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4 Pin Configuration and Functions

Veeal] 1 - 8l Vces
A1[] 2 7] B1
A2[] 3 6[] B2

GND[] 4 5[] DIR

K 4-1. DCU Package, 5-Pin VSSOP (Top View)

% 4-1. Pin Functions: DCU

PIN
TYPE(") DESCRIPTION
NAME NO.
Veea 1 P A-port supply voltage. 1.65V < V¢ca < 5.5V
A1 2 1/0 Input/output A1. Referenced to Vgca
A2 3 110 Input/output A2. Referenced to Vcca
GND 4 G Ground
DIR 5 | Direction control signal
B2 6 1/0 Input/output B2. Referenced to Vg
B1 7 1/0 Input/output B1. Referenced to V¢cp
Veces 8 P B-port supply voltage. 1.65V < Vg < 5.5V
(1) I=input, O = output, P = power, G =ground
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5 Specifications
5.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Voca Supply voltage -0.5 6.5 \Y
Vces
\ Input voltage(® -0.5 6.5 v
Vo Voltage range applied to any output in the high-impedance or power-off state(2) -0.5 6.5 \Y
Vo ;/tc:tt:(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 Veeg + 0.5

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

Continuous current through Ve or GND -100 100 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.

5.2 ESD Ratings

VALUE UNIT
o Human body model (HBM), per AEC Q100-002(3)(") +4000
V(Esp) Electrostatic discharge - \%
Charged device model (CDM), per AEC Q100-011 +1000
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)() 2) (3)
Vear Veco MIN MAX| UNIT
V 1.65 5.5
ceA Supply voltage \%
Vees 1.65 5.5
1.65V to 1.95V Ve % 0.65
igh- 2.3Vto 2.7V 1.7
Vi High-level Data inputs®) \Y
input voltage 3V to 3.6V 2
4.5V to 5.5V Ve x 0.7
1.65V to 1.95V Ve % 0.35
i 2.3Vto 2.7V 0.7
ViL Low-level Data inputs \%
input voltage 3V to 3.6V 0.8
4.5V to 5.5V Vee X 0.3
1.65V to 1.95V Veea % 0.65
v High-level DIR 2.3Vto 2.7V 1.7 v
H input voltage (referenced to Veca)® 3V to 3.6V 2
4.5V to 5.5V Veea x 0.7
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5.3 Recommended Operating Conditions (¥tX)

over operating free-air temperature range (unless otherwise noted)() (2) 3)

Veel Vceo MIN MAX| UNIT
1.65V to 1.95V Veea x 0.35
v Low-level DIR 2.3Vto 2.7V 0.7 v
I input voltage (referenced to Vgca)® 3V to 3.6V 0.8
4.5V to 5.5V Veea X 0.3
V| Input voltage 0 5.5 \Y
Vo Output voltage 0 Veeco \%
1.65V to 1.95V -4
2.3Vto 2.7V -8
lon High-level output current mA
3Vto 3.6V -24
4.5V to 5.5V -32
1.65V to 1.95V 4
2.3Vto 2.7V 8
loL Low-level output current mA
3V to 3.6V 24
4.5V to 5.5V 32
1.65V to 1.95V 20
Data inout 2.3Vto 2.7V 20
iti ata inputs
Ayay  mputtransition P 3V 10 3.6V 10 ns/iV
rise or fall rate
4.5V to 5.5V 5
Control input 1.65V to 5.5V 5
Ta Operating free-air temperature -40 125 °C

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

(2) Vcco is the V¢ associated with the output port.

(3) Allunused data inputs of the device must be held at V¢ or GND for proper device operation. See Implications of Slow or Floating
CMOS Inputs, SCBA004.

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

(5) For V¢ values not specified in the data sheet, Vi min = Vgea % 0.7V, V). max = Vgea % 0.3V

5.4 Thermal Information

SN74LVC2T45-Q1
THERMAL METRIC(") DCU UNIT
8 PINS
Resa Junction-to-ambient thermal resistance 246.4 °C/W
Rauctop) Junction-to-case (top) thermal resistance 95.4 °C/W
Ress Junction-to-board thermal resistance 157.8 °C/W
Yt Junction-to-top characterization parameter 37 °C/W
YiB Junction-to-board characterization parameter 156.9 °C/W

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

over recommended operating free-air temperature range (unless otherwise noted)’ 2

Ta =25°C —40°C to +85°C
PARAMETER TEST CONDITIONS Vecea Vces UNIT
MIN TYP MAX MIN MAX
lon = —100pA 165V to4.5V | 1.65Vto 4.5V Veco — 0.1
lon = —4mA 1.65V 1.65V 1.2
VOH IOH =-8mA V| = VIH 2.3V 2.3V 1.9 \Y%
loy = —24mA 3V 3V 24
loy = -32mA 4.5V 4.5V 3.8
loL = 100pA 1.65V to 4.5V 1.65V to 4.5V 0.1
loL =4mA 1.65V 1.65V 0.45
VoL loL = 8mA V=V 2.3V 2.3V 03| V
loL = 24mA 3V 3V 0.55
loL = 32mA 4.5V 45V 0.55
I DIR V= Vgea or GND 165Vt05.5V | 1.65Vto5.5V +1 +2|  pA
A port ov 0to 5.5V +1 9
loff ViorVpo=0to5.5V MA
B port 0to 5.5V ov +1 19
AorB _
oz [pont | Vo= Voo or GND 165V t0 5.5V | 1.65V to 5.5V +1 9| pA
1.65V to 5.5V 1.65V to 5.5V 4
lcca V| =Vcc or GND, Ig=0 5V ov 2| HA
ov 5V -12
1.65V to 5.5V 1.65V to 5.5V 4
lcce V|=VcciorGND, o =0 5V ov -12| VA
ov 5V 2
lcca * lecs _ _
(566 % B.4) V= Vee or GND, I =0 165Vt05.5V | 1.65V to 5.5V 4| pA
One A port at Vgca — 0.6V,
A pOI't DIR at VCCA! 50
B port = open
Alcca 3V to 5.5V 3V 10 5.5V HA
DIR at VCCA - OGV,
DIR B port = open, 50
A port at VCCA or GND
One B port at Vg — 0.6V,
Alccs BPOM |22t GND. A port = open 3V to 5.5V 3V to 5.5V 50| pA
C DIR V, = Vgea or GND 3.3V 3.3V 25 pF
Co ’SO‘;{ B Vo = Vooas or GND 3.3V 3.3V 6 pF

(1) Vcco is the V¢ associated with the output port.
(2) V¢ is the V¢ associated with the input port.

6 BHEHZBT 37— PN 2 (DS RRB O 5 PH) &5
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5.6 Switching Characteristics: Vgca = 1.8V £ 0.15V

over recommended operating free-air temperature range, Vcca = 1.8V £ 0.15V (unless otherwise noted) (see [X] 6-1)

FROM TO VCCB =1.8V VCCB =2.5V 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 3 217 22 14.3 1.7 12.3 1.4 11.2
A B ns
tpHL 2.8 28.3 2.2 12.5 1.8 11.1 1.7 1
tpLH 3 217 2.3 20 21 19.5 1.9 19.1
B A ns
tpHL 2.8 18.3 21 16.9 2 16.6 1.8 16.2
tphz 55 34.9 55 345 5.5 345 55 333
DIR A ns
tpLz 43 237 4.2 23.6 4.1 235 4 234
tpHz 6 31.9 5 18.9 5 15.3 4.1 12.6
DIR B ns
tpLz 5 235 3.9 16.6 43 13.7 21 11.1
tpzy (1 45.2 36.6 33.2 30.2
DIR A ns
tpz (1 50.2 35.8 31.9 28.8
tpzy (1) 45.4 37.9 35.8 34.6
DIR B ns
tpz (1) 53.2 47 45.6 443
(1) The enable time is a calculated value, derived using the formula shown in the Enable Times section.
5.7 Switching Characteristics: Vgca = 2.5V £ 0.2V
over recommended operating free-air temperature range, Vgca = 2.5V £ 0.2V (unless otherwise noted) (see [X| 6-1)
FROM TO VCCB =1.8V VCCB =2.5V 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 23 20 1.5 12.5 1.3 104 1.1 9.1
A B ns
tpHL 21 16.9 1.4 1.5 1.3 9.4 0.9 8.6
tpLH 22 14.3 1.5 12.5 1.4 12 1 1.5
B A ns
tpHL 22 12.5 1.4 11.5 1.3 1 0.9 10.2
tprz 42 21.1 42 20.8 4.1 20.8 4.1 20.5
DIR A ns
tpLz 3.2 16.6 3.2 16.5 3.2 16.3 3 16.3
tpnz 6 31.9 4.7 17.9 4.7 14.5 35 11.6
DIR B ns
tpLz 4.2 229 3.6 15.2 3.6 129 1.4 11.2
tpzn (M 37.2 27.7 24.9 21.7
Pzn DIR A ns
tpz (1 44.4 29.4 25.5 21.8
tpzy (1 28.6 29 26.7 25.4
L DIR B ns
tpz (1 38 32.3 30.2 29.1
(1) The enable time is a calculated value, derived using the formula shown in the Enable Times section.
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5.8 Switching Characteristics: Vgca = 3.3V £ 0.3V

over recommended operating free-air temperature range, Vcca = 3.3V £ 0.3V (unless otherwise noted) (see %] 6-1)

FROM TO VCCB =1.8V VCCB =2.5V 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
tpLy 2.1 19.5 1.4 12 0.7 9.6 0.7 8.4
A B ns
tpuL 2 16.6 1.3 1 0.8 9 0.7 8
tpLH 1.7 12.3 13 104 0.7 9.8 0.6 9.4
B A ns
tpHL 1.8 11.1 1.3 9.4 0.8 9 0.7 8.5
tonz 45 14.9 45 1438 44 14.8 44 14.4
DIR A ns
tpLz 3.4 12.4 3.7 12.4 3.9 121 3.3 11.8
tpnz 57 313 47 177 47 14.4 29 1.4
DIR B ns
tpLz 4.5 21.7 3.5 15.3 4.3 12.3 1 9.6
tpzy (1 34 25.7 221 19
Pzn DIR A ns
tpy () 42.4 27.1 234 19.9
tpzy (M 31.9 24.4 21.9 20.2
Pz DIR B ns
tpz (D 315 25.8 23.8 22.4
(1) The enable time is a calculated value, derived using the formula shown in the Enable Times section.
5.9 Switching Characteristics: Voca = 5V * 0.5V
over recommended operating free-air temperature range, Vcca = 5V £ 0.5V (unless otherwise noted) (see [X] 6-1)
FROM TO VCCB =1.8V VCCB =2.5V 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
toLn 1.9 19.1 1 15 0.6 9.4 0.5 7.9
A B ns
tpHL 1.8 16.2 0.9 10.2 0.7 8.5 0.5 7.5
tpLy 1.4 1.2 1 9.1 0.7 8.4 0.5 7.9
B A ns
tppL 1.7 11 0.9 8.6 0.7 8 0.5 7.5
tpyz 29 12.2 29 11.9 2.8 11.9 2.2 11.8
DIR A ns
tpLz 1.4 10.9 1.3 10.7 0.7 10.7 0.7 10.6
tpHz 5.8 30.1 4.4 17.9 4.4 14.1 1.3 11.3
DIR B ns
tpLz 47 209 33 15 4 1.7 1 9.6
tpzy (1) 32.1 241 20.1 18.5
Fzn DIR A ns
tpz (1 411 26.5 221 18.8
tpzy (1 30 22.2 201 18.5
Pzn DIR B ns
tpy () 28.4 22.1 224 19.3

(1) The enable time is a calculated value, derived using the formula shown in the Enable Times section.
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5.10 Operating Characteristics

Ta=25°C
TEST Veea = Veea = Veea = Veea =
V, =1.8V V, =2.5V V, =3.3V V, =5V
PARAMETER CONDITIONS ccB ccB ccB ccB UNIT
TYP TYP TYP TYP
A-port input,
B-port output Cy = OpF, 3 4 4 4
Cpaa O B-oort nput f=10MHz, pF
-portinput, tr=t=1ns
A-port output e 18 19 20 21
A-port input,
B-port output C_ = OpF, 18 19 20 21
Cpag (! - f = 10MHz, oF
B-port input, t=t=1ns 3 4 4 4
A-port output

(1) Power dissipation capacitance per transceiver.
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5.11 Typical Characteristics
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5-1. Typical Propagation Delay of High-to-Low (A to B) vs
Load Capacitance Tp = 25°C, Vcca = 1.8V
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5-2. Typical Propagation Delay of Low-to-High (A to B) vs
Load Capacitance Tp = 25°C, Vgca = 1.8V
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5-3. Typical Propagation Delay of High-to-Low (B to A) vs
Load Capacitance Tp = 25°C, Vgca = 1.8V
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5-4. Typical Propagation Delay of Low-to-High (B to A) vs
Load Capacitance Tp = 25°C, Vgca = 1.8V
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5-5. Typical Propagation Delay of High-to-Low (A to B) vs
Load Capacitance Ty = 25°C, V¢gca = 2.5V
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5-6. Typical Propagation Delay of Low-to-High (A to B) vs
Load Capacitance Tp = 25°C, Vgca = 2.5V
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5.11 Typical Characteristics (continued)
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5-7. Typical Propagation Delay of High-to-Low (B to A) vs
Load Capacitance Tp = 25°C, V¢ca = 2.5V
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5-8. Typical Propagation Delay of Low-to-High (B to A) vs
Load Capacitance Tp = 25°C, Vgca = 2.5V
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5-9. Typical Propagation Delay of High-to-Low (A to B) vs
Load Capacitance Tp = 25°C, V¢gca = 3.3V
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5-10. Typical Propagation Delay of Low-to-High (A to B) vs
Load Capacitance T = 25°C, V¢ca = 3.3V
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5-11. Typical Propagation Delay of High-to-Low (B to A) vs
Load Capacitance Ty = 25°C, Vgca = 3.3V
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5-12. Typical Propagation Delay of Low-to-High (B to A) vs
Load Capacitance T = 25°C, V¢ca = 3.3V
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5.11 Typical Characteristics (continued)
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5-13. Typical Propagation Delay of High-to-Low (A to B) vs
Load Capacitance Tp = 25°C, Vcca = 5V
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5-14. Typical Propagation Delay of Low-to-High (A to B) vs
Load Capacitance T = 25°C, Vcca = 5V
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5-15. Typical Propagation Delay of High-to-Low (B to A) vs
Load Capacitance Ty = 25°C, Vgea = 5V

10

9

8

tPLH-ns

Veep=18V
| ,

—
Veep =25V

e ——
2 1

Vecg=3.3V
Vecg=5V

I
I
—

0 |
0 5 10 15 20 25 30 35
CL-pF

5-16. Typical Propagation Delay of Low-to-High (B to A) vs
Load Capacitance T = 25°C, Vcca = 5V
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6 Parameter Measurement Information

2xV
. o ceo TEST S1
W S oo
From Output L pen tpd Open
Under Test GND tpLzZ/tpzL 2xVeeo
tpHz/tpzH GND
C|_ RL
(see Note A) I
LOAD CIRCUIT — ty, —p
I I
| | Vel
Input X Vcer/2 XVCCI/Z
Veco CL R. Vip ov
18V+0.15V 15 pF 2 kQ 0.15V VOLTAGE WAVEFORMS
3.3vV+03V 15 pF 2kQ 03V
5V+05V 15 pF 2 kQ 03V
Output Veea
Control
(low-level
enabling) oV
______ Veer Output Veco
Input 7|Z Vear/2 Sk Vear/2 Waveform 1
[ ov S1at2x Vcco VOL
| | (see Note B)
ton —f——»! D — tpnL
| | Output v
| ——— Von Waveform 2 OH
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.
B. Waveform 1 is for an output with internal conditions such that the output is low, except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high, except when disabled by the output control.

C. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg = 50 , dv/dt > 1 V/ns.
D. The outputs are measured one at a time, with one transition per measurement.
E. tpLz and tpyz are the same as tyjs.
F. tpz_and tpzy are the same as tgp,.
G. tpLH and tpyL are the same as tpg.
H. Vg is the Vg associated with the input port.
I. Voo is the Vg associated with the output port.
J. All parameters and waveforms are not applicable to all devices.
EJ 6-1. Load Circuit and Voltage Waveforms
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7 Detailed Description
7.1 Overview

The SN74LVC2T45-Q1 is a dual-bit, dual-supply noninverting voltage level translation device. Vcca supports pin
Ax and the direction control pin, and V¢cg supports pin Bx. The A port can accept 1/O voltages ranging from
1.65V to 5.5V, while the B port can accept I/O voltages from 1.65V to 5.5V. The high on DIR allows data
transmission from A to B and a low on DIR allows data transmission from B to A.

7.2 Functional Block Diagram

2

A1l

A2

7-1. Logic Diagram (Positive Logic)

7.3 Feature Description

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

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

7.3.2 Support High-Speed Translation

SN74LVC2T45-Q1 can support high data rate applications. The translated signal data rate can be up to
420Mbps when signal is translated from 3.3V to SV.

7.3.3 Iy Supports Partial-Power-Down Mode Operation

lof Will prevent backflow current by disabling 1/0 output circuits when the device is in Partial-Power-Down mode.
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 |l in the Electrical Characteristics.

7.3.4 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.
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7.3.5 Glitch-Free Power Supply Sequencing

Either supply rail may be powered on or off in any order without producing a glitch on the 1/Os (that is, where the
output erroneously transitions to VCC when it should be held low or vice versa). Glitches of this nature can be
misinterpreted by a peripheral as a valid data bit, which could trigger a false device reset of the peripheral, a
false device configuration of the peripheral, or even a false data initialization by the peripheral.

7.3.6 V. Isolation

The 1/Os 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 |l in the Electrical Characteristics.

7.4 Device Functional Modes

Z¢ 7-1 lists the functional modes of the SN74LVC2T45-Q1 device.

£ 7-1. Function Table (Each Transceiver) ()

INPUT
DIR

OPERATION

L
H

B data to A bus
A data to B bus

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

-
AT o7 7V r—variFliz, TI O®-EAERICE N0 TIEeL, Tl TEFO EMEFIdzets
PFEWZLER A, H 2 O B AR 28 OB AEPEIC OV T, BERO B THIKIL T 72Kz
R0FET, BEREITE ORI BEAZMIEL T ANTHZL T, VAT AOEREEZ R T OMLERHVET,

8.1 Application Information

The SN74LVC2T45-Q1 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 420Mbps when
the device translates signal from 3.3V to 5V. It is recommended to tie all unused 1/Os to GND. The device should
not have any floating 1/0Os when changing translation direction.

8.2 Typical Applications

8.2.1 Unidirectional Logic Level-Shifting Application
[X] 8-1 shows an example of the SN74LVC2T45-Q1 being used in a unidirectional logic level-shifting application.

————————————————— 8 —_—————————
I_ Veer | I_ Veez |
| | | |
| Veet | | |
| | ) | Vee |
| 1 8 |
|

| —2 7 : }
| | s 6 Veez |
| Veer | | |
| | | |
| | | |
| | | |
| | | |
| = = | =

b il e i

SYSTEM-1 SYSTEM-2

B4 8-1. Unidirectional Logic Level-Shifting Application
8.2.1.1 Design Requirements
7% 8-1 lists the pins and pin descriptions of the SN74LVC2T45-Q1 connections with SYSTEM-1 and SYSTEM-2.
& 8-1. SN74LVC2T45-Q1 Pin Connections With SYSTEM-1 and SYSTEM-2

PIN NAME FUNCTION DESCRIPTION
1 Veea Veet SYSTEM-1 supply voltage (1.65V to 5.5V)
2 A1 OuT1 Output level depends on V¢4 voltage.
3 A2 ouT2 Output level depends on V¢4 voltage.
4 GND GND Device GND
5 DIR DIR GND (low level) determines B-port to A-port direction.
6 B2 IN2 Input threshold value depends on V¢, voltage.
7 B1 IN1 Input threshold value depends on V¢, voltage.
8 Veer Veeo SYSTEM-2 supply voltage (1.65V to 5.5V)

For this design example, use the parameters listed in 3% 8-2.
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# 8-2. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 1.65V to 5.5V
Output voltage range 1.65V to 5.5V

8.2.1.2 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 SN74LVC2T45-Q1 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 SN74LVC2T45-Q1 device is driving to determine the output
voltage range.

8.2.1.3 Application Curve

1.8-V to 5.0-V Voltage Translation (2.5 MHz)

Input (1.8 V)

PR ¥ = L L e
Qutput (5.0 V)
Sty =
'!—-H-I e ] Il]'m-mll\«l h'nmﬂ-n-ll RR—— o gt
(@ 200V @ :00v 1[209115 2.50G5/s  5M points |
5.00v |
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8.2.2 Bidirectional Logic Level-Shifting Application

8-2 shows the SN74LVC2T45-Q1 being used in a bidirectional logic level-shifting application. Because the
SN74LVC2T45-Q1 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.

I_____V____________V__' I_V__________V_____'
| cc1 cc1 I | Vec2 cc2 I
I T Pullup/Down | I Pullup/Down |
| 1/0-1 or Bus Hold(1) | | or Bus Hold(1) 1/0-2 |
| 1 8 ] I |
| I 27— | I |
I | 3 6] f |
I o—|E 4 5 | |
| ' | |
| ! ]T | |
| DIR CTRL ! | |
| ° } | |
| | | |
| | | |
I = = ' | = '
b d S d
SYSTEM-1 SYSTEM-2

Eq 8-2. Bidirectional Logic Level-Shifting Application

8.2.2.1 Design Requirements
Referto ©2>=52-8.2.1.
8.2.2.2 Detailed Design Procedure

7% 8-3 provides data transmission from SYSTEM-1 to SYSTEM-2 and then from SYSTEM-2 to SYSTEM-1.

# 8-3. Data Transmission Sequence

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/O-1 and 1/0-2 are disabled. The bus-
2 H Hi-Z Hi-Z | 1
line state depends on pullup or pulldown.(!)
. . DIR bit is flipped. I/O-1 and 1/0O-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.
8.2.2.2.1 Enable Times
Calculate the enable times for the SN74LVC2T45-Q1 using the following formulas:

* tpzy (DIRto A) = tp 2 (DIR to B) + tp_ 4 (B to A)
* tpzL (DIR to A) = tpyz (DIR to B) + tpy, (B to A)
* tpzy (DIRto B) =tp z (DIR to A) + tp 4 (A to B)
* tpz (DIR to B) = tpyz (DIR to A) + tpy, (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 SN74LVC2T45-Q1 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.
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8.2.2.3 Application Curve
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8.3 Power Supply Recommendations

Always apply a ground reference to the GND pins first. This device is designed for glitch free power sequencing
without any ramp order requirements.

This device was designed with various power supply sequencing methods in mind to help prevent unintended
triggering of downstream devices, as described in Glitch-free Power Supply Sequencing.

8.3.1 Power-Up Consideration

Each V¢ pin must have a good bypass capacitor to prevent power disturbance. For devices with a single
supply, 0.1uF is recommended. If there are multiple Ve pins, 0.01uF or 0.022uF is recommended for each
power pin. It is acceptable to parallel multiple bypass capacitors to reject different frequencies of noise. 0.1uF
and 1uF capacitors are commonly used in parallel. The bypass capacitor must be installed as close to the power
pin as possible for best results.

# 8-4. Typical Total Static Power Consumption (lcca + lccg)

Vees = UNIT
ov 1.8V 2.5V 3.3v 5V
ov 0 <1 <1 <1 <1
1.8V <1 <2 <2 <2 2
2.5V <1 <2 <2 <2 <2 MA
3.3V <1 <2 <2 <2 <2
5V <1 2 <2 <2 <2

8.4 Layout

8.4.1 Layout Guidelines

It is recommended to follow common printed-circuit board layout guidelines for device reliability, such as the

follows:

* Use bypass capacitors on the power supplies.

» Use short trace lengths to avoid excessive loading.

» Place pads on the signal paths for loading capacitors or pullup resistors to help adjust rise and fall times of
signals depending on the system requirements.
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8.4.2 Layout Example
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] 8-3. SN74LVC2T45 Layout Example

]
:
v

20 BEHBIT ST — Ry (D

CEHOEDE) EFE

Product Folder Links: SN74LVC2T45-Q1

Copyright © 2024 Texas Instruments Incorporated

English Data Sheet: SCES818


https://www.ti.com/product/jp/sn74lvc2t45-q1?qgpn=sn74lvc2t45-q1
https://www.ti.com/jp/lit/pdf/JAJSP70
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSP70C&partnum=SN74LVC2T45-Q1
https://www.ti.com/product/jp/sn74lvc2t45-q1?qgpn=sn74lvc2t45-q1
https://www.ti.com/lit/pdf/SCES818

13 TEXAS
INSTRUMENTS SN74LVC2T45-Q1
www.ti.comlja-jp JAJSP70C — SEPTEMBER 2010 — REVISED JULY 2024

9 Device and Documentation Support
9.1 Documentation Support
9.1.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, Implications of Slow or Floating CMOS Inputs application note
» Texas Instruments, Designing with SN74LVCXT245 and SN74LVCHXT245 Family of Direction controlled
voltage translators application note
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9.4 Trademarks

THRY R AL AV ALY E2E™ is a trademark of Texas Instruments.
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10 Revision History
GRF G REORTIIUETERL TWET, TOSGET BRI GERICHEC TOET,

Changes from Revision B (June 2024) to Revision C (July 2024) Page
» Updated Operating free-air temperature 10 125°C..... ... e e e e e 4
Changes from Revision A (October 2022) to Revision B (June 2024) Page
* Updated the Power Supply Recommendations SECHON............cc.uuiiiiiiiiiie ettt ssee e eraeeeeeanes 19
Changes from Revision * (September 2010) to Revision A (October 2022) Page
o FFAPRIKIZDIZS TR, K AHA B IROTRZE TTIEZ TR 1
» Updated the thermals in the Thermal Information SECHON............ooi i 5
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» Extended the minimum specifications for lower delays in the Switching Characteristics sections.....................

11 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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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
SN74LVC2T45QDCURQ1 Active Production VSSOP (DCU) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 CAWR
SN74LVC2T45QDCURQL.A Active Production VSSOP (DCU) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 CAWR

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF SN74LVC2T45-Q1 :
o Catalog : SN74LVC2T45

Addendum-Page 1


https://www.ti.com/product/SN74LVC2T45-Q1/part-details/SN74LVC2T45QDCURQ1
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
http://focus.ti.com/docs/prod/folders/print/sn74lvc2t45.html

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 8-Nov-2025

o Enhanced Product : SN74LVC2T45-EP

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product

e Enhanced Product - Supports Defense, Aerospace and Medical Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
SN74LVC2T45QDCURQ1| VSSOP | DCU 8 3000 178.0 9.0 225 | 335 | 1.05 | 4.0 8.0 Q3
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN74LVC2T45QDCURQ1 VSSOP DCU 8 3000 180.0 180.0 18.0
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PACKAGE OUTLINE
DCUOOOSA VI VSSOP - 0.9 mm max height

SMALL OUTLINE PACKAGE

3.2
-
3.0 TYP

PIN 1 INDEX AREA SEATING
PLANE
" 7 N 8 ox[05]
- IRE
—C =
i
NOTE 3
1
— . o=
- - 1 5 0.25
04 8X 017
[B— 22 - [# [0.08@ [c|A[B]

.
GAGE PLANE

/7SEE DETAIL A
/' (AN

(’ ]
: ,, N {
\*\,,/"/ j o"-e"yﬁ J

(0.13) TYP

DETAIL A
TYPICAL

4225266/A 09/2014

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-187 variation CA.
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EXAMPLE BOARD LAYOUT
DCUOOOSA VSSOP - 0.9 mm max height

SMALL OUTLINE PACKAGE

SEE SOLDER MASK
DETAILS

(R0.05) TYP

T
]

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 25X
SOLDER MASK METAL METAL UNDER SOLDER MASK

OPENING | SOLDER MASK\ OPENING

(N

EXPOSED METAL | *~——EXPOSED METAL
0.05 MAX # 0.05 MIN

ALL AROUND ALL AROUND

NON-SOLDER MASK SOLDER MASK

DEFINED DEFINED

(PREFERRED) 50| DER MASK DETAILS
4225266/A 09/2014

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.

INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN

DCUOOOS8A

VSSOP - 0.9 mm max height

SMALL OUTLINE PACKAGE

|

8X(0.3) 1 | I ]
|
{

8X (0.85)
SYMM
R
|
|
|

(RO.05) TYP
Gj

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 25X

4225266/A 09/2014

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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