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COS/MOS Quad 
Bilateral Switch 
For Transmission or Multiplexing 

of Analog or Digital Signals 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4016B Series types are quad 
bilateral switches intended for the trans­
mission or multiplexing of analog or digital 
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" Senes types are supplied in 
14-lead hermetic dual-In-Ilne ceramic pack­
ages (D and F suffixes). 14-lead dual-In-Ilne 
plastic packages (E suffix). 14-lead ceramic 
flat packages (K suffix). and In chip form (H 
suffix). 

Features: 
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92CS·244~8 

Schematic diagram - 1 of 4 Identical sections. 

RECOMMENDED OPERATING CONDITIONS 

CD40168 Types 

Functional Diagram 

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

20-Vdigital or ± 10-V peak-to-peak switching 
280-n typical on-state resistance for 15-V operation 
Switch on-state resistance matched to within 10 n 
typo over 15-V signal-input range 

CHARACTERISTIC • 

Supply Voltage Range (For T A = Full Package 

LIMITS 
UNITS 

Min. Max. 

_ High on/off output-voltage ratio: 
65 dB typo @ fis = 10 kHz, RL = 10 kn 

.. High degree of linearity: <0.5% distortion 
typo @ fis = 1 kHz, Vis = 5 Vp_p, 
VDD-VSS;;;:' 10 V, RL = 10 kn 

• Extremely low off-state switch leakage 
resulting in very low offset current and 
high effective off-state resistance: 
100 pA typo @ VDD-VSS=18 V, TA=250 C 

- Extremely high control input impedance 
(contr I circuit isolated from signal circuit: 
1012 n typo 

- Low crosstalk between switches: 
-50 dB typo @ fis = 0.9 MHz, R L = 1 kn 

- 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 
_ Maximum control input current of 1 /lA 

at 18 V over full package temperature 
range; 100 nA at 18 V at 2SoC 

_ S-V, 10-V, and 15-V parametric ratings 
App/ications: 
- Analog signal switching/multiplexing 

Signal gating - Modulator 
Squelch control - Demodulator 
Chopper - Commutating switch 

_ Digital signal switching/multiplexing 

- COS/MOS logic implementation 

- Analog-to-digital & digital-to-e analog conversi n 
Digital control f frequency, impedance, 
phase, and anal g-signal gain 

Temperature Range) 

MAXIMUM ~ATINGS, Absolute·Maxlmum Values 

DC SUPPL Y·VOL TAGE RANGE. (V DD) 
(Voltages referl!nced to VSS Terminal) 

INPUT VOLTAGE RANGE. ALL INPUTS 

3 18 V 

DC INPlIT'CURRENT. ANY ONE INPUT (INCLUDING TRANSMISSION GATE) 

- 0 5 to +20 V 
0510 V DD to 5 V 

±10mA 

POWER DISSIPATION PoER PACKAGE (PO) 
For 1 A = -40 to +60 C (PACKAGE TYPE E) 
For 1 A = +60 to +85°C (PACKAGE TYPE E) 
For 1 A = -55 to +100

o
C (PACKAGE TYPES D. F) 

For 1 A = +100 to +125°C (PACKAGE TYPES D. F) 
DEVICE DISSIPATION PER TRANSMISSION GATE 

° 500 mW 
Derate Linearly at 12 mW, C to 200 mW 

. ° 500 mW 
Derate Linearly at 12 mWI C to 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (All Package Types) 
OPERA1ING·TEMPERATURE RANGE (T A) 

100mW 

-55 to + 125:C PACKAGE TYPES D. F. H 
PAC~:AGE TYPE E 

STORAGE TEMPERATURE RANGE (Tst ) 
LEAD T:MPERATURE (DURING SOLD~RING) 

-40 to +85 C 
65 to +150

o
C 

At dl·;tance 1/16 ± 1/32 Inch (1 59 ± 079 mm) from case for 10 s max 

, 
INPUT StGNAl VOlTS IVIS' 

Fig. 1- Typ. on-state characteristics for 1 of 4 
switches with VOOc+15 V, VSS=O 11. 

. . 
I_T SIGNAl. VOLTS "'osl 

Fig. 2- Typ. on-state characteristics for 1 of 4 
switches with Voo = +10 V, VSS=O 11. 
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CD4016B Types 

ELECTRICAL CHARACTERISTICS 

Characteristic Test Conditions 

VIN VDD 
(V) (V) 

0,5 5 

QUiescent Device 0,10 10 
Current, 100 0,15 15 

0,20 20 

Signal Inputs (Vis) and Output (Vos) 

On·State VC= VOO 
IvIS=VOO or VSS 10 

Resistance, ron Rl = 10kS! 
Vls=4.75 to 5.75 V 10 

Max. Returned 
to 

VOO-VSS VIS=VOO or VSS 15 

2 Vls=7.25 to 7.75 V 15 
60n·State 

5 
Resistance 

Rl =10kH, VC=VOO Between Any 10 

2 SWitches, 6r on 15 

Total Harmonic VC=VOO =5V, VSS=-5V, VIS(p-p) 

Distortion, = 5 V (Sine wave centered on 0 V) 

THO Rl =10 kn, tls=l kHz sine wave 

-3d8 Cutoff VC=VOO=5V, VSS=-5V, 
Frequency Vis(p.P) =5 V (Sine wave 
(Switch on) centered on 0 V) Rl = 1 kn. 

-5OdB Feed-
through VC=VSS= -5V. VIS(p_p{5V 

Frequency (Sine wave centered on V) 

(Switch off) Rl = 1 IkU 

Input/Output VC=OV 
leakage Current Vls =18V,Vos =OV; 18 
(Switch off) VIS =OV, 
lis Max. Vos = 18 V 

VC(A) = VOO = +5 V, 

-50d8 VC(B) = VSS = -5V, 

Crosstalk Vis(A) = 5 Vp-p' 

Frequency son source 
RL = 1 kn 

Rl = 200 kn 
5 Propagation Vc = Vf.~ Vss = GNO, 

Delay (Signal Cl =5 p 10 
I nput to Signal Vis = 10 V (Square 

15 Output) tpd wave centered on 5 V 
tr , tf = 20 ns 

Capacitance: 
Input, Cis VOO=+5V 

Output, Cos VC=VSS=-6V 

Feedthrough. 
Cios 

96 

LIMITS AT INDICATED 
TEMPERATURE (oC) 

Values at -55, +25, +125 Apply 
to D, F, H Packages 
Values at -40, +25, +85 Apply to 
E Package 

+25 

-55 -40 +85 +125 Typ. Max. 
0.25 0.25 7.5 7.5 0.01 0.25 

0.5 05 15 15 0.01 0.5 

1 1 30 30 0.01 1 

5 5 150 150 0.02 5 

600 610 840 960 - 660 

1870 1900 ~380 2600 - 2000 

360 370 520 600 - 400 

775 790 1080 1230 - 850 

- - - - 15 -
- - - - 10 -

- - - - 5 -

- - - - 0.4 -

- - - - 40 -

- - - - 1.25 -

±0.1 ±0.1 ±1 ±1 10-4 ±0.1 

- - - - 0.9 -

- - - - 40 100 

- - - - 20 40 

- - - - 15 30 

- - - - 4 -
- - - - 4 -

- - - - 0.2 -

U 
N 
I 
T 
S 

p.A 

n 

n 

% 

~Hz 

~Hz 

p.A 

~Hz 

ns 

pF 

. 
INPUT SlON4L VOL.TS IVlsl 

Fig. 3-Typ. on-state characteristics for 1 of 4 
switches with V DD a +5 V. V SS a 0 II. 

Fig. 4- Typ. on-state characteristics for 1 of 4 
switches with VDDa+7.5 V. VSs"'-7.511. 

2 
INPUT SIGNAL VOLTS IV,sl 

Fig. 5- Typ. on-state characteristics for 1 of 4 
switches with V DD "'+5 V. VSSa -5 V. 

• 

Fig. 6- Typ. on-state characteristics for 1 of 4 • 

switches with VDD a+2.5 V. VSS",-2.5 .' 



II 

ELECTRICAL CHARACTERISTICS (cont'd) 

LIMITS AT INDICATED 
TEMPERATURE (oC) 

U 
Characteristic Test Conditions V.illues at -55, +25, +125 Apply to N 

D., F, H Packages 
I 

Viilues at -40, +25, +85 Apply to 
T 

~ 
E Package +25 

S 
(V) -!i5 -40 +85 +125 Typ. Max. 

Control (VC) 

Control Input Illsl< 101lA 
Low Voltage, VIS = Vss, Vas = VDD 5,10, 0.9 0.9 0.4 0.4 - 0.7 V VILe (Max.) and 15 

VIS = VDD, Vas = VSS 

5 3.5 (Min.) Control Input 
See Fig. 1 10 7 (Min.) V High Voltage, 

VIHC 15 11 (Min.) 

Input Current, Vis ~ V~D 
±10-5 ±0.1 IJA liN (Max.) VDD- SS=18V 18 0.1 ±0.1 ±1 ±1 

VCC ~ VDD - VSS 

Crosstalk (Con- Vc = 10 V (Sq. Wave) 
trol Input to tr. tf = 20 ns 10 - - - - 50 - mV 
Signal Output) RL=10kn 

Turn-On tr. tf = 20 ns 5 - - - - 35 70 
Propagation CL = 50 pF 10 - - - - 20 40 ns 
Delay RL = 1 kn 

15 - - - - 15 30 

VIS = VDR' VSS - GND. 
R L = 1 k to gnd. 

Maximum CL=50pF, 
Control Input Vc = 10 V(Square 10 - - - - 10 - MHz 
Repetition Rate wave centered on 5 V) 

tr. tf = 20 ns. 
Vos = Yo Vos @ 1 kHz 

Input 
Capacitance. - - -

CIN 
- 5 7.5 IJF 

Switch Input Switch Output 

VDD Vis 
lis (mA) Vos (V) 

(V) (V) _55°C -40°C 25°C· 25°C~ +85°C +125°C Min. Max. 

5 0 0.25 0.2 0.2 O.lli 0.12 0.14 - 0.4 
5 5 0.25 -0.2 -0.2 -0.11i -0.12 -0.14 4.6 -

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 -0.3 -0.35 9.5 -
15 0 1.8 1.4 1.5 1.2 1 1.1 - 1.5 
15 15 -1.8 -1.4 -1.5 -1.2 -1 -1.1 13.5 -

CD4016B Typ s 

Fig. 7- Typ. on·state characteristics asa function of 
temp. for' of 4 switches with V DD - +5 V. 
VSS "'-5V. 

10-1 4111 to 102' .. 10' .. 104 

IIPUT SIGNAL FREQUENCY n .. _ 11M, 

Fig. 8 - Typ. feedthru lIS. frequency - switch 

off. 

=y =~';~~:;':~p _ ~IU?~ JJ,I 

! 3C "XTUM AHD !lEUR _LED OUT 355 

11111 I Illi I I 

i ·c·Yoo H , e't:l"1 ~ 2C~ .1. lt~ 

S ucn6 IKn il ~ 
15i-H A'VOL'''UEfil I- 41'&~ 

~ ys ::~~O:I.~:DM) ~ a III-t- ~~Ptfr ~ 4~ !; 

~ <,' 1. Vo,IBI 

a 51-t- l"nT'Knl - 1-1- ~, 

£ Of. SW'TCHES 1'1 ~ 
-I , 10 .02 103 O· 

INPUT SIGNAL FREOUENCY "1,)- kH, 

Fig. 9- Typical crosstalk between SWItch 
cIrcuits in the same package. 

SUPP\.Y VOLTS: YOO-.5,YSS·-fJ CIOS·OI" 
'""'T SIO .... L VOLTSlYil"5 Y~p r--l~- _, 

CO:~A:'';;~~~!~5 ! 1...! 
''':':.~A5~~~["c,,,·ClI£m'' ~I""" ,..-,--<l 

• Ceramic package 'II • T • PlastiC package 

VII CD4016B J-VOI 
I OF 4 SWITCH ES 

, .lvII-vo.1 
on ~ 92.:S-3096? 

Fig. t 0- Determinetion of ron e$ e test cond, tion for control input 
hIgh 1I0itage (V,Hd specification. 

YC'''oD 

I I II I I I 
LoaD RESISTANCE tAL'·.MO 

UfPUT 'IGNAL 'REQUENCY "I.' MHI 

Fig. " - Typical frequency response 
-swiech on. 
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CD4016B Types 
TYPICAL ON-STATE RESISTANCE CHARACTERISTICS, TA = 2SoC 

CHARAC· SUPPLY LOAO 
TERISTIC' CONDITIONS CONDITIONS 

RL = lkH RL = lOkH RL = lOOkH 
VDD VSS VALUE VIS VALUE VIS VALUE VIS 
(VI (VI (IZI (VI (Ill (VI (lZI (VI 

200 +15 200 +15 180 +15 
ron +15 0 

200 0 200 0 200 0 

ron (max.) +15 0 300 +11 300 +93 320 +92 

290 +10 250 +10 240 +10 
ron +10 0 

290 0 250 0 300 0 

ron (max.) +10 0 500 +74 560 +56 610 +55 

860 + 5 470 + 5 450 + 5 
ron + 5 0 

600 0 580 0 800 0 

ron (max.) + 5 0 1 7k +42 7k +29 33k +27 

200 +75 200 +75 180 +75 
ron +75 -75 

200 -75 200 -75 180 -75 

ron (max.) +75 -75 290 !o 25 280 ±25 400 to.25 

260 + 5 250 + 5 240 + 5 
ron + 5 - 5 

310 - 5 250 -5 240 -5 

ron (max.) + 5 - 5 600 to 25 580 to 25 760 to 25 

590 +25 450 +25 490 +25 
ron +25 -25 

720 -25 520 -25 520 -2.5 

ron (max.) +2.5 -25 232k to 25 300k to.2S 870k to.2S 

• Variation from aperfect sWitch. ron = 0 n. 

SCALE X· 0 2 ms/OlV y. 20 V/OIV 
VOO' VC' +7 SV. VSS' 7 5V, RL' 10Kn 
CL" 15 pF 
',5' 1 KHz V'S' SV p P 
OlSTORTION' 02% 

92CS-27612 

Fig 14 - TYPical sme wave response of VOO = 
+7.5 V. VSS = -7.5 V. 

SCALE X· 100 nsiDIV 
Y'SOV/OIV 

92CS-2761~ 

Fig. 17 - Typical square walle response at 
VOO = Vc = +'5 V, Vss = Gnd. 

SCALE x, 0 2 ms!OIV y. 20 V/OIV 
vOO' vC' 'S v vSS' S V RL' IOKn 
CL'ISpF 
liS' I KHz V'S: S V P P 
OlSTORTION' 04" 

92CS-27613 

Fig. 15 - TYPical sme wave response of VOO = 
+5 V, VSS=-5 V. 

SCALE X" 100 ns,OIV' 
Y'SOVOIV 

92CS-27616 

Fig.,8 - TYPical square wave response at VOD = 
Vc = +'0 V, VSS = Gnd. 

ALL UNUSED TERMINALS 
ARE CONNECTED TO vss 

Fig. '2- Off'state switch input or output 
leakage current test circuit. 

YD~./"'"\.. vc'Yoo 

'"tf- 2Oft• 

ALL UNUSED TERMINALS ARE 
CONNECTED TO YSS 

10 
~o 

Fig. 13 - Test ctrcuit for square·wave 
response. 

SCALE X· 0 2 ms/OlV y. 20 V/OIV 
VOO' VC' ,2 SV. VSS' 2 SV. RL 0 10K!! 
CL' 15 pF 
,'S 0 1 KHz V'S 0 SV p P 
OlSTORTION 0 3 " 

92CS-27614 

Fig.'6 - TYPical sme wave response of VOO 0 

+2.5 V, VSS = -2.5 V. 

92CST27617 

Fig.,9 - Typical SQuare wave response at VOO 
'" VC"'+5 V, Vss = Gnd. 
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II 

ALL UNUSED TERMINALS ARE 
CONNECTED TO VSS 

(aJ 

Vc "--: 

VOS WITH TEST UNIT 
I I SWITCHOF C04D16A_ 

PLUGGEO IN TEST 
FIXTUREI 

VOS FIXTURE ALONE./ 
INO UNIT TERM 
5 TO J OF SOCKETI 

T ---I --.- -, --.- - . 
I . I 
I ~ • I I 

VC' lOY PER DIV 
VOS . D 7V PER DIV 
I lOOn. PER DIV • 

(b) 

92C5-21618 

Flg.20 - Crosstalk-control mput to sIgnal output. 

Vc 
'r·',-20m 

VD~~VC 

t r ,t,-20nl 

ALL UNUSED TERMINALS ARE 

RATE ~
EP 

SNITCH THRESHOLD IIOLTAGE IS DEFINED 
AS THE IIOLTAGE APPLIED TO A TRANS­
MISSION GATE CONTROL WHICH CAUSES 
I(I,.A OF TRANSMISSION GATE CURRENT 

• CONNECTED TO VSS 92,,-".11.1 

.~ Fig. 22 - Max. control-input repetition rate. 
F111.23 - SWitch threshold voltage. 

CD40168 Typ s 

ALL UNUSED TERMINALS 
ARE CONNECTED TO \Iss 

Flg.27 - PropagatIon delay tIme sIgnal Input 
(V'S) to sIgnal output (VOS). 

_ASUMD 011 IIOOIITOII CAJW:ITAIIa 
III.,. IIOIIEL TIIA 1\ ... ., 

"c"-tlV 
Y."-5Y 
VDD"+5V 

ALL Ul&lSED TE~ 
AM CONNECTED TO ¥Ss 

Fig.24 - Capacitance C,OS and COS. 

VD~F""\...VC 

tpt,·20na 

VDD Dimensions and pad layout for CD4016BH 

ALL UNUSED TERMINALS ARE 
CONNECTED TO VSS 

92CM-2BlOB 

VDD 

Pig.25 - Turn-On propagation delay-control input. 

Dimensions in parentheses are in nlllllmeters and are 
derived from the baSIC inch dimen::ions as indicated. 
Grid graduations are m mils (70-;,' inch). 

92CM-109IB 

The phorographs and dImenSIons of each 
COS/MOS chIp represent a chIp when It 
IS part of the wafer. When the wafer IS 
cut mto chIps. the cleavage angles are 
51° mstead of 90° WIth respect to the 

face of the chIp. Therefore. the Isolated 
chIp IS actually 1 mtls (0. 71 mm) larger 
m both dImenSIons. 
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