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Data sheet acquired from Harris Semiconductor
SCHS026

CMOS Quad
Bilateral Switch

For Transmission or Multiplexing
of Analog or Digital Signals

High-Voltage Types (20-Volt Rating)

& CD40168 Series types are quad
bilateral switches intended for the trans-
mission or multiplexing of analog or digitat
signals. Each of the four independent bi-
lateral switches has a single control signal
input which simultaneously biases both the
p and n device in a given switch on or off.
The CD4016 “B"” Series types are supplied in
14-lead hermetic dual-in-line ceramic pack-
ages (D and F suffixes), 14-lead dual-in-line
plastic packages (E suffix), and in chip
form (H suffix).

Features:
8 20-Vdigital or * 10-V peak-to-peak switching

m 280-{2 typical on-state resistance for 15-V operation
» Switch on-state resistance matched to within 10 Q

typ. over 15-V signal-input range

@ High on/off output-voltage ratio:
65 dB typ. @ fig = 10 kHz, R|_ = 10 k§2

= High degree of tinearity: <0.5% distortion
typ. @ fig = 1 kHz, Vis=5 Vp.p,
VDp-Vgs = 10V, R = 10k

®» Extremely low off-state switch leakage
resulting in very low offset current and
high effective off-state resistance: -
100 pA typ. @ Vpp—-Vgs=18 V, Ta=25°C

® Extremely high control input impedance
{control circuit isolated from signal circuit:
1012 Q typ.

8 Low crosstalk between switches:
—50dB typ. @ fjs = 0.9 MHz, R|_ =1 k{2

8 Matched control-input to signal-output
capacitance:
Reduces output signal transients

® Frequency response, switch on = 40 MHz

{typ.)

» 100% tested for quiescent current at 20 V
a Maximum control input current of 1 A
at 18 V over full package temperature

range; 100 nA at 18 V at 25°C
= 5V, 10-V, and 15-V parametric ratings

Applications:

u Analog signal switching/multiplexing
Signal gating = Modulator
Squelch control = Demodulator
Chopper 8 Commutating switch

w Digital signal switching/multiplexing

® CMOS logic implementation \

= Analog-to-digital & digitai-to-
analog conversion

» Digital control of frequency, impedance,
phase, and analog-signal gain
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Schematic diagram - 1 of 4 identical sections.

RECOMMENDED OPERATING CONDITIONS
For maximum reliability, nominal operating conditions should be selected so that
operation is always within the following range:

LIMITS
Min. | Max.

UNITS

CHARACTERISTIC

Supply Voltage Range (For T = Full Package

Temperature Range) 3 18 v

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Vpp)
Voltages referenced to Vgg Terminal)

INPUT VOLTAGE RANGE, ALL INPUTS

-0.5V 1o +20V
-0.5Vto Vpp +0.5V

DCINPUT CURRENT, ANY ONE INPUT .. ...ttt +10mA
POWER DISSIPATION PER PACKAGE (Pp):
ForTa=~559C10+1000C .. ..ttt i s 500mW

ForTa=+100%Cto+125%C......covviiiniiiiiaa e
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR TA = FULL PACKAGE-TEMPERATURE RANGE {All Package TYPes) .. .. ..c.vvruearvacnsns 100mwW
OPERATING-TEMEERATURERANGE(IA).. T Y. T PTRE & W . -55°C to +125°C
STORAGE TEMPERATURE RANGE (T, Bl s -859C to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

Atdigtance 1/16 £ 1/32inch (1.59 £ 0.78mm) from case for 108 Max ........c.oevieiruanrnenas +2659C

SUPPLY VOLTS: Wpgye +18;Vgg =0
AMBIENT TEMPERATURE (T3) » 28%C

SUPPLY VOLTS:
AMMENT TE|

-4»,

OUTPUT SKINAL VOLTS fig)

DUTPUT JGNAL VOLTS {vgg)

[) 28 3 78 ] 12,5 18 \ () 2 4 ) s [

INSUT SIGNAL VOLTS {Vg)
2C3- 27860

Fig. 1— Typ. on-stste cheracteristics for 1 of 4
switches with V= +15V, Vgg=0 V.
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WPUT SIMAL VOLTS (vg)

RS- 2T
Fig. 2— Typ, on-state characteristics for 1 of 4
switches with Vpp =+10V, Vge=0V.
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CD4016B Types

ELECTRICAL CHARACTERISTICS i TEMPERLI (28
7] f. HH
N ] HP
CHARACTERISTIC TEST CONDITIONS I.F'E“:,,r;z: ;;3,?;2“(32? 1 . ‘
T g N T E v,
s £ ) "
’ ViN |[VD 25 [[anaser ondin : ::E‘?.?i"""'k“’
(V) (V) | -56| —40 | +85 [+125| Typ. |Max. T LW -
05 | 5 | 0.25[0.25] 7.5 7.5[0.01 | 0.25 OV ™ i s e N
Quiescent Device <010 10| 05] 05| 15[ 15]o.01 ]| 05 A Fio. 3, . f"“;"“'
1g. 3—Typ. on-state charscteristics for 1 of 4
Curcent, Ipp 0515 1] 4] 30[ zoloor| 7 o e aitr Vpp=+5V. Vegm0V,
0,20 | 20 5 5| 150] 150j0.02 5
Signal Inputs (V;5) and Output (V) SPTLY VTR g4 81 Yy -3
) AMIENT TEWAERARONE (T, )=28"
On-State Ve=Voo . _vpporves |10 | 600 610 840 90| - | eso
Resistance, ry, R = 10kS2 |s_ DD 53 )
Max. Returned |Vis=4.76105.75 V{10 [1870 [1900[2380 2600| — |2000
to ] )
Vpp-Vss|VieVpp or Vs |15 | 360 370 520/ 600 — | a00| ©
, 2 |Vi=7.25t07.75 V] 15 | 775 | 790[1080|1230| - | 850
AOn-State B - 5 [ _ - _ i5| —
Resistance B - 1
Between Any RL=10k{2, Vg =Vpp 10 | - - - = 0] - 18 w’_'“' it @ AN
2 Switches, Ar g, t5 | - = - - 5| — Fig. 4— Typ. on-state characteristics for 1 of 4 ]
Htches with Vi =+7.5V, Vgg=—7.5 V.
Total Harmonic |VC=VpD =5V, Vgg=-5V. Visip-p} _loal- |
Distortion, =5V (Sine wave centergd on0V) - - - . . m::::::!:?“;:.:ﬁ:’c
THD Ry =10 k&2, fi;=TkHz sine wave
—3dB Cutoff Vc=Vpp=5V. Vs's=—5 v, §
Freguencv Visip-p) =5V {Sine wave \) _ — d 40| - MHz ;
(Switch on) centered on O V) Ry =1 kf2, ;
—50dB Feed- ~Vgs= -5V, V,, .
Ve=Vgg= — £
g‘r::;:?et:\cv (Sine wave centered onp& - |- |- |- h2s|- MHz 3-
(Switchoff) [ AL=11kQ
Input/Output Ve=0v =
Leakage Current| V. =18V, V=0V 18 |+0.1 {201 [ %1 | +1 10-4| 0.1 A ., - vnl.n‘(vul \ m‘m“
:swﬁtch off) :Ilis =_ ) 'V ﬁg §— Typ. on-state characteristics for 1 of 4
is Max. os=1BV. switches with V=45 V, Vg = —5 V.
VelA)=Vpp=+5V,
B)=Vgg=-5V, :
-50dB \\;g(m); -5 3 ot i it B I ot gl Ml TR
Crosstalk. is - AMBENT TEMPERATURE (1) = 25°C
Frequency 500 source T
RL=1k2 ~ 2 7#
— Te fo I
T |RL=200k02 ~ {2 |=la | 100 8 oo
Propagation.  |V¢ = Vpp, Vg = GND., 51 - g H
Delay (Signal E S(P ¥ 0| -t-|-1-]20 40|ns § t
Input to Signal (g = Square Wave 15 - - - - |16 30 \ 1
Output) tog [ 0to'VpD E - \
t, tf=20ns _ _'55 ov;-dn ~ifo
Capacitance: _l-i1=-1-1a - I 4__«*,:10 -
Input, C;¢ Vpp =+5V 2 oF | _HHH ‘- -
N -_— — -— —_— ™ YOLTS ¥
Output, €, [VC=Vss=-5V . T SO VLTS 1 s
Fig. 6— Typ. on-state characteristics for 1 of 4
F“‘"é" ough, - |=-1-]=-lo24 - switches with V= +2.5 V, Vgg=~2.5 V.
ios .
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ELECTRICAL CHARACTERISTICS (cont'd)

CD4016B Types

U
CHARACTERISTIC| TEST CONDITIONS LIMITS AT INDICATED N
TEMPERATURES (°C}) |
T
VoD *+25 s
(V) |-55 |40 [ +85 [ +125| Typ. | Max.
Control (V¢)
Control Input Higl< 10 uA Loy ssieas veLT (o0
tow Voltage, Vii=Vge, Vaog = V s203- 17088
V| LC {Max.) ar:s 58 70S D) 5'1159 ‘10.9] 09] 04 04} — 0.7 | V | Fig. 7 Typ. an-state characteristics asa function of
" Vo=V VA = temp. for T of 4switches with Vpp=+5V,
is = VDD- V05 7 Vss Vgg=—6V.
Control Input ) 5 3.5 (Min.) la_nT.v Y VoS v‘iee'! Ves*-%
High Voltage, | Seefig-10 0 7 Min. v | |5 R
IHC 15 1 (Mm) ° lemmltl omf .
- - Yoy by WE vOLTRETER
Input Current, V|s < VBD g 'n-::' 74”@ :
o+ 3 vy 2
IN {Max.) =18V 18 £0.1 |#0.1 [+1 |+1 }#10-5(+0.1 [uA| (2 sl 4, * % e 3
Vcc < VDD Vss i ) /(I
¥ {1 ':‘ s z
Crosstalk {Con- V=10V {Sq. Wave) g é; / / Vi
trol Input to tr, tf =20 ns 10 |-|[-{-1}1- 150 - Jmv]|: § / /
Signal Output) | RL=10kQ E al y / /LU
* - 1
Turn-On tr, 1§ =20 ns 5 - |- N - 35 70 o ‘fl . / . n
. - -t o'
E'g:’:ga"o" gt z ?OK?IF 0 (- |- 1-1- 20 40 |ns “ ot monaL Freoue! m.u?u
15 |- _ \ < 15 30 Fig. 8 — Typ. feedthru vs. frequency — switch
V.s 3 1\’9 Vss =GND, & off.
= to gnd,
Maximurm CL 50 pF, ‘
Control Input V¢ = 10 V{Square 10 |- |- |- |- 10 - |MHz WPPY VOATE Voo, Va8 1 [1] | ]I
Repetition Rate| wave centered on 5 V) . 1 ”mm:&:';""“‘“"“ s
ty, t§ = 20 ns, z NN llhll
VOS =% Vos @1 kHz ; 2l sy
o { A5 1 *
Capacit , - = L - : " 2
g‘c' ance 5 7.5 |uF i wa I E
IN ; Vervgs EYOLT: F VOLTMETER / "3-
L e %
+ .
Switch Input Switch Output § {,,L s @ AR
i (mA) Vv V) 2 OF 4 SWITCHES .
Vpo | Vis 2 : os of | |[20resmcees | | A-HiL
v) {v)| -55°C -40°c | 25°c* 25°Ca | +85°C | +125°C | Min. | Max. T i snar rnccuemr (- o S
5 0 0.25 0.2 0.2 0.16 0.12 0.14 — 0.4 Fig. 9— Typical cr Ik betwaen switch
5 5 | -0.25 -0.2 -0.2 -0.16 | —0.12 | -0.14 4.6 - circuits in the same package.
10 0 0.62 0.5 0.5 0.4 0.3 0.35 - 0.5
10 10 | -0.62 -0.5 -0.5 -0.4 | -03 ] 035 9.5 — :
- SUPALY VOLTS! Vipp=+8, vgg* =5 Crpg 00eF & r VOLTMETER
15 0| 1.8 14 15 1.2 1 1.1 - 15 INPUY SIRAL VOLTS (Vinl8¥p-p -y SROEIG 0
15 15 | -1.8 14 1.5 1.2 1 11 | 135 ook, va s (s g | wws
- 1. -1. —-1. - -1 . = el 1 1 \
: #LOAD CAPACITANCE {Cpuc ~CugTEne  \PTF T hd
- . A - 23¢28+40pF “c')-‘“-I H ?
Prastic package Ceramic packapge ‘I’ 1::
Yoo W W
R |
§ 0 Loa resisTancE (m,)-tuR T
R . . 4 Wio -3 1]
. Ut COA0IER ! Ves !‘? | Joosa o
is | OF 4 SWITCHES §; LT
IVi:'Vo-I 3 o
1Lis 9203-30987 [ ) i ) 4 100
INPUT SHINAL FREQUENCY (f),) Mtz
#CS-9070
Fig. 10— Determination of r,, as a test condition for control input Fig. 11 — Typical frequency rasponss

high voltage (V) specification.
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CD40716B Types

TYPICAL ON-STATE RESISTANCE CHARACTERISTICS, T4 = 25°C

CHARAC- | SUPPLY ‘LOAD .
TERISTIC*|CONDITIONS| . = - - CONDITIONS
ﬁﬁ‘!= ST 1 HL = ia&ﬂ RL = 10042
Voo [ Vss [VALUE[ V, |VALUET V, [VALUE] v,
AT B AV T4 SO LY Yo B THY w4 () )
200 | +i5 | 200 | #15 | 180 | +15
Ton +15 0
200 o | 200 o | 200 0

Fig. 12 — Off-state switch input or output
leakage current test circuit.

Ton (Mmax.)j +15 0 |300 [+11 | 300 | +93 | 320 | +92
290 [+10 [ 280 | +10 [ 240 [ +10

on +10 0
290 0 | 250 0 | 300 0
Ton (max.)| +10 0 500 +7.4 560 +56 | 610 +5
860 [+5 [ 470 [+5 | 450 |+ 5

T

T +5 ) Vi o vy
L "on 600 o | ss0 o | soo 0 e W
fron (Mmax.)| + 5 0 1k | +a2 | % +29 | 33k | +27 Trityr20m v
| o8
200 |+75 {1 200 | +75 § 180 | +75 coaoien O
. 215 | 15 oo L1 16 S0
on 200 |{-75 | 200 | -75 | 180 | -75 # 310
fon {max.)}] +75 [ -751] 290 *0.25| 280 25 400 +0.25 3
. +‘ 5 e 260 +5 250 +5 240 +5 %.%?Tﬁo T%envo::us ARE
on 310 |-5 ] 250 [ -5 [ 240 | -5 secs 21088
: ‘ Fig.13 — Test circuit fo -Wave
Irop (max.)] +5 | — 5 [600 |:025| 580 | t0.25( 760 | +0.25 TN\ N <7 O™ § S
N 690 | +25 | 450 | +25 | 490 | +25 3 9
T, +2. -4.
on |28 720 | -25 | 520 | -25 | 520 | -25 a =
fon (max.)| +25 | —26 | 232k [ *0.26( 300k | *0.25| 870k | :0.25 ﬁ =3
x
* \ariation from aperfect switch, Ton = 0. g <9
T
o

SCALE: X=02ms/DIV Y =20V/DIV
VoD = V¢ = +2.5V, Vgg = - 2.5V, R = 10K
cL=15pF

fis=1KHz Vig=5Vpp

DISTORTION = 3 %

SCALE: X = 0.2 ms/DIV ¥ = 20V/DIV
Vpp=VC=+5V. Vgs = BV, R = 10K
cL= 15 pF

fis=1KHz Vi§=5Vpp

DISTORTION = 0.4 %

SCALE: X =02ms/DIV Y =20V/OIV
Vpp = Vg = +7.5V, Vg5 = . 7.5V, R = 10KQY
C = 150F

fis=1KHz Vis=5Vpp

BISTOATION) 02 % 92¢5-27613 92CS - 27614
92C5-27612
Fig.16 — Typical sine wave responss of Vpp =

25V, Vge=-25 V.

Fig.15 — Typ:-'al sine wave response of Vpp =

Fig. 14 — Typical sine wave response of Vpp = 45V, Vgg=—5 V.

+7.8V, Vgg=—-7.5 V. -

SCALE: X =100ns/DIV
Y =50v/OIV

SCALE: X=100ns/DIV

SCALE: X =100ns/DIV Y =2WDIv

¥ =50vDIy
92Cs-27818

92Cs-27618

92C5-27617

Fig.17 — Typical square wave rasponse at
Vpp = Ve =115V, Vgg = Gnd.

Fig.18 — Typical square wave response at Vpp =
Vo =+10V, Vgg = Gnd.
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Fig.19 — Typical square wave response at Vpp
=Ve=+5V, Vgg = Gnd.



Vo5 WITH TEST UNIT

CD4016B Types

+I0V
o-/—\
¢ 1 SWITCH OF CO4016A ity tr, 4 =200
PLUGGED IN TEST
FIXTURE) Y\WN- —
J;,J" e - o E ; : vssO L
vgs FIXTURE ALONE . ) ALL UNUSED TERMINALS
INO UNIT ARE CONNECTED TO Vgg
S TO 3 OF SOCKET) Ve - 10V PER Div. 9205 - 2767081
vQs - 0.2V PER DIV
ALL UNUSED TERMINALS ARE t 100ns PER DIV
CONNECTED TO Vgg 92c8-27610
32CI-27663

{al

Fig.20 — Crosstalk-control input to signal output.

REP
RATE
ve
71522008

Voo

Ve
o.f_\., Yoo
1,47 2008
v“
v O cosotee
s 700 o SR =10k
s
ALL UNUSED TERMINALS ARE
CONNECTED TO Vgg
92CS - 2T6TIRI

Fig. 22 — Max. control-input repetition rate.

Vop

Yo Voo
ol
tr.14=20ns
Vos
CD40168
Vig VoD O Veg FoL oVss
Vs N VoD
ALL UNUSED TERMINALS ARE
CONNECTED TO veg

Ve -.l
Pz
Ve 0% { RL to Vg5

Vis to Vpp

v, R 1o ¥,
% 10% {V" e
is 10 Vgg
92CM-28308

Fig.25 — Turn-On propagation delay-control input.

Fig.21 — Propagation delay time signal input
Vs} to signal output (Vgg).

fb)

MEASURED ON BOONTON CAPACITANGE
BRIDGE MODEL THA {1 MMz}

s T T L %
c
- Vage-8V e - -
$205- 27672 Vop=+8V “* +c.
SWITCH THRESHOLD VOLTAGE IS DEFINED t [
AS THE VOLTAGE APPLIED TO A TRANS- i |
MISSION GATE CONTROL WHICH CAUSES -+ ——l— -+

104 OF TRANSMISSION GATE CURRENT.

ALL UNUSED TEAMINALS
ARE CONNECTED TO gy

C8-278302

Fig.23 — Switch threshold voitaga. Fig.24 — Capacitance Cgg and Cgg.

lﬁnunﬁomnandpudIayoutﬂerDIOWsaH

53-6l
(1.347-1.549)

(0.102-0.254)

49-57
11.245-1.447}
92C5- 35063

Dimensions-in parentheses are in millimeters and are
derived from the basic inch di ions as indi d.
Grid graduations are in mils (10~3 inch).
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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