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CMOS Quad
Bilateral Switch

For Transmission or Multiplexing
of Analog or Digital Signals

High-Voltage Types {20-Volt Rating)

B 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 supplied in
14-lead hermetic dual-in-line ceramic packages
(F3A suffix), 14-lead dual-in-line plastic
packages (E suffix), 14-lead small-outline
packages (M, MT, M96, and NSR suffixes), and
14-lead thin shrink small-outline packages (PW
and PWR suffixes).

Features:
= 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 2

typ. over 15-V signal-input range

» High on/off output-voltage ratio:
65 dB typ. @ fj; = 10 kHz, R = 10 k2

u High degree of linearity: <0.5% distortion
typ. @ fig = 1 kHz, Vis =5 Vp.p,
Vpp-Vss =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—Vss=18 V, Ta=25°C

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

= Low crosstalk between switches:
—50 dB typ. @ fis = 0.9 MHz, R = 1 k2

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

= Frequency response, switch on = 40 MHz

(typ.)

® 100% testsd 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

= 5V, 10-V, and 15-V paramstric ratings

Applications:

= Analog signal switching/multiplexing
Signal gating = Modulator
Squelich control = Demodulator
Chopper = Commutating switch

= Digital signal switching/multiplexing

® CMOS logic implementation

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

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

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

CHARACTERISTIC LRATA UNITS
Min. | Max.
Supply Voltage Range (For Tp = Full Package
Temperature Range) 3 18 v
MAXIMUM RATINGS, Absolute-M. im Val
DC SUPPLY-VOLTAGE RANGE, (Vpp)

Voltages raferanced toVgg Terminal} .............ooiiiiiiiiiiiiiiiiiiiiiiiiaiiii, -0.5V lo +20V
INPUT VOLTAGE RANGE, ALLINPUTS .. ...ttt iiiiiaitiananeiiiiienienains -0.5V o Vpp +0.5V
DC INPUT CURRENT, ANY ONE INPUT .. ..ot tttitieaetenonsseassannanseaeesnnnanseneens +10mA
POWER DISSIPATION PER PACKAGE (Pp):

ForTp=~580C 40 +1000C .. .ov.iiimiiirannrsinrsnnsisissrnanans R T P o e 500mW

ForTa=+1002C 1o +125%C. . .iiuennieninnennanannnaeinanan Derate Linearity at 12mW/°C to 200mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR .

FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package TYPes) .. ........ccuevueieans 100mW
OPERATING-TEMPERATURE RANGE (TA). .« vvvnuieinnneanneeinnnetanneernaenns -550C to +125°C
STORAGE TEMPERATURE RANGE (Tgpg) - - cuvvvneniiininneiin i iiineaes -85°C to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

Atdistance 1/16 + 1/32inch (1.58 + 0.78mm) from case for 108 MAX .. ... ..o.vuurnerrirornnns +2659C

SUPPLY VOLTS: Vo= +18, gy = 0

[

OUTPUT BENAL VOLTS (Vgg!
N

o 28
IWPUT SIGHAL VOLTS (vig)

WS- TTAO
Fig. 1— Typ. on-state characteristics for 1 of 4
switches with Vo, =+15 V, Vgg =0 V.

RO - 2TE
Fig. 2— Typ. on-state characteristics for 1 of 4
switches with Vpp=+10V, Vgg =0 V.
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CD40168B Types

ELECTRICAL CHARACTERISTICS — TOIA ) 28
' 3 T
u !. 1{ e
N F 7
CHARACTERISTIC TEST CONDITIONS '{':Mr;’é:;r'&:é?(;g? | : ’
v | | ;
- T Via
s | |& ol [
1A
vin Vo e e o= <
(V) | (V) | 55 |40 | +85 [+125|Typ. [Max. EsEsins [“-v{:L°"
05 | 5 |025/0.25] 7.5] 7.5/0.01 [0.25 R i
Quiescent Device fotol 0] 05] 05 15| 15/001 05 4 S
Current, I Fig. 3—Typ. on-state charscteristics for 1 of 4
D 0,15 | 15 1 1| 30| 30j0.01 1 switches with Vpn=+5V, Vgg=0V.
0,20 | 20 5 5| 150 150j0.02 5
Signal Inputs (V) and Qutput (V)
Ve =
OuState b ::E?z Vis=Vpp or Vss |10 | 600| 610] 840| 960] — | es0
esi T Ry =
i °" | Returned |Vis4.75 105.76 V| 10 1870 [1900]2380 bsoo| — [2000
to
Vop-Vss|VisVpp or Vss |15 | 360 | 370 520 600 — | 400 g E
2 |Vi=7.25107.75 V| 15 | 775 790|10801230| - | 850 <
AOn-State i ar]
Resistance p - - — — 151 = 5
. : w >
Between Any RL_IORSZ' vg= VDD 10 | - T - - 0] - Q vics-zees = E
2 Switches, BDegn 15 | - = = - 5| - Fig. 4— Typ. on-state characteristics for 1 of 4 § =
switches with Vppy =+7.5 V, Vsg=—75V.
Total Harmonic [Vc=VpD =5V, Vss=-5V, Vis(p-p)
Distortion, =5V (Sine wave centered on 0V) - - — - 04| - % o] suprey vours . wpo s s8ivge-s
THD RL=10 k2, f;s=TkHz sine wave Amit TEuPERATIRE (13} <88 °C
~3dBCutoff | Vo-Vpp=5V, Vgg- 5V, 3
Freguencv Vis(p-p) =BV (Sine wave = s s o) 40 | - MHz 2
(Switch on) centered on 0 V) R =1kS, g
~500B Feed- i
through \gc_:=Vss= -5V, Vig(o.p)=5V " E
Frequency :‘ m: :"T:;Z centered on 0 V) - i i - has|- Hz
(Switch off) L
Input/Output Ve=0V . £
Leakage Current| Vi¢ =18V, Vo =0 V; 18 [20.1[20.1 [ 21 | £1 }107%] 20.1 [uA WOT BORAL YOLTS (g]
(Switchoff) | Vie=0V, ' ' o
15 Max. Vo= 18V Fig. 5— Typ. on-state characteristics for 1 of 4
o switches with Vpyp =45 V, Vgg =5 V.
VclA)=Vpp=+5V,
_ VE(B) = Vgg= -5V,
Cslg:lfssaik VislA) = SVP'P' K B - - pe — MMz SUPPLY VOLTS: Vop * + 25V, gy =28V
50 2 source | o Tewenarne (4 - 287
Frequency Ry = 1K T
L=’ ; Hs ot
R =200k : el
Propagation Vg = , Vgs = GND, 5| - - — - |40 100 5
Delay (Signal |C{ = Sd:'p'% wl|-]-[-1-1]2 40|ns H
Input to Signal Vis = Square Wave _ _ = S T H
Output) tpg [ Oto ngo 15 » ._T_':
g trntf=20ns
S
Capacitance: s | - 380 cda e “
Input, C;g Vpp=+5V — - - - maiiliicii: s :t
Output, COS Vg=Vgg=-BV - = - - 4 - | oF BPUT BOMAL VOLTS (g —
ough Fig. 6— Typ. on-state characteristics for 1 of 4
Fmé::“ : - |=|-1- (024 - switches with V= +2.5V, Vgg=—2.5V.

3-47



LECTRICAL CHARACTERISTICS (cont'd)

CD40168B Types

SUPPLY WOLTE: ¥ppe+3V¥, vgge-3

U
_CHAHAC‘I‘ERIS?K} TEST CONDITIONS LIMITS AT INDICATED N
TEMPERATURES (°C) |
T
(V) |-55 |40 +85 [ +125] Typ. [ Max.
Control (V)
Control Input lhjgl< 10pA
Low Voltage, V. =Vegg, Vog = V ca-rrees
V“.C (Max.) ar;ii Ss- YOS DD 51'150' 09| 09| 04] 04| — 0.7 | V | Fig. 7— Typ. on-state characteristics asa function of
g Vis = Vpp. Vos = Vss temp. for 1 of 4 switches with Vpp=+5 V,
Vgg= -6 V.
5 3.5 (Min.) Ty T
Control Input . s Jop s S
High Voltage, | See Fig. 10 10 7 (Min) vl »mmﬂ'ﬁhﬁﬁég@mmﬂml
ViHe 15 11 (Min.) g “?;.'l‘:‘..."?»‘!-'—‘"'“ s -
2 ©R A WE wmTMLTEA 1 .
Input Current, Vis<Vpp z Lo LN ll 3
N (Max.) Vo - V35 =18V 18 F0.1 [+0.1 [£1 |21 [#10-5+0.1 [pA | [§ meliE TRV T
VCC< VDD - Vss ; .0 BN L A | A!«;E
Crosstalk {Con- Ve =10V {Sq. Wave) i | ; !;‘ j’) :
trol Input to tr, tf = 20 ns 0W]|-[-|-1]-1650 - |mv / /
Signal Output) | AL = 102 : &, I/ pally
I
Turn-On tr, t§=20ns § |- I=|=1]= 35 70 L ‘{ l / SRk T
Propagation CL = 50 pF 10 |- - . - 20 40 |ns v Invur un:L m::ﬂ(lu‘l:
Delay RL=1kQ2 e
8 l=|=|—]|= |25 30 Fig. 8 — Typ. feedthru vs. frequency — switch
Vis = Vpp. Vss = GND, off.
RL=1 EB to gnd,
Maximum CL =50 pF,
Control Input V¢ = 10 V(Square 10 |- |- |- | = = rm vouTs:Vpor+8, Vee-s [ 1T T T
Repetition Rate| wave centered on 5 V) 10 MHz2 - oo S VLTS 00~ § g S0 w177l |
3, tf =‘§2%ns.@1 " =z FEET L
=Y -1 oo ls7
0s os z “-f'v\.w : o
Input i I ]
Caéucitame, N P 5 7.5 |uF g ® wa L 3w g
IN e MF Mg TR s
: -l VIR
M OR QU f .o
Switch Input Switch Output E i‘:n +Foa Youtel] |
(v) | (vi|-s8°c | —a0°c | 25°c* | 25°Ca| +88°C | +125°C | Min. | Max. B e
WY - 16080
5 of 025 0.2 0.2 016| 0.12] o.14 - 0.4 Fig 0= Tt crosissti b o
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 -04 -0.3 -0.35 95 - e R T e
15 o| 18 14 15 12 1 K B I I i T D - #ﬁ@n
.. 1]
15 | 15[-18 | 14 -15 | <12 | -1 [ -1 | 35| - i oj:I_i_‘ .
ad & L2 ‘1 !
* Prastic package * Ceramic package Ll '2,‘ i; *g"-l—‘
Yo ¥ ¥
L O L |
i L LOAD RESISTARCE (ILliln I I
. 3o CTINE =L N1
-]y -
Vis=Veal § T
fon® Iil.uln 923-30087 I_% RELAT) T8 gy

Fig. 10— Determination of r,,, as a test condition for control input

high voltage fV;Hc’ specification.

WPUT SHNAL FREQUENCT [f,,) iz
Cy-90T0

Fig. 11 — Typical frequency response

— switch on.



CD4016B Types

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

CHARAC- | suppPLY .LOAD
TERISTIC*| CONDITIONS - “_ - - CONDITIONS
[ R = k] R =10kl | Ry = 1002
Voo | Vss VII.’&E Vis |VALUET V., [VALUE[ v,
v | v | s v} wy | v (13]] v)
200 +15 200 +15 180 +15
Ton +15 0
200 o | 200 o | 200 0
Ton {max.)] +15 0 300 +11 300 +9.3 320 +9.2
290 [ +10 | 250 | +#10 | 240 | +10
Ton +10 V]
290 o | 250 o | 300 0
Ton (max.)| +10 0 [500 |+74 | 560 | +56 | 610 | +65
860 | +5 | 470 | +5 | 450 | + 5
Faiy +5 0
s 600 0 | 580 o | 800 0
Ton {max.)| + 5 0 1.7k +4.2 7k +29 33k +2.7
200 |+75 | 200 | +75 | 180 | +75
" +75 | =75
on 200 |-75 | 200 (-75 | 180 | -75
Ton \max.)| 75 | —75 | 290 | *025| 280 | =25 | 400 [ £0.25 |
260 |+5 | 250 | +65 | 240 | + 5
fon +5 -5
310 | -5 ]250 | -5 [ 240 | -5
Ifon (max.)] +5 | — 5 [600 |:025| 580 | *0.25( 760 | 0.25
590 | +25 | 450 | +25 | 4980 | +25
Ko +25 | -25
720 | -25 | 520 | 25 | 520 | -25
Ton (max.)| +25 | —25 [ 232k [ +0.26| 300k | :025| 870k | 0.25

*® Variation from aperfect switch, fon =082

SCALE: X=02my/DIV ¥ =20V/DIV
vpp - V%- +1.5V, Vg5 = 7.5V, R = 10K
CL=15p

fis=1KH: Vis=5Vpp

DISTORTION = 0.2 %

92Cs5-2T612

Fig.14 — Typical sine wave response of Vpp =
+t7.5V, Vgg=-75V.

SCALE

X = 100 ns/DIV
¥ = 5.0 DIV

92C5-27615

Fig. 17 — Typical square wave response at
Vpp=Vec=+15V, Vss=Gnd.

SCALE: X = 0.2 m/DIV Y » 20 V/DIV
Vop=Ve=+5V.Vgs - 5V, AL = 10K
CL = 15pF

hs=1KH: Vis=5Vpp

DISTORTION = 0.4 %

92C5-2T613

Fig.15 — Typkuf sine wave response of Vpp =
5V, Vgg=-5V.,

SCALE. X =100nu/DIV
Y=50v DIV

92C5-2T6I6

Fig.18 — Typical square wave response at Vpp =
Ve=+10V, Vgs = Gnd.
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Fig. 12 — Off-state switch input or output
leakage current test circuit.

Voo . v
aj-\_"c Voo oo
1.1y 20ns

Vos
¥ O
vieeoo L1 [ L
*=5 23
oF 310
ALL UNUSED TERMINALS ARE
CONNECTED TO Vs
VICH - RTALE

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

SCALE: X =02m/DIV ¥ =20V/0DIV
VoD = V= +2.5V, Vg5 = 2.5V, R = 10K11
cL=15pF

fig=1KH: Vis=5Vpp

DISTORTION= 3 %

92C5- 27614

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

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

92C5-2TeIT

Fig.19 — Typical square wave response at Vpp
=Vec=+5V, Vsg = Gnd.

'
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CD4016B Types

Ve

Vo5 WITH TEST UNIT

(1 SWITCH OF COMD16A e
PLUGGED IN TEST

FIXTURE)

vos FIXTURE ALON:/

INO UNIT TERAM

ALL UNUSED TERMIMALS

ARE CONMECTED TO Vg

5 TO 3 OF SOCKET) Vg - 10V PER DIV RS- rRTOR
vos - 02V PER DIV

1 100 PER DIV

92C5-27818

Fig.21 — Propagation delay time signal input

(b) Vs to signal output (Vgg).
MEASURED OM BOOKTON
BRIDOE MODEL TSA (I Mite)
Voo Ve |
o-/_\.. Ve i T T v
ty tpe 200 o.._?_._ +—1o°
' Y-8y C108
Vig =V Voae-av g * l Con
s *Voo Lo Saeoma secs-zren Voorssv M3 *
> SWITCH THRESHOLD VOLTAGE I3 DEFINED ! !
v MISSION GATE. CONTROL WhiGH CASES b —T— |
0uA OF TRANSMISSION GATE CURRENT. + l +
%hutggﬁn%zcuuus ARE ALL UNUSED TERMMALS
23 s2cs-276MIm ARE COMMECTED TO vgg ws-amne
Fig. 22 — Max. control-input repetition rate. Fig.23 - hold volrag Fig.24 — Capacitance Cyps and Cgg.
Voo w %o Dimensions and pad layout for CD40168H
o/ \
trtg=20ms
Vos
CD40IEB
Viy " Vpp OR Vigg 20 SR oVss
Yoo

ALL UNUSED TERMINALS ARE
CONNECTED TO Veg

ve f50*F
“ M oo
v —4'b2Ll‘_
“ﬁm\[:ﬁ bl

F2CM-TB308

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

_"I(o

-102-0.254)

49-57
(1.245-1.447)
92CS- 35063

Dimensions-in parentheses are in millimeters and sre
derived from the basic inch dimensions as indicated,
Grid graduations are in miis (10~ inch).
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J (R—GDIP—Txx) CERAMIC DUAL IN—=LINE PACKAGE
14 LEADS SHOWN

PINS *x
DIM 14 16 18 20
5 0.300 | 0300 | 0.300 | 0.300
(762) | (7.62) | (7.62) | (7.62)
" . BSC BSC BSC BSC
ﬁ r-‘] r-'“l ["-“l r'-‘] ["-“l ﬁ B MAX 0.785 .840 0.960 1.060
T (19,94) | (21,34) | (24,38) | (26,92)
) C B MIN — — — —
l C MAX 0.300 0.300 0.310 0.300
UIVEVAVAVEVAY (7.62) | (7.62) | (7.87) | (7.62)
1 7
0.245 0.245 0.220 0.245
0.065 (1,65) C MN
S0 (18] (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52

—»| |&¢—0.005 (0,13) MIN 0.015 (0.38) |47 4"

— 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J 0.026 (0,66)
0.074 (0,36) 015"

—>
0.100 (2,54) 0.014 (0,36)
0.008 (0,20)

4040083 /F 03/03

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

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
E

Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

0.125 (3,18) MIN

N (R—PDIP—T**) PLASTIC DUAL-IN—-LINE PACKAGE
16 PINS SHOWN
PINS **
- A »
o 14 16 18 20
16 ’ 0.775 | 0.775 | 0920 | 1.060
o e B e I e W o B e B T ACMAX 1 19,69) | (19,69) | (23,37) | (26,92)
0.745 | 0.745 | 0.850 | 0.940
) %ﬁgfg)) ACMING 1 18,92) | (18,92) | (21,59) | (23,88)
MS—001
P2 SN S s e s e A VARIATION AA BB AC AD
w J L 8
0.070 (1,78)
0.045 (1,14) A
0.045 (1,14) 0.325 (8,26)
> r 0,030 (0.78) 0.020 (0,51) MIN 0.300 (7,62)
I | \ 5 0.015 (0,38)
| | —
1 1 0.200 (5,08) MAX Tcouge Plane
\. ‘ ‘ \)Jl i Seating Plane
(B ¥ (0,25) NOM

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) @]

—pf —

)

U M/WE_% Pin Only A

= 20 Pin vendor option

J 0.430 (10,92) MAX

4040049/E  12,/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).

@ The 20 pin end lead shoulder width is a vendor option, either half or full width.

.,
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL OUTLINE

0.244 (6,20)
0.228 (5,80)
_ - - - 1 0157 (4,00)
N\ 0150 (3,80) £
| |
1o Q000
il ,
Pin 1
Index Area %
[60.010 (0,25) W)
// \ \/ ¥ \\
i 4 l ] ] ] ] ] # \\ Ej\ // /k
0.010 (0,25) - - - ~
- 0.069 (1,75) Max 0.004 (0,10)
0010 (025) 7 ﬁ
0.005 (0,13)1 / \
/ \ \\
+ ‘ /[\ | [ ]0.004 (0,10)
Gauge Plane ¢ —4— : == :
ﬁ — ? Seating Plane
0.010 (0,25) 08 < o
~ _—
0.050 (1,27)
0.016 (0,40)

4040047-5/M  06/11

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.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS-012 variation AB.

NOTES:

Interlead flash shall not

np> P

Mold flash, protrusions, or gate burrs shall

exceed 0.017 (0,43) each side.

TEXAS
INSTRUMENTS
www.ti.com
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MECHANICAL DATA

PW (R—=PDSO—-G14) PLASTIC SMALL OUTLINE

0,30
i
14 8

A I

-7 ~
T 0,15 NOM // ﬁ\
450 6,60 i /
@ m @ / ‘ \‘
s
O l Gage Plane i
HHHHHH ' Los
_ N 0,25 7
1 7 omg _ e
« 20, 0,75
4,90 0,50
YN

i \ Vo w—

+ Ty Seatng pare 3| _f17 al
L 1,20 MAX 0,15 \\//

0,05

4040064-3/G 02/

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. 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 0,15 each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.

E. Falls within JEDEC MO-183
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