CD4016BM/CD4016BC

National
Semiconductor

CD4016BM/CD4016BC Quad Bilateral Switch

General Description

The CD4016BM/CD4016BC is a quad bilateral switch m Extremely high control input 1012Q(typ.)
intended for the transmission or multiplexing of analog impedance
or digital signals. It is pin-for-pin compatible with m Low crosstalk between switches -50dB(typ.)
CD4066BM/CD4066BC. @ f|S= 0.9MHz, RL= 1kQ
m Frequency response, switch “ON” 40 MHz (typ.)

Features
m Wide supply voltage range 3Vtol5V Appllcatlons
n Wide range of digital and +7.5VPEAK m Analog signal switching/multiplexing

analog switching » Signal gating
m “ON” resistance for 15V operation 400Q(typ.) ° gﬂ“emh control
m Matched “ON” resistance over aron = 10Q (typ.) opper

* Modulator/Demodulator

15V signal input + Commutating switch

m High degree of linearity 0.4% distortion (typ.) P } - . .
@ f|S= 1KHz, VIS= 5Vp-p, m Digital S|gha! swnchmg/rvuluplexmg
VDD-V SS= 10V, RL= 10kQ ™ CMOS logic implementation
m Extremely low “OFF” switch leakage 0.1 nA (typ.) b Analcg-to-digital/digital-to-analog conversion
@ Vad ~ Vss = 10V b Digital control of frequency, impedance, phase,
Ta=25°C and analog-signal gain

Schematic and Connection Diagrams

Dual-In-Line Package

OUT/IN
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Absolute Maximum Ratings (notes 1and 2)

-0.5V to +18V
-0.5V to VDD+ 0.5V

VDD Supply Voltage
V|N Input Voltage

Recommended Operating Conditions
(Note 2)

VDD Supply Voltage
V|N Input Voltage

3Vtol5V
OVtoVDD

Ts Storage Temperature Range -65°Cto +150°C Ta Operating Temperature Range

PDPackage Dissipation 500mwW CD4016BM -55°Cto +125°C
Lead Temperature (Soldering, 10 seconds) 300°C CD4016BC -40°C to +85°C
DC Electrical Characteristics cdd016om (\de2)
-55°C 25°C 125°C Unit
Parameter Conditions . . nits
Min. Max. Min. Typ. Max. Min. Max.
oD Quiescent Device Current VDD=5V . 0.25 001 0.25 75 mA
vDD= iov 0.5 0.01 0.5 15 mA
VDD = 15V 1.0 001 10 30 mA
Signal Inputs and Outputs
Ron “ON” Resistance RL=10kQ to PD mmm-
Vc = Vdd. Vis = Vss or Vdd
Vdd = 10V 600 250 660 960 Q
VDD = 15V 360 200 400 600 Q
RL—10kQ ,0 VA - VSS
Vc =vDD
VDD = 10V, VIS=4.75 to 5.25V 1870 850 2000 2600 Q
VDD= 15V, V,s=7.25t0 7.75V 775 400 850 1230 Q
arOn A"ON" Resistance RL=10kQ toVDD2 VsS
Betwgen any 2 of Ve = Vdd. Vis = V$s to Vdd
4 Switches v 1oV 15 0
dd =
In Same Package
( ge) Vdd= 15V 10 Q
.is Input or Output Leakage  Vc =0, Vdd = 15V +50 +0.1 50 +500 nA
Switch “OFF” Vis = 15V and 0V,
Vos = 0V and 15V
Control Inputs
viLc Low Level Input Voltage Vis = Vgs and Vdd
Vos = Vdd ar,d Vss
lis = *i0O"A
Vdd = 5V 0.9 0.7 0.5 \%
Vdd= 10V 0.9 0.7 0.5 \%
Von = 6V 0.9 0.7 0.5 \%
viHc  High Level Input Voltage Voo =8V 35 35 35 \
VDD= 10V (see Note 6 and 7.0 7.0 7.0 \
VDD = 15V Figure 8) 11.0 11.0 11.0 \%
vin Input Current Vdd ~ Vss = 15V +0.1 £ o +0.1 +1.0 mA

Vdd " Vis » Vss
Vdd » vq N Vss
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CD4016BM/CD4016BC

DC Electrical Characteristics cddlfoc (\de2>

Parameter

lgd Quiescent Device Current

Signal Inputs and Outputs

Ron “ON” Resistance

ARgn A“ON” Resistance
(Between any 2 of
4 Switches
(In Same Package)

hs Input or Output Leakage

Switch “OFF”

Control Inputs

Low Level Input Voltage

viLe
viic ~ High Level Input Voltage
un Input Current

-40°C
Conditions
Min. Max.

VDD = 5V 1.0
VDD = 10V 2.0
Vaqa = 15V 4.0
R1  10kQ to Vdd2 VsS
V c=Vdd. Vis = Vss or Vdd
Vdd= 10V 610
VDD= 15V 370
RL= 10kQ to VpD~ Vss
Vc = Vdd
Vdd = 10V, V|S=4.75 to 5.25V 1900
Vdd = 15V, v|s=7.25to 7.75V 790
RL=10kQtoVDD2 VSS
Vcc = Vdd. Vis = Vss to Vdd
VDD= 10V
Vdd= 15V
Vc =0, VDD= 15V +50
V,s =0V or 15V
Vos = 15V or 0V
Vis = Vss' ar|d Vdd
Vos = Vdd and Vss
lis = £10pA
VDD = 5V 0.9
Vdd= 10V 0.9
VDD= 15V 0.9
Vdd = 5V 35
vba = 10V (see Note 6 and 7.0
vDd = 15V Figure 8) 11.0
Vee - Vss = 15V +0.3

Vdd * Vis > Vss
Vdd * Vc ” Vss

Min.

3.5
7.0
11.0

25°C
Typ. Max.
001 1.0
001 20
001 4.0
275 660
200 400
850 2000
400 850
15
10
+0.1 +50
0.7
0.7
0.7
+10-5 #0.3

85°C
Min. Max.

7.5
15
30

840
520

2380
1080

+200

0.4

0.4
35
7.0
11.0

AC Electrical Characteristics ta= 25°C, tr=tf = 20ns and VSs = OV unless otherwise specified

Parameter Conditions
tpHL. tpiH  Propagation Delay Time Ve = vDd, C1=50pF, (Figure 1)
Signal Input to Signal Output RL= 200k
VDD = 5V
VDD= 10V
Vdd= 15V
tpzH, tpzL Propagation Delay Time RL=1.0kQ, CL=50pF, (Figures 2
Control Input to Signal and 3)
Output High Impedance to Vdd = 5V
Logical Level Vdd= 10V
VDD= 15V
tpHz, tpL,z  Propagation Delay Time RI=1.0kQ, CL=50pF, (Figures 2
Control Input to Signal and 3)
Output Logical Level to Voo =5V
High Impedance VDD= 10V
VDD= 15V

Sine Wave Distortion

Vc=vpd =5V, Vss= -5V

Rl = 10kQ, V|S=5Vpp, f = 1kHz,

(Figure 4)
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Min.

Typ.

58
27
20

20

17

15

10
0.4

Max.

100
50
40

50
40
35

40
25
22

Units

2323

nA

I <<< <<<

Units

ns
ns
ns

ns
ns
ns

ns
ns
ns

%



AC Electrical Characteristics (comd>

Ta=25°C, tr=1tf=20ns and Vss = OV unless otherwise specified

Parameter

Frequency Response — Switch
“ON” (Frequency at -3dB)

Feedthrough — Switch “OFF”
(Frequency at -50dB)

Crosstalk Between Any Two
Switches (Frequency at -50dB)

Crosstalk; Control Input to
Signal Output

Maximum Control Input

Cis Signal Input Capacitance
Cos Signal Output Capacitance
Cios Feedthrough Capacitance

CN Control Input Capacitance

Note 1. “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not
meant to imply that the devices should be operated at these limits. The tables of “Recommended Operating Conditions" and

Conditions Min

Ve =VDD=5V, Vss = —bV,

R_= 1kQ, Vis = 5Vp.p,

20 Log-io Vos/VOs (1kHz)-dB,
(Figure 4)

VDD= 5V, Vc=Vss = -5V,

RL= 1kQ, V|S=5Vp.p,

20 Log-io (Vos/V,s)= -50dB,
(Figure 4)

Vdd = Vc(A) = 5V; Vss = Vgb)= -5V,
R1 = 1kQ, VIS(A) = 5Vp.p,

20 Log-io (Vos(B)/Vos(A)) = -50dB,
(Figure 5)

VED= 10V, RL= 10kQ

Rim = 1kQ, Vgc = 10V Square Wave,
C_=50pF (Figure 6)

RL= 1kQ, C1=50pF, (Figure 7)
VOS(f) = 12 Vos(1 kHz)

VDD = 5V

Vdd= 10V

Vdd= 15V

VDD= 10V
th =ov

“Electrical Characteristics” provide conditions for actual device operation.

Note 2: Vss = 0V unless otherwise specified.

Note 3: These devices should not be connected to circuits with the power “ON".

Note 4: In all cases, there is approximately 5pF of probe and jig capacitance on the output; however, this capacitance is included in C[_

wherever it is specified.

Note 5: V|g is the voltage at the in/out pin and Vgs is the voltage at the out/in pin. Vq is the voltage at the control input.

Note 6: If the switch input is held at Vdd- V|hc is the control input level that will cause the switch output to meet the standard “B”
series Vgh and loh output levels. If the analog switch input is conected to Vss- Vine's the control input level — which allows the
switch to sink standard “B“ series |Ighl-high level current, and still maintain a Vgl * standard “B” series. See Figure 8.

AC Test Circuits and Switching Time Waveforms

Figure 1. tPHL, tPLH Propagation Delay Time Signal Input to

viD

CONTROL VDD

™ TSWIPESO™ LT T

vss — = CL < Ri

X r

Figure 2. tPZH, tPHZ Propagation Delay Time Control to Signal Output

tPZH

Signal Output

Typ
40

125

0.9

150

6.5

9.0

0.2
5

n ov
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Max

75

tPHZ

90%

Units
MHz

MHz

MHz

mvp.p

MHz

MHz

MHz
pF
PF
pF
PF
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CD4016BM/CD4016BC

AC Test Circuits and Switching Time Waveforms (cotd

tPZL

tPZL

u50%

VDD- VDO

\Q voL-

Figure 3. tPZH, tPHZ Propagation Delay Time Control to Signal Output

Figure 4. Sine Wave Distortion, Frequency Response and Feedthrough

Vaqs(A)
25V
Vs(} oV
2.5V

Vos®

Crosstalk Between Any Two Switches

Figure 6. Crosstalk — Control to Input Signal Output
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VD \
90!
Jf vV
CONTROL  vpo
W S5 oo
Vs ——a_ >R
| '0pF ~ Kk
Figure 7. Maximum Control Input Frequency
Temperature Switch Input Switch Output
Range VDD Vis hs <mA) VOS(V)
Tlow 25°C Thigh Min. Max.

5 0 0.25 0.2 0.14 0.4

5 5 -0.25 -0.2 -0.14 4.6

10 0 0.62 0.5 0.35 0.5
MILITARY 10 10 -0.62 -0.5 -0.35 9.5

15 0 18 15 11 15

15 15 -1.8 -1.5 =Ll 135

5 0 0.2 0.16 0.12 0.4

5 5 -0.2 -0.16 -0.12 4.6

10 0 0.5 0.4 0.3 0.5
COMMERCIAL 10 10 0.5 0.4 0.3 95

15 0 14 12 1.0 15

15 15 -1.4 -1.2 -1.0 135

Figure 8. CD4016B Switch Test Conditions for Vjhc

Typical Performance Characteristics

‘ON’ Resistance vs. Signal Voltage ‘ON’ Resistance Temperature ‘ON’ Resistance Temperature

Ta =25°C Variation for VDD- VSs = 10V Variation for VDD- VSs = 15V
-4-2024 -6 -4-2 0 2 4 6 8
SIGNAL INPUT (V|S)(V) SIGNAL INPUT (VIS)(V) SIGNAL INPUT (V|S)(V)
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CD4016BM/CD4016BC

Typical Applications

CHANNEL 1

CHANNEL 2

CHANNEL 3

CHANNEL 4

4

3 2 1
CONTROL

4 Input Multiplexer

Sample/Hold Amplifier

Special Considerations

The CD4016B is composed of 4, two-transistor analog
switches.These switches do not have any linearization or
compensation circuitry for “Ron” as do the CD4066B’s.
Because of this, the special operating considerations
for the CD4066B do not apply to the CD4016B, but at low
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supply voltages, <5V, the CD4016B’'s on resistance
becomes non-linear. It is recommended that at 5V, volt-
ages on the in/out pins be maintained within about 1V of
either VDDor Vss; and that at 3V the voltages on the in/out
pins should be at VDD or Vss for reliable operation.



