for this device enter a high-impedance state when the device is powered down, inhibiting
current backflow into the device. The maximum leakage into or out of any input or output pin on the device is
specified by |y in the Electrical Charateristics.

8.3.4 Balanced High-Drive CMOS Push-Pull Outputs

A balanced output allows the device to sink and source similar currents. The high drive capability of this device
creates fast edges into light loads so impedance matching and load conditions should be considered to prevent
ringing. Additionally, the outputs of this device are capable of driving larger currents than the device can sustain
without being damaged. Two outputs can be connected together for a stronger output drive strength. The
electrical and thermal limits defined in the Absolute Maximum Ratings must be followed at all times.

8.3.5 V. Isolation

The 1/O's of both ports will enter a high-impedance state when either of the supplies are at GND, while the other
supply is still connected to the device. The maximum leakage into or out of any input or output pin on the device
is specified by |y in the Electrical Characteristics.
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8.4 Device Functional Modes

Table 8-1. Function Table(")

INPUT

DIR OPERATION
L B data to A bus
H A data to B bus

(1) Input circuits of the data I/Os always are active.
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9 Applications and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The SN74LVC1T45 device can be used in level-translation applications for interfacing devices or systems
operating at different interface voltages with one another. The maximum data rate can be up to 420 Mbps when
device translates signals from 3.3 Vto 5 V.

9.2 Typical Application
9.2.1 Unidirectional Logic Level-Shifting Application

Figure 9-1 shows an example of the SN74LVC1T45 being used in a unidirectional logic level-shifting application.

r ____________ T T /|
| Veet Vel | | Veez Veez |
| | | |
| U |
| 1 6 |
| ——e s | |
l ! Y L |
| | | |
' L ' |
| —= = | =
e J - d
SYSTEM-1 SYSTEM-2

Figure 9-1. Unidirectional Logic Level-Shifting Application

9.2.1.1 Design Requirements
For this design example, use the parameters listed in Table 9-1.

Table 9-1. Designh Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 1.65Vto55V
Output voltage range 1.65Vto 55V

9.2.1.2 Detailed Design Procedure
To begin the design process, determine the following:
* Input voltage range

- Use the supply voltage of the device that is driving the SN74LVC1T45 device to determine the input voltage
range. For a valid logic high the value must exceed the V4 of the input port. For a valid logic low the value must
be less than the V_ of the input port.

* Output voltage range

- Use the supply voltage of the device that the SN74LVC1T45 device is driving to determine the output voltage
range.
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9.2.1.3 Application Curve

1.8-V to 5-V Voltage
Transi?_ﬁun (2.5 MHz)
[

(@ 200V [ ]

2,00V

200ns

2.5005/% - 5 |
5M points 5.04 W

Figure 9-2. Translation Up (1.8 V to 5 V) at 2.5 MHz

9.2.2 Bidirectional Logic Level-Shifting Application

Figure 9-3 shows the SN74LVC1T45 being used in a bidirectional logic level-shifting application. Because the
SN74LVC1T45 does not have an output-enable (OE) pin, the system designer should take precautions to avoid

bus contention between SYSTEM-1 and SYSTEM-2 when changing directions.

Input (1.8 V)

Cutput (5 V)

—————————————————— 1 - ————
:_ Veer Veer | |ercz |
| : | Veez :

| |
Pullup/Down | Pullup/Down |
: /01 or Bus Hold(") | U : or Bus Hold(1) l/o-2 |
| —— | '
| —+H] 2 sf— | |
] I h \ |

| s 41l }
| ' | '
| ' | '
: DIR CTRL I : :
| ' | '
| 1! | |
R, ] R, |

SYSTEM-1

SYSTEM-2

Figure 9-3. Bidirectional Logic Level-Shifting Application

9.2.2.1 Design Requirements
See Section 9.2.1.1.

9.2.2.2 Detailed Design Procedure

Table 9-2 shows data transmission from SYSTEM-1 to SYSTEM-2 and then from SYSTEM-2 to SYSTEM-1.

Table 9-2. SYSTEM-1 and SYSTEM-2 Data Transmission

STATE | DIRCTRL | 1/O-1 1/0-2 DESCRIPTION
1 H Out In SYSTEM-1 data to SYSTEM-2
. . SYSTEM-2 is getting ready to send data to SYSTEM-1. I/0O-1 and I/O-2 are disabled. The
2 H Hi-Z Hi-Z , 1
bus-line state depends on pullup or pulldown.()
. . DIR bit is flipped. I/0-1 and I/O-2 still are disabled. The bus-line state depends on pullup or
3 L Hi-Z Hi-Z 1
pulldown. (")
4 L In Out |SYSTEM-2 data to SYSTEM-1

(1) SYSTEM-1 and SYSTEM-2 must use the same conditions, that is, both pullup or both pulldown.
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9.2.2.2.1 Enable Times

Calculate the enable times for the SN74LVC1T45 using the following formulas:

]

.

.

.

tpzH (DlR to A) =tpz (DlR to B) + tpLH (B to A)
tpzL (DlR to A) =tpyz (DlR to B) + tpHL (B to A)
tpzH (DlR to B) =tpz (DlR to A) + tpLH (A to B)
tpzL (DlR to B) =tpyz (DlR to A) + tpHL (A to B)

In a bidirectional application, these enable times provide the maximum delay from the time the DIR bit is
switched until an output is expected. For example, if the SN74LVC1T45 initially is transmitting from A to B, then
the DIR bit is switched; the B port of the device must be disabled before presenting it with an input. After the
B port has been disabled, an input signal applied to it appears on the corresponding A port after the specified

propagation delay.

9.2.2.3 Application Curve
5-V to 1.8-\V Voltage
i Translation (2.5 MHz)
e & [ L E— e I-Hn-—l—‘
i [ [ | ' Input {5 V)
[ s (Por— "y J ¥ |
i Output (1.8 V)
' | i 1 ¥ ' | .' | M :
| = =+ | .
| | {
| | | | : | | ) |
e P e | | " J
(@ 200V @ Zoov 1[2ntms' 2.5065/5 o -
u 5M paints 3,28V
Figure 9-4. Translation Down (5V to 1.8 V) at 2.5 MHz
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10 Power Supply Recommendations

The SN74LVC1T45 device uses two separate configurable power-supply rails, Vcca and Veeg. Veca accepts
any supply voltage from 1.65 V to 5.5 V and Vg accepts any supply voltage from 1.65 V to 5.5 V. The A port
and B port are designed to track Vgca and Vg, respectively allowing for low-voltage bidirectional translation
between any of the 1.8-V, 2.5-V, 3.3-V and 5-V voltage nodes. The recommendation is to first power-up the input
supply rail to help avoid internal floating while the output supply rail ramps up. However, both power-supply rails
can be ramped up simultaneously.

11 Layout
11.1 Layout Guidelines

To ensure reliability of the device, the following common printed-circuit board layout guidelines are

recommended:

* Bypass capacitors should be used on power supplies.

« Short trace lengths should be used to avoid excessive loading.

» Placing pads on the signal paths for loading capacitors or pullup resistors to help adjust rise and fall times of
signals depends on the system requirements

11.2 Layout Example
P LEGEND |

[
-

| I
! i
I O VIA to Power Plane Polygonal Copper Paur
I o
| _} VIA to GND Plane (Inner Layer) :
I

v[I,E

o b

':..:} II Viea Vees | B :..;

- &=

F 2 |eND DIR| 5 -WOP
3| A B 4

To

Fram Cantroller System

—» —»
Figure 11-1. Layout Example
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12 Device and Documentation Support
12.1 Documentation Support
12.1.1 Related Documentation

For related documentation see the following:
« Texas Instruments, Implications of Slow or Floating CMOS Inputs
12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

12.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

12.4 Trademarks

NanoFree™ is a trademark of Texas Instruments.

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
12.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

4 ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

12.6 Glossary
TI Glossary This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO [« P1—¥|
I T
o |@ e B WV
Reel l
. Diameter 1 1
Cavity ‘PI A0 |<*
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO0 | Dimension designed to accommodate the component thickness
W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
I Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
OO0 0O 0O 0O OO0 Sprocket Holes
| |
I I
Q! Q@ Q! Q2
4--7--1 —— =1~ ﬁ
Q3 1 Q4 Q3 1 Q4 User Direction of Feed
| & |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 B0 KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) [Quadrant
(mm) |W1 (mm)
SN74LVC1T45DBVR | SOT-23 DBV 6 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
SN74LVC1T45DBVR | SOT-23 DBV 6 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
SN74LVC1T45DBVT SOT-23 DBV 6 250 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
SN74LVC1T45DBVT SOT-23 DBV 6 250 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
SN74LVC1T45DCKR SC70 DCK 6 3000 178.0 9.0 24 2.5 1.2 4.0 8.0 Q3
SN74LVC1T45DCKT SC70 DCK 6 250 178.0 9.0 24 2.5 1.2 4.0 8.0 Q3
SN74LVC1T45DPKR USON DPK 6 5000 180.0 9.5 1.75 | 1.75 | 0.7 4.0 8.0 Q2
SN74LVC1T45DRLR [SOT-5X3| DRL 6 4000 180.0 8.4 2.0 1.8 0.75 | 4.0 8.0 Q3
SN74LVC1T45YZPR DSBGA | YZP 6 3000 178.0 9.2 1.02 | 152 | 0.63 | 4.0 8.0 Q1
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PACKAGE MATERIALS INFORMATION

13 TEXAS
INSTRUMENTS
www.ti.com 17-Jun-2024
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

SN74LVC1T45DBVR SOT-23 DBV 6 3000 210.0 185.0 35.0
SN74LVC1T45DBVR SOT-23 DBV 6 3000 210.0 185.0 35.0
SN74LVC1T45DBVT SOT-23 DBV 6 250 210.0 185.0 35.0
SN74LVC1T45DBVT SOT-23 DBV 6 250 210.0 185.0 35.0
SN74LVC1T45DCKR SC70 DCK 6 3000 180.0 180.0 18.0
SN74LVC1T45DCKT SC70 DCK 6 250 180.0 180.0 18.0
SN74LVC1T45DPKR USON DPK 6 5000 184.0 184.0 19.0
SN74LVC1T45DRLR SOT-5X3 DRL 6 4000 210.0 185.0 35.0
SN74LVC1T45YZPR DSBGA YZP 6 3000 220.0 220.0 35.0

Pack Materials-Page 2



PACKAGE OUTLINE

DCKO0006A SOT - 1.1 max height
SMALL OUTLINE TRANSISTOR
| 2.4
18 (Dol
1.4
PIN 1 1.1 8] (1);
INDEX AREA
N |
e
2.15 |
1.85
== I
0.30 f 3 ) -
6X 015
4 [01@ [c[A[B] G
NOTE 5 :
GAGE PLANE
f

8 r’ \ j_
. TYP 0.46
0 — 0.26 TYP SEATING PLANE

ALTERNATIVE PACKAGE
SINGULATION VIEW

4214835/B  04/2024

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
4. Falls within JEDEC MO-203 variation AB.
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EXAMPLE BOARD LAYOUT
DCKO0006A SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

SYMM
*—- ¢
4X (0.65) .
O
3 | 4
(R0.05) TYP ! 22) !

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:18X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \ SOLDER MASK\\
; 1
| |
EXPOSED METAL EXPOSED METAL— |

| I B vy

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214835/B  04/2024

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DCKO0006A SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

(R0.05) TYP |
I

(2.2)

SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:18X

4214835/B  04/2024

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
8. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
SOT - 0.6 mm max height

DRLO006A

PLASTIC SMALL OUTLINE

PIN 1 A
ID AREA

13 | 3 0.05
11 ! 6X 01 000 'YP

l

0.18
X 0.08 SYMM

] 027
6X 015

010 [C|A|B
0.4
6X 0.2 ® [005®@

4223266/C 12/2021

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

4. Reference JEDEC registration MO-293 Variation UAAD

TEXAS
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EXAMPLE BOARD LAYOUT
SOT - 0.6 mm max height

PLASTIC SMALL OUTLINE

DRLO006A

—‘ 6X (0.67) ’— SYMM
o ! ¢
6X (0.3) [ | ] 6
|
|

f

T SYMM
C -
4X (0.5) | |
|

(R0.05) TYP | 1.48) |

LAND PATTERN EXAMPLE
SCALE:30X

0.05 MAX 0.05 MIN

AROUND AROUND e
|
| |
| |

SOLDER MASK—/ METAL METAL UNDER—/ \—SOLDER MASK

OPENING SOLDER MASK SOLDER ]
NON SOLDER MASK
DEFINED SOIIBEéEr,a\II\E/ISSK
(PREFERRED)

SOLDERMASK DETAILS

4223266/C 12/2021

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
7. Land pattern design aligns to IPC-610, Bottom Termination Component (BTC) solder joint inspection criteria.
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EXAMPLE STENCIL DESIGN
DRLO006A SOT - 0.6 mm max height

PLASTIC SMALL OUTLINE

6X(067) =  symm
‘ 1 | ¢_
| J |
* | |
0 [ SYMM
- T
4X (0.5)
|
P 4

(R0.05) TYP

(1.48) !

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X

4223266/C 12/2021

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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www.ti.com



PACKAGE OUTLINE
DBV0006A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

3.0
2.6
1.75 EOJ C -
1.45 -.
PIN 1—
INDEX AREA RIS \ /’—ﬁ
S| ]

I 4
3 _L//J
<32 : -~
& 020 [c[A -~ (1.1)—= ~— 915 7vp
0.00
~— 1.45 MAX —
]
GAGE PLANE
f

(e}
8 TYPT—‘,

o

0.6
— g3 TYP SEATING PLANE

ALTERNATIVE PACKAGE SINGULATION VIEW

4214840/E 02/2024

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.25 per side.

4. Leads 1,2,3 may be wider than leads 4,5,6 for package orientation.

5. Refernce JEDEC MO-178.
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EXAMPLE BOARD LAYOUT
DBV0006A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
— BX(11) =
r 1 — ! —+—
6X (0.6) | | |
; S ! ~ )6
| |
_1___2__L__ |_____|__5_SYMM
|
2X (0.95) !
| .
[ | ,
| - 4+ )
(R0.05) TYP ! 26) !

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \ SOLDER MASK\\
/ 3
EXPOSED METAL—| |

EXPOSED METAL (

| I B vy

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214840/E 02/2024

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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DBVO0006A

EXAMPLE STENCIL DESIGN
SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

2X(0.95)

I

3

S
(R0.05) TYP —/ |

PKG
6X (1.1) |=— |
| |
I I
| N S
I I
o I P
I I
T
|
— | |
. (2.6)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE:15X

4214840/E 02/2024

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

DPK (S—PUSON—-N6) PLASTIC SMALL OUTLINE NO—-LEAD

B
jé
|

N —————P

o

N
\\

Pin 1 Index Area

0,60 MAX —

4
S0
y v |
Seating Plane

;

0,05
0,00
< »— 0,50
1 2 3
[ gy 0.40
*X 020
_ 1 _
0,10 W]c]A[B]
®hs
6 5 4
g 0
1,00 |1 > '
Bottom View 4212308-3/8 12/11

NOTES: A, All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
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LAND PATTERN DATA

DPK (S—PUSON—N®)

PLASTIC SMALL OUTLINE NO—-LEAD

Example Board Layout

Example Stencil Design

(Note E)

‘fW,OO

1 R

1,80 0,}907[] D m T o.i%m D HSXTO
J_H/"\\ 1.85 L

L (0 iy
’.Fj\/:‘“g; 0:0.20 ’J t - 6x0.25

/ Example
, Non—Soldermask Defined Pad

Example
Pad Geometry

- 0,05

All Around ,’

. /

f—

Example
Non—Soldermask Opening

4212377-3/A 12/11

NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.

Maximum stencil thickness 0,127 mm (5 mils). All linear dimensions are in millimeters.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should

contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

G. Side aperture dimensions over—print land for acceptable area ratio > 0.66. Customer may reduce side aperture dimensions
if stencil manufacturing process allows for sufficient release at smaller opening.
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% PACKAGE OUTLINE

YZP0006 DSBGA - 0.5 mm max height
DIE SIZE BALL GRID ARRAY
e
BALL AT— |-
CORNER
D
0.5 MAX
l S~ SEATING PLANE
8}2 - BALL TYP (™ To.05]C]
~e
o @
C L — - — -
|
SYMM [1] )
¢_——G»+~@» - D: Max = 1.418 mm, Min =1.358 mm
B ﬁ TYP
E: Max = 0.918 mm, Min =0.858 mm
| TYP
o o "
|
0.25 !
6XD 021 SYMM
[¢ o050 [c[a®[®] ¢
4219524/A 06/2014
NOTES: NanoFree Is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. NanoFree™ package configuration.
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EXAMPLE BOARD LAYOUT
YZP0006 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

< (0.5) TYP =
6X (50.225) ! :

T__A

(0.5) TYP

Do o

LAND PATTERN EXAMPLE
SCALE:40X

(©0.225) 0.05 MAX
= 0.05 MIN 4‘ r
'I

SOLDER MASK (®0.225)
OPENING SOLDER MASK
OPENING
NON-SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED) DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4219524/A 06/2014

NOTES: (continued)

4. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SBVA017 (www.ti.com/lit/sbva017).
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EXAMPLE STENCIL DESIGN
YZP0006 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

= (0.5) TYP =

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:40X

4219524/A 06/2014

NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES "AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated



