Ordering & Technical Design & Support & o
-E quality documentation development E training ZE G

13 TEXAS SN74LV541A-Q1
INSTRUMENTS JAJSP10A — AUGUST 2022 — REVISED NOVEMBER 2022

SN74LV5S4MA-Q1 E& A, 3 XAT—MHADA OISV - Ny T 7| RSAN

15E 3HE
o BT TV —ar Il AEC-Q100 R HE A SN74LV541A-Q1 F /31 2%, 2V~5.5V O Vg TEIE

— FRARRETL—R1: THINTERHEINIZA T AN Ry T 7 | RIANRTT, T

. 40°C~125°C. T 2747 Low DA F*—7 L (OET, OE2) i 8 >
— F34Z HBM ESD 434l L 2 DF ¢ RNz X THIHL, ZO M A Low DEED I
5,31 % CDM ESD 43 %L ~L C6 HANT I T 4TI B IS TNVET,

. ‘7i/§77/u 7727 QFN (WRKS) 7/ /r — it ISy =)

fa ‘ BRES Rolr—y A AR (15F)
: ZE,VN5'5V ? Vee THIfE WRKS (WQFN. 20) | 4.50mm x 2.50mm
* K tyg 6ns (5V H%E) SN74LV541A-Q1
T c,t@*fﬂ E’J/\U*—5 e %—h T@@Jf/ﬁ%‘ﬁ“l‘ (1) FIFIRIRE 2 S r— 2SN T, ZOF — 2 —hO K RIS

»4}\ DIEEHRES IR TITZEN,
« JESD 17 ##LC 250mA D Z7vF 7 v 7 IERE
27 V—ay
© TUMEEDAR =T NVELIT 48 —=T v
o MREFIZ/ARDZNATE T DIRE
o arbhr—7- Uty MGEO(E SIRFF
o AAYT DT INTUA

Shared Control Logic
D
OE2 |:>—I>o—'7
AXx E)—{ | : > Yx
One of Eight 3-State Buffers

FMIEE (IEFRER)

FEEIRO THRL ZHOWTOEMAFIR U722 0B EHE, A OMEZHERR T2 A CEEAICIRELL TODH0TT, #348 § 2R 35E RO R i L,
www.ti.com T C& | ZONENEITEESIET, TI TIERIROEMEMEB IO Y PEIC S EL UL —OIRGE W LEE A, EEEORKRG L O, 47
BB DS GER A S S RTESWET IO BB WL ET,

English Data Sheet: SCLS904


https://training.ti.com/tlm-app-enable
https://training.ti.com/eliminate-slow-or-noisy-input-signals
https://training.ti.com/hold-signal-during-controller-reset
https://training.ti.com/debounce-switch
https://www.ti.com/product/ja-jp/sn74lv541a-q1?qgpn=sn74lv541a-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSP10
https://www.ti.com/product/ja-jp/SN74LV541A-Q1?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/ja-jp/SN74LV541A-Q1?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/ja-jp/SN74LV541A-Q1?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/ja-jp/SN74LV541A-Q1?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SCLS904

I3 TEXAS
SN74LV541A-Q1 INSTRUMENTS
JAJSP10A — AUGUST 2022 — REVISED NOVEMBER 2022 www.tij.co.jp
Table of Contents

LI =R 1 8.2 Functional Block Diagram..........c.cccceceeveeveeveveeennnnn. 1

2 T U= B s 1 8.3 Feature Description.............cooovoii 1

B 1 8.4 Device Functional Modes...........ccccooveeiiiiiinieecininenn. 12

4 ReVISION HISOTY........o..ovoeeeeeeeeeeeeeeeeeeeeeeeeeee e 2 9 Application and Implementation.................................. 14

5 Pin Configuration and Functions................ccccoccvuu...... 3 9.1 Apglication I-nfOI?mation ............................................. 14

6 SPECIfICAtIONS...........eeeeeeeeeeeeeeeeee e 4 9.2 Typical Appllcatlon................_ .................................... 14
6.1 Absolute Maximum Ratings..............oweeverevrreereerrennenn. 4 10 Power Supply Recommendations.................ccc.ccoec... 16
6.2 ESD RAUNGS.c...eeveeeeeeeeeeeeeeeeeeeeeseeeeeseeses e seeeeeeenen 4 11 Layout P 17
6.3 Recommended Operating Conditions......................... 5 11.1 Layout Guidelines...........cccoovieeeiiiieinieie e 17
6.4 Thermal INformation. ... 5 11.2 Layout Example..........ccoooeiiiiiiiiiiiec e 17
6.5 Electrical Characteristics. ... 6 12 Device and Documentation Support....................... 18
6.6 Switching Characteristics, Vo = 2.5V £ 0.2 V........... 6 12.1 Related Documentation...........ccooovveeeiviiiceiiiiieeeee 18
6.7 Switching Characteristics, Vee = 3.3V £ 0.3 V........... 6 12.2 Receiving Notification of Documentation Updates..18
6.8 Switching Characteristics, Voc =5V £ 0.5 V.............. 7 123 FA U R e 18
6.9 Noise Characteristics™) ..o 7 12.4 Trademarks.........coccveiiieeenieie e 18
6.10 Operating Characteristics................ccoceevevereereenn. 7 12.5 Electrostatic Discharge Caution...............ccceveennnee. 18
6.11 Typical Characteristics..............cocoeeeeeeceeeeeeenns 8 12.6 Glos_sary.............._ .................................................... 18

7 Parameter Measurement Information......................... 10 13 Mechanical, Packaging, and Orderable

8 Detailed DeSCHPLioN.............ccceoveeeeeeeeeeeeeeeens 11 Information.................ccoooo 18
8.1 OVEIVIEW....ooiiiiiiiiiie et 11

4 Revision History

ERERSRBOFETIILGET 2R TCWET, LOWGETIREEITREERICHEL TOET,

Changes from Revision * (August 2022) to Revision A (November 2022) Page

¢ THY—IMDOART —H AL BRGNS [EPET —ZJITZET oo 1

2 Submit Document Feedback

Product Folder Links: SN74LV541A-Q1

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com/product/ja-jp/sn74lv541a-q1?qgpn=sn74lv541a-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSP10
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSP10A&partnum=SN74LV541A-Q1
https://www.ti.com/product/ja-jp/sn74lv541a-q1?qgpn=sn74lv541a-q1

13 TEXAS
INSTRUMENTS

www.tij.

co.jp

JAJSP10A — AUGUST 2022 — REVISED NOVEMBER 2022

SN74LV541A-Q1

5 Pin Configuration and Functions

OETCIH10 20 T Vce
A1CI]2 19 T OE2
A2CT3 18 1 Y1
A3CT 4 173 v2
AMCIT]5 16 13 VY3
ASC1] 6 151 VY4
A7 1413 vs
A7TC1T 8 1336
A8 T 9 123 Y7
A1 s o eND 10 =R
GND Y8
B 5-1. WRKS Package, 5-2. DGS Package,
20-Pin WQFN 20-Pin SOT
(Top View) (Top View)
& 5-1. Pin Functions
PIN
TYPE(") DESCRIPTION
NAME NO.
OET 1 I Output enable input 1, active low
A1 2 | Input for channel 1
A2 3 | Input for channel 2
A3 4 | Input for channel 3
A4 5 | Input for channel 4
A5 6 | Input for channel 5
A6 7 | Input for channel 6
A7 8 | Input for channel 7
A8 9 | Input for channel 8
GND 10 G Ground
Y8 11 O Output for channel 8
Y7 12 O Output for channel 7
Y6 13 0 QOutput for channel 6
Y5 14 (@) Output for channel 5
Y4 15 0 Output for channel 4
Y3 16 O Output for channel 3
Y2 17 O Output for channel 2
Y1 18 (6] Output for channel 1
OE2 19 I Output enable input 2, active low
Vee 20 P Postive supply
Thermal Pad® . T_he thermal pad can be connected to GND or left floating. Do not connect to any other
signal or supply.
(1) 1 =Input, O = Output, I/O = Input or Output, G = Ground, P = Power.

(2) WRKS package only
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6 Specifications
6.1 Absolute Maximum Ratings

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

MIN MAX UNIT

Vce | Supply voltage -0.5 7 \Y
Vi Input voltage@ -0.5 7 \%
Vo Voltage range applied to any output in the high-impedance or power-off state(2) -0.5 7 \%
Vo Output voltage @) (3) -05 Vec+05| V
lik Input clamp current V<0 —-20 mA
lok Output clamp current Vo <0 -50 mA
lo Continuous output current Vo =0toVee +25 mA

Continuous current through Ve or GND +50 mA
Tstg Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

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

(3) This value is limited to 5.5 V maximum.

6.2 ESD Ratings

VALUE UNIT

Eloctrostati Human body model (HBM), per AEC Q100-002 HBM ESD Classification Level 2(1) +4000
ectrostatic
V(esb) discharge SZSrged device model (CDM), per AEC Q100-011 CDM ESD Classification Level +2000 v

(1) AEC Q100-002 indicate that HBM stressing shall be in accordrance with the ANSI/ESDA/JEDEC JS-001 specification.
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6.3 Recommended Operating Conditions

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

MIN MAX| UNIT

Vee Supply voltage 2 5.5 \%
VCC =2V 1.5

Viy High-level input voltage \Y
Vec=23Vtob55V Vee x 0.7
VCC =2V 0.5

Vi Low-level input voltage \%
Vec=23V1tob5V Vee X 0.3

V| Input voltage 0 55 \%
High or low state 0 Vee

Vo Output voltage \%
3-state 0 5.5
Vee=2V =50 uA
Vec=23Vto27V -2

lon High-level output current
Vgc=3Vto3.6V -8 mA
Vec=45Vto 55V -16
Vee=2V 50 uA
Vee=23Vto27V 2

loL Low-level output current
Vec=3Vto3.6V 8 mA
Vec=4.5Vto 55V 16
Vec=23Vto27V 200

At/Av Input transition rise or fall rate Vgc=3V1to3.6V 100 ns/V
VCC =45Vto55V 20

Ta Operating free-air temperature —40 125 °C

(1)  All unused inputs of the device must be held at V¢ or GND to ensure proper device operation. See Implications of Slow or Floating

CMOS Inputs.

6.4 Thermal Information

SN74LV541A-Q1
THERMAL METRIC(") WRKS (WQFN) DGS (SOT) UNIT
20 PINS 20 PINS
Rgya Junction-to-ambient thermal resistance 86 125.5 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 82.6 80.0 °C/W
Ress Junction-to-board thermal resistance 54.9 63.8 °C/W
Wyt Junction-to-top characterization parameter 9.5 8.4 °C/W
Wis Junction-to-board characterization parameter 54.9 79.9 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 325 N/A °C/W

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

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

PARAMETER Vce MIN TYP MAX| UNIT
lon = =50 mA 2Vto55V Vee — 0.1
, lon = =2 MA 2.3V 2
VoH High level output voltage \Y
lon = -8 MA 3V 248
IOH =-16 mA 45V 3.8
loL =50 mA 2Vtob55V 0.1
loL =2 mA 23V 0.4
VoL Low level output voltage V
loL = 8 MA 3V 0.44
loL = 16 mA 45V 0.55
I Input leakage current V|, =5.5V or GND OVto55V 11 MA
Off-state (high- impedance _
loz state) output current Vo = Vcg or GND 55V B pA
lec Supply current V|=VcgcorGND, Ig=0 55V 20 MA
Input/Output Power-Off _
loff Leakage Current ViorVg = Oto5.5V oV 5 MA
G Input Capacitance V| = Ve or GND 3.3V 2 pF
6.6 Switching Characteristics, Vcc =2.5V 0.2V
over operating free-air temperature range (unless otherwise noted), (see [X] 7-1)
PARAMETE FROM TO LOAD 25°C —40°C to 125°C UNIT
R (INPUT) (OUTPUT) CAP MIN TYP  MAX MIN TYP  MAX
tod A Y 6.7 1 135
ten OE Y CL=15pF 8.5 1 19.5| ns
tais OE Y 8.4 1 15
tod A Y 8.7 1 18.5
ten OE Y 10.5 1 24
— CL=50pF ns
tais OE Y 12.3 1 20
tsk(o) 2 2
6.7 Switching Characteristics, Vcc =3.3V 0.3V
over operating free-air temperature range (unless otherwise noted), (see [X| 7-1)
PARAMETE FROM TO LOAD 25°C —40°C to 125°C o
R (INPUT) (OUTPUT) CAP MIN TYP MAX | MIN TYP  MAX
tod A Y 4.8 7 1 8.5
ten OE \4 CL=15pF 6.1 10.5 1 125 ns
tais OE Y 5.8 1 1 12
tpd A Y 6.1 10.5 1 12
ten OE Y 7.4 14 1 16
— CL=50pF ns
tais OE Y 8.8 15.4 1 175
tsk(o) 15 1.5
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6.8 Switching Characteristics, Vcc =5V 0.5V

over operating free-air temperature range (unless otherwise noted), (see [X] 7-1)

PARAMETE FROM TO LOAD 25°C —40°C to 125°C i
R (INPUT) (OUTPUT) CAP MIN TYP MAX | MIN TYP  MAX
tod A Y CL=15pF 35 5 1 6
ten OE Y CL=15pF 43 7.2 1 85| ns
tyis OE Y CL=15pF 3.9 7.5 1 8
tod A Y CL =50 pF 4.3 7 1 8
ten OE Y CL=50pF 5.3 9.2 1 10.5
tyis OE Y CL=50pF 5.6 8.8 1 10 ne
tsk(o) C_L=50pF 1 1
6.9 Noise Characteristics(")
Vee =3.3V,CL=50pF, Ty =25°C
SN74LV541A-Q1
PARAMETER UNIT
MIN TYP MAX
VoLp) Quiet output, maximum dynamic Vg 0.5 0.8 \%
VoLw) Quiet output, minimum dynamic Vg -0.4 -0.8 \Y
VoHv) Quiet output, minimum dynamic Voy 29 Y
ViHD) High-level dynamic input voltage 2.31 \Y
ViLp) Low-level dynamic input voltage 0.99 \Y
(1)  Characteristics are for surface-mount packages only.
6.10 Operating Characteristics
Ta=25°C
PARAMETER TEST CONDITIONS Vee TYP| UNIT
3.3V 16.3
Cpd Power dissipation capacitance CL =50 pF f=10 MHz pF
5V 17.8
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6.11 Typical Characteristics

0.16 0.3
0.14
0.25
0.12 /
0.2
0.1
) s
~— 0.08 2 0.15
>o > /
0.06 01
0.04 Z
0.02 / 0.05 // Vec=45V
. — Vcc =23V — Vcc =4.
7z — Vea-3V . pd — Voo=55V
0
0 2 4 6 8 0 2 4 6 8 10 12 14 16
loL (MA) loL (mA)
6-1. Output Voltage in LOW State, 2.3- and 3-V Supply 6-2. Output Voltage in LOW State, 4.5- and 5.5-V Supply
3 — 2451 ——
29 5.3 — |
2.8 5.2 —
5.1
2.7 5
S 26 = 4.9
< < 438
5 25 S 47
= 24 = 46
23 45 ——
2.2 43 —
21 — Ve =23V 4.2 — Vo =45V
— Vcc =3V 4.1 — Vgc =55V
2 4
-8 -6 -4 2 0 16 -14 12 -10 -8 -6 -4 -2 0
lon (MA) lon (MA)
6-3. Output Voltage in HIGH State, 2.3- and 3-V Supply ] 6-4. Output Voltage in HIGH State, 4.5- and 5.5-V Supply
0.1 0.6
— Ve =25V — Ve =3.3V
0.09 f { °° 0.54 /\‘\ — Vee=5V
—. 0.08 | —. 048
z / z /
£ o07 / E o042 /
€ 006 © 036
S 00 / 3 os / \
> >
S 0.04 g 024
3 \ 3 N \
i, 008 / > 018 VAN
= 0.02 < 012 N N
0.01 // \\ 0.06 / N \
o , .~ o / N
0 025 05 075 1 125 15 175 2 225 25 0 05 1 15 2 25 3 35 4 45 5 55
V| - Input Voltage (V) V| - Input Voltage (V)
6-5. Supply Current Across Input Voltage, 2.5-V Supply 6-6. Supply Current Across Input Voltage, 3.3- and 5-V
Supply
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6.11 Typical Characteristics (continued)

4.5 7
— TPDinns
4 — . N |
35 \\
5
3 \
2 25 24
£ 2 o
= = 3
1.5
2
1
0.5 1
— TPDinns
0 0
-100 -50 0 50 100 150 0 1 2 3 4 5 6
Temperature (°C) Vee
6-7. TPD vs Temperature EJ 6-8. TPD vs V¢ at 25°C
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7 Parameter Measurement Information

o Vee
S1
= O Open
From Output Test From Output R =1k / P TEST $1
Under Test Point Under Test l GND tpLH/tPHL Open
CL CL tpLz/tpzL Vee
(see Note A) (see Note A) tpHz/tpzH GND
Open Drain Vce
LOAD CIRCUIT FOR LOAD CIRCUIT FOR
TOTEM-POLE OUTPUTS 3-STATE AND OPEN-DRAIN OUTPUTS
***** Vee
Timing Input 50% Vcc
— ty ——» | ov
\ \ —d—t,
‘ \ Vee tsu 4“—” } v
‘ ] | —— cc
) 0,
Input 50% Vee XSO % Vee Data Input 50% Vcc 50% Ve
ov oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATION SETUP AND HOLD TIMES
—————— v Y
ce Output ce
Input 50% Vce 50% Vcc Control 50% Vec 50% Vec
| } ov \ | ov
\ \ \ \
tpLH H [ teuL tpzL —P ‘F —» ‘W tpLz
e ‘ ——— Vou Output ‘ | ‘ =Vce
n-Phase \ 50% Ve 50% V, Waveform 1 \
Output | S S1at Vec | VoL+03V
oL VoL
| ‘ \ (see Note B) \ \ ‘
tPHL —4—P l—»— tern tpzn » [ P « tpHz
\

| Output ‘

Out-of-Phase | Von Waveform 2 Von-03V Vou
-of- oV oV 50% V. OH ~ %
Output 0% Ve ff 50% v S1at GND o Yee oV

(see Note B)

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING

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 < 1 MHz, Z5 =50 Q, t; < 3 ns,

and t;< 3 ns.

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

tpLz and tpyz are the same as tgjs.

tpzL and tpzy are the same as tgp.

tpyL and tp 1 are the same as tpg.

All parameters and waveforms are not applicable to all devices.

IemMmo

B4 7-1. Load Circuit and Voltage Waveforms
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8 Detailed Description
8.1 Overview

The SN74LV541A-Q1 device is an octal buffer/driver designed for 2 V to 5.5 V V¢ operation.

The active low output enable pins (OE1 and OE2) control all eight channels, and are configured so that both
must be low for the outputs to be active. When the outputs are enabled, the outputs are actively driving low or
high. When the outputs are disabled, the outputs are set into the high-impedance state.

This device is fully specified for partial-power-down applications using Iy The I circuitry disables the outputs,
preventing damaging current backflow through the devices when they are powered down.

8.2 Functional Block Diagram

Shared Control Logic
Ax E)—{ | :

One of Eight 3-State Buffers

0
m
A

O
m
N
A

Yx

{}

Ed 8-1. Logic Diagram (Positive Logic)
8.3 Feature Description

8.3.1 Balanced CMOS 3-State Outputs

This device includes balanced CMOS 3-state outputs. Driving high, driving low, and high impedance are the
three states that these outputs can be in. The term balanced indicates that the device can sink and source
similar currents. The drive capability of this device may create fast edges into light loads, so routing and load
conditions should be considered to prevent ringing. Additionally, the outputs of this device can drive larger
currents than the device can sustain without being damaged. It is important for the output power of the device to
be limited to avoid damage due to overcurrent. The electrical and thermal limits defined in the Absolute
Maximum Ratings must be followed at all times.

When placed into the high-impedance mode, the output will neither source nor sink current, with the exception of
minor leakage current as defined in the Electrical Characteristics table. In the high-impedance state, the output
voltage is not controlled by the device and is dependent on external factors. If no other drivers are connected to
the node, then this is known as a floating node and the voltage is unknown. A pull-up or pull-down resistor can
be connected to the output to provide a known voltage at the output while it is in the high-impedance state. The
value of the resistor will depend on multiple factors, including parasitic capacitance and power consumption
limitations. Typically, a 10-kQ resistor can be used to meet these requirements.

Unused 3-state CMOS outputs should be left disconnected.
8.3.2 Partial Power Down (lo¢)

This device includes circuitry to disable all outputs when the supply pin is held at 0 V. When disabled, the
outputs will neither source nor sink current, regardless of the input voltages applied. The amount of leakage
current at each output is defined by the | specification in the Electrical Characteristics table.

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback

Product Folder Links: SN74LV541A-Q1

1


https://www.tij.co.jp
https://www.ti.com/product/ja-jp/sn74lv541a-q1?qgpn=sn74lv541a-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSP10
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSP10A&partnum=SN74LV541A-Q1
https://www.ti.com/product/ja-jp/sn74lv541a-q1?qgpn=sn74lv541a-q1

13 TEXAS
SN74LV541A-Q1 INSTRUMENTS
JAJSP10A — AUGUST 2022 — REVISED NOVEMBER 2022 www.tij.co.jp

8.3.3 Wettable Flanks

This device includes wettable flanks for at least one package. See the Features section on the front page of the
data sheet for which packages include this feature.

Package Package

Solder
Wettable Flank Lead Standard Lead

8-2. Simplified Cutaway View of Wettable-Flank QFN Package and Standard QFN Package After
Soldering

Wettable flanks help improve side wetting after soldering, which makes QFN packages easier to inspect with
automatic optical inspection (AQOI). As shown in 8-2, a wettable flank can be dimpled or step-cut to provide
additional surface area for solder adhesion which assists in reliably creating a side fillet. Please see the
mechanical drawing for additional details.

8.3.4 Clamp Diode Structure

8-3 shows the inputs and outputs to this device have negative clamping diodes only.

Voltages beyond the values specified in the Absolute Maximum Ratings table can cause damage to
the device. The input and output voltage ratings may be exceeded if the input and output clamp-
current ratings are observed.

Input Logic Output
|
‘|IKT '|OK:
% o

B 8-3. Electrical Placement of Clamping Diodes for Each Input and Output

8.4 Device Functional Modes

& 8-1. Function Table

INPUTS(") OUTPUT®)
OET OE2 A Y
L L L L
L L H H
H X X 4
X H X 4

(1) L =inputlow, H = input high, X = do not care
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(2) L =outputlow, H = output high, Z = high impedance
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9 Application and Implementation

g2
Information in the following applications sections is not part of the Tl component specification, and TI
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 SN74LV541A-Q1 can be used to drive signals over relatively long traces or transmission lines. To reduce
ringing caused by impedance mismatches between the driver, transmission line, and receiver, a series damping
resistor placed in series with the transmitter’s output can be used. The figure in the Application Curve section
shows the received signal with three separate resistor values. Just a small amount of resistance can make a
significant impact on signal integrity in this type of application.

9.2 Typical Application

System 1A1 | 1Y1 ARd
Controller | o 6 ) %
L>12cm

Transmitter Receiver

A1 I o i Peripheral

\—/

EJ 9-1. Input Expansion with Shift Registers

9.2.1 Power Considerations

Ensure the desired supply voltage is within the range specified in the Recommended Operating Conditions. The
supply voltage sets the device's electrical characteristics as described in the Electrical Characteristics section.

The positive voltage supply must be capable of sourcing current equal to the total current to be sourced by all
outputs of the SN74LV541A-Q1 plus the maximum static supply current, Icc, listed in the Electrical
Characteristics, and any transient current required for switching. The logic device can only source as much
current that is provided by the positive supply source. Be sure to not exceed the maximum total current through
V¢ listed in the Absolute Maximum Ratings.

The ground must be capable of sinking current equal to the total current to be sunk by all outputs of the
SN74LV541A-Q1 plus the maximum supply current, Icc, listed in the Electrical Characteristics, and any transient
current required for switching. The logic device can only sink as much current that can be sunk into its ground
connection. Be sure to not exceed the maximum total current through GND listed in the Absolute Maximum
Ratings.

The SN74LV541A-Q1 can drive a load with a total capacitance less than or equal to 50 pF while still meeting all
of the data sheet specifications. Larger capacitive loads can be applied; however, it is not recommended to
exceed 50 pF.

The SN74LV541A-Q1 can drive a load with total resistance described by R| = Vg / |g, with the output voltage
and current defined in the Electrical Characteristics table with Vo and Vg . When outputting in the HIGH state,
the output voltage in the equation is defined as the difference between the measured output voltage and the
supply voltage at the V¢ pin.

Total power consumption can be calculated using the information provided in CMOS Power Consumption and
Cpd Calculation.

Thermal increase can be calculated using the information provided in Thermal Characteristics of Standard Linear
and Logic (SLL) Packages and Devices.
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The maximum junction temperature, T jmay) listed in the Absolute Maximum Ratings, is an additional
limitation to prevent damage to the device. Do not violate any values listed in the Absolute Maximum
Ratings. These limits are provided to prevent damage to the device.

9.2.2 Input Considerations

Input signals must cross Vi max) to be considered a logic LOW, and V|yin) to be considered a logic HIGH. Do
not exceed the maximum input voltage range found in the Absolute Maximum Ratings.

Unused inputs must be terminated to either V¢ or ground. The unused inputs can be directly terminated if the
input is completely unused, or they can be connected with a pull-up or pull-down resistor if the input will be used
sometimes, but not always. A pull-up resistor is used for a default state of HIGH, and a pull-down resistor is used
for a default state of LOW. The drive current of the controller, leakage current into the SN74LV541A-Q1 (as
specified in the Electrical Characteristics), and the desired input transition rate limits the resistor size. A 10-kQ
resistor value is often used due to these factors.

The SN74LV541A-Q1 has CMOS inputs and thus requires fast input transitions to operate correctly, as defined
in the Recommended Operating Conditions table. Slow input transitions can cause oscillations, additional power
consumption, and reduction in device reliability.

Refer to the Feature Description section for additional information regarding the inputs for this device.
9.2.3 Output Considerations

The positive supply voltage is used to produce the output HIGH voltage. Drawing current from the output will
decrease the output voltage as specified by the Voy specification in the Electrical Characteristics. The ground
voltage is used to produce the output LOW voltage. Sinking current into the output will increase the output
voltage as specified by the Vo, specification in the Electrical Characteristics.

Push-pull outputs that could be in opposite states, even for a very short time period, should never be connected
directly together. This can cause excessive current and damage to the device.

Two channels within the same device with the same input signals can be connected in parallel for additional
output drive strength.

Unused outputs can be left floating. Do not connect outputs directly to V¢ or ground.

Refer to the Feature Description section for additional information regarding the outputs for this device.
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9.2.4 Detailed Design Procedure

1. Add a decoupling capacitor from V¢ to GND. The capacitor needs to be placed physically close to the
device and electrically close to both the V¢ and GND pins. An example layout is shown in the Layout
section.

2. Ensure the capacitive load at the output is < 50 pF. This is not a hard limit; it will, however, ensure optimal
performance. This can be accomplished by providing short, appropriately sized traces from the
SN74LV541A-Q1 to one or more of the receiving devices.

3. Ensure the resistive load at the output is larger than (Ve / loimax)) Q. This will ensure that the maximum
output current from the Absolute Maximum Ratings is not violated. Most CMOS inputs have a resistive load
measured in MQ; much larger than the minimum calculated previously.

4. Thermal issues are rarely a concern for logic gates; the power consumption and thermal increase, however,
can be calculated using the steps provided in the application report, CMOS Power Consumption and Cpd
Calculation.

9.2.5 Application Curves

o — %
M N 50Q
33 , v |
2 ‘ |
\ \
i T
1 \
I
2

0 15 30 45 60 75 90 100
Time (ns)

B 9-2. Simulated Signal Integrity at the Reciever With Different Damping Resistor (Rd) Values

10 Power Supply Recommendations

The power supply can be any voltage between the minimum and maximum supply voltage rating located in the
Absolute Maximum Ratings section. Each V¢ terminal must have a good bypass capacitor to prevent power
disturbance. For devices with a single supply, Tl recommends a 0.1-uyF capacitor; if there are multiple Ve
terminals, then Tl recommends a 0.01-pyF or 0.022-uF capacitor for each power terminal. Multiple bypass
capacitors can be paralleled to reject different frequencies of noise. Frequencies of 0.1 yF and 1 uF are
commonly used in parallel. The bypass capacitor must be installed as close as possible to the power terminal for
best results.
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11 Layout

11.1 Layout Guidelines

When using multiple bit logic devices, inputs should not float. In many cases, functions or parts of functions of
digital logic devices are unused. Some examples are when only two inputs of a triple-input AND gate are used,
or when only 3 of the 4-buffer gates are used. Such unused input pins must not be left unconnected because the
undefined voltages at the outside connections result in undefined operational states. All unused inputs of digital
logic devices must be connected to a logic high or logic low voltage, as defined by the input voltage
specifications, to prevent them from floating. The logic level that must be applied to any particular unused input
depends on the function of the device. Generally, the inputs are tied to GND or V¢, whichever makes more
sense for the logic function or is more convenient.

11.2 Layout Example

Recommend GND flood fill for Vec  GND
improved signal isolation, noise
reduction, and thermal dissipation I:.:I
— 0.1 uF Bypass capacitor
E1 VCC placed close to the
_____ T 0 device
Al | 32 N B 990 OE2
A2 e o e v
Unused input o |- o P
tiedto GND P |4 1777 vz
A4 [ 5 160 Y3 Unused ogtput
° left floating
A5 [.361 GND {150_] Y4
A6 |37 14| Y5
------ °
A7 | 8 13| Y6
A8 [.39 o~ o~ 12071 Y7
10: 11

Avoid 90° GND Y8

corners for

signal lines @

11-1. Layout Example for the SN74LV541A-Q1 in the WRKS Package
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12 Device and Documentation Support
12.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, CMOS Power Consumption and Cpd Calculation application report

» Texas Instruments, Introduction to Logic application report

» Texas Instruments, Power-Up Behavior of Clocked Devices application report

» Texas Instruments, Thermal Characteristics of Standard Linear and Logic (SLL) Packages and Devices
application report

12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates—including silicon errata—go to the product folder for your
device on ti.com. In the upper right-hand corner, click the Alert me button. This registers you to receive a weekly
digest of product information that has changed (if any). For change details, check the revision history of any
revised document.
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12.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.
T RTOMEEIL, TNENOIAE IFBLET,
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.

“ \ 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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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 ©)
@ ©)

SN74LV541AQDGSRQ1 Active Production VSSOP (DGS) | 20 5000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 L541Q
SN74LV541AQDGSRQ1.A Active Production VSSOP (DGS) | 20 5000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 L541Q
SN74LV541AQWRKSRQ1 Active Production VQFN (RKS) | 20 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 LV541AQ

SN74LV541AQWRKSRQ1.A Active Production VQFN (RKS) | 20 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 LV541AQ

@ 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 TI RoHS Statement for additional information and value definition.

) |ead 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 TlI'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. Tl 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 TI 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.
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PACKAGE OUTLINE

DGSO0020A VSSOP - 1.1 mm max height
SMALL OUTLINE PACKAGE

PIN 1 INDEX:
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DETAIL A
TYPICAL

4226367/A 10/2020

NOTES:

PowerPAD 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.

exceed 0.15 mm per side.

(G20 w N

. Features may differ or may not be present.

. This drawing is subject to change without notice.
. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

. No JEDEC registration as of September 2020.
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EXAMPLE BOARD LAYOUT

DGSO0020A VSSOP - 1.1 mm max height
SMALL OUTLINE PACKAGE
| | SYMM
20X (1.45) ‘ ‘ (t
* | |
1 I | 20
20X (0.3) J‘ ‘
(R0.05) TYP ‘
wxan |
|

=
5N

(4.4)

LAND PATTERN EXAMPLE
SCALE: 16X

SOLDER MASK METAL

METAL UNDER SOLDER MASK
OPENING SOLDER MASK‘\ /OPENING

=

|
L \
EXPOSED METAL 1 o= N JL EXPOSED METAL

-

0.05 MAX 4 L

ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
4226367/A_10/2020

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.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.
10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged
or tented.
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EXAMPLE STENCIL DESIGN
DGSO0020A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

20X (1.45)
20X (0.3) 1

|
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jJu=—
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N
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(18X 0.5)
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(4.4)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 16X

4226367/A 10/2020

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
RKS 20 VQFN - 1 mm max height

2.5x 4.5, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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