CMOS Quad
Bilateral Switch

For Transmission or Multiplexing
of Analog or Digital Signals

The RCA-CD4016A 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.
These types are supplied in 14-lead her-
metic dual-in-line ceramic packages (D and
F sutfixes), 14-lead dual-in-line plastic
packages (E suffix), 14-lead ceramic flat
packages (K suffix), and in chip form (H
suffix).

Features:

8 15-V digital or * 7.5-V peak-to-peak switching
m 280-(} typical ON resistance for 15-V operation
= Switch ON resi hed to within 10 Q

typ. over 15-V signal-input range
u High ON/OFF output-voltage ratio:
65 dB typ. @ fjs = 10 kHz, R = 10 kQ2

RECOMMENDED OPERATING CONDITIONS

® High degree of linearity: <0.5% distortion
typ. @ fis = 1 kHz, Vis=5 Vpp,
Vpp-Vss = 10V, R = 10 kQ

# Extremely low OFF switch leakage resuit-
ing in very low offset current and high ef-
fective OFF resistance:

100 pA typ. @ Vpp—Vgg =10V, Tp = 259C

a Extremely high control input impedance
(control circuit isolated from signal circuit:
1012 Q typ.

B Lower Ik between
—~50dB typ. @ fis = 0.9 MHz, R = 1 k2

® Matched control-input to signal-output

capacitance:
Reduces output signal transients
| Freq Y resp , h ON = 40 MHz
{typ.)

® Quiescent current specified to 15 V
B Maximum input leakage current of 1 uA
at 15 V (full package-temperature range)

Applications:

u Analog signal switching/multiplexing
Signal gating ® Modulator
Squelch control
Chopper

For maximum reliability, nominal operating conditions should be selected so that

operation is always within the following range:

LIMITS
CHARACTERISTIC . UNITS
Min. | Max.
Supply Voltage Range {For T = Full Package
Temperature Range) 3 12 v
TYPICAL “ON” RESISTANCE CHARACTERISTICS
CHARAC- SUPPLY LOAD
TERISTIC*| CONDITIONS CONDITIONS
Ry = 1kQ2 RL = 10k!2 Rp = 100k
Vop | Vss |VALUE[ V. [VALUE[ V;, |VALUE[ Vv,
(\% tv) {€2) (3% (L) (v} [134] V)
200 15 200 +15 180 +15
Ron +15 0
200 0 200 0 200 0
RON(max 1 +15 4] 300 11 300 193 320 9.2
290 10 250 10 240 10
RON +10 0
290 0 250 0 300 0
Ronimax.i| +10 0 500 17.4 560 5.6 610 55
860 5 470 +5 450 + 5
Ron v 5 0
600 o 580 0 800 0
RONimax il + 5 0 1.7k +4.2 7% 129 33k +2.7
200 175 200 175 180 +7.5
Ron 175 | =75
200 -75 200 -75 180 -7.L
RONtmax.i +75 =751 290 *0.25] 280 25 400 +0.25
260 () 250 v 5 240 + 86
RON + 5 -5
310 -5 250 -5 240 -5
Agnimaxi| + 5 -5 | 600 *0.25| 580 *025( 760 | :0.25
590 425 450 +25 490 +25
RON 425 -25
720 =25 520 -25 520 -25
RON(max )| 2.5 -251] 232 20251 300k 2025 870k | L0.25

* Variation froma perfect switch, Ron = 092,

® Demodulator
u Commutating switch
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Fig. 1—Schematic diagram — 1 of 4
identical sections.
w Digital signal switching/multiplexing
® CMOS logic implementation
= Analog-to-digital & digital-to-
anslog conversion
® Digital control of frequency, impedance,
phase, and analog-signal gain

IN/OUT

SUPPLY VOLTS: Vpp = +15, vgg + 0
AMBIENT TEMPERATURE (1)) = 28°C

OUTPUT SIGNAL VOLTS (Vog)

0 FER)
INPUT SIGNAL VOLTS (vig)

92¢s- 17080
Fig.2 — Typ. “ON* characteristics for 1 of 4
switches with Vpp =+15 V, Vgg =0 V.

SUPPLY YOLTS: Vppo +10;
ABENT TEMPERATIE

QUTPUT SIGNAL VOLTS (Vpg)

% 0
INPUT SIGNAL VOLTS [vg}
9205-7833
Fig.3 — Typ. “ON’ characteristics for 1 of 4
switches with Vpp = +10 V, Vgg =0 V.
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CD4016A Types

. SuPPLY “¥5, V5570
ELECTRICAL CHARACTERISTICS (Allinputs. . . . . . . . . ... Vss< Vi< Vpp) AR AR
e -
Recommended DC Supply Voltage (Vpp—Vss). .3 to 15 V) 7 %H‘ﬁ EEH
R SReRanRs! e
Test Conditions Limits e bR ida
s H o
All Voltage Values |Values at -55°C, +25°C, +125°C Apply to D, F, K, H Packages ERlisse L
Characteristic are in Volts Values at ~40°C, +259C +850C Apply to £ Package Unit :z, H {[ ﬁ H it
23t T +
\7 +259 il s an:
DDy _gso | _a0° | +ss0 | 41280 Be z = Y
v) Typ. Max. FRlessss: f?é”

Quiescent Device Reanas T g“c"’w" feshsl ]
Current, I max ; oes caai _t“ rMA:Ilcvm
{All switches ON HHHH H =™

o
oOrFaFll)Swnches 150 %2: - = ;g gg: 06255 A INPUT SIGNAL YOLTS (Vig}
X — - X ] u s2cs- 7034
D,F,H Pkgs: 15 2 - - 40 0.01 2 Fig. 4 — Typ. “ON" characteristics for 1 of 4
5 — 0.25 5 _ _ 025 switches with Vpp =+5V, Vgg=0 V.
E.Y Pkgs. 0 = 05 10 — = 05 | uA
15 - 2 20 - - 2
Signat Inputs {Vjs) and Outputs (Vo) SUPPLY VOLTS: Vo *#75; Vgg +- 5
Ve= ANBIENT TEMPERATURE (Tple28°C
Vss I Vis 5 ; -
Vbp Typ/Max [Typ/Max | Typ/Max| Typ/Max 3 i
Ry = 10kQ® :
+7.5 1120/360 |130/370 |260/520 | 300/600 200 400 §
+75]-75 [-7.5 1120/360 [130/370 |260/520 | 300/600 200 400 g’
+0.25[130/775 [160/790 }400/1080| 470/1230 280 850 Z'
+S  1130/600 ]150/610 |340/840 | 400/960 250 660 g
5
+5 { -5 -5 1130/600 {150/610 |340/840 | 400/960 250 660 °
X +0.25 [325/1870|370/1900 | 770/2380{ 900/2600 580 2000
ON Resistance, Q
RoON +15 ]120/360 |130/370 }260/520 | 300/600 200 400 d : i I
+15 [ 0 [+0.25[120/360 [130/370 [260/520 | 300/600 200 400 T e sew s g
+9.3 {150/775 j180/790 |400/1080( 490/1230 300 850 i . 926517833
+10 |130/600 |150/610 ]340/840 | 400/960 250 660 Fig5 ~ m"t; h:‘:’:’ ,.I;"av’“"’;'i'f; '3"7/"': S5V
+10 | o [+0.25[130/600 [150/610 [340/840 | 400/960 250 660 bp=ras T vss=e
+5.6 1300/1870(350/1900 | 750/2380| 880/2600 560 2000

AON Resistance Ry = 10k§2®
Between Any +75[-75 } 75 - - - - 10 - & | suPPLY VOLTS :vpp* +3;Veg* =5
2 of 4 Switches 5 | =5 5 _ _ _ —_ 1% _ 3 AMBIENT TEMPERATURE (Ty)=25°C

ARoN P
£
X +5 | -5 | 5 -
Sine Wave 5
D-ph § 2
Response R - 10kS2 o . 3
{Distortion) fig = 1 kHz ¢ o 'g- °
Frequency Response VDD_=+r -5 E "
Switch ON Ve=Vss=—5 jop s
(Sine-Wave R = 1k§2
{nput) =
Yﬂ . R ] z s
2010910 v - - - - 40 - MH/ INPUT SIGNAL VOLTS (Vig)
[ 92CS-176836
-3d8
Fig.6 — Typ. “ON" characteristics for 1 of 4
+5 I -5 ] =5 switches with Vpp =+5 V, Vg =-5 V.
pp

Feedthrough Ry=1k§2

Switch OFF Vs - - - - 125 - | MHz
20 log1 Qe -
Vis SUPPLY VOLTS: Vgp « + 25V, Vgg = ~25V
-50dB AMBENT TEMPERATURE (T) » 25°C
3
Input or Qutput ve- - HHE f a2s
FRsens H
Leékage Current vob | vss ot TH]
Switch OFF +7.5 - - - - 1100 - pA g HH s
{Effective OFF +750-75 3 ' 1111
Resistance} +5 | -5 5 - - - - f10x 10 £125% | nA % S 8 it
t
: -
ERllsass
H >

~

e
I Mervpo >
T 190 L_MN':I_‘_O
Seaasanas : T; AL s

it IT =

] oz 3
INPUT SIGNAL YOLTS (g s2cs-viate

Fig.7 — Typ. “ON" characteristics for 1 of 4
switches with Vpp =+2.5 V, Vgg=-25 V.
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CD4016A Types

ELECTRICAL CHARACTERISTICS (Contd) . . . . . . .. ... Vgs< V< Vopp) SUPPLY VOLTS: Vpps <8V, vgga-5V
Recommended DC Supply Voltage (Vpp—Vss). .3t0 15 V)
Test Conditions Limits 3
All Voltage Vaiues | Values at -55° C, +25°C, +125°C Apply to D, F, K, H Packages e
Characteristic are in Volts | Values at ~40°C,+259C,+859C Apply to E Package Unit H
+259 ]
VDD | gso | _ap0 | gs0 | +1260 ¢ 3
V) Typ. Max. 5
VClA}=VDD=15 3

Crosstatk Between VC(B):\_/SS: -5
Any 20f 4 ViglA) =5 p-p
Switches RL=1kS2 - - - - 0.9 - | MHz
(f = -50 dB) 20 loglo OS(B) INPUT SIGNAL VOLTS (Vig) sacsmsort

VislA) Fig.8 — Typ. “ON” characteristics as a function of
50 d
temp. for 1 of 4 switches with Vpp =+5 V,
Ve =V VDD Vgs=-5 V.
c o] SS .
Propagation =1 5 20 50
Delay (Si Yss SGND TG ) % | ™
elay {Signal CL ~ 50 pF 1 1
Input to Vis = 10 Sq.
Signal Output)tpd Wave
r 1= 200s B e
5 s0by INPUT SIGNAL VOLTS {V,3)+5 Vp_p SINE WAVE (177 RMS)

Capacitance: el T TR LB gy Heeen e n et
input,Cig Vpp=+5 _ _ _ _ 4 - g 08 FicTuRE 17 O88F Yot sl
Cutput,Cqoq R ] — - - — 2 _ oF % 2 ::c:j:nm S
Feedthrough,Cios - - - - 0.2 - ’ 3 2091 10 g

g T"% %‘ 2

Control (V) LI R & 3

b w

Switch Threshold [ Vis<SVDD.lis=104A| 0.7min - - 0.2min | 0.5min H || 4
Valtage, VTH VDDVs5=15.10.5{ 29max - - 24max | 15 27 4 v M R

Input Leakage VDD -5 £ E + -

Current,li max Vis<VDD 1—,15 1072 typ; *1 max. uA 3 4 ‘

Crosstalk V=10 {Sq.Wave) o L N e 53 g»
{Control tnput 1, 44=20ns |Vpp - - - - 50 - mV INPUT SIGNAL FREQUENCY {f;,) kiiz sacs- 16078
to Signal Qutput) |RL=10k$2 h

g VooVes10[VDD Fig.9 — Typ. Ffeedthlu vs. frequency — switch
“OFF"
Turn-On Ve =10 5 — - - - 20 40 ns
Propagation Delay, | {See Fig.26) | 10 - - - - 10 20
tpde [t,4=20 ns
LS ef BUPPLY VOLY: T
.4 '$:Vpp"+3, Vag -8
RL= Tk§2 ~ xwrmw?v’am‘u-'s’v,.pmmun J.U
VDD:10, g 3 ’Iliﬂilli”‘ﬂ METER MLEID ot j -ﬂ»—j——rw 1385

Maximum V§s=GND 0 Vc'VnoI ‘ N
Allowable Control | Ry =1 k2, _ ~ _ _ 10 _ MH2 g st Vo )

Input Repetition | CL=15 pF 3 2
Rate Vee=10(Sq.Wave) s "o §
tr,tf - 20 ns F Vet vss no%:ggc"s:%"m Rl %

Av. Input _ _ 5 _ I § ,o; I .’r e edun. 5
Capacitance, C| . H] P ¢ :{1 } T You (B)

3o frhim g

* Limit determined by minimum feasible leakage current measurement for automatic testing. 2 OF 4 SWITCHES ﬂﬁ”,/r

A Symmetrical about 0 volts, o~ e 102 03t -

® For all test conditions. INPUT SIGNAL FREQUENCY (1,,)— kiz

92cs- 16080

t Al controt inputs protscted by COS/MOS protection network.

Fig.10 — Typical crosstalk between switch
circuits in the same package,

SUPPLY VOLTS: Vpg-+S5, vss*-5 C105"080F R F VOLTMETER
INPUT SIGNAL VOLTS (Via)= 5 Vp-p “% BOONTGN HAGIO|

SINE WAVE {1.77 RMS} T -y A
[CONTROL VOLTS (vg12+5 ; !
# LOAD CAPACITANCE = (CFix *CMETERM _ 1PT T 7 | Ves

23423.40pF

vp wld ' {RMS)
“L‘*CL'
VeVpp = =
2 29 Il i ¢ v
H LOAD RESISTANCE (R}« %5 7 T 8
i3 i SR
H J0MD. POINTS 4
g | Tooxa
e na
44 B
3
o ALL UNUSED TERMINALS ARE
ALL UNUSED TERMINALS
or 2 T8 T, T w00 ARE CONIECTED T Vas CONNECTED TO Vg
INPUT SIGNAL FREQUENCY (1,,) Miz 9252760
92¢5-16070 sz2¢s-21610 Fig. 13 — Test circuit f
Fig.11 — Typical switch frequency response Fig.12 — “OF F* switch input or output - St circuit for square-wave
— switch “ON”. leakage current test circuit. response.
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CD4016A Types

SCALE: X=02mw/DIV Y =20 V/DIV
VDD = Vg = 475V, Vss = 75V, AL+ 10KD
CL = 15p!

f15= 1KHz Vis=6Vpp

DISTORTION = 0.2%

92Cs-27612

Fig.14 — Typical sine wave response of Vpp =
+78V,Vgg=~-78V.

SCALE X -
Y-2vDIv

100 ns 01V

92¢S-276i7

Fig.17 — Typical square wave response st Voo
=Ve=+5V, Vgs = Gnd.

+10V A Vou
o/
te. 145 20ns Le,
ALL UNUSED TERMINALS
ARE CONNECTED TO V33
92527619

Fig.19 — Propagation delay time signal input
(V;s) to signal output (Vog).

SCALE: X =02ms/DIV Y =20V/DIV
Voo » chj SV, VSS * 2.5V, AL = 10KR
CL=15pF

fis=1KHz Vi5=5Vpp

DISTORTION= 3 %

92Cs5-27614

Fig. 15 — Typical sine wave response of Vpp =
+2.5V, Vgg=-25 V.

Ve
OV Ve Vpp *+10V \
° Vos WITH TEST UNIT
ter14*20m ( TSWITCH OF CDA016A et

PLUGGED IN TEST
FIXTURE]

INOUNIT TEAM
57O 3 OF SOCKET)

ALL UNUSED TERMINALS ARE
CONNECTED TO Vss
92¢5-27608

{a)

VOs FIXTURE ALONE /

SCALE. X: 100ns DIV
Y 50V DIV

92CS-27615

Fig.16 — Typical square wave response at
Vpp=Vc=+15V, Vss=Gnd.

N - 10V PER DIV
Vs - 02V PER DIV
t 10005 PER DIV

92¢s-27618

{b)

Fig. 18 — Crosstalk-control input to signal output.

REP
RATE

A

1,r14220m
‘I 90%
Vo 70" 0%
20
Yoo ™ 208

Vos

Yoo Ve
ol
1142008

CD40I6A
Vis *VDD

vas®d

ALL UNUSED TERMINALS ARE
vss

0L ::nt-nonn
$

CONNECTED TO

szcs-2r820
Fig.20 — Max. allowable control-input
repetition rate,

MAXIMUM RATINGS, Absolute-Maximum Values.

STORAGE-TEMPERATURE RANGE (Ts‘g)
OPERATING-TEMPERATURE RANGE (T,
PACKAGE TYPES D, F, K, H
PACKAGE TYPE E . PR
DC SUPPLY-VOLTAGE RANGE. (V)
(Voltages referenced to Vgg Terminal )

POWER DISSIPATION PER PACKAGE (Ppy)
FOR T 5= —40 to +60°C (PACKAGE TYPE E)
FOR T,= +60 to +85°C (PACKAGE TYPE E )
FOR T, = -5 to +100°C (PACKAGE TYPES D, F, K)
FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K}

DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Ty = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES)

INPUT VOLTAGE RANGE, ALL INPUTS
LEAD TEMPERATURE {DURING SOLDERING)

At distance 1/16 * 1/32.inch (159 * 0.79 mm) from case for 10 s max

—65 to +150°C

55 to +125°C
—40 to +85°C

—05t0+15V

. 500 mW

Derate Linearly at 12 mW/OC to 200 mW
500 mW
Derate Linearly at 12 mW/°C to 200 mw

100 mw
-051w0 Vpp *05 V

+265°C

s2cs-27621

SW!Y CH THRESHOLD VOLTAGE IS DEFINED
VOLTAGE APPLIED TO A TRANS-

HISS!ON GATE CONTROL WHICH CAUSES

10 uA OF TRANSMISSION GATE CURRENT.

Fig.21— Switch threshold voltage.

MEASURED ON BOONTON CAPACITANCE
BRIDGE MODEL 73A {1 MK}

|

Vie T_} Voo
Vea-sv : | C108 'l O
et *i* =
N N
+ +
ALL UNUSED

TERMINALS
ARE CONNECTED TO vss v2cs-27622

Fig.22 - Capacitance C;pg and Cog.
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