CD74HC4051-Q1
ANALOG MULTIPLEXER/DEMULTIPLEXER

SCLS552 - DECEMBER 2003

® (Qualification in Accordance With ® QOperation Control Voltage =2V to 6 V
AEC-Q1007 ® Switch Voltage =0 V to 10 V
® Qualified for Automotive Applications ® High Noise Immunity N | = 30%, Njy = 30%
® Customer-Specific Configuration Control of Ve, Ve =5V
Can Be Supported Along With
Major-Change Approval M OR PW PACKAGE
® \Wide Analog Input Voltage Range of (TOP VIEW)
5 V Max CHANNEL 10 A4 [ 1~ 16[] Ve
® |[owON Re;istance CHANNEL I/0 A6 [] 2 15]] CHANNEL 1/0 A2
- 70QTypical (V cc - VEg =4.5 V) COMOUTINA[|3  14[] CHANNEL I/O Al
- 40 Q Typical (V cc -~ VEg =9 V) CHANNEL /O A7 [|4  13[] CHANNEL I/O AO
® |ow Crosstalk Between Switches CHANNEL I/O A5 [| 5 12[] CHANNEL /0 A3
® Fast Switching and Propagation Speeds Ele n % ADDRESS SEL SO
o VeEg U 7 10|| ADDRESS SEL S1
) _ -
Break-Before-Make Switching ono s o[] ADDRESS SEL S2
t Contact factory for details. Q100 qualification data available on

request.

description/ordering information

This device is a digitally controlled analog switch that utilizes silicon-gate CMOS technology to achieve
operating speeds similar to LSTTL, with the low power consumption of standard CMOS integrated circuits.

This analog multiplexer/demultiplexer controls analog voltages that may vary across the voltage supply range
(i.e., Vcc to VEE). These bidirectional switches allow any analog input to be used as an output and vice versa.
The switches have low ON resistance and low OFF leakages. In addition, the device has an enable control (E)
that, when high, disables all switches to their OFF state.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
T
A PACKAGE PART NUMBER MARKING
SOIC-M Tape and reel CD74HC4051QM96Q1 HC4051Q

-40°C to 125°C

TSSOP - PW | Tape and reel | CD74HC4051QPWRQ1 | HJ4051Q

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

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.

Prodycth conform !2 sgecif_ications per thedlerms t:l Texas In_sllrymlendts l’
testing olvzlalr;r):rr‘;yrﬁ;ters. " g doesno yineluce TEXAS
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logic diagram (positive logic)
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage range, Vo — VEE (SEENOte 1) ..o -0.5Vto 105V
SUPPIY VORAGE NG, VG« vttt t ettt e e e e e e e e e -05Vto7V
SUPPlY VORAGE raNge, VEE .« oottt ettt e e +05Vto-7V
Input clamp current, |k (V| <-0.5VorV|>Vcc+05V) ... 120 mA
Output clamp current, loxk Vo <VEg - 0.5V orVg>Vec+05V) ...t 120 mA
Switch current (V| >VEg — 0.5V orVi<Vcc+05V) ... 25 mA
Continuous current through Voo or GND ... 50 mA
VEE CUIT BN, IEE ottt et e e e e e e et e e e e e e e -20 mA
Package thermal impedance, 03p (see Note 2): M package ...............ccciiiiiiiaaninnn. 73°CIW

PWpackage .......... ... .o, 108°C/W

Maximum junction temperature, T .. ... ... 150°C
Lead temperature (during soldering):

At distance 1/16 = 1/32 inch (1,59 £ 0,79 mm) from casefor10smax ....................... 300°C

Storage temperature range, Totg « o —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and

funct

ional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. Allvoltages referenced to GND unless otherwise specified.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

MIN  MAX | UNIT
Vce  Supply voltage (see Note 4) 2 6 Vv
Supply voltage, Vcc — VEE (see Figure 1) 2 10 Y
VEg Supply voltage, (see Note 4 and Figure 2) 0 -6 Vv
Vcc=2V 15
ViH  High-level input voltage Vcc =45V 3.15 \Y;
Vcc=6V 4.2
Vcc=2V 0.5
VL Low-level input voltage Vcc =45V 1.35 \Y;
Vcc=6V 1.8
V) Input control voltage 0 Vcc \
Vis  Analog switch I/O voltage VEE Vcc \
Vcec=2V 0 1000
t Input transition (rise and fall) time Vcc =45V 0 500 ns
Vcc=6V 0 400
TA Operating free-air temperature -40 125 °C

NOTES: 3. Allunused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

4. In certain applications, the external load resistor current may include both Vcc and signal-line components. To avoid drawing Vcc
current when switch current flows into the transmission gate inputs, the voltage drop across the bidirectional switch must not exceed
0.6 V (calculated from rgp, values shown in electrical characteristics table). No V¢ current flows through Ry if the switch current flows
into the COM OUT/IN A terminal.
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recommended operating area as a function of supply voltages

> ° 8 %
| >
5 S|l + 1l s Y
2 ! I B ver |
| 4| HC * O 4 HC
o L . }
8 ; ¢
s L= S
0 1 1 1 1 1 1 0 | 1 | |
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(Vcc - Vep) -V (VEE - GND) - V
Figure 1 Figure 2

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

Tp = —40°C
Tp = 25°C "
PARAMETER TEST CONDITIONS VEE | Vce TO 125°C UNIT
MIN  TYP MAX|[ MIN MAX
ov |45V 70 160 240
Vis=VccorVEg | OV | 6V 60 140 210
{53 :\1/ mA, v -45V |45V 40 120 180
fon | = VIH Or VL, Q
See Figure 8 ov |45v 90 180 270
Vis=VcctoVEg | OV | 6V 80 160 240
-45V | 45V 45 130 195
ov |45v 10
Aron Between any two channels oV 6V 8.5 Q
-45V | 45V 5
For switch OFF:
When V|s =Vcc, Vos = VEE; ov | 6V +0.2 +2
When V|g = VEE, Vos = Vcc
liz For switch ON: LA
All applicable combinations of V|g and Vog
voltage levels, -5V 5V +0.4 +4
Vi=VigorV)
h V| = Vcc or GND ov | 6V +0.1 #1 [ pa
When V|g =V,
eNVIS=VEE: | gv | 6v 8 160
lce o =0, Vos =Vcc WA
V| =Vcc or GND =
I=rec WhenVis=Vce: | 5y | sv 16 320
Vos = VEE
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switching characteristics over recommended operating free-air temperature range (unless

otherwise noted) (see Figure 7)

Tp = 25°C Ta = ~40°C
FROM TO LOAD = TO 125°C
PARAMETER (INPUT) ©uTPUT) |capaciTance | VEE | Vcc UNIT
MIN TYP  MAX MIN  MAX
CL=15pF 5V 4 ns
2V 60 90
tpd IN ouT 1 =50 oF ov |45V 12 18
L=50P 6V 10 15| "°
-45V | 45V 8 12
CL=15pF 5V 19
2V 225 340
ADDRESS SEL
or CL=50pF
6V 38 57
-45V | 45V 32 48
CL=15pF 5V 19
2V 225 340
ADDRESS SEL
tdis = ouT oV 45V 45 68 ns
or CL=50pF
6V 38 57
-45V | 45V 32 48
C Control CL =50 pF 10 10 pF
operating characteristics, V. cc =5V, Ta = 25°C, Inputt, tf =6 ns
PARAMETER TYP | UNIT
Cpd  Power dissipation capacitance (see Note 5) 50 pF
NOTE5: Cpg is used to determine the dynamic power consumption, per package.
Pp = Cpd Vcc? fi + £ (CL + Cs) Vec? fo
fo = output frequency
f| = input frequency
CL = output load capacitance
Cg = switch capacitance
Vcc = supply voltage
¥ 7
[ EXAS
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analog channel characteristics, T p = 25°C

PARAMETER TEST CONDITIONS VEE Vce MIN TYP MAX | UNIT
Ci Switch input capacitance 5 pF
Ccom Common output capacitance 25 pF
; Minimum switch frequency | See Figure 3 and Figure 9, and 225V [ 225V 145 MH
max response at -3 dB Notes 6 and 7 -45V 45V 180 z
225V | 225V 0.035
. - . Fi 4 %
Sine-wave distortion See Figure a5V a5V 0.018 ()
= -225V | 2.25V (TBD)
E qr ADDRESS SEL tq See Figure 5, and Notes 7 and 8 mV
switch feed-through noise -45V | 45V (TBD)
Switch OFF signal feed See Figure 6 and Figure 10, and -225V | 225V -73 4B
through Notes 7 and 8 -45V | 45V =75

NOTES: 6. Adjustinput voltage to obtain 0 dBm at Vgg for fj\y = 1 MHz.
7. V|sis centered at (Vcc — VEE)/2.
8. Adjust input for 0 dBm.

PARAMETER MEASUREMENT INFORMATION

Vce Vce
Vi =y Vis
Switch o . VOS Sine Switch I =VIH
Novis — ON \ Wave — ON v
oS
0.1 pF J_ dB y 10 nF
1 50Q 10PF|  \reter IS J__ S0 PRl Distortion
B | T B | Meter
Veel2 - - Veel2 - *
fis = 1 kHz to 10 kHz -
Figure 3. Frequency-Response Test Circuit Figure 4. Sine-Wave Distortion Test Circuit
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PARAMETER MEASUREMENT INFORMATION

fis = 1-MHz Sine Wave

E/\ |-
Vce \_‘ Vp_
\ v —°P R=50Q
os A Vce -
Switch \ C=10pF
600Q | . l 0.14F \
Alternating Vo ' Ve =V V.
ON and OFF vis Switch | &I 0s
Vo2 tr,tf<6ns 600 Q 50 pF O o
fconT =1 MHz I Scope R L
50% Duty T =
Cycle Vecl2 = =
Veel2 Veel2 = -
Figure 6. Switch OFF Signal Feedthrough
Test Circuit

Figure 5. Control to Switch Feedthrough Noise
Test Circuit
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PARAMETER MEASUREMENT INFORMATION

RIE
S1

Test
From Output Point R =1kQ
Under Test
(see Note A T j s2
= VEE

LOAD CIRCUIT

Input _/50% Vce 50% Vcc
\
“— tPLH —P‘ ﬂ— tPHL —>}
|
In-Phase 90% 50% VOH
50% | 50% V.
Output 10%¥ | } 10% S
\ (e}
—" “— tr ‘ —N ﬂ— tf
H— tPHL — i tpH —P
5 VOH
Out—of—ghflset 90% 50% V. ] Ei)O% 90%
utpu 10% 10% L1 v
—N «—t —» et
VOLTAGE WAVEFORMS

PROPAGATION DELAY AND OUTPUT TRANSITION TIMES

PARAMETER S1 S2
tpzH Open Closed
ten
tpzL Closed Open
tpHZ Open Closed
tdis
tpLz Closed Open
tpd Open Open
Vee
Output o
Control XSO% Vce X5OA) Vce oy
\
tpzL—P <« —J‘ 4 tpLz

Output | =Vce
Waveform 1 50% VCC‘
(see Note B) | Vo
tpzH —® “4— —» ‘H— tPHZ
Output ———VOH
Waveform 2 50% Vco 90%
(see Note B) ~0V
VOLTAGE WAVEFORMS

OUTPUT ENABLE AND DISABLE TIMES

NOTES: A. Cp includes probe and test-fixture 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. Phase relationships between waveforms were chosen arbitrarily. All input pulses are supplied by generators having the following
characteristics: PRR <1 MHz, Zg =50 Q, t; =6 ns, t; = 6 ns.
For clock inputs, fjax is measured with the input duty cycle at 50%.
The outputs are measured one at a time with one input transition per measurement.
tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.
tpLH and tpy|_ are the same as tpg.

IOmMmO

Figure 7. Load Circuit and Voltage Waveforms
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TYPICAL CHARACTERISTICS

120

100
G
180 /
o
c V, -VEg =45V
g 60 AT \CC — i
‘®
e " \\_/\VCC -VEE=6V
Zz 40 —— N -
O Ty

V -VEg=9V
20 cC EE

1 2 3 4 5 6 7 8 9
Input Signal Voltage - V

Figure 8. Typical ON Resistance vs Input Signal Voltage

T i T T 1T | |
Vee =45V i ‘ | |
GND =-45V N 20 VecSazsv
VEE - ;g.gv GND = -2.25V .
L= VEE =-2.25V v
PIN 12 TO 3 W EE="225 P
m -40 R =50Q —
Vec =225V © PIN12TO3 __ A1 |
GND =-2.25V i uy
-6 VEE=-225V —  -60 o\
RL=50Q | pra Vee=45V
PIN 12 TO 3 » GND=-45V
L2
-8 -80 ] VEE=-45V -]
RL =50 Q
PIN12TO3 |
0 -100 | | L 11]
10K 100K Y 10M 100M 10K 100K Y 10M 100M
Frequency — Hz Frequency - Hz
Figure 9. Channel ON Bandwidth Figure 10. Channel OFF Feedthrough
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R Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 4-Oct-2007

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
CD74HC4051QM96Q1 ACTIVE SOIC D 16 2500 Pb-Free CU NIPDAU Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD74HC4051QPWRQ1 ACTIVE TSSOP PW 16 2000 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(RoHS)

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

®) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents Tl'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 TI
to Customer on an annual basis.

Addendum-Page 1
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MECHANICAL DATA

D (R-PDS0O-G16) PLASTIC SMALL—-OUTLINE PACKAGE
0.394 (10,00)
0.386 (9,80)
A
16 9
0. 24416 20)
0.228 (5,80)

|
TR 000 HT
mel Area L_J_m JLOOZO OSW

[&] oo 025)®|

| T, (B
s

L 0.069 (1,75) Max 0,004 (

0.010 (0,25)

0.007 (0,17)1

?
vy

[ /7~ \
)

Gauge Plane

# Seating Plane

4040047-4/H 11/2006

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed .006 (0,15) per end.

Body width does not include interlead flash. Interlead flash shall not exceed .017 (0,43) per side.

Reference JEDEC MS-012 variation AC.

B e

b TeExAs
INSTRUMENTS
www.ti.com



MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

14 8

HHAHAA] T

4, )
4,30 6,20

50 6,6

o

“«—— A —»

L

e

HlHHHHHHY_J

0,15 NOM

!
:

Gage Plane i

— 120 MAX o [=]010 |
0,05
PINS **
8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A.

OOw

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-153
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IMPORTANT NOTICE

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

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

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

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

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

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would
reasonably be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement
specifically governing such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications
of their applications, and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related
requirements concerning their products and any use of Tl products in such safety-critical applications, notwithstanding any
applications-related information or support that may be provided by TI. Further, Buyers must fully indemnify Tl and its
representatives against any damages arising out of the use of Tl products in such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is
solely at the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in
connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products
are designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any
non-designated products in automotive applications, TI will not be responsible for any failure to meet such requirements.

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

Products Applications
Amplifiers Bmplifier.fi.con Audio [nww ircom/audid
Data Converters Automotive [www ii-com/automofivg
DSP [sp Broadband
Interface Digital Control [yww ii.com/digitalcontro]
Logic [oaiciiconi Military [vww T com/militany
Power Mgmt Rowerirconj Optical Networking [xww i.com/opficalnetworR
Microcontrollers Security
RFID Telephony [yww Ti.com/telephony
Low Power Video & Imaging [vww ti.com/vided
Wireless

Wireless [ww ircomiwirelesd

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2007, Texas Instruments Incorporated
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