ANALOG
DEVICES

LC*MOS

Precision 5 V/3 V Quad SPST Switches

ADG511/ADG512/ADG513

FEATURES

+3 V, +5 V or £5 V Power Supplies
Ultralow Power Dissipation (<0.5 pW)
Low Leakage (<100 pA)

Low On Resistance (<50 Q)

Fast Switching Times

Low Charge Injection

TTL/CMOS Compatible

16-Pin DIP or SOIC Package

APPLICATIONS

Battery Powered Instruments

Single Supply Systems

Remote Powered Equipment

+5 V Supply Systems

Computer Peripherals such as Disk Drives

Precision Instrumentation

Audio and Video Switching

Automatic Test Equipment

Precision Data Acquisition

Sample Hold Systems

Communication Systems

Compatible with =5 V Supply DACs and ADCs such as
AD7840/8, AD7870/1/2/4/5/6/8

GENERAL DESCRIPTION

The ADG511, ADG512 and ADGS513 are monolithic CMOS
ICs containing four independently selectable analog switches.
These switches feature low, well-controlled on resistance and
wide analog signal range, making them ideal for precision
analog signal switching.

These switch arrays are fabricated using Analog Devices’
advanced linear compatible CMOS (LC?MOS) process which
offers the additional benefits of low leakage currents, ultralow
power dissipation and low capacitance for fast switching speeds
with minimum charge injection. These features make the
ADG511, ADG512 and ADGS513 the optimum choice for a
wide variety of signal switching tasks in precision analog signal
processing and data acquisition systems.

The ability to operate from single +3 V, +5 V or£5 V bipolar
supplies make the ADG511, ADG512 and ADG513 perfect for
use in battery-operated instruments, 4-20 mA loop systems and
with the new generation of DACs and ADCs from Analog
Devices. The use of 5 V supplies and reduced operating currents
give much lower power dissipation than devices operating from
+15 V supplies.
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SWITCHES SHOWN FOR A LOGIC "1" INPUT

The ADG511, ADG512 and ADGS513 contain four indepen-
dent SPST switches. The ADG511 and ADG512 differ only in
that the digital control logic is inverted. The ADGS511 switch is
turned on with a logic low on the appropriate control input,
while a logic high is required for the ADG512. The ADG513
contains two switches whose digital control logic is similar to
that of the ADG511 while the logic is inverted in the remaining
two switches.

PRODUCT HIGHLIGHTS

1. +5 Volt Single Supply Operation
The ADG511/ADG512/ADGS513 offers high performance,
including low on resistance and wide signal range, fully
specified and guaranteed with +3 V,£5 Vaswellas +5V
supply rails.

2. Ultralow Power Dissipation
CMOS construction ensures ultralow power dissipation.

3. Low RON

4. Break-Before-Make Switching
Switches are guaranteed to have break-before-make opera-
tion. This allows multiple outputs to be tied together for
multiplexer applications without the possibility of momentary
shorting between channels.
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ADG511/ADG512/ADG513-SPECIFICATIONS'

Dual SUpp'Y (Voo =45 V £ 10%, Vs =-5 V = 10%, GND = 0 V, unless otherwise noted)

B Versions T Versions
—40°C to —55°C to
Parameter +25°C +85°C +25°C +125°C Units Test Conditions/Comments
ANALOG SWITCH
Analog Signal Range Vpp t0 Vgg VpptoVgs| V
Ron 30 30 Q typ Vp =135V, Ig=-10mA;
50 50 Q max Vpp =445V, V=45V
LEAKAGE CURRENTS Vpp =455V, Vg=-55V
Source OFF Leakage Is (OFF) +0.025 +0.025 nA typ Vp =145V, Vg =545V,
+0.1 2.5 +0.1 +2.5 nA max Test Circuit 2
Drain OFF Leakage I, (OFF) +0.025 +0.025 nA typ Vp =145V, Vg =545V,
+0.1 2.5 +0.1 +2.5 nA max Test Circuit 2
Channel ON Leakage I, I (ON) | £0.05 +0.05 nA typ Vp=Vg=145V;
+0.2 x5 0.2 5 nA max Test Circuit 3
DIGITAL INPUTS
Input High Voltage, Vinu 2.4 2.4 V min
Input Low Voltage, VinL 0.8 0.8 V max
Input Current
Iine or Iina 0.005 0.005 UA typ Vin = VinL or Vina
+0.1 +0.1 MA max
DYNAMIC CHARACTERISTICS?
ton 200 200 ns typ Ry =300 Q. C, =35 pF;
375 375 ns max Vg =13 V; Test Circuit 4
torr 120 120 ns typ Ry =300 Q. C =35 pF;
150 150 ns max Vg =13 V; Test Circuit 4
Break-Before-Make Time 100 100 ns typ Ry =300 Q, C =35 pF;
Delay, tp (ADG513 Only) Vs1 = Vg = +3 V; Test Circuit 5
Charge Injection 11 11 pC typ Vs=0V,Rs=0Q, C. =10 nF;
Test Circuit 6
OFF Isolation 638 68 dB typ Ry =50Q,C.=5pF, f=1MHz,
Test Circuit 7
Channel-to-Channel Crosstalk 85 85 dB typ R =509Q,C.=5pF, f=1MHz,
Test Circuit 8
Cs (OFF) 9 9 pF typ f=1MHz
Cp (OFF) 9 9 pF typ f=1MHz
Cp, Cs (ON) 35 35 PF typ f=1MHz
POWER REQUIREMENTS
Vpp +4.5/5.5 +4.5/5.5 V min/max
Vg —4.5/-5.5 —4.5/-5.5 V min/max
IDD 0.0001 0.0001 u.A typ VDD =455 Vv, VSS =55V
1 1 MA max Digital Inputs =0V or5V
Iss 0.0001 0.0001 MA typ
1 1 MA max
NOTES
lTcmpf:rarure ranges are as follows: B Versions —40°C to +85°C; T Versions —55°C to +125°C.
*Guaranteed by design, not subject to production test.
Specifications subject to change without notice.
—2— REV. A
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ADG511/ADG512/ADG513

Single SUpp|y (Voo = +5 V = 10%, Vs= 0 V, GND = 0 V, unless otherwise noted)

B Versions T Versions
—40°C to —55°C to
Parameter +25°C +85°C +25°C +125°C Units Test Conditions/Comments
ANALOG SWITCH
Analog Signal Range 0V to Vpp OVtoVpp |V
Ron 45 45 Q typ Vp=+3.5V,Ig=-10 mA;
75 75 Q max Vpp=+4.5V
LEAKAGE CURRENTS Vpp =455V
Source OFF Leakage Is (OFF) +0.025 +0.025 nA typ Vp=4.5/1V,Vg=1/45V,
+0.1 2.5 +0.1 2.5 nA max Test Circuit 2
Drain OFF Leakage Ip (OFF) +0.025 +0.025 nA typ Vp=4.5/1V,Vg=1/45V,
+0.1 t2.5 +0.1 2.5 nA max Test Circuit 2
Channel ON Leakage Ip, I (ON) [ £0.05 +0.05 nA typ Vp=Vg=4+45V/+1V;
+0.2 t5 0.2 x5 nA max Test Circuit 3
DIGITAL INPUTS
Input High Voltage, Ving 2.4 2.4 V min
Input Low Voltage, VinL 0.8 0.8 V max
Input Current
Iine or Iing 0.005 0.005 UA typ Vin = VinL or Ving
+0.1 +0.1 UA max
DYNAMIC CHARACTERISTICS?
toN 250 250 ns typ Ry =300 Q, C;, =35 pF;
500 500 ns max Vg =+2 V; Test Circuit 4
torr 50 50 ns typ Ry =300 Q, C;, =35 pF;
100 100 ns max Vg =+2 V; Test Circuit 4
Break-Before-Make Time 200 200 ns typ Ry =300 Q, C;, =35 pF;
Delay, tp (ADGS513 Only) Vs = Vg = +2 V; Test Circuit 5
Charge Injection 16 16 pC typ Vs=0V,Rg=0Q, C. =10 nF;
Test Circuit 6
OFF Isolation 68 68 dB typ Ry =50Q, CL =5pF, f=1MHz;
Test Circuit 7
Channel-to-Channel Crosstalk 85 85 dB typ Ry =50Q, CL =5pF, f=1MHz;
Test Circuit 8
Cs (OFF) 9 9 pF typ f=1MHz
Cp (OFF) 9 9 pF typ f=1MHz
Cp, Cs (ON) 35 35 PF typ f=1MHz
POWER REQUIREMENTS
Vop +4.5/5.5 +4.5/5.5 V min/max
Inp 0.0001 0.0001 MA typ Vpp =+5.5V
1 1 UA max Digital Inputs=0V or5V
NOTES

"Temperature ranges are as follows: B Versions —40°C to +85°C; T Versions —55°C to +125°C.
2Guaranteed by design, not subject to production test.

Specifications subject to change without notice.
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ADG511/ADG512/ADG513-SPECIFICATIONS

Single Supply (Voo = +3.3 V = 10%, Vs = 0V, GND = 0V, unless otherwise noted)

B Versions

0°C to
Parameter +25°C +70°C Units Test Conditions/Comments
ANALOG SWITCH
Analog Signal Range 0 Vito Vpp \Y%
RON 200 Q typ VD =+1.5 Vv, IS =-1 mA;
500 Q max Vpp=+3V,
LEAKAGE CURRENTS Vpp=+3.6 V
Source OFF Leakage Is (OFF) +0.025 nA typ Vp=26/1V,Vg=1/2.6V;
+0.1 2.5 nA max Test Circuit 2
Drain OFF Leakage I (OFF) +0.025 nA typ Vp=26/1V,Vg=1/2.6 V;
+0.1 2.5 nA max Test Circuit 2
Channel ON Leakage Ip, Is (ON) +0.05 nA typ Vp=Vsg=+2.6 V/+1 V,
+0.2 t5 nA max Test Circuit 3
DIGITAL INPUTS
Input High Voltage, Vinu 2.4 V min
Input Low Voltage, Vin 0.8 V max
Input Current
I or Ive 0.005 MA typ Vin = VL or Vinu
+0.1 MA max
DYNAMIC CHARACTERISTICS?
ton 600 ns typ Ry =300 Q, C; = 35 pF;
1200 ns max Vg =+1 V; Test Circuit 4
toFr 100 ns typ Ry =300 Q, Cy =35 pF;
160 ns max Vg =+1 V; Test Circuit 4
Break-Before-Make Time 500 ns typ Ry =300 Q, Cp = 35 pF;
Delay, tp (ADG513 Only) Vg1 = Vg, = +1 V; Test Circuit 5
Charge Injection 11 pC typ Vs=0V,Rs=0Q, C,. =10 nF;
Test Circuit 6
OFF Isolation 68 dB typ RL.=509Q,CL=5pF, f=1MHz;
Test Circuit 7
Channel-to-Channel Crosstalk 85 dB typ Ry =50Q,CL=5pF, f=1MHz;
Test Circuit 8
Cs (OFF) 9 pF typ f=1MHz
Cp (OFF) 9 pF typ f=1MHz
Cp, Cs (ON) 35 pF typ f=1MHz
POWER REQUIREMENTS
AN 3/3.6 V min/max
IDD 0.0001 HA typ VDD =436V
1 HA max Digital Inputs =0 Vor3V
NOTES
"Temperature ranges are as follows: B Versions —40°C to +70°C.
2Guaranteed by design, not subject to production test.
Specifications subject to change without notice.
—4— REV. A
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ADG511/ADG512/ADG513

ABSOLUTE MAXIMUM RATINGS!

(Ta = +25°C unless otherwise noted)

VD O VSS oot e e +44 V
Vop 10 GND - oo oo 03 Vio+425V
Vs 10 GND .o oo +03Vio-25V

........... Vss 2V toVpp+2Vor
30 mA, Whichever Occurs First

Analog, Digital Inputs®

Continuous Current, S or D
Peak Current, SorD .. ... ... ... .. .. ... ... .. ..... 100 mA
(Pulsed at 1 ms, 10% Duty Cycle max)
Operating Temperature Range
Industrial (B Version) ................. —40°C to +85°C
Extended (T Version) ................ —55°C to +125°C

Plastic Package, Power Dissipation ............... 470 mW
0;4 Thermal Impedance . .................... 117°C/W
Lead Temperature, Soldering (10sec) ........... +260°C

SOIC Package, Power Dissipation . ............... 600 mW
0)a Thermal Impedance ...................... T7°C/IW

Lead Temperature, Soldering
Vapor Phase (60 sec)
Infrared (15sec) ... ... +220°C

NOTES

IStresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those listed in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability. Only one absolute

2Overvoltages at IN, S or D will be clamped by internal diodes. Current should be

Storage Temperature Range ............. —-65°C to +150°C maximum rating may be applied at any one time.
Junction Temperature . ......................... +150°C
Cerdip Package, Power Dissipation ............... 900 mW limited to the maximum ratings given.
0)a Thermal Impedance . ...................... 76°C/IW
Lead Temperature, Soldering (10sec) ............ +300°C
CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the ADG511/ADG512/ADG513 features proprietary ESD protection circuitry,
permanent damage may occur on devices subjected to high energy electrostatic discharges.
Therefore, proper ESD precautions are recommended to avoid performance degradation or loss

of functionality.

WARNING!

i ESD SENSITIVE DEVICE

ORDERING GUIDE
Model® Temperature Range? Package Option®
ADGS511BN —40°C to +85°C N-16
ADGS511BR —40°C to +85°C R-16A
ADGS511TQ —55°C to +125°C Q-16
ADGS12BN —40°C to +85°C N-16
ADG512BR —40°C to +85°C R-16A
ADGS512TQ —55°C to +125°C Q-16
ADGS513BN —40°C to +85°C N-16
ADGS513BR —40°C to +85°C R-16A
NOTES

'To order MIL-STD-883, Class B processed parts, add /883B to T grade part numbers.
23.3 V specifications apply over 0°C to +70°C temperature range.
3N = Plastic DIP; R = 0.15" Small Outline IC (SOIC); Q = Cerdip.

REV. A
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ADG511/ADG512/ADG513

PIN CONFIGURATION
(DIP/SOIC)

—

IN1 E . E IN2
D1 D2
E ADG511 E‘

s1[z] apasiz2 [4]s?
VSSE ADG513 EVDD

TOP VIEW
GND E (Not to Scale) E NC

sS4 E E s3
D4 E E D3
IN4 E E] IN3

NC = NO CONNECT

Truth Table (ADGS11/ADG512)

ADGS511 ADG512 Switch
In In Condition
0 1 ON
1 0 OFF
Truth Table (ADG513)
Switch Switch
Logic 1,4 2,3
0 OFF ON
1 ON OFF

Charge Injection

TERMINOLOGY

Vobp Most positive power supply potential.

Vss Most negative power supply potential in
dual supplies. In single supply applications,
it may be connected to GND.

GND Ground (0 V) reference.

S Source terminal. May be an input or output.

D Drain terminal. May be an input or output.

IN Logic control input.

Ron Ohmic resistance between D and S.

Is (OFF) Source leakage current with the switch
“OFF.”

Ip (OFF) Drain leakage current with the switch
“OFF.”

Ip, Is (ON) Channel leakage current with the switch
“ON.”

Vp (Vs) Analog voltage on terminals D, S.

Cs (OFF) “OFF” switch source capacitance.

Cp (OFF) “OFF” switch drain capacitance.

Cp, Cs (ON) “ON” switch capacitance.

ton Delay between applying the digital control
input and the output switching on.

torr Delay between applying the digital control
input and the output switching off.

tp “OFF” or “ON” time measured between the
90% points of both switches when switching
from one address state to another.

Crosstalk A measure of unwanted signal which is
coupled through from one channel to an-
other as a result of parasitic capacitance.

Off Isolation A measure of unwanted signal coupling

through an “OFF” switch.

A measure of the glitch impulse transferred
from the digital input to the analog output
during switching.

REV. A
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Typical Performance Graphs—-ADG511/ADG512/ADG513
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Single Supply
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ADG511/ADG512/ADG513
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Figure 7. Leakage Currents as a Function of Vp (Vs)

110

Vp OR Vg — DRAIN OR SOURCE VOLTAGE -V

Vpp = +5V
Vgg =5V

100

90

80

N

CROSSTALK -dB

\

70

60

\

100

1k

10k 100k
FREQUENCY - Hz

im 10M

Figure 8. Crosstalk vs. Frequency

APPLICATION

Figure 9 illustrates a precise sample-and-hold circuit. An
AD845 is used as the input buffer while the output operational
amplifier is an OPO7. During the track mode, SW1 is closed and
the output Voyr follows the input signal Viy. In the hold mode,
SW1 is opened and the signal is held by the hold capacitor Cy.

Due to switch and capacitor leakage, the voltage on the hold
capacitor will decrease with time. The ADG511/ADG512/
ADG513 minimizes this droop due to its low leakage specifica-
tions. The droop rate is further minimized by the use of a poly-
styrene hold capacitor. The droop rate for the circuit shown is
typically 15 uV/us.

A second switch, SW2, which operates in parallel with SW1, is
included in this circuit to reduce pedestal error. Since both
switches will be at the same potential, they will have a differen-
tial effect on the op amp OP07, which will minimize charge
injection effects. Pedestal error is also reduced by the compensa-
tion network R¢ and Cc. This compensation network also re-
duces the hold time glitch while optimizing the acquisition time.
Using the illustrated op amps and component values, the pedes-
tal error has a maximum value of 5 mV over the £3 V input
range. The acquisition time is 2.5 ps while the settling time is
1.85 ps.

+5V
! 2200pF l
+5V
sw% ~
+5V s 1 D R LCc
\7
ViN—]+ swi)l, 755¥1OOOPF oro7 our
AD845 s | & ) +—t
= : Cx l
sy o l: | 2200ij=: -5V
ADG511
ADG512
ADG513
= -5V
Figure 9. Accurate Sample-and-Hold
REV. A

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



ADG511/ADG512/ADG513

Test Circuits

Ip (ON)

[———— V1 ————
Is (OFF) Ip (OFF)

oo Vg ;‘I:®__S°\°D__®1;VD Vg J;—_
T v v v

T Ron = V1/lps

Vp

%:
?

v
1. On Resistance 2. Off Leakage 3. On Leakage
Voo
0.1pF
? 3v
Voo Vin ADGS511 }r 50% 7[ 50%
s D
J_ o\ll\c ' _T_ OVour 3v )
1 R CL Vin ADG512 50% 50%
Vs= |y ‘D_: 3000 T 35pF o
é 90% 90%
GND Vss Vout
i 0.1pF i —> —>
: Vss fon torr
4. Switching Times
Vop
0.1pF ;
F 3V _ _
Voo Vin 50% 50%
Vs1 S :f(c D1 ’ S O VouTi
: V. RL1 l Cr1 Vour1
Vs2 =2 oto = l " 3009:[ 35pF g
INT, IN2 I Rz Cr2 = =
-D—' ‘{3009 I 35pF
v
Vin GND S = = Vourz
ion nF i
Vss
5. Break-Before-Make Time Delay
Vpp
? 3v
Voo
r———5- A \ ,
Rs Vin
: L—wv—|—| LS o2 —_T_—OVOUT
1 [ : CL
L;vs 1 0w I $10nF ]
T -|>_| Vour
/ AVour
GND  Vss Qg =Cp X AVgur
$ Vss
6. Charge Injection
REV. A —-9—
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ADG511/ADG512/ADG513
Test Circuits (continued)

Voo
Vop 0.1nF
0.1pF ? $—|
5 Vop

————— D AAA
oo TN EEE,
e T FEZZEZDp—oVour !
RL "
; iSOQ s

Vouro—e—G—+ ———0
GND Vss R _g GND Vss ;
500
CHANNEL TO CHANNEL
0.1pF CROSSTALK = 20 x LOG [Vg/Vour]

Vss Vss

7. Off Isolation 8. Channel-to-Channel Crosstalk
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ADG511/ADG512/ADG513

REV. A

OUTLINE DIMENSIONS

Dimensions are shown in inches and (mm).

16-Lead Plastic DIP

(N-16)
0.840 (21.34)
0.745 (18.92)
8 0 O O P-N
9| 0.280 7.11)
o 8||9-3t0 (6-10) 0.325 (8.26)
-4 v T T T T 0.300 (7.62) (L(“QS)
PIN 1 0.060 (1.52) 0.115 (2.93)
0.210 (5.33) \0015(038)
MAXy YU H A A A 0.130
0.160 (4.06) L (3 30)
0.115(2.93)" MIN 0.015 (0.381)

0. 022 (0 558) o 100 0.070 (1.77) 'SEATING 0.008 (0.204)
0.014 (0.356) (2 54) 0.045 (1.15) PLANE

16-Lead Cerdip

(Q-16)
0.005 (0.13) MIN 0.080 (2.03) MAX
'DI |- -
16 9\ §
0.310 (7.87)
0.220 (5.59)
o 8) 'y
T XpiN1 0.320 (8.13)
j#— 0.840 (21.34) MAX —»{ 0.060 (1.52) 0.290 (7 37)
0200 5.8 0.015 (0.38)
_______ o 150
0.200 (5 08) (3 81)
0.125 (3.18) i SEATING - 0.015(0.38)

0.023 (0.58) o 100 0. o7o (1 78)p

PLANE 15° 0.008 (0.20)
0.014 (0.36) (2 54) 0.030 (0.76) 0° ©20)

16-Lead SOIC

(R-16A)
0.3937 (10.00)
0.3859 (9.80)
AAAAAARADE®A
0.1574 (4.00) | "® *1]0.2440 (6.20)
03357 380) 1 8|( 02284 (5.80)
IEEHHEEE
PIN 1 0.0688 (1.75) 0.0196 (0.50) .
0.0098 (0.25) 0.0532 (1.35) ’I I"o_ooss 0.25) %45
0.0040 (0.10)
e ey,
0.0500 0.0192 (0.49) T

SEATING

o
ATne (20 oTm ) 0.0099 (0.25) 0. 0500 (1 27)

0.0075 (0.19) 0.0160 (0.41)
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