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AH5010/AH5011/AH5012 Monolithic >
Analog Current Switches =
General Description W Actve fers , o
y . . , | Signal multiplexers/demuitiplexers —h
A versatile family of monolithic JFET analog switches eco- m Multiple channel AGC -k
nomically fulfills a wide variety of multiplexing and analog P .
switching applications. ® Quad compressors/expanders >
Even numbered switches may be driven directly from stan- = Choppers/demodylators " L
dard 5V logic, whereas the odd numbered switches are in- ™ Programmable gain amplifiers g
tended for applications utilizing 10V or 15V logic. The mono- M High impedance voltage buffer -
lithic construction guarantees tight resistance match and ™ Sampie and hold N
track.
Features =
For voltage switching applications see LF13331, LF13332, N
and LF13333 Analog Switch Family, or the CMOS Analog ™ Interfaces with standard TTL and CMOS =4
Switch Family. | "ON" resistance match 20
. . m Low “ON" resistance 10002 2
Appilications m Very low leakage 50pA | =
B A/D and D/A converters | lLarge analog signal range + 10V peak E
m Micropower converters m High switching speed 150ns | ©
m Industrial controllers m Excellent isolation between 80dB | I»
® Position controllers channels attkHz | =3
® Data acquisition Q_l
- . . 0o
Connection and Schematic Diagrams (ai switches shown are for logical “1" input) «Q
Dual-In-Line Package Dual-In-Line Package e
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TOP VIEW o
AHS5010C MUX Switches Tor WEW @
(4-Channel Version Shown) AH5011C and AH5012C SPST Switches
Order Number AH5010CN {(Quad Version Shown)
See NS Package Number M14A or N14A Order Number AH5011CN,
AH5012CM or AH5012CN
See NS Package Number M16A or N16A
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Absolute Maximum Ratings (ot 1)

If Military/Aerospace specified devices are required, Drain Current 30 mA
please contact the National Semiconductor Sales Soldering Information:
Office/Distributors for availability and specifications. N Package 10 sec 300°C
Input Voltage SO Package Vapor Phase (60 sec.) 215°C
AH5010/AH5011/AH5012 30V Infrared (15 sec.) 220°C
Positive Analog Signal Voltage 30V Power Dissipation 500 mW
Negative Analog Signal Voltage —15V Operating Temperature Range —26°Cto +85°C
Diode Cumrent 10 mA Storage Temperature Range —65°C o +150°C
Electrical Characteristics aHso10 and AH5012 (Notes 2and 3)
Symbol Parameter Conditions Typ Max Units
lasx Input Gurrent “OFF” 4.5V<Vgp=11V, Vgp=0.7V 0.01 0.2 nA
Tao=85°C 10 nA
IpoFF) Leakage Current “OFF” Vgp=0.7V, Vgg=3.8V 0.02 0.2 nA
TA=85°C 10 nA
lcoN) Leakage Current “ON" Vap=0V, Ig=1mA 0.08 1 nA
Ta=85C 200 nA
laony Leakage Current “ON" Vap=0V, Ig= 2mA 0.13 5 nA
Tao=85C 10 pA
laiony Leakage Current “ON" Vep=0V, Is=—2mA 0.1 10 nA
Ta=85°C 20 pA
TDS(ON) Drain-Source Resistance Vgs=0.35V, Ig=2mA a0 150 o]
Tao=1+85C 240 Q
VpIoDE Forward Diode Drop Ip=0.5mA 0.8 \'
TDS(ON) Match Vgg =0V, Ip=1mA 4 20 O
TonN Tum “ON" Time See AG Test Circuit 150 500 ns
Torr Turn “OFF” Time See AC Test Circuit 300 500 ns
CT Cross Talk See AC Test Circuit 120 dB
Electrical Characteristics aHso11 (Notes 2 and 3)
Symbol Parameter Conditions Typ Max Units
Igsx Input Current “OFF” 11V<Vgp< 15V, Vgp=0.7V 0.01 0.2 nA
Tp=85°C 10 nA
IboFR Leakage Current “OFF” Vgp=0.7V, Vgg = 10.3V 0.01 0.2 nA
Ta=85°C 10 nA
IgoN) Leakage Current *ON" Vgp=0V,Ilg= 1 mA D0.04 0.5 nA
Ta=85°C 100 nA
laon) Leakage Current “ON" Vap=0V,Is=2mA 2 nA
Ta=85°C 1 pA
laoN) Leakage Current “ON" Vap=0V,Ig=—2 mA 5 DA
Ta=85°C 2 pA
DS(ON) Drain-Source Resistance Vgs=1.5V,Ig=2mA 60 100 4]
TA=85°C 160 Q
Voiope Forward Diode Drop Ip=0.5 mA 0.8 \'
rDS{ON) Match Vas=0V, Ip=1mA 2 10 0
ToN Turn “ON” Time See AC Test Circuit 150 50 ns
TorF Turn “OFF” Time See AG Test Circuit 300 500 ns
CT Cross Talk See AC Test Circuit. f = 100 Hz. 120 dB

Note 1: Absolute maximum ratings indicate imits beyond which damage to the davice may occur. DC and AC electrical spacifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: Test conditions 25°C uniess atherwise noted.
Nate 3 "OFF” and “ON” notation refers ta the conduction state of the FET switch.
Note 4: Thermal Resistance:

[ATY
N14A, N16A 82°C/W
M14A, M16A 115°C/W
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Test Circuits and Switching Time Waveforms

Cross Talk Test Circuit

+5V or +15V

Time Waveforms
+5V or +15V
Vin
AC Test Circuit o ! s0% 5
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v
0.8V
Vour P
Vour Va =410V
s (€, <10 pF) 10%
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Typical Performance Characteristics

Parameter Interaction
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Applications Information

Theory of Operation

The AH series of analog switches are primarily intended for
operation in current mode switch applications; ie., the
drains of the FET switch are held at or near ground by oper-
ating into the summing junction of an operational amplifier.
Limiting the drain voltage to under a few hundred millivolts
eliminates the need for a special gate driver, aliowing the
switches to be driven directly by standard TTL, 5V-10V
CMQOS, open collector 15V TTL/CMOS.

Two basic switch configurations are available: 4 indepen-
dent switches (SPST) and 4 pole switches used for multi-
plexing (4 PST-MUX). The MUX versions such as the
AH5010 offer common drains and include a series FET op-
erated at Vgg= OV. The additional FET is placed in the
feedback path in order to compensate for the “ON" resist-
ance of the switch FET as shown in Figure 1.

The closed-loop gain of Figure 1 is:

R2 + DsONIQ2

R1 +msonar

For R1 = R2, gain accuracy is determined by the TDS(ON)
match between Q1 and Q2. Typical match between Q1 and
Q2 is 4 ohms resulting in a gain accuracy of 0.05% (for R1
= R2 = 10 k).

Noise Immunity

The switches with the source diodes grounded exhibit im-
proved noise immunity for positive analog signals in the

AvcL =

“OFF"” state. With V=15V and the Vo= 10V, the source
of Q1 is clamped to about 0.7V by the diode (Vgg=14.3V)
ensuring that ac signals imposed on the 10V input will not
gate the FET “ON.”

Selection of Gain Setting Resistors

Since the AH series of analog switches are operated in cur-
rent mode, it is generally advisable to make the signal cur-
rent as large as possible. However, current through the FET
switch tends to forward bias the source to gate junction and
the signal shunting diode resulting in leakage through these
junctions. As shown in Figure 2, IgpN) represents a finite
error in the current reaching the summing junction of the op
amp.

Secondly, the mpg(on) of the FET begins to “round” as Ig
approaches Ipss. A practical rule of thumb is to maintain Ig
at less than ¥, of Ipgs.

Combining the criteria from the above discussion yields:

R i, > JAMAX) AD (23)
la(on)
or:
v
> SAMAY (2b)
loss/10

whichever is larger.

COMPENSATION
FET

FIGURE 1. Use of Compensation FET

'ANALDE
INPUT
Va
R “rE
—
Va = H10V g o

‘ latow

Ip =15~ lgiom [
o :PRZ
T ]

TL/H/6668-4

FIGURE 2. On Leakage Current, ig(on)
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Applications Information (continued)

Where: Vamaxy =Peak amplitude of the analog

input signal
Ap =Desired accuracy
lGoN)  =Lleakage at a given Ig
Ipss = Saturation current of the FET
switch
=20 mA

In a typical application, Vo might = +10V, Ap=0.1%,
0°C<TA<85°C. The criterion of equation (2b) predicts:

20 mA
10
For R1 = 5k, Ig = 10V/5k or 2 mA. The electrical charac-
teristics guarantee an Igony< 1uA at 85°C for the AH5010.
Per the criterion of equation (2a):

(10V)(10—3)
1X10-6
Since equation (2a) predicts a higher value, the 10k resistor

should be used.

The “OFF" condition of the FET also affects gain accuracy.
As shown in Figure 3, the leakage across Q2, Ip(oFF) repre-
sents a finite emor in the current amiving at the summing
junction of the op amp.

R1(MIN)2_( aov) ) =5k

R1(M|N)2 210 k2

Accordingly:
Rigmaxy<

Where: VamMiny

Ap
N

IooFF)

Vamin Ap
(N) IpoFF)

= Minimum value of the analog
input signal

= Desired accuracy

= Number of channels

= “OFF" leakage of a given FET

switch
As an example, if N = 10, Ap = 0.1%, and IporF) <10 nA
at 85°C for the AH5010. R1guax) is:
(1V)(10-93)
<= 10k
R0 =0y 0% 10-9)
Selection of R2, of course, depends on the gain desired and
for unity gain R1=R2.
Lastly, the foregoing discussion has ignored resistor toler-
ances, input bias current and offset voltage of the op amp—
all of which should be considered in setting the overall gain
accuracy of the circuit.

TTL Compatibility

The AH series can be driven with two different logic voltage
swings: the even numbered part types are specified to be
driven from standard 5V TTL logic and the odd numbered
types from 15V open collector TTL.

loors
R 0 vore_#

=3 lo =I5+ loiorr
Var A — —
(3] R2Z
noN" O—¢
Vin

“OFF"

Vin =5V

TL/H/B659-8

FIGURE 3

I L50Ll2u
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Applications Information (continued)

Standard TTL gates puil-up to about 3.5V (no load). In order both cases, torr) is improved for lower values of Rgxt at
to ensure turn-off of the even numbered switches such as the expense of power dissipation in the low state.

AH5010, a pull-up resistor, RexT, of at least 10 ket should A
be placed between the 5V Vg and the gate output as Definition of Terms . . L

shown in Figure 4. The terms referred to in the electrical characteristics tables
Likewise, the open-collector, high voltage TTL outputs are as defined in Figure 6.

should use a pull-up resistor as shown in Figure 5. In

ANALOG
INPUT (Va)
O

r————""".,

|

I »

| $ ANALOE

I auTPUT

|
I
o—

|

|

I - -

wewe T 7
FIGURE 4. Interfacing with + 5V TTL
45V OR 415V ANALOG
INPUT (Vo)

"

L

' 3 ANALOG

I QUTPUT
-

w7 7|
TL/H/5660-6

FIGURE 5. Interfacing with + 15V Open Collector TTL
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Applications Information (continued)

Roson) COMPENSATING
ELEMENT

SERIES
EI.EMENT ‘
D S

SHUNT _~*"
ELEMENT l z
VlN

FIGURE 6. Definition of Terms

Typical Applications

De-Glitched Switch for Noiseless Audio Switching

5v R
‘ RC TYPICALLY
{1 ma—10 ms}
I ON c Ay

= F 8
AUDIO Riy
SIGNAL
INPUT 1/4 AH5012

oXill})

TL/H/5659-7
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Typical Applications continued)
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3-Channel Multiplexer with Sample and Hold

L
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I
I
|
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|
I
I
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.I1

2 oiuwtrlt)u

CHARACTERISTICS: TYPICAL OUTPYT
VOLTAGE DRIFT

= — <Sm¥/me
CHANNEL
SAMPLE/HOLD SELECT
SELECT

TL/H/ 66598

8-Bit Binary (BCD) Multiplying D/A Converter*

FULL-SCALE ADJNSTMENT
2

*Recommended resistor array connection tor D/A application

I Va
| L1 e 1 T
| A=A 40RE
| = AD SV K o 1Y)
d Wi~ SWTTCH
> 300 VA=A + 2 R 6| CONRECTION
> AAA
> (138 FOR BCD) """ ""
-9 I} A ]
- ———10Rs

}” TL/H/6658- 12

2 Beckman resistor arrays
Part #698-1-R 100k B recommended

Ri@T1y+ G2 + GBIy + Gty +

- | G‘§|5+ﬁss+§7l7+§ila
16 16 16 16
Note: The switch is “ON" when G is at OV (Logic “0™)
| Va
’ = @ [ —
L. Atz o
TL/H/5659— 11
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Typical Applications (continued)

16-Channei Multiplexer
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Ewire b
K%l
= 7
|

L) s
Ewas 0= f CHARACTERISTICS: ERROR = 0.4V TYPICAL @ 25°C
W2 ' 10uV TYPICAL @ 70°C
= 1 I
14 13
Ewte Note: The analsg switch betwsen the op amp and the 16 Input
: i switches reduces the errors due to leakage.
13
I = 15 Al resistors are 10k.
—— ____l TL/H/5650-9
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Typical Applications continued)

Gain Programmable Amplifier
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s =€,
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TL/H/5668-10
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Physical Dimensions inches (milimeters)
0.335-0.344
{8.509-3.738)
Mo o1Z nowos 8
FapAAAA
0.228—0.248 w
(5.791-6.198) -
e )’
L
et IR g U i\
1 2 3 4 5 B 7
0.010 MAX
10.289)
0.150-0.157
™ pmo-asn
- 9,052 0.069
% 48" r_ 2 MAXTYP (-8 179 0.004~0.010
ALL LEADS , —y [5102-0.258)
ll& SEATING X _ _ == Il bl =t
0.008 —0.010 = ? I:" J ‘ t f
[0 2m-0.75a) | ¢ 0.015-0.050 (0.355) ﬁ%* - — M—%"’
TYP ALL LEADS 0.904 {0.465_1.270} v .008
o102 TYP AL LEADS {7 TP
ALLLEAD TIPS WA IAEY )
Small Outline Package (M)
Order Number AH50106CM
NS Package Number M14A
12
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Physical Dimensions inches (millimeters) (Continued)

0.386—0.3%4

* 9 ea_10.000

0.728-¢.284

{5.791 -0.158)

e
W A AR 514

10ENT 0.090 pux
0.2554
0.150—-8.157
™| as10—3508
0.019 —0.621 0.053_0.069
(T,m:‘, X457~ {1.36-1.753) 0.004_0.010
85 MAX TYP 10102~ 0.254)
ALL LEADS . -
L_ Joe _——Nh, v Y ST SeETHG
L-T PLANE
0.008—0.010 0.060 0.014-0.020
i i 0.916 0050 A.050 0.014-0.020 yyp
LR T *l o w i )
0.084 TYP ALL LEADS e ==
) v 10203) wos v ie
$mall Qutline Package (M)
Order Number AH5012CM
NS Package Number M16A
8.740-0.770
= (18.30-19.56) =
1.00
—»rL‘ -~
[4] [13) [ra) [] [ie] [3]
0.25010.010
O {5350 10.258)
PINNO. 1
RENT Ll B ) sas) g
0882 ., 9030 NAX
(2.337) 10.782) DEpTH
OPTION 1 DPTION 02
0.135+0.008 0.300—0.320
EaAn=pi2 Tem—aTh o085
8.145—0.200 0.080 ' o &
{1.6835.080) > [*—as™ AL 0.851)
I Y 1 ¥
| B —F
* 4 0.008-0.016 e
0.020 y B ,‘ e TP " {203 -0.406)
Cow Limiuie 1 omsams
- i L
4::;:::.::; Lty - 0.100+0.010 Wit
vasozogm o0
| i ame " o3 iy
+1im
(”'5B —0.3!5) NISA(REY Fs
Dual-in-Line Package (N)
Order Number AH5010CN
NS Package Number N14A
13
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AH5010/AH5011/AH5012 Monolithic Analog Current Switches

Physical Dimensions inches (milimeters) (Continued)

0.843-0.878
0080
oo W DR
@.33m) NOM ;
e, Bul:B:K: Dol BoRE
2 50 10.085
0268 10.|
N no.uuzm\:.@ @ {5350 :0.137)
) —
o oo G [z B 18] 18T Is] B2 is
| e

03000320 | ‘L
0.080

=

_—

(7.520-8.128) 0.065 : 0.130 +6.005
l {1.651) "-51"—.1 . l}f;_.‘ r'_ {3.302 :0.127) v

==
0.145-0.200
(3.683-6.080)

96°46° 2.000-0.015 gn° +4° ot
U pzeoen
0.075 0015 _| .| 9.018.10.00 n 125-0.140 ""5""‘”
pags Homo {1905 +9.381} 0357 z007s) (3:175-3558)
~0.015
3 D16\ 0180 m 010
(a 255 1" ms) hdbidiindd 4
038 {2.640 :0.254)
Dual-In-Line Package (N) N1A (REV &)
Order Number AH5011CN or AH5012CN
NS Package Number N16A

LIFE SUPPORT POLICY

NATIONAL’S PRODUGCTS 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 2. A critical component i3 any component of a life

systems which, (a) are intended for surgical implant
into the body, or (b) suppon 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

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.

to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Hong Kong Lid. Japan Ltd.
1111 Wesl Bardin Road Fax: (+49) 0-180-530 85 86 13th Floor, Straight Block, Tel: 81-043-289-2309
Arlington, TX 76017 Emaik cnjwge®@levm2.nsc.com Ocean Centre, 5 Canton Rd. Fax 81-043-289-2408
Tel: 1(800} 272-0959 Deuisch Tok (+49) 0-180-530 B5 85 Tsimshatsui, Kowicon
Fax 1(800) 737-7018 English Tel (-+49) 0-180-532 7B 32 Hong Kon:

Frangais Tek {+489) 0-180-532 83 58
ftaiano  Tok (+49) 0-180-634 16 80

9
Teal: (352) 2737-1600
Fax (B52) 2736-9960

Naional doss not assume any responsibility lor use of any dreuitry described, no circuit patent iconso:? impliad 2 National ressrves the right at any 1ime withoul noticeto changs said crcufiry and specifications.
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