&National Semiconductor
CD4016M/CD4016C Quad Bilateral Switch

General Description

The CD4016M/CD4016C is a quad bilateral switch which
utilizes P-channel and N-channel complementary MOS
(CMOS) circuits to provide an extremely high “OFF” resist-
ance and low “ON” resistance switch. The switch will pass
signals in either direction and is extremely useful in digital
switching.

Features
m Wide supply voltage range 3V to 15V
m High noise immunity 0.45 Vg typ.
m Wide range of digital +7.5 Vpeak
and analog levels
m Low “ON” resistance 3000 typ.
Vpp-Vss=15V
B Matched switch
characteristics ARoN=40Q typ.
m High “ON/OFF” output 65 dB typ.
voltage ratio @fis=10 kHz
R =10k
m High degree of linearity .5% distortion typ.
@fig=1 kHz

B Extremely low leakage

W Transmits frequencies up
to 10 MHz

Applications
B Analog signal switching/multiplexing
® Signal gating
e Squelch control
e Chopper
® Modulator
® Demodulator
e Commutating switch
m Digital signal switching/multiplexing
m CMOS logic implementation
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Vis=5 Vp.p
Vpp-Vgs =10V
R =10 kQ

B Analog to digital/digital to analog conversion

m Digital control of frequency, impedance,

and analog-signal gain

phase,

Schematic and Connection Diagrams

*CONTROL

Voo VOLTAGE (Vc)
| | 13+ O

Vss

:
i

ﬂﬂ

J
3
:

2

T_T_T

L
;

18

—UT-TJT-I—

U |
INPUT SIGNALS {V)s)

TERMINAL NOs. 1,4, 8, 11 IN

|

4

Jw"-«

3
our

f

1
r

QUTPUT SIGNALS {Vps)
TERMINAL NDS. 2,3, 9,10

ol
ol

2
out

Note 1: All switch P-channel substrates are internally connected to terminal
No. 14.

Note 2: All switch N-channel substrates are internally connected to terminal
No. 7.

) 1
oo e
outeut A 2 113 conra
3 12
0UTPUT B = — conTo
=11,
INPUT B -] UH— nput o
sovre LR L0 oy

cont ¢ - L3 outeutc

TOP VIEW

TL/H/6104-2

o

L
K

IN
"
o

e

-

=l

9
ouv

Signal-level range: Vgs<Vis>Vpp
ing, switch ON
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TL/H/6104-1

Normal operation: Control-line bias-

Ve “17=Vpp, switch

OFF Vg “0”=Vsgg

Order Number CD4016MJ or CD4016CJ

See NS Package J14A

Order Number CD4016CN

See NS Package N14A

Order Number CD4016MW

See NS Package W14B
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Absolute Maximum Ratings

Voltage at Any Pin (Note 1)

Vgs—0.3V to Vgg+15.5V

Storage Temperature Range

—65°Cto +150°C

Operating Temperature Range CD4016M —55°C to +125°C Package Dissipation 500 mW
CD4016C —40°Cto +85°C Lead Temp. (Soldering, 10 seconds) 300°C
Operating Vpp Range Vss+3VtoVgs+ 15V
Electrical Characteristics cp4o1em
Limits
Symbol Characteristic Test Conditions _55°C 25°C 125°C Units
Min| Typ [Max |Min| Typ |Max|Min| Typ | Max
Quiescent Dissipation Volts
per Package Terminals Applied
Vpp 14 +10
All Switches “OFF” Vss 7 GND
Vo 56,12, 13 GND 5 01 15 300 | pW
Vis 1,4,8,11 <+10
Py Vos 2,3,9,10 <+10
Volts
Terminals Applied
Vbbp 14 +10
All Switches “ON” Vss 7 GND 5 0.1 5 300 | uW
Ve 5,6,12,13 +10
Vis=Vos  1-4,8-11 <+10
Threshold Voltage Ips=10 nA
VTHN | N Channel Vpp =5V, 10V, or 15V 7 5 13 v
Ips=10 uA _ _ _
VTHP  |P-Channel Vpp=5V, 10V, or 15V 1.7 1.5 1.3 \
SIGNAL INPUTS (Vis) AND OUTPUTS (Vos)
Vc=Vpp Vss Vis
+7.5V 120 | 360 200 | 400 300 | 600
+75V —7.5V —7.5V 120 | 360 200 | 400 300 (600 Q
+0.25V 130 | 775 280 | 850 470 (1230
+5V 130 | 600 250 | 660 400 | 960
+5V -5V -5V 130 | 600 250 | 660 400 (960 | Q
+0.25V 325 (1870 580 (2000 900 |2600
Ron “ON” Resistance RL=10kQ +15V 120 | 360 200 | 400 300 | 600
+15V oV  +0.25V 120 | 360 200 | 400 300 (600 Q
9.3V 150 | 775 300 | 850 490 (1230
+10V 130 | 600 250 | 660 400 | 960
+10V oV  +0.25V 130 | 600 250 | 660 400 (960 | Q
5.6V 300 |1870 560 (2000 880 (2600
A “ON” Resistance
+7.5V —7.5V £7.5V 10
ARoN Betwee_n Any 2 +5V 5V 4BV 15 Q
of 4 Switches
Sine Wave Response RL=10kQ _ .
(Distortion) fs=1kHz  T9V v (?\l\g(t”e %)) 0.4 %
Vc=Vss Vbb Vis
Input or Output _ +7.5V +100
Leakage-Switch “OFF»| 175V 78V 75y +100 PA
(Effective “OFF” _ +5V (Note 2)| 125
Resistance) oV v —5V (Note 2)| 125 nA
Frequency Response— Vc=Vpp= +5V, Vgg= —5V|
Switch “ON” v 40 MHz
(Sine Wave Input) RL=1kQ 20 Log1o$: —-3dB
Vis=5V(p-p) is
Vpp= +5V,Vg=Vgg= —5V
\
Feedthrough 20 Log1g—2= —50 dB 1.25 MHz
Switch “OFF” Vis
Vg(A)=Vpp= +5V
Crosstalk Between any 2 |R_= 1kQ Vc(B)=Vss=5V 0.9 MHz
of the 4 switches Vis(A)= Vos(B)
(Frequency at —50 dB) |5V(p-p) 20 Log10V°S( N —50 dB
is'

Note 1: The device should not be connected to circuits with the power on.

Note 2: £10 X 103,

Note 3: Symmetrical about 0V.




Electrical Characteristics cp4o16m (Continued)

Limits
Symbol Characteristic Test Conditions —55°C 25°C 125°C Units
Mianyp Max Minl Typ |Max Min|Typ| Max
SIGNAL INPUTS (Vjs) AND OUTPUTS (V) (Continued)
Cis Capacitance Input Vpp= —5V, Vg=Vgg= —5V 4
Cos Output 4 pF
Cios Feedthrough 0.2
Propagation Delay Vc=Vpp=—10V, Vgs=GND, C| =15 pF
tpd Signal Input to Vis= 10V (square wave) 10 ns
Signal Output t,=t=20 ns (input Signal)
CONTROL (V¢)
VriC  |Switch Threshold Voltage |Vis= VDD I\{SE)E_‘I\(;SEZ 18V, 10V, 5V 147 2905 15 |27]02 24|V
Vpp-Vgs=10V
| Input Current +10 A
c P Vc<Vpp-Vss P
Cc Average Input Capacitance 5 pF
Crosstalk — Vpp-Vss=10V
Control Input to Vg=10V RL=10kQ 50 mV
Signal Output (square wave)
Turn “ON”
tpdC Propagation Delay trc=tic=20ns Vis<10V, C_ =15 pF| 20 ns
Maximum Allowable Vpp=10V, Vgs=GND,R_. =1 Q
Control Input C_.=15pF 10 MHz
Repetition Rate Ve =10V (square wave)
t=t=20ns
Electrical Characteristics cp4o16c
Limits
Symbol Characteristic Test Conditions —40°C 25°C 85°C Units
Min| Typ | Max |Min| Typ |Max|Min| Typ | Max
Quiescent Dissipation Volts
per Package Terminals Applied
Vpp 14 +10
All Switches “OFF” Vss 7 GND
Vo 5,6,12,13 GND 5 01 |5 80 | pW
Vis 1,4,8,11 <+10
Pr Vos 2,3,9,10 <+10
Volts
Terminals Applied
Vbbp 14 +10
All Switches “ON” Vss 7 GND 5 0.1 5 80 | uW
Vo 5,6,12,13 +10
Vis=Vos 1-4,8-11 <+10
Threshold Voltage Ips=10 pA
VTHN | N Channel Vpp=5V, 10V, or 15V 7 1.5 18 v
Ips=10 pA _ _ —
V1P P-Channel Vpp =5V, 10V, or 15V 1.7 1.5 1.3 \%

Note 1: The device should not be connected to circuits with the power on.
Note 2: £10 X 10-3.
Note 3: Symmetrical about OV.




Electrical Characteristics cp4016¢ (Continued)

Limits
Sym. Characteristic Test Conditions —40°C | 25°C 85°C Units
Min|Typ Maleinl Typ |Max Mianypl Max
SIGNAL INPUTS (Vjs) AND OUTPUTS (Vo)
Vc=Vpp Vss Vis
+7.5V 130| 370 200 | 400 260| 520
+7.5V —7.5V —7.5V 130| 370 200 |400 260[520| O
+0.25V| 160| 790 280 |850 400(1080|
+5V 150/ 610 250 | 660 340| 840
+5V -5V -5V 150|610 250 | 660 340/ 840| Q
+0.25V| 370(1900 580 (2000 770(2380
Ron [“ON” Resistance RL=10kQ +15V 130| 370 200 |400 260| 520
+15V oV +0.25V 130| 370 200 |400 260[520| Q
9.3V 180| 790 300 |850 400(1080|
+10V 150( 610 250 | 660 340| 840
+10V oV +0.25V 150/ 610 250 | 660 340(2380|
5.6V 350(1900) 560 (2000 750(2380
A “ON” Resistance
+7.85V —7.5V +7.5V 10
ARon|  Between Any 2 +5V  —BV 45V 15 @
of 4 Switches
Sine Wave Response [R| =10 kQ _ .
(Distortion) fis=1 kHz eV o8V (?\l\g(fe‘”g) 04 %
Vc=Vss Vbb Vis
Input or Output _ +7.5V +100
Leakage-Switch “OFF” 173V (A +100 PA
(Effective “OFF” _ +5V (Note 2)| 125
Resistance) 5V v -5V (Note 2)| 125 nA
Frequency Response— Vc=Vpp= +5V, Vgg= —5V,|
Switch “ON” Vv 40 MHz
(Sine Wave Input)  [RL=1kQ 20 Logmﬁ: —3dB
Vis=5V(p-p) s
Vpp= +5V, Vg=Vgg= —5V,|
V,
Feedthrough 20 Log1g—2= —50 dB 1.25 MHz
Switch “OFF” Vis
Vc(A)=Vpp= +5V
Crosstalk Between any R = 1kQ Vgo(B)=Vgg= —5V 0.9 MHz
2 of the 4 switches  |Vis(A)= Vos(B) :
(Frequency at 5V(p-p) 20 Log1o—>=2>—=—50dB
—50 dB) Vis(A)
Cis |Capacitance Input Vpp= —5V, Vc=Vgg= —5V 4
Cos Output 4 pF
Cios Feedthrough 0.2
Propagation Delay Vc=Vpp= +10V,Vgg=GND,C| =15pF
tod Signal Input to Vis= 10V (square wave) 10 ns
Signal Output t,=1t;=20 ns (input Signal)
CONTROL (V¢)
Switch Threshold Vis<VcD Vpp-Vss=15V, 10V, 5V
VTHC Voltage lS2 10 JoA 05| 15 |27 %
Vpp-Vgs=10V
| Input Current +10 A
c P Vc<Vpp-Vss P
Average Input
Ce Capacitance 5 PF
Crosstalk — Vpp-Vss=10V
Control Input to Ve=10V RL=10kQ 50 mV
Signal Output (square wave)
Turn “ON”
tpdC Propagation Delay  [t,c=t{c=20 ns Vis<10V, C_ =15 pF| 20 ns

Note 1: The device should not be connected to circuits with the power on.
Note 2: £10 X 10-3.
Note 3: Symmetrical about OV.




Electrical Characteristics cp4016¢ (Continued)

Limits
Sym. Characteristic Test Conditions —40°C 25°C 85°C Units
Mianyp Max Minl Typ | Max Mianypl Max
CONTROL (V¢) Continued
Maximum Allowable Vpp=10V, Vgs=GND, R =1 Q
Control Input C_ =15pF 10 MHz
Repetition Rate V=10V (square wave)
tr=t=20ns
Note 1: The device should not be connected to circuits with the power on. Note 2: £10 X 103, Note 3: Symmetrical about OV.

Typical ON Resistance Characteristics

Supply Load Conditions
Characteristic* Conditions RL=1kQ R_L=10kQ R =100 kQ
Vpo | Vss | Value | Vjs | Value| Vjs | Value| Vg
V) V) (2) V) (2) (V) (2) (V)
200 | +15 | 200 | +15 | 180 | +15
Ron 1510 1500 | o | 20| o | 200 o0
Ron(max.) +15| o | 800 | +11 | 800 | +93 | 820 | +92
290 | +10 | 250 | +10 | 240 | +10
Ron t100 0 1590 | o | 250 | o | 300 o
Ron(max.) +10| o | 500 | +74 | s60 | +56 | 610 | +55
860 | +5 | 470 | +5 | 450 | +5
Ron 510 g0 | o |s80| o | 80| o
Ron(max.) +5 | 0 | 17k | +42 | 7k | +29 | 33 | +27
200 | +75| 200 | +75 | 180 | +75
Ron 78| =751 500 | —75 | 200 | ~75 | 180 | 75
Ron(max.) +75| —75| 200 | +0.25| 280 | +25 | 400 | +0.25
260 | +5 | 250 | +5 | 240 | +5
Ron 51 5 30| -5 | 250 | -5 | 240 | -5
Ron(max.) +5 | —5 | 600 | +0.25| 580 | +0.25| 760 | +0.25
590 | +2.5 | 450 | +2.5 | 490 | +25
Ron 251 =251 250 | _25 | 520 | —25 | 520 | —25
Ron(max.) +25| —25| 232k | +0.25 | 300k | +0.25 | 870k | +0.25
*Variation from a perfect switch: Roy=04.
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CD4016M/CD4016C Quad Bilateral Switch

Physical Dimensions inches (millimeters) (Gontinued)
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NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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