National
Semiconductor

Analog Switches/Multiplexers

Monolithic N-Channel Junction FET Switches

with High Speed Drivers

AM181/AM281, AM182/AM282 dual driver with SPST switches
AM184/AM284, AM185/AM285 dual driver with DPST switches
AM187/AM287, AM188/AM288 single driver with SPDT switches
AM190/AM290, AM191/AM291 dual driver with SPDT switches

General Description
These devices combine N-channel junction FETs and
bipolar transistors on a single chip for the first time in a
new N-channel Bi-FET process.

This technology provides the industry’s only low “ON"'
resistance, high speed, monolithic N-channel junction
FET analog switch. Unique circuit techniques are
employed to achieve break-before-make switching action
and constant “ON" resistance over the analog voltage
range. The switch can block 20V peak-to-peak signals,
and because of the driver design, an “OFF'’ isolation
greater than 60 dB is achieved at 10 MHz.

Features
® interfaces with standard DTL, TTL and CMOS
8 Constant “ON" resistance with signals to £10V

® ““ON” resistance match 2 Q) typ

m “OFF” isolation and crosstalk less than -60 dB at .

10 MHz (typ)
® tON/tOFF = 105 ns/95 ns typ
= Break-before-make action -
Applications
® A-to-D/D-to-A converters
®  Data acquisition
m Signal muitiplexers
® Sample and hold

m Video switch

Schematic Diagram (Typical Channel)
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Application Hints*

100 200 *Appfications Hints are for design aid only,
) Vin Series Series npt guar_anteed and not subject to produc-
Vce VEE Vi VR Logic Input Vg Vg tion testing
Positive | Negative | Logic | Reference| Voltage Analog Analog **Electrical Parameter Chart based on Vg +
Supply | Supply | Supply | Supply | V)NH Min/ Vottage Signat 15V, Vg = —18V, V=5V, VR = Gnd
Voltage | Voltage | Voltage | Voltage |V N Max— Range Range
V) {V) {V}) (V) (V) V) (V)
+16%* -15 +5 Gnd 2.0/0.8 —~75t0o+15 [-10to +15
+10 —20 +5 Gnd 2.0/08 ~12.5t0 +10|—15to +10
+12 -12 +5 Gnd 2.0/0.8 —451t0+12 | -7 to +12
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Absolute Maximum Ratings

vee - VEE
vee - Vp
VD - VEE
Vp - Vg
Vi - VEE
VL - VIN
VL - VR
ViIN = VR
VR - VEE
VR - VIN

Current {Any Terminal)

Connection Diagrams

Storage Temperature
Operating Temperature
Power Dissipation®
Metal Can™ "
14-Pin DIP***
16-Pin DIP**"*

~65°C to +150°C
~55°C to +125°C

* Al Jeads soldered to PC board
** Derate 6 mW/°C above 75°C
**+ Derate 11 mW/°C above 75°C
**** Derate 12 mW/°C above 75°C

AM181/AM281, AM182/AM282*

Metal Can Package
See NS Package H10A
Order by Part Number
Followed by H Suffix

TGP VIEW

Switch states are for logical 1" input

Dual-In-Line Package
See NS Package D14A
Order by Part Number
Followed by D Suffix

AM181/281, 182/282, 184/284, 185/28S5,
187/287, 188/288, 190/290, 191/291

AM184/AM284, AM185/AM285*

Switch states are for logical *'0” input

Dual-in-Line Package
Sea NS Package D16A
Order by Part Number
Followed by D Suffix

AM187/AM287, AM188/AM288*

Metal Can Package
See NS Package H10A
Order by Part Number
Followed by H Suffix

TOP VIEW

Switch states are for logical 1" input

Dual-In-Line Package
See NS Package D14A
Order by Part Number
Foliowed by D Suffix

AM180/AM280, AM191/AM291*

Switch states are for logical “1'" input
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“Consult focal sales representative or factory for information concerning the 14-pin flat package




Electrical Characteristics AM181/AM281, AM182/AM282

dc parameters are 100% tested at 25°C; ac parameters, high and low temperatures, and tQN, tQFF are sampled to ensure
conformance with specifications.
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER AM181 AM281 UNITS
Ve = 15V, VEE=—15V, V| =5V, VR =0 - - - - = s
—55°C | 25°C | 126°C [ -20°C | 25°C | 85°C
TDS(ON} Drain-Source Ig=—-10mA, VN =0.8V | Vp =-7.5V 30 30 60 50 50 75 Q
“‘ON" Resistance
IS{OFF) Source “OFF" Vg =10V, vp =-10V, 1 100 5 100
Leakage Current Ve = 10V, VEE = —20V
Vg=15V,Vp=-75V 1 100 5 100
VIN=2V
ID(OFF) Drain “OFF " Vp =10V, Vg =-10V, 1 100 5 100 nA
Leakage Current vee = 10V, VEE = 20V
Vp=75V, Vvg=-75V i 100 5 100
4 + 1 Ch 1 “ON"
DION} *+ IS(ON) annel VIN = 0.8V Vp = Vg = ~7.5V -2 -200 -10 -200
Leakage Current
INL Input Current, Input VIN=0 -250 |-260 | -250 | -250 |-250 | -250
Voltage Low
HA
NH {nput Current, Input ViN = 6V 10 20 10 20
Voltage High
tON Turn “ON’’ Time 160 180
See Switching Time Test Circuit ns
1OFF Turn “OFF" Time 130 150
MAX LIMITS
: TEST CONDITIONS, UNLESS NOTED:
PARAMETER AM182 AM282 UNITS
Vee =15V, VEE =15V, V| =5V, VR=0 - = - " = ”
. —55°C | 26°C | 125°C | -20°C | 25°C | 85°C
rDS(ON) Drain-Source 1g=~10mA, VN =08V | Vp=-10V 75 75 100 100 100 150 Q
“ON" Resistance
IS(OFF) Source “OFF"” Vg =10V, Vp = -10V, 1 100 5 100
Leakage Current vee = 10V, VEE = -20V
Vg= 10V, Vp =-10V 1 100 5 100
ID(OFF) Drain “OFF" ViN =2V Vp = 10V, Vg = —10V, 1 100 5 100
Leakage Current Vg = 10V, VEE = -20V nA
Vp = 10V, Vg =10V 1 100 5 100
ID{ON} + IS{ON) Channel “ON" Vin =0.8V Vp=Vg=-10V -2 —200 -10 -200
Leakage Current
IS Input Current, Input ViN=0 —-250 |-250 | —-250 | -250 | -250 | —250
Voitage Low
uA
JINH Input Current, Input VIN =5V 10 20 10 20
Voltage High
1ON Turn "ON" Time 250 300
See Switching Time Test Circuit ns
tOFF Turn “OFF* Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER v 1YV 15V, V) =5V, VR = 0 AM181, AM182 AM281, AM282 UNITS
ce  VEE SYLEENER —56°C | 25°c | 125°C |-20°c [25°c | e5°c
CS{OFF) Source “OF " Capacitance Vg=-6V, ip=0 9 Typical, (Note 1}
CD(OFF) Drain “OFF'* Capacitance f=1MH2 Vp=-56V,Ig=0 6 Typical, (Note 1} pF
CD(ON) + C5(ON)  Channel “ON" Capacitance Vp=Vg=0 14 Typicat, (Note 1)
“OFF" tsolation R =75Q > 60 dB at 10 MHz Typical, (Note 1}
lec Pasitive Supply Current 0.1 0.1
IEE Negative Supply Current -5 -5
- Both VN = 0, Ali Channels “ON"
Iy Logic Supply Current 45 45
iR Reference Supply Current -2 -2
mA
tce Positive Supply Current 0.1 0.1
IEE Negative Supply Current -5 -5
Bath VN = 5V, All Channels "OFF*
I Logic Supply Current 45 45
IR Reference Supply Current -2 -2

Note 1: Typical values are for Design Aid only, not guaranteed and not subject to production testing.
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Electrical Characteristics AM184/AM284, AM185/AM285

AM181/281, 182/282, 184/284, 185/285,
187/287, 188/288, 190/290, 191/291 -

dc parameters are 100% tested at 25°C; ac parameters, high and low temperatures, and tON, tQFF are sampled to ensure
conformance with specifications.
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER Vee = 15V, V 15V, Vy =5V, VR =0 AM184 AM284 UNITS
) cc = BV VEE VLTV VR 55°C | 25°C | 125°C| 20°C | 25°C | 85°C
DS(ON) Drain-Source ig=-10 mA VN = 2V |Vp = -7.5V 30 30 60 50 50 75 Q
ON Resistance
IS(OFF) Source OFF Vg =10V, Vp =10V, 1 100 5 100
Leakage Current Vee = 10V, VEE = —20V
Vg =75V, Vp=-75V 1 100 5 100
Vin = 0.8V
1D(OFF) Orain OFF Vp = 10V, Vg = 10V, 1 100 5 100 nA
Leakage Current Ve = 10V, VEE = 20V
Vp = 7.5V, Vg = ~7.5V 1 100 5 100
ID(ON} * IS(ON}  Channel ON VIN =2V Vp = Vg=-7.5V -2 ~200 -10 -200
Leakage Current
INL input Current, input VIN=0 -250 | -250 | -250 | -250 | —250 | -250
Voltage L
oltage Low A
lINH Input Current, Input VIN =5V 10 20 10 20
Voltage High
tON Turn ON Time . , 150 180
See Switching Time Test Circuit ns
t1OFF Turn OFF Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER Voo = 16Y. Ve = ~15V. Vi = 5V, Vi = 0 AM185 AM285 UNITS
cc = 15V, VEE (VLTEV.VR 55°C | 25°C | 125°C| -20°C | 25°C | 85°¢C
rDS{ON) Drain-Source Ig=-10V, Vin =2V |Vp=-10V 75 75 150 100 100 150 Q
ON Resistance
IS(OFF) Source OFF Vg =10V, Vp = -10V, 1 100 5 100
Leakage Current Vee = 10V, VEE = 20V
Vg = 10V, Vp = -10V 1 100 5 100
VIN = 0.8V
ID(OFF) Drain OFF Vp = 10V, Vg = -10V, 1 100 5 100 nA
Leakage Current vee = 10V, VEE = 20V
Vp = 10V, Vg = -10V 1 100 5 100
ID{ON} * IS(ON}  Channel ON VIN = 2V Vp =Vg=-10V -2~ -200 -10 —-200
Leakage Current
hiNL Input Cursent, Input VIN=0 -250 | -250 ] —250'} -250 [ —250 | 250
Voltage Low
HA
HLINH Input Current, Input VIN =5V 10 20 10 20
Vottage High
1ON Turn ON Time 250 300
See Switching Time Test Circuit ns
OFF Turn OFF Time 130 150
: . MAX LI
TEST CONDITIONS, UNLESS NOTED: LimiTs
PARAMETER AM184, AM185 AM284, AM285 UNITS
Vee = 15V, VEg = —15V, VL =5V, VR =0 ) r S g g S
—55°C | 25° | 125°c | -20°c | 25°c | 85°C
CS(OFF) Source OF F Capacitance Vg=-5V,1p=0 9 Typical, {Note 1}
CD(OFF} Drain OFF Capacitance { f=1MHz Vp=-5V, ig=0 6 Typical, (Note 1) pfF
CD{ON} + C5(ON) Channel ON Capacitance Vp=Vs=0 14 Typical, {Note 1}
“OFF” Isolation RL=750 > 60 dB at 10 MHz Typical, {Note 1)
Ice Positive Supply Current 0.1 0.1
Igg Negative Supply Current -4 -4
I Logic Supply Current Both VN = 5V, Al Channels “"ON" 45 45
IR Reterence Supply -2 -2
Current mA
lcc Positive Supply Current 0.1 0.1
IEE Negative Supply Current -5.5 -5.5
'R Logic Supply Current Both VN = 0, All Channels “OFF " 4.5 4.5
IR Reference Supply -2 -2
Current

Note 1: Typical values are for Design Aid only, not guaranteed and not subject to production testing.
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Electrical Characteristics AM187/AM287, AM188/AM288

dc parameters are 100% tested at 25°C; ac parameters, high and low temperatures, and tON. tQOFF are sampled to ensure
conformance with specifications.

MAX LIMITS
) TEST CONDITIONS, UNLESS NOTED:
PARAMETER v 18V v 15V, Ve =5V, V o AM187 AM287 UNITS
= = = =
ce= BV, VEE PYL=SY. VR s5°C | 25°C | 125°C | -20°C | 25°C | 85°C
rDS(ON) Drain-Source 15=~10mA, ViN =2V, Ch. 1 "ON", | Vp = ~7.5V 30 30 60 50 50 7% Q
""ON"* Resistance Vin = 0.8V, Ch. 2 "ON" '
IS(OFF) Source “OFF" Vg =10V, Vp =-10V, 1 100 5 100
Leakage Current » . Vee = 10V, VEg = ~20V
VIN =2V, Ch. 2 "OFF Vs =75V, Vp =75V 1 100 5 100
VN = 0.8V, Ch. 1 “OFF"
10(OFF) Drain "OFF* Vg = 10V, Vg = —10V, 1 100 5 wo | -
n
Leakage Current Ve = 10V, VEE = 20V
Vp =175V, Vg=-756V 1 100 5 100
ID(ON) * IS{ON)  Channet “ON" Vin = 2V, Ch. 1 "ON” Vp = Vg =-75V -2 -200 -10 | -200
Leakage Current VN = 0.8V, Ch. 2 "ON"
hiNL tnput Current, Input ViN=0 -250 | —250 | —250 | —250 | -260 { -250
Voltage Low
uA
1INH Input Current, input VIN =5V 10 20 10 20 ,
Voltage High
10N Turn “ON” Time 150 180
- See Switching Time Test Circuit ns
tOFF Turn “OFF" Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER v 15V v 15V, V) =BV, V o AM188 AM288 UNITS
ce ' VEE SVLEIV-YR Tss°c | 25°C | 125°c | 20°C | 25°C | 8s°C
DS{ON} Drain-Source Is=~10mA, V|y = 0.8V, Ch. 2 vp = =10V 5 7% 150 100 100 150 Q
“ON" Resistance “ON", ViN = 2V, Ch. 1 “ON"
ISIOFF) Source “OFF" Vg = 10V, Vp = ~10V, 1 100 5 100
Leakage Current Ve = 10V, VEE = —20V
) VN = 0.8V, Ch. 1 “OFF” Vs =10V, Vp = —1ov 1 100 5 100
ID(OFF}) Drain “OFF"” ViN = 2V, Ch. 2 “OFF" Vp = 10V, Vg = —10V, 1 100 5 100 A
Leakage Current Vee = 10V, VEE = —20V "
Vp = 10V, Vg = -10V 1 100 5 100
10(ON) * Is{oN)  Channel "ON" Vin =2V, Ch. 1 "ON"” Vp=Vg=-10V -2 ~200 -10 —200
Leakage Current VN = 0.8V, Ch. 2 “ON”
hNL Input Current, Input VIN=0 ~250 | -260 | ~250 | -250 {-250 | -250
Voltage Low
HA
INH Input Current, Input VIN = 8V 10 20 10 20
Voltage High
10N Turn “ON** Time 250 300
See Switching Time Test Circuit ns
tOFF Turn "OFF* Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER AM187, AM188 AM287, AM288 UNITS
Vee = 18V, VEE= ~16V, VL =5V, VR = 0 ~ = T - o >
—s5°c | 25°C_[125°C [ -20°c [ 25°C | 85°C
CS{OFF) Source “OF F** Capacitance Vg=-5V,Ip=0 9 Typicai, (Note 1)
CDIOFF) Drain “OFF " Capacitance f=1MHz Vp=5V.lg=0 6 Typical, {Note 1) pF
CD(ON) * C5(ON) Channel "ON’* Capacitance Vp=Vs=0 14 Typical, {(Note 1)
“QFF" Isolation Ry = 7582 > 60 dB at 10 MHz Typical, (Note 1}
icc Positive Supply Current 0.1 01
IEE Negative Supply Current -3 -3
ViN = 0. Ch. 2 “ON*, Ch. 1 "OFF"
I8 . Logic Supply Current 32 3.2
IR Reference Supply Current -2 -2
mA
icc Positive Supply Current 01 0.1
IgE Negative Supply Current -3 -3
ViN =5V, Ch.2 "OFF” Ch. 1 "ON"
IR Logic Supply Current 3.2 3.2
IR N Reference Supply Current -2 -2

Note 1: Typical values are for Design Aid only, not guaranteed and not subject to production testing.
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Electrical Characteristics AM190/AM290, AM191/AM291" :

dc parameters are 100% tested at 25°C; ac parameters, high and low temperatures, and tON. tOFF are sampled to ensure

conformance with specifications.

AM181/281, 182/282, 184/284, 185/285,
187/287, 188/288, 190/290, 191/291

TEST CONDITIONS, UNLESS NOTED: MAX LIMITS
PARAMETER Voo - 15V, VEE = 16V, V1 ~ BY. Va < 0 AM190 AM290 UNITS
cc = BV VEE P VLTOVIVR 55°C | 25°C | 125C| 20¢] 25°C| ®5°¢C
rDSION) Drain-Source Ig=-10mA,V|N=2V,Ch. tand 2 Vp = -7.5V 30 30 60 50 50 75 [t
ON Resistance “"ON”, ViN=0.8V.Ch . 3and4 "ON"
IS{OFF) Source OFF Vg = 10V, Vp = -10V, 1 100 5 100
Leakage Current Ve = 10V, VEE = -20V
ViN = 2V. Ch. 3 and 4 “OFF” Vg=75V,Vp= 7.5V 1 100 5 100
IDIOFF) Drain OFF VN = 08V, Ch. 1and 2 "OFF" Vp = 10V, Vg = ~10V, a 100 5 00| oA
Leakage Current Vee = 10V, VEE = -20V
Vp = 7.5V, Vg = -7.5V 1 100 5 100
iD{ON} * IS(ON)  Channel ON VIN =2V, Ch. 1and 2 “ON" Vp=Vg= 78V -2 ~200 -10 -200
Leakage Current ViN =08V, Ch. 3and 4 “"ON” .
IINL Input Current, tnput ViN=0 -250 | -250 | -250 | -250 | -250 | -250
Voltage Low
g€ uA
INH Input Current, Input VIN = BV 10 20 10 20
Voltage High
10N Turn ON Time 150 . 180
See Switching Time Test Circuit ns
tOFF Turn OFF Time 130 150
TEST CONDITIONS, UNLESS NOTED: MAX LIMITS
PARAMETER . Vee = 15Y. Vg = 5V VI BV V -~ 0 AM191 AM291 UNITS
cc ™ BV, VEE (VLTOV. VR 55°C| 25°C | 125°¢] 20°C] 25¢] 85°C
rDS(ON) Drain-Source Is=—10mA, V| =08V, Ch.3and Vp = -1V 75- 75 150 100 100 150 Q
ON Resistance 4"0ON”, Vi =2V,Ch.1and 2"ON""
IS(OFF) Source OFF $= 10V, Vp = -10V, 1 100 5 100
Leakage Current Ve = 10V, VEE = —20V
VIN=-08Y,Ch: 1and 2 “OFF" Vs = 10V, Vp = -10V 1 100 5 100
ID(OFF) Orain OFF VIN=2V.Lh3and 4 "OFF" Vp = 10V, Vg = - 10V, 1 100 5 00| A
Leakage Current vee = 10V, VEE = - 20V
Vp = 10V, Vg = -10V 1 100 5 100
ID(ON) * IS(ON)  Channel ON VIN=0.8V,.Ch. 3and 4 “ON” Vp = Vg = -10V -2 -200 -10 —-200
Leakage Current VN =2V, Ch.1and 2 “ON"
HINL Input Current, input VIN=0 -250 | -250 | -250 | -250 | -250 | -250
Voltage Low )
HA
HINH Input Current, Input VIN = BV 10 20 10 20
Voltage High
1ON Turn ON Time 250 300
See Switching Time Test Circuit ns
tOFF Turn OFF Time 130 150
MA
TEST CONDITIONS, UNLESS NOTED: X LiMiTs
PARAMETER AM190, AM191 l AM290, AM291 UNITS
Vee = 15V, VEE = —15V, V| =5V, VR = 0 e - - . = -
ss5°C | 25°c | 125°c| -20°c [ 25°c | 85°C
CS{OFF} Source OF F Capacitance Vg=-5V.Ip=0 9 Typical. (Note 1)
CD(OFF} Drain OFF Capacitance | f= 1 MHz Vp=5V,lg=0 6 Typical, (Note 1} pF
CD(ON) * Cs{ON} Channel ON Capacitance | ~ Vp=Vg=0 14 Typical, {Note 1)
“'OFF" Isolation RL=750 > 60dB at 10 MHz Typical, {Note 1}
Icc Positive Supply Current 0.1 : 0.1
IEE Negative Supply Current -5 -5
L Logic Suppty Current VIN =0,Ch 3and 4 “ON", Ch. 1 and 2 “OFF" 4.5 4.5
iR Reference Supply -2 i -2
Current
mA
Icc Positive Supply Current 0.1 0.1
IEE Negative Supply Current ~5 -5
m Logic Supply Current - | VIN = 5V, Ch. 3 and 4 “OFF*, Ch. 1 and 2 “ON" - 45 45
IR Reference Supply -2 -2
Current

Note 1: Typical vatues are for Design Aid only, not guaranteed and not subject to production testing.
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Typical Performance Characteristics vcc= 15V, VEE =15V, VL =5V, VR = 0 unless otherwise noted.
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Switching Time Test Circuit

Switch output waveform shown for Vg = constant with

logic input waveform as shown. Note that Vg may be +

or — as per switching time test circuit. VQ is the steady
Vi vee

T ™

s1 01 Vo
SWITCH A e @ey SWITCH
INPUT O~ ﬁl/: -0 ouTPUT
N1 Ry o
308 T 0 pF
LoGIC = =
INPUT évn Jw‘! toN. Vg = 3V
1 w vgg 'OFF. Vg=-3V
= Ry
Vo=Vs —  —
RL *rDS(ON)

-

state output with switch “ON". Feedthrough via gate
capacitance may result in spikes at leading and trailing
edge of output waveform. !

L0GIC v

NPUT /
t 10ms TR A
iy 10ns 0 A
SWITCH
eyt YS
1avg

SWITCH | 01vg
outPUT

| 0N t— — tofF

Logic “0"" = SW. "ON"

Typical Applications

{Repeat test for IN2 and S2)

Low Drift-Compensated Sample and Hold

R2
Sk
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VVv T

AM181/281, 182/282, 184/284, 185/285,
187/287, 188/288, 190/290, 191/291

M AMTB1
5k O/
51 01
aN VWA~ 1 A hd
R3 J
2k s al 02

[-°D—[>J
g

f

Input impedance 5 k$2

Droop rate @ 25°C 0.5 nV per us
Sample to hold offset adjustable to zero
Acquisition time—98 us

Aperture time—80 ns

Aperture uncertainty—2 ns
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{-eyn)

FET INPUT
AMPLIFIER

Slew rate limiting and 3 dB point: 20V swing: 3.2K C; 5V swing: 12K C; small signal: 21K C

Video Switch with Very High “OFF"’ {solation
{f = dc to 10 MHz)
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® 116 dB isolation at 10 MHz, “OFF "' camera to “ON’’ camera
® 98 dB isolation at 10 MHz, load from each camera when both eemeras are “OFF"’

® < 1dB on insertion loss
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Typical Applications (Continued)

15¥ 15V

EN AO A1 A2

BN AD Al A2

£ 9 P

A2 A1 AD

[ Jushie uTnTnzTu 1w]s

CD45208C
(DUAL SYNCHRONOUS
UP COUNTER}

VEVL

A2 A1 A

IDAARN

RS
*\*\*\‘\k&*\*\

LF13608

|

ul

15V -15V

Timing

12-5 -

15v

DAC08S0
lo

prT

——— e e e e —

BRBITSA. A/D-‘

Maximum A/D clock frequency: 4.5 MHz

Maximum throughput rate: 31.25k samples/sec

Minimum switch “ON’* time for the 2-channel MUX: toN(min) < 1/4.5 MHz

Maximum input signa! bandwidth 16.6 kHz

Maximum input signal variation during conversion for 8-bit accuracy and 10V full scaie: AV |N/AT = 19.5 mV/us
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