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HI-381 thru HI-390

CMOS Analog Switches

Features

+ Analog Signal Range (+15V Supplies) 15V
Low Leakage 40pA

* Low On Resistance 35Q

* Break-Before-Make Delay 60ns

¢ Charge Injection 30pC

* TTL Compatible

+ Symmetrical Switch Elements

+ Low Operating Power 1.0mW

L

Applications

» Sampie and Hold (i.e. Low Leakage Switching)

* Op Amp Galn Switching (i.e. Low On Resistance)
« Portable, Battery Operated Circuits

* Low Level Switching Circuits

Dual or Single Supply Systems

Description

The HI-381 thru HI-390 series of switches are monolithic de-
vices fabricated using CMOS technology and the Harris dielec-
tric isolation process. These devices are TTL compatible and
are available in four switching configurations. (See device
pinout for particular switching function with a logic “1” input.)

These switches feature low leakage and supply currents, low
and nearly constant ON resistance over the analog signal
range, break-before-make switching and low power dissipa-
tion.

The HI-381 and HI-387 switches are available in a 14 lead
Plastic, Ceramic DIF, or 10 pin Metal Can. The HI-384 and
HI-390 are available in a 16 lead Plastic or Ceramic DIF. Each
of the indivual switch types are available in the -55°C to
+125°C, -40°C to +85°C, or 0°C to +75°C operating ranges.

Pinouts (Switch States are for a Logic “1” Input)

DUAL SPST Hl-381 SPDT HI-387
TOP VIEWS TOP VIEWS
(CDIP, PDIP, SOIC) {(METAL CAN) (CDIP, PDIP, SOIC) (METAL CAN)
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LOGIC SWITCH * The substrate and case are LOGIC SW1 SW2 * The substrate and case are
intarnally tied o V-. (The case internally tied to V-. (The case
0 OFF should not be used as the V- 0 OFF ON should not be used as the V-
1 ON connection, however.) 1 ON OFF connection, however.)
DUAL DPST HI-384 (CDIP, PDIP, SOIC) DUAL SPDT HI-390 (CDIP, PDIP, SOIC)
TOP VIEW TOP VIEW
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s =575 e [ ‘;::::: e 1 oN [ oFf
Dy E—_“Ej 11] v+ D, Em aﬁl Vs
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ).C. Handling Procedures.
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HI-381 thru HI-390

Ordering Information

Functional Block Diagram

FART TEMPERATURE TYPICAL SWITCH 3XX SERIES
NUMBER RANGE PACKAGE
HI1-0381-2 55°C 10 +125°C | 14 Lead Ceramic DIP .
Hi1-0381-5 O°C to +75°C |14 Lead Ceramic DIP
Hi1-0381/883 | -55°C to +125°C | 14 Lead Ceramic DIP IN ‘*-—D——l I.: I—
HI2-0381-2 55°C 10 +125°C | 10 Pin TO-5 Metal Can | .p
HiZ-0381-5 0°C to +75°C |10 Pin TO-5 Metal Can —-D>———
HI2-0381/883 | -55°C to +125°C | 10 Pin TO-5 Metal Can
HI1-0384-2 55°C 10 +125°C__ | 16 Lead Ceramic DIP
HI1-0384-5 0°C to +75°C 16 Lead Ceramic DIP
Hi1-0384/883 | -55°C to +125°C | 16 Lead Ceramic DIP ——
HISR0384-5 FCho175C  |ioeadPasicsoc wy| Schematic Diagrams
HI1-0387-2 55°C to +125°C | 14 Lead Ceramic DIP SWITCH CELL
FI1-03875 C°Clo+75°C |14 Lead Ceramic DIP
HI2-0387-2 -55°C to +125°C 10 Pin TO-5 Metal Can
A2-0387-5 0°C 10 +75°C | 10 Pin 1O-5 Metal Can T . _i_
HIGPO387-5 0°C 10 +75°C 14 Lead Plastic SOIC I MN18
HI1-0390-2 -55°C to +125°C | 16 Lead Ceramic DIP
HI1-0390-5 0°C to +75°C 16 Lead Ceramic DIP l_‘ _{ MN2B | MN38 l_'
HI1-0390/883 -55°C to +125°C 16 Lead Ceramic DIP
HIGP0390-5 PClo+75°C  |16leadPiasicsoC )| o 4 |0 ~ MP4B =T Lo
HI3-0381-5 0°C to +75°C 14 Lead Plastic DIP IN %J MN4B L—II VINSB
RISP03815 0°C 10 +75°C |14 Lead Plastic SOIC
HIGP03819 40°C 10 +B5°C | 14 Lead Plastic SOIC ’_| MP3B .m[%l—‘%
HI1-0367/883 | -55°C to +125°C | 14 Lead Ceramic DIP
HI2-0387/883 | -55°C 10 +125°C |10 Pin TO-5 Metal Can 11 {mpiB v
HI3-03675 0°C 10 +75°%C | 14 Lead Plastic OIP x - v
HIgP0387-9 40°C to +85°C | 14 Lead Plastic SOIC
HI3-0350-5 0°Clo+75°C___ | 16 Lead Plastic DIP
HI3-0390-9 40°C 16 +85°C | 16 Lead SOIC (W)
HI3-0384-5 0°C to +75°C 16 Lead Plastic DIP
HI3-0384-9 40°C 10 +85°C | 16 Lead SOIC (W)
DIGITAL INPUT BUFFER AND LEVEL SHIFTER
V+ 9 Y PY
D2A MP1A MP2A 4»—” MP3A l—IEJMNA |—“__-JIPSA —-IEIAPGA ;—l MP7A [-‘EIHPBA
2000
LoGic ! A
IN 4 3 [ A
D1A MN1A MN2A -{ MN3A  MNAA p q[‘_':mnsA —”:MNsA -i MN7A I—-":MNBA
GND o
V-0 :
SWITCH CELL DRIVER
(ONE PER SWITCH CELL)
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Specifications HI-381 thru HI-390

Absolute Maximum Ratings

Voltage Between Supplies . .........oovvvvvennnen 44V (£22V)
Digital INPULVORAGR . .. <« e eerennnnnens +Vuppiy +4V
“Vsuppy 4V

Analog inputVoltage .............c.coioiintn +Vgyuppry +1.5V
Vguppiy -1.5V

Storage Temperature Range ................. -65°C to +150°C
Lead Temperature (Soldering 108). . .......oovvueanan. +300°C

Thermal Information
Thermal Resistance ;XY (1%}

Ceramic DiP Package, 14 Lead........ 95°C/W  24°CW
Ceramic DIP Package, 16 Lead. ....... B80°C/W  24°CW
Plastic DIP Package, 14 lead......... 100°CW -
Plastic DIP Package, 16 Lead......... 100°C/W -
Plastic SOIC Package, 14 Lead ....... 120°C/W -
Plastic SOIC Package, 16 Lead ....... 100°CW -
Motal Can Packags . . ......oovvrrsns 136°C/W  65°CW
Junction Temperature
CoramicDIP ... ovvie i it +175°C
Plastic DIP .. ....ociii i it i it e e i +150°C
PlasticSOIC ... .coiiivriirienneesananeeacnaass +150°C
MBI CAN .. .eoieineeeeenetiinnenneineeanns +175°C
Operating Temperature Range
HE3XX-2 o oi it ie it e i -65°C to +125°C
HIEAXX-5 .ottt iivaierinrnnananaennn 0°C to +75°C
HE3XX-0 . ittt it aeean -40°C to +85°C

CAUTION: Stresses above those listed in "Absolute Mmamum Ratings” may cause pormansnl damage lo the device. This is a stress only rating and operation

of the devica at these or any other conditions above thosa it ted in the op

of this specification is not implied.

Electrical Specifications Supplies = +15V, -15V; Vy = Logic Input. VIN for Logic *1” = 4V, for Logic “0" = 0.8V,

Unless Otherwise Specified.
HI-3XX-2 HI-3XX-5-9
PARAMETERS testconomions | TEmMP | min | Tve [ max [ min | Tve | max | units

SWITCHING CHARACTERISTICS
Break-Bafore-Make Delay, {open +25°C - 60 - - 60 - ns
(HI-387/H1-390 Only)
Switch On Time, oy +25°C - 210 300 - 210 300 ns
Switch Off Time, tore +25°C - 160|250 - |60 ] 250 s
“Oft Isolation” (Note 5) +25°C - 60 - - 60 - dB
Charge Injection (Note 6) +25°C - 3 - - 3 - mv
Input Switch Capacitance, Cgorr) +25°C - 16 - - 16 - pF
Output Switch Capacitancs, Cpiorr) +25°C - 14 - - 14 - pF
Output Switch Capacitance, Cpion) +25°C - 35 - - 35 - pF
Digital Input Capacitance {High), Ciy +25°C - 5 - - 5 - pF
Digital Input Capacitance (Low), Cjy +25°C - 5 - - 5 - pF
DIGITAL INPUT CHARACTERISTICS
Input Low Level, Vix, Full - - 0.8 - - 0.8 v
Input High Level, Viny Full 4 - - 4 - - V'
Input Leakage Current (Low), (Note 4) Full . - 1 - - 1 pA
Input Leakage Current (High), {yn {Note 4) Full - - 1 - - 1 A
ANALOG SWITCH CHARACTERISTICS
Analog Signal Range Full -16 - +15 -15 - +15 v
On Raesistance, Roy {Note 1) +25°C - 35 50 . 35 50 Q

Full - 40 75 - 45 75 Q
Off Input Leakage Current, lgor) {Note 2) +25°C - 0.04 1 - 0.04 5 nA

Fult - 1 100 - 0.2 100 nA
Off Qutput Leakage Current, Inorr) {Note 2) +25°C - 0.04 1 - 0.04 5 nA

Full - 1 100 - 0.2 100 nA
On Input Leakage Current, Igion) {Note 3) +25°C - 0.03 1 - 0.03 5 nA

Full - 0.5 100 . 0.2 100 nA
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4302271l 005000 Specifications HI-381 thru HI-390

Electrical Specifications Suppiies = +15V, -15V; V,y, = Logic Input. VIN for Logic 1" = 4V, for Logic “0" = 0.8V,
Unless Otherwise Specified. (Continued)

HI-3XX-2 HI-3XX-5-9
PARAMETERS TESTCONDITIONS | TeMP | MN | TvP | max | min T rve T max | unrrs
POWER SUPPLY CHARACTERISTICS
Current, I+ (Note 7) +25°C - 0.09 | 05 - 009 | 05 mA
Full - - 1 - - 1 mA
Current, |- (Note 7) +25°C - 0.01 10 - 0.01 100 RA
Full - - 100 - - - pA
Current, 1+ (Note 8) +25°C - 0.01 | 10 - 0.01 | 100 pA
Full - - 100 - - - pA
Current, I- {Note 8) +25°C - 0.01 10 - 0.01 100 A
Ful - - {10 ] - . - A
NOTES:
1. Vg =110V, loyr = F10mA. On resistance derived from the voltage measured across the switch under the above conditions.
2. Vg=114V,Vp = F14V,
3. Vg=Vp = t14V.
4. The digital inputs are diode protectad MOS gates and typical leakages of 1nA or less can be expected.
5. VS = 1VRms, f= 500kHz, CL = 15DF, RL =1K, CL = CFIXTURE + Cpm “off isolation” = 20|_°° VWD-
6. Vg = 0V, C = 10,000pF, Logic Drive = 5§V pulse. Switches are symmetrical; S and D may be interchanged.
7. Viy = 4V (one input) (all other inputs = OV).
8. Vi = 0.8V (all inputs).
Typical Performance Curves
80 T T 80 T
V4 » 415V, V- =15V Ta= +25°C D
. 60 ) L] \\ -} -
g
£ k EOE % “ ~— 8 e
Ig \ \ : . b, o] o B [— A
\ 4_?/ [
* ﬁh 2 A V4 = +15V, V-u 15V
B V4= 410V, V- =10V
C V¢ = 47.5V,V-=-7.5V
D Ve =45V, V-u EV
Y o I Py s 0 i b TR 3 o 3 6 15
DRAIN VOLTAGE (V) DRAIN VOLTAGE (V)
FIGURE 1. HDS(ON) vs Vp AND TEMPERATURE FIGURE 2. Rns(om vs Vp AND POWER SUPPLY VOLTAGE
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Typical Performance Curves (Continued)

100 ; ; : 100 T 1
EV+-+15V,V-I-15V 7 V¢ = +15V, V-= .15V
[~ Ta= +25°C, Vg = 16V, R = 2K CLoaD = 30pF, Vg = 1Vpug
£ V4 80 -
£ / g N
1 g \RL =1000
é Z e0
« v 4 ;Q_ N
% 4 3
» 7/ 2 Ry =1kQ
5 HI-381 THRU Hi-390 @ 40
€ 40 / w
w3 ™
E o
& 20
01 0
1 10 100 1K 10K 100K 1™ 108 108 107 108
LOGIC SWITCHING FREQUENCY (50% DUTY CYCLE) (Hz) FREQUENCY (Hz)
FIGURE 3. DEVICE POWER DISSIPATION vs SWITCHING FIGURE 4. OFF ISOLATION vs FREQUENCY
FREQUENCY (SINGLE LOGIC INPUT)
10.0¢ 10.0 =
= V4= +15V, V-= 16V = V4 =415V, V-=-15V
a E [Vpls|Vgls14V
g 1.0 1.0
g = :
3 —— H
E ™ — 4
-— Pl 3 e
[+ - P
OE = -
£ 01 = —
&5 —
Pl
172
|
X
0.01 0.01 o
25 7 126 2% 75 125 E
TEMPERATURE (°C) TEMPERATURE (°C) U;)
FIGURE 5. Igorr) OR Inorp) V8 TEMPERATURE* FIGURE 6. Ipon) V8 TEMPERATURE*

* The net leakage into the source or drain is the n-channel leakage minus the p-channel leakage. This difference can be positive, negative
or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit.

70 16
60 12
£ g
g 4w z ¥ [ TRANSITION (INDETERMINATE
& o DUETOACTIVEINPUT) o o riot Hi-390
1T ]
30 4
20
o 2 4 6 8 10 12 14 18 o 2 4 6 8 10 12 14 1§
DRAIN VOLTAGE (V) INPUT VOLTAGE (V)

FIGURE 7. OUTPUT ON CAPACITANCE vs DRAIN VOLTAGE FIGURE 8. DIGITAL INPUT CAPACITANCE vs INPUT VOLTAGE
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Typical Performance Curves (Continued)
+15V TV* . T T
. H1-384 THRU HI-390
Roen=0 g £ £ HI-381 INVERTED
_L—MAr—o——o:’o———— 2 52 = Logic
. a *
=y, : Ry S Z 0 [ HHHHHH e
I GeN ; 10k] lpr g
= "D = = g
V- +
L 0 04 0.8 1.2 16
= = 15V TIME (us)
9A. TEST CIRCUIT 9B. Vi LOGIC vs TIME
g 3
w +10 NOTE ™| § E
g g s A
od o +
9  op ast Loy e op FHHHTHHHHHED
5 5 Veen=5v _F
B g E
3 3
0 o4 08 12 18 0 %4 os 12 16
TIME (us) TIME (us)
9C. Vour vs TIME 9D. Voyy vs TIME
€ i s S
w E3 w *
2 :: 2 :
§ L aiaarasantas {?‘ .. S o Y‘l HHHHHHHHH- bl
E s Vaew=o0v 3 5 s =
E ¥ B Vgen=-5Y =E
° E 3 ¥
[ 0.4 08 1.2 1.6 0 0.4 0.8 1.2 1.6
TIME (us) TIME (us)
9E. Vgyr vs TIME 9F. Vouy vs TIME
s
"' E3
2
=] A +
2 ot ‘ HHTHHTHHED Hhid
: - -
5 40 1 F:f
3 Veen=-10v_FE
[ 1 |
] 0.4 0.8 1.2 16
TIME (us)
9G. v°u1' vs TIME
NOTE: If Rggy, Ry or C is increased, there will be proportional increases In rise and/or fall AC times.
FIGURE 9. TYPICAL DELAY, RISE, FALL, SETTLING TIMES AND SWITCHING TRANSIENTS
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HI-381 thru HI-390

Typical Performance Curves (Continued)

300 T T T
V4 m 415V, V-= -15V
Viny = 4.0V, Vi =0V —
toN el
el
- 200 =
e pasmeampunens
%. " ———L"" a1
)
5_' o torF
2
s 100
0
55 35 5 5 25 45 €6 8 105 125
TEMPERATURE (°C)
FIGURE 10. SWITCHING TIME vs TEMPERATURE, HI-381 THRU
HI-390
18 Y
16 V- = -15V, Ty = +25°C
* ViNK = 4.0V, Vi = OV
1.4
. 12
2
5 1.0
3 0.8
0.6
x“ou
0.4 P—
o —
0.2 \
0
] 5 10 15
POSITIVE SUPPLY VOLTAGE (V)

FIGURE 12. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE,
HI-381 THRU HI-390

T
Ve = +15V, Ty = +25°C
300 -~ ton — Viny = +4Y, Vi = OV
z
s 200 torr
S
100
0 5 10 15
NEGATIVE SUPPLY (V)

FIGURE 11. SWITCHING TIME vs NEGATIVE SUPPLY
VOLTAGE, HI-381 THRU HI-390

£7 '
§ V-x -15V, T w +26°C
E 6
g 5
% 4
w
£
£ 3
4
52 :
E HH-381 THRU H1-3s1
[ |
g
£ 9
0 5 10 15

POSITIVE SUPPLY VOLTAGE (V)

FIGURE 13. INPUT SWITCHING THRESHOLD vs POSITIVE SUP-
PLY VOLTAGE, HI-381 THRU HI-390
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