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4 Pin Configuration and Functions

B 4-1. SN74LVC11A BQA Package, 14-Pin WQFN
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© B 4-2. SN74LVC11A D or PW (Preview) Packages,

14-Pin SOIC or TSSOP (Top View)

(Top View)
& 4-1. Pin Functions
PIN
SENIE o TYPE(" DESCRIPTION
1A 1 A TRV ATIA
1B 2 AT Fyxn 1, A1 B
2A 3 AT Fxx 2, AJTA
2B 4 AT Fxr2, AJ1B
2C 5 AT Frxr 2, AJJC
2y 6 WA [Ty 2, Y
GND 7 — 7SR
3Y 8 7 | Frar 3 Y
3A 9 AT Frx 3. ATTA
3B 10 AT FrxL 3. A B
3C 1 AT Frx 3, AJJC
1Y 12 Hi77 Frxv 1 Y
1C 13 AT Frxn 1, AJ1C
Vee 14 — EDER
Thermal Pad® _ znsptlf;ermal pad can be connected to GND or left floating. Do not connect to any other signal or
(1) 1 =input, O = output, I/O = input or output, G = ground, P = power.

(2) BQA Sy —YD7,
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5 Specifications

5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT

Vee Supply voltage range -0.5 6.5 \%

Vv Input voltage range(? -0.5 6.5 \Y

Vo Output voltage range@ 05 Vg +05 \%

lik Input clamp current V<0V -50 mA
lok Output clamp current Vo<0V -50 mA
lo Continuous output current +50 mA
lo Continuous output current through V¢ or GND +100 mA
T, Junction temperature -65 150 °C
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
briefly operating outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not
sustain damage, but it may not be fully functional. Operating the device in this manner may affect device reliability, functionality,

performance, and shorten the device lifetime.

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

5.2 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000 v
(ESD) discharge Charged-device model (CDM), per ANSI/ESDA/JEDEC JS-002(2) +1000
(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.
5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
Specifications Description ‘ Condition MIN MAX UNIT
Vee Supply voltage 1.1 3.6 \%
\ Input voltage 5.5 \Y
Vo Output voltage (High or low state) Vee \%
Vee =18V -4
lon High-level output current Voc =23V 8 mA
Vee =27V -12
Vee=3V -24
Vee =18V 4
lou Low-level output current Vec =23V 8 mA
Vec =27V 12
Vee =3V 24
At/Av Input transition rise or fall rate 10 ns/\V
Ta Operating free-air temperature -40 125 °C
Viy High-level input voltage Ve =11V 0.75 \%
Viy High-level input voltage Ve =12V 0.78 \%
Viy High-level input voltage Vec =15V 0.975 \%
Viy High-level input voltage Vec=1.65V 1.075 \%
\m High-level input voltage Vec =195V 1.2675 \Y
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over operating free-air temperature range (unless otherwise noted)

Specifications Description Condition MIN MAX UNIT
Viy High-level input voltage Vec =23V 1.7 V
Viy High-level input voltage Vec =27V 1.7 \
Viy High-level input voltage Vec =36V 2 \%
Vi Low-Level input voltage Ve =11V 0.40 \%
Vi Low-Level input voltage Ve =12V 0.42 \%
Vi Low-Level input voltage Vee =15V 0.525 \Y
ViL Low-Level input voltage Ve =165V 0.5775 \Y
Vi Low-Level input voltage Vec =195V 0.6825 \Y
Vi Low-Level input voltage Vec =23V 0.7 V
Vi Low-Level input voltage Vec =27V 0.7 \
Vi Low-Level input voltage Vec =36V 0.8 \%
5.4 Thermal Information
Package Options
THERMAL METRIC(") PW (TSSOP) D (SOIC) BQA (WQFN) UNIT
14 PINS 14 PINS 14 PINS

Rgua Junction-to-ambient thermal resistance 150.8 127.8 102.3 °C/W
Rayc(top)  |Junction-to-case (top) thermal resistance 78.3 81.9 96.8 °C/W
Rays Junction-to-board thermal resistance 93.8 84.4 70.9 °C/W
Wr Junction-to-top characterization parameter 24.7 39.6 16.6 °C/W
Y Junction-to-board characterization parameter 93.2 83.9 70.9 °C/W
Reycpoty |Junction-to-case (bottom) thermal resistance - - 50.1 °C/W

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

5.5 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)

-40°C to 125°C
PARAMETER TEST CONDITIONS Vece UNIT
MIN TYP MAX
Vou los= —100 pA 11V1t0 3.6V Vee-0.2 Vv
VOH IOH= -4 mA 1.65V 1.2 \%
VOH IOH= -8 mA 2.3V 1.75 \%
V 27V 22 \
oH lon= =12 mA
Vou 3V 2.4 v
Vou lon=—24 mA 3V 2.2 \%
VoL lon= 100 pA 11Vt 3.6V 0.15 Vv
VoL lon= 4 mA 1,65V 0.45 Vv
VOL IOH= 8 mA 2.3V 0.7 \%
VOL IOH= 12 mA 27V 0.4 \%
VOL IOH= 24 mA 3V 0.55 \%
Iy V| =V¢c or GND 3.6V +5 HA
loff ViorVg =Vce oV +10 MA
lec V| =V¢cor GND, lo=0 3.6V 40 HA
One input at V¢ - 0.6 V, other inputs at
Al Veo of GND 27Vt036V 500| A
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over operating free-air temperature range (unless otherwise noted)

-40°C to 125°C
PARAMETER TEST CONDITIONS Vee UNIT
MIN TYP MAX
C| V= VCC or GND 3.3V 4.9 pF
Co Vo = Ve or GND 3.3V 6.3 pF
Crp f=10 MHz 18V 31 pF
Crp f=10 MHz 25V 31 pF
Crp f=10 MHz 3.3V 32 pF

5.6 Switching Characteristics
over operating free-air temperature range; typical values measured at Tp = 25°C (unless otherwise noted). See Parameter
Measurement Information

FROM -40°C to 125°C
PARAMETER TO (OUTPUT) | LOAD CAPACITANCE Vee UNIT
(INPUT) MIN TYP MAX
C_L=15pF 12V+01V 12 23
tpd A, BorC Y ns
C_L=15pF 1.5VvV+0.12V 9 12
C_=30pF 1.8V+0.15V 10.2
C_=30pF 25V+02V 6.9
tod A,BorC Y ns
C_=50pF 27V 4.8
C_=50pF 33V+03V 41
tsk(o) 3.3V+03V 15 ns

5.7 Noise Characteristics
VCC = 3.3V, CL = 50 pF, TA = 25°C

PARAMETER DESCRIPTION MIN TYP MAX| UNIT
VoLp) Quiet output, maximum dynamic Vg 0.8 \Y
VoL Quiet output, minimum dynamic Vg -0.8 -0.3 \Y
VoHv) Quiet output, minimum dynamic Vo 2.2 3.3 \Y
ViHD) High-level dynamic input voltage 2.0 \%
ViLp) Low-level dynamic input voltage 0.8 V

5.8 Typical Characteristics

Ta = 25°C (unless otherwise noted)

60 800
— 18V — 33V

54 — 25V 720 — 50V
__ 48 . 640
< <
2% = 560
2 36 \ 2 480
=3 =3
S 30 [\ S 400
g 2 / & 320 ;'
T / \ © 240 /
8 . AN 8 -

12 ’ N 160 1 7

6 ~ 80 7

0 v 0 7 ~ ~]

0 025 05 075 1 125 15 175 2 225 25 0 05 1 15 2 25 3 35 4 45 5
VN - Input Voltage (V) V\\ - Input Voltage (V)
5-1. Supply Current Across Input Voltage 1.8V and 2.5V B4 5-2. Supply Current Across Input Voltage 3.3V and 5.0V
Supply Supply
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5.8 Typical Characteristics (continued)

Ta = 25°C (unless otherwise noted)

80 5 g
— 25°C T == — _
70| — 125°C 45 —
— -40°C
60 /J 4
. 50 \/\/ 3.5
< < —_—
5 40 ~ L z 3 ——
al 30 \/V\'/\/ L— = T
25
| e —
20 I
2 — 18V
10 ol —— 7 35V
o — 50V
1
05 1 15 2 25 3(\,) 35 4 45 5 55 0 25 -5 7.5 -10 -125 -15 -17.5 -20 -225 -25
ce lon (MA)
B4 5-3. Supply Current Across Supply Voltage 5-4. Output Voltage vs Current in HIGH State
0.55 5 |
05 4.95
4.9
0.45 / 4.85
0.4 4.8
0.35 -~ 4.75
- L~ S 47
> <
= 03 L T 465
D 025 v > S 6
0.2 / 455
| 45
0.15 2 sy Py
(d - )
0.1 — 25V — -40°C
Z — 33V 44 — 25°C
0.05 — 50V 4.35 — 125°C
0 43
0 25 5 75 10 125 15 175 20 225 25 -26 -225 -20 -175 -15 -125 -10 -75 -5 -25 O
loL (MA) lon (MA)
5-5. Output Voltage vs Current in LOW State 5-6. Output Voltage vs Current in HIGH State; 5V Supply
0.5 3.3
325 |~
0.45 3o
0.4 3.15
3.1
0.35 305
3
S 03 S 295
Vd 0.25 T 29
= S 285
0.2 o8
0.15 2.75
27
0.1 / — -40°C 265 — -40°C
0.05 — 25°C 26 — 25°C
: — 125°C 2.55 — 125°C
0 25
0 25 5 75 10 125 15 175 20 225 25 25 225 -20 -175 -15 -125 -10 -75 -5 -25 0
loL (MA) lon (MA)
5-7. Output Voltage vs Current in LOW State; 5V Supply 5-8. Output Voltage vs Current in HIGH State; 3.3V Supply
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5.8 Typical Characteristics (continued)

Ta = 25°C (unless otherwise noted)

0.6 25
0.55 245
0.5 2.4 /
0.45 2.35
0.4 2.3
s 0.35 s 2.25
~ 03 T 22
O o
> 025 > 215
0.2 2.1
0.15 2.05
0.1 — -40°C 2 — -40°C
— 25°C — 25°C
0.05 — 125°C 1.95 — 125°C
0 1.9
0 25 5 75 10 125 15 175 20 225 25 16 14 12 10 -8 -6 -4 2 0
loL (MA) lon (MA)

5-9. Output Voltage vs Current in LOW State; 3.3V Supply 5-10. Output Voltage vs Current in HIGH State; 2.5V Supply

0.4 / 1.8 ‘
1775
0.35 175 7
1.725
03 - 17 >
1.675
0.25 1.65
S S 1625
Z 02 ‘é 1.6
S L 1575
0.15 155
1.525
0.1 15
/ — -40°C 1.475 — -40°C
0.05 Z — 25°C 1.45 — 25°C
— 125°C 1.425 — 125°C
0 14
0 2 4 6 8 10 12 14 16 -8 7 - 5 -4 3 2 -1
loL (MA) lon (MA)

5-11. Output Voltage vs Current in LOW State; 2.5V Supply 5-12. Output Voltage vs Current in HIGH State; 1.8V Supply

0.28
0.26
0.24
0.22

0.2
0.18
0.16

0.14
0.12 =
&5

0.1
0.08

00t / — ¢
0.02 p# | — 125°C
00.5 15 25 35 45 55 65 75
loL (MA)
5-13. Output Voltage vs Current in LOW State; 1.8V Supply

VoL (V)
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6 Parameter Measurement Information

Phase relationships between waveforms were chosen arbitrarily for the examples listed in the following table. All
input pulses are supplied by generators having the following characteristics: PRR < 1MHz, Zo = 50Q, t; < 2.5ns.

The outputs are measured individually with one input transition per measurement.

Vee Vi RL CL AV
1.2V £ 0.1V Vee/2 2Q 15pF 0.1V
1.5V £ 0.12V Vo2 20 15pF 0.1V
1.8V £ 0.15vV Vee/2 1kQ 30pF 0.15V
2.5V 0.2V Vee/2 500Q 30pF 0.15V
2.7V 1.5V 500Q 50pF 0.3V
3.3V 0.3V 1.5V 500Q 50pF 0.3V

Test

Point

Input

From Output

Under Test

O
C R Output
Waveform 1
(1) C, includes probe and test-fixture capacitance.
6-1. Load Circuit for Push-Pull Outputs

Output
Waveform 2

(1) The greater between tp| y and tpy_ is the same as tpq.

B 6-2. Voltage Waveforms Propagation Delays

90% go — Ve
Input | |

10% | |\ 10% ov

= e e e
90% g%~ Vo

Output | |
10% 10%

| | Vo

> e ey ey
(1) The greater between t; and t; is the same as t;.
6-3. Voltage Waveforms, Input and Output Transition Times
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7 Detailed Description
7.1 Overview

This device contains three independent 3-input AND gates. Each gate performs the Boolean function Y = A x B
x C in positive logic.

7.2 Functional Block Diagram

XA —>
xB — ) > xY
|
7.3 Feature Description

o P>
7.3.1 Standard CMOS Inputs

Standard CMOS inputs are high impedance and are typically modeled as a resistor from the input to ground in
parallel with the input capacitance given in the Electrical Characteristics - 74. The worst case resistance is
calculated with the maximum input voltage, given in the Absolute Maximum Ratings, and the maximum input
leakage current, given in the Electrical Characteristics - 74, using ohm's law (R =V =+ ).

Signals applied to the inputs need to have fast edge rates, as defined by the input transition time in the
Recommended Operating Conditions to avoid excessive current consumption and oscillations. If a slow or noisy
input signal is required, a device with a Schmitt-trigger input should be used to condition the input signal prior to
the standard CMOS input.

7.3.2 Balanced CMOS Push-Pull Outputs

A balanced output allows the device to 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 are capable of driving 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 over-
current. The electrical and thermal limits defined in the Absolute Maximum Ratings must be followed at all times.

The SN74LVC11A can drive a load with a total capacitance less than or equal to the maximum load listed in the
Switching Characteristics -74 connected to a high-impedance CMOS input while still meeting all of the data
sheet specifications. Larger capacitive loads can be applied, however it is not recommended to exceed the
provided load value. If larger capacitive loads are required, it is recommended to add a series resistor between
the output and the capacitor to limit output current to the values given in the Absolute Maximum Ratings.

7.3.3 Clamp Diode Structure

7-1 shows the inputs and outputs to this device have negative clamping diodes only.

EE
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.
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 Device____Mee ,

| T |

| |

| |

| |

| |

Input Logic Output
| |
| |
-l -l

: IKT OK:

| |

L ___ O ———_———— |

GND

B 7-1. Electrical Placement of Clamping Diodes for Each Input and Output

7.4 Device Functional Modes
#& 7-1. Function Table(")

INPUTS OUTPUT
A B Cc Y
H H H H
L X X L
X L X L
X X L L

(1)  H=high voltage level, L = low voltage level, X = do not care
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8 Application and Implementation

E
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.

8.1 Application Information

In this application, this device is used to directly control the RESET pin of a motor controller. The controller
requires three input signals to all be HIGH before being enabled, and should be disabled in the event that any
one signal goes LOW. The 3-input AND gate function combines the three individual reset signals into a single
active-low reset signal.

8.2 Typical Application

Power Supply
Motor Controller
[y
PG
ON/OFF \ RESET
oC
Over
On/Off Switch Current
Detection

8-1. Typical Application Schematic

8.2.1 Design Requirements
8.2.1.1 Power Considerations

Ensure the desired supply voltage is within the range specified in the Recommended Operating Conditions. The
supply voltage sets the electrical characteristics of the device 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 SN74LVC11A 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
SN74LVC11A 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 SN74LVC11A can drive a load with a total capacitance less than or equal to 50pF while still meeting all of
the data sheet specifications. Larger capacitive loads can be applied; however, it is not recommended to exceed
50pF.

The SN74LVC11A 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 Voy and Vo . When outputting in the HIGH state, the
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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 the CMOS Power Consumption
and Cpd Calculation application note.

Thermal increase can be calculated using the information provided in the Thermal Characteristics of Standard
Linear and Logic (SLL) Packages and Devices application note.

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.

8.2.1.2 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 SN74LVC11A (as specified
in the Electrical Characteristics), and the desired input transition rate limits the resistor size. A 10kQ resistor
value is often used due to these factors.

The SN74LVC11A 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.
8.2.1.3 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.
8.2.2 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 Layout
Examples.

2. Ensure the capacitive load at the output is < 70pF. This is not a hard limit; by design, however, it will optimize
performance. This can be accomplished by providing short, appropriately sized traces from the
SN74LVC11A to the receiving device.

3. Ensure the resistive load at the output is larger than (V¢ / Io(max)) Q, so that the maximum output current
from the Absolute Maximum Ratings is not violated. Most CMOS inputs have a resistive load measured in
mega ohms; much larger than the minimum calculated previously.
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4. Thermal issues are rarely a concern for logic gates, however the power consumption and thermal increase
can be calculated using the steps provided in the application report, CMOS Power Consumption and Cpd
Calculation

8.2.3 Application Curves

I

\ \ \ \

Reset ‘ ‘ ‘ [
|

EJ 8-2. Typical Application Timing Diagram

8.3 Power Supply Recommendations

The power supply can be any voltage between the minimum and maximum supply voltage rating located in the
Recommended Operating Conditions. Each V¢ terminal should have a bypass capacitor to prevent power
disturbance. A 0.1uF capacitor is recommended for this device. It is acceptable to parallel multiple bypass
capacitors to reject different frequencies of noise. The 0.1uF and 1uF capacitors are commonly used in parallel.
The bypass capacitor should be installed as close to the power terminal as possible for best results, as shown in
Layout Example.

8.4 Layout
8.4.1 Layout Guidelines

When using multiple-input and multiple-channel logic devices inputs must not ever be left floating. In many
cases, functions or parts of functions of digital logic devices are unused; for example, when only two inputs of a
triple-input AND gate 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.

8.4.2 Layout Example
GND Vgc
Recommend GND flood fill for
improved signal isolation, noise Bypass capacitor
reduction, and thermal dissipation I:.] placed close to the
0.1 pF device
Unused 1A T4 AT Vg Unesed meut
inputs tied to O tied to Vee
GND iBCT 2 1311 1C Unused
2AC1]3 1211 1Y  output left
floating
2BC1T |4 11— 3C
2CC1 5 10— 3B
2Y[1T 16 9T 13A
Avoid 90°
corners for - GND 17 8 [113Y
signal lines
8-3. Example Layout for the SN74LVC11A
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9 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

9.1 Documentation Support
9.1.1 Related Documentation

For related documentation, see the following:

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

» Texas Instruments, Designing With Logic application note

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

» Texas Instruments, Implications of Slow or Floating CMOS Inputs application note
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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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