CMOS 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" Series types are suppliedin
14-lead hermetic dual-in-line ceramic pack-
ages (D and F suffixes), 14-lead dual-in-line
plastic packages (E suffix), 14-lead ceramic
flat packages (K suffix), and in chip form (H
suffix).

Features:
® 20-Vdigital or + 10-V peak-to-peak switching

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

typ. over 156-V signal-input range
» High on/off output-voltage ratio:
65 dB typ. @ fig = 10 kHz, R = 10 k{2
= High degree of linearity: <0.5% distortion
typ. @ fis = 1 kHz, Vis =5 Vp.p,
Vpp—Vss = 10V, R = 10 k{2
m Extremely low off-state switch leakage
resulting in very low offset current and
high effective off-state resistance:
100 pA typ. @ Vpp-Vss=18 V, Ta=25°C
8 Extremely high control input impedance
{control circuit isolated from signal circuit:
1012 Q2 typ.
& Low cr tk between :
—50 dB typ. @ fis = 0.9 MHz, R =1kQ
® 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 uA
at 18 V over full package temperature

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

h

Applications:

» Analog signal switching/multiplexing
Signal gating s Modulator
Squelch control m Demodulator
Chopper ® Commutating switch

= Digital signal switching/multiplexing

| CMOS logic implementation

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

= Digital control of frequency, impedance,
phase, and analog-signal gain
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RECOMMENDED OPERATING CONDITIONS

For maximum reliability, | operating diti hould be selected so that
operation is always within the following range:
LIMITS
CHARACTERISTIC UNITS
Min. | Max.
Supply Voltage Range {For T 5 = Full Package
Temperature Range) 3 18 v
MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (VDDI
(Voitages referenced to Vgg Terminal} -05t0+20V
INPUT VOLTAGE RANGE, ALL INPUTS 05t0Vpp+05V
DC INPUT CURRENT, ANY ONE INPUT (INCLUDING TRANSMISSION GATE) 10 mA
POWER DISSIPATION PER PACKAGE (P()
For Tp = -40to0 *60 C (PACKAGE TYPE E) S 500 mW
For Tp = +60 to 485 C (PACKAGE TYPE E) Derate Linearly at 12 mW, C to 200 mW
For Tp =-55t0 +100°C (PACKAGE TYPES D, F. K) 500 mW

Derate Linearty at 12 mw/°C to 200 mW

For T, = +100 to +125°C (PACKAGE TYPES D, F, K)
DEVICE DISSIPATION PER TRANSMISSION GATE
FOR T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mw
OPERATING TEMPERATURE RANGE wA,
PACKAGE TYPES D, F, K, H .55 10 +125°C
PACKAGE TYPE E .40 10 +85°C

STORAGE TEMPERATURE RANGE (Tgy R -85 10 +150°C
LEAD TEMPERATURE (DURING SOLD RING).

At distance 1/16 ¥ 1/32 inch {1.59 * 0.79 mm) from case for 10 s max. +265°C

SUPPLY VOLTS. Voo = H13; ¥gg =0
AMBIENT TEMPERATURE (T,) » 28

SUPPLY VOLTS: Vpp«+10;
AMBIENT TEMI P

P 93

OUTPUT SIGNAL VOLTS (Vog!
CUTPUT SIGNAL VOLTS (1g)

INPUT SIGNAL VOLTS (Vig)
92¢5-27660

INPUT SIONAL VOLTS (vg)

$2C8-27681
Fig. 2— Typ. on-state characteristics for 1 of 4
switches with VDD =+10V, VSS=0 V.

Fig. 1-- Typ. on-state characteristics for 1 of 4
switches with Vpp =+15V, Vgg=0V.
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CD4016B Types

ELECTRICAL CHARACTERISTICS

SUPPLY VOLTS : Vpg+ +8; Vgg =0

AMBIENT TEMPERATURE (T4} ¢ 28°C

LIMITS AT INDICATED 2 B it i
TEMPERATURE (°C) u s S
» Values at —55, +25, +125 Appty | N 3. HHE H
Characteristic Test Conditions to D, F, K, H Packages | PR iasiisiceastinisn s agkoin H
Values at —40, +25, +85 Apply to | T FepmE e i fri H
E Package S g . [ 229 [ "
Vin VDD +25 ° H ‘i‘ + ht?";-"‘i“-ﬁl'_o
(V) 1{v) | -55|—40 | +85 [+125{ Typ. [Max. | e ﬂ?‘:&“‘"
05 [ 5 [025[0.25] 7.5 7.5/0.01 |0.25 i v s v
Quiescent Device 010|110 ) o5{ 05! 15| 15l0.01] 05 s Fio 3o X wcs:rss;
c I 19. 5~ I'yp. on-state characteristics for 1 of 4
urrent, Ipp 0,15 | 15 1 1] 30] 30]0.01 1 switches with Vpp=+5V, Vgs=0V.
0,20 ] 20 5 5| 150} 150{0.02 5
Signal Inputs (Vi) and Output (Vos) m;vﬁv::vmum(a,,‘;
3
On-State Ve :1‘(’)':8 Vi=Vpp or Vgg |10 | 600 | 610] 840] 960| - | 60 5
Resistance, ry, [ Ry = -
Max. Returned |Vis=4.75 10 5.75 V| 10 [1870 119002380 600| ~ |2000 i
to H
VDD~ Vss\VieVpp or Vsg |15 | 360 | 370] 520] 600| — | 400] & | |3
2 Vis=7.2510 7.75 V{15 | 775 | 790[1080 1230] - 850
AOniState 5 | - _ _ _ 15 —
g:ts\l;;ae?‘c;ny R =10k§2, V¢ = Vpp 10 ] - _ _ _ 10| - Q INPUT SIGNAL VOLTS (v;g) S
2 Switches, Arg 15 | - - - - 5| — Fig. 4 Tvp. on-state characteristics for 1 of 4
switches with Vpp =+7.5 V, Vgg=~7.5 V.
: Ve=Vpp =5V, VSSZ—5V,Vis(D'D)
Tgﬁ:i::{gfmc = CS:V (Sine wave centered on 0V) - - - - 04| - % §[SUPPLY VOLTS: Vpp 245 Vgg==8
* RL:]O kQ f‘s=1 kHZ s|ne wave AMBIENRT TEMPERATURE {Tam28°C ‘9
THO : -
—3dB Cutoff Vc=Vpp=5V. Vgg=-5V, $* WA
Frequency Vis(p-p) =5V (Sine wave _ - _ - 40 | — MH:z C
{Switch on) centered on 0 V) R =1k, g i
° e £
—50dB Feed- a Vi
>0dB Fee Ve=Vgg= =5V, Vig(y 0)=5V 5 : l
through c is{ g
(Sine wave centered on 0 V) - - j- |- N5} - MH:z 32 e Ji wiko
Frequency R, =11k =l v Voo
{Switch off) L - H# f‘”‘:c“‘, a -
Input/Qutput Ve=0V i~ ;
Leakage Current, Vis =18V, VOS= ovV; 18 }*0.1[20.11] 1 1 10—4 0.1 |uA INPUT SIGNAL VOLTS (vjg) S
(Switch off) Vis=0V, Fig. 5~ Typ. on-state characteristics for 1 of 4
lig Max. Vos= 18V switches with Vpyp=+5 V, Vgg=~5 V.,
VclA)=Vpp=+5V.
Vc(B)=Vgg= -5V, — Mu
—50 dB C -1-1-1- lo9 z o0+ S 25Vives L
Crosstatk ;’ iSS()A) =5 VI}P' s As::eu“rv?:&\;?mz:r:)\:’:s-c"v
0 §2 source T
Frequency RL = 1 kQ };2 HEE
P i Vs Ty GND 51 - - - |- |40 1100 g .
ropagation Ve = . Vgg = f B AT
Delay (Signal | L = sGAF 0| - |- )= |- |20 ] 40ns i. §
Input to Signal | vjs = Square Wave 15 - _ - - 1156 30 5 H z
Output) tpg OtoVpp g" »—L
tr, tf=20ns c.s.;:ﬂn 41!;0
-2 l
Capacitance: _ _ _ _ 4 - : L% e
Input, Ci xD? \=/+5Y__5 v - — — - 4 — | pF BT T ey sonL vours (v.,)3 o2cs- 27668
Output, Cos ¢ s Fig. 6— Typ. on-state characteristics for 1 of 4
Feedthrough, - - - - 10.2 - switches with Vpp=+2.5V, Vgg=—2.5V.
Cios
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ELECTRICAL CHARACTERISTICS (cont'd}

CD4016B Types

SUPPLY VOLTS: Vpp= +3V; Vgg=-8V
LIMITS AT INDICATED ;
TEMPERATURE (°C) ul la
Characteristic Test Conditions Values at 55, +25, +125 Apply to N #
D, F, K, H Packages ! §
Values at 40, +25, +85 Apply to T 4
§
v E Package 125 s g
DD 5
(v) |-55 [ 40[+85 [ +125{ Typ. | Max. 5
Control (V)
Control Input 116k 10uA IWPUT SIGNAL YOLTS (Vis)
Low Voltage, Vi =Vgg, Vogg = V secs-zTees
ViLe {Max.) anlii 55 708 oo 5‘115? ‘1091 09 04] 04| - 0.7{ V | Fig. 7 Typ. on-state ch. Jstics as a function of
) Vi = Vop. Vos = Vss :;mp. for51‘:l4swltches withVpp=+5V,
ss=-5V.
Control Input ) 5 3.5 (Min.) ‘-‘r—"‘%mw&:necos Vo3 s
IHC 15 11 (Min.) - ﬂ“mnu\ﬂ 08¢ M
vy 85 yoweres 3
Input Current, Vis < VB H T ,::"ssw & /ﬂL} 3
N (Max.) Vpp — V§s =18V 18 k0. [20.1 |+1 |*1 |£10-5] 201 {pa| |3 =°$r:{ Hysa Hg "
VCC < VpD — Vss FI 4 | Tﬁ -5
Crosstalk (Con- | V=10V (Sq. Wave) i ;; A £
trol Input to tr, tf= 20 ns 10 |- _ . 50 ~ lmvli® /3 A
Signal Output) Ry =10k § % y "
s
Turn-On tr, tf = 20 ns 5 (- (~[- 1~ 35 70 P b l 4
: - " N 2 3 -
PDr;:g:gauon (R:t - ?ok?; 10 - - - - 20 40 {ns *© 'upur SIG:)AL ratw:ncv (lhn?u nc:uon
15 |- - ~ - 15 30 Fig. 8 — Typ. feedthru vs. frequency — switch
Vis = V08 Vgg = GND, off.
RL =1k to gnd,
Maximum CL =50 pF,
Control Input V¢ = 10 V(Square - _ _ - Vo o 1
Repetition Rate|{ wave centered on 5 V} 10 10 = MHz mmm«:‘:‘gv:pmmnm
t, tf = 20 ns -‘ FIXTURE AND METER NLLED OUT (385
\;;sz‘/,vos’@‘lkHz E I 11k | |ll| [
5 et Isr
Input % ‘-" Vath N -
Capacitance, SIS R 5 5 20 % I }% s £
C|N 7.5 |uF 2 wa _g. E
H Y Vss BoonTon SAB z
4 H
g &3 R .-
Switch Input Switch Output : 51‘% ol UL
Vop | Vis lis (mA) Vas V) o | Hzors oot [pA
el O o o o " -
(v) | (v)j-s8°c | -40°c | 25°c* | 25°ca| +85°C | +125°C | Min. | Max. T e o srcotny = e
5 0] 025 0.2 0.2 016 0.12| 014 ~ 0.4 y . e
- - Fig. 9— Typical Ik bet h
5 5 { -0.25 -0.2 —0.2 -0.16 | -0.12 { -0.14 4.6 — e cil;::;:s .:z;s;zam:p:::gg:‘.wm
10 0 0.62 0.5 0.5 0.4 0.3 0.35 - 0.5
10 10 | —0.62 -0.5 -0.5 -04 -03 -0.35 9.5 —
VoD +5,ves -5
15 0{ 18 14 15 1.2 1 1.1 N o R i i U e %&ﬂ
15 15 | -1.8 ~14 -15 “12 | -1t - 136 | - CONTAGL VOLTS (14 gy ome
ettty g
* Piastic package A Ceramic package " *i'- =5=°
von iy
i o LIDAD lltsis?‘ch!(lILl-llln | T‘ l}
i3 i et Ak
v s> 040168 Vos 2> 1 ooxa
s | OF 4 SWITCHES E; na 4
_'Vu"’ol' §
on |1is| 925-30967 ol | T o o
INPUT SIGNAL FREQUENCY {f,,) MMz
$2CE- 0T
Fig. 10— Determination of r ,,, as a test condition for control input - .
high voltage (' V,HC‘;’;pecificatfon. Fig. 11 — Typical frequency response

— switch on.
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CD4016B Types

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

CHARAC- SUPPLY LOAD
TERISTIC*| CONDITIONS CONDITIONS
Ry = 1k} Ry = 10kQ [ R, = 100k{1
Voo | Vss [VALUE] Vi, VALUE[ V;, |VALUE[ V;
(v) V) (52) v} «2 Vi {8 V)
200 +15 200 +15 180 +15
fon +15 0
200 0 200 0 200 [}
ron {max.)| +15 0 | 300 +1 300 +9.3 | 320 +9.2
290 +10 250 +10 240 +10
fon +10 0
290 0 250 0 300 0
Ton (Mmax.}t +10 0 (500 +74 | 560 +56 | 610 +59
860 +5 470 +5 450 +5
fon +5 o}
600 0 580 0 800 1]
fon (Max.)| + 5 0 |17 |+42 | 7 ¥29 1 33k | +27
200 +75 200 +7.5 180 +75
4 +75 ) -75
on 200 [-75 ) 200 |-756 | 180 | -75
ron (max.)f +7.6 1 -7577290 025 280 25 | 400 | f0.25
260 +5 250 +5 240 +5
fon +5 -5
310 -5 250 -5 240 -5
ron {max. )l +5 | —~ 5 600 |:025] 580 | t025| 760 | +0.25
590 +25 450 +25 490 +25
fon +285 { -25
720 -25 520 -25 520 -25
Ton (max.] 425 | -26 1232 | *0.25] 300k | +0.25| 870k | 0.25

* Variation from aperfect switch, fon =08,

SCALE: X =0.2ms/DIV Y = 2.0 V/DIV
VDD # V¢ = +7.5V, Vs = 7.8V, R = 10K
CL-15pF

fis=1KHz Vig=5Vpp

DISTORTION = 0.2%

92Cs-27612

Fig.14 — Typical sine wave response of Vpp =
+7.5 V, Vgg=-7.5V.

SCALE

X =100 ns/DIV
Y =50 v/DIV

92C5-27615

Fig.17 — Typical square wave response at
Vpp=Vc=+18V, Vgs = Gnd.

SCALE: X = 0.2 me/DIV Y = 20 V/DWV
VpD = V=45 V. Vs = 5 V. R = 10KQ
cL=15pF
fis=1KHz VIs=5Vpp
DISTORTION = 0.4 %

92C5-27613

Fig.15 — Typical sine wave response of Vpp =
+5V,Vgs=—5 V.

X =100 ns. DIV
Y=50vVDV

92C5-27616

SCALE

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

ALL UNUSED TERMINALS
ARE CONNECTED TO Vgg

925~ 27667

Fig. 12 ~ Off-state switch input or ou tput
feakage current test circuit.

v
L] Ve* Voo Vop
o
17,1y =20m
Vos

CD40168

Vie*Voo Lis <10
I oF Ska

T

vasO

ALL UNUSED TERMINALS ARE
CONNECTED TO Vgs
920s-27668

Fig.13 — Test circuit for square-wave
response.

SCALE. X =0.2ms/DIV Y = 20 V/DIV
VDD = VG 25V, V§g - 2.5V, AL = 10K§
cL=15pF

£S5 - 1 KBz V)s=5Vpp

DISTORTION= 3 %

92C5 - 27614

Fig.16 — Typical sine wave response of Vpp =
+25V,Vgg=-25V.

SCALE

X =100 ns/DIV
Y =2Vv/DIvV

92¢5~-27617

Fig.19 — Typical square wave response at Vpp
=Ve=+5V, Vgg = Gnd.
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CD4016B Types

Ve \\
+10v Vou
ﬂOVf-—\Vc Vpp® HOV Vs WITH TEST UNIT o/ —O
0 (1 SWITCH OFPCD4016A - Tr. tg= 2008
ty*tge20m PLUGGED IN TEST - roL
FIXTURE} - -
VisO Vos d
R
VoS FIXTURE ALONE N ALL UNUSED TERMINALS
INOUNIT . TERM ARE CONNECTED TO Vss
S YO 3 OF SOCKET) Ve - 10V PER DIV s2e5-276708
vps - 0.2V PER DIV
ALL UNUSED TERMINALS ARE 1 100ns PER DIV
CONNECTED TO Vgg 92527618
s2cs-27669 Fig.21 — Propagation delay time signal input
(al (6) V) to signal output (Vog).

Fig.20 — Crosstatk-control input to sighal output.

REP
RATE
e _;\}\
g \/ MEASURED O BOONTON CAPACITANCE
1, x15220m a3 BRIDOE MODEL 7SA (1 MMz)

Voo v I
c
O CD40I6B
o/ \. Voo - O Vi T Vou
ty,tg° 2008 F T+OxA ¢
Vos Vge-SY 108
€D40168 20 - | —— |
Vis "¥oo < - 2767, Mool ch* *c-
Lo SRLroka 22¢5-27672 Vop»+5Y
< VOLTAGE IS DEFINED : :
- =+

SWITCH THRESHOLD
THE VOLTAGE APPLIED TO A TRANS-
\TE CONTROL ICM CAUSE

Vss®y MISSION GA Wi s
10 4A OF TRANSMISSION GATE CURRENT.
ALL UNUSED TERMINALS ARE UNUSED TERMINALS
ALL D TE
CONNECTED TO Vgs secs_zremm ARE CONNECTED TO Vgs wcs-zreaz
Fig.23 ~ Switch threshold volitage. Fig.24 — Capacitance Cj0g and Cog.

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

Dimensions and pad layout for CD4016BH

L\
[}
tr,tg=20ns
Vol
5052
1|
2 * Vpp OR V, L - '-—"—‘—
Vis™Vop R Vs oVss 56
Vob 50

ALL UNUSED TERMINALS ARE
CONNECTED TO Vss

N 50%
]
Pz "
Vo ____7(' { Ry toVss

40

Vis 10 VDD
—4 fozL l"
Vos Ry 1o Vpo
2* {Vu fo Vsg
92CM-28308

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

9 -10
(0.102-0.254)
9

49-57
! (1.245-1.447) i

92CSs- 35063
Dii i in pa h are in milli and are The photographs and dimensions of each CMOS chip
derived from the basic inch d,'mnas,'o,,s as indicated. rapresent a chip when it is part of the water. When the
N . . . -3 - wafer is separated into individua! chips, the angle of
Grid graduations are in mils f1o inch). cleavage may vary with respect to the chip face for

different chips. The actual dimensions of the isolated
chip, therefore, may differ slightly from the nominal
dimensions shown. The user should consider a tolerance
of ~3 mils to +16 mils applicable to the nominal
dimensions shown.
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