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@ HARRIS  HI-300 thru HI-307

August 1997 CMOS Analog Switches
Features Description
« Analog Signal Range (+15V Supplies) ........ 15V  The HE300 thru HI-307 series of switches are monolithic
o LowLeakage at 25°C (Typ) ........0uvvnvnress 40pA devices fabricated using CMOS technology and the Hawis
o LowlLeakage at 125°C(Typ) ...........c.cnun. JnA  dielectric isolation process. These switches feature break-
+ Low On Resistance at 25°C (Typ) .............. 350 bz’;)”"ma;e‘d 5‘”"::';'"9 (Hm(’)h”"w"- HI-305 and HI-307
. N only), fow nearly constant ON resistance over the full ana-
: (B::ak Bleforet-‘b:ake Delay(Typ) .......covevne ::n; log si and low tion, (a few mW for the
argelnjection .............. 0 iieiininne p Hl-aoog thru Hg|_303' a 1ew| hundred lmw for the HI-304 thru
+ TTL, CMOS Compatible HI-307).
* Symmetrical Switch Elements .
« Low Operating Power (Typ for HI-300 - 303) . . . 1.0mW The Hi-300 thru HI-303 are TTL compatible and have a logic

“0" condition with an input less than 0.8V and a logic “1” condi-

Applications tion with an input greater than 4V. The HK304 thru HI-307
» Sample and Hold (i.e., Low Leakage Switching) switches are CMOS compatible and have a low state with an
+ Op Amp Gain Switching (i.e., Low On Resistance) input less than 3.5V and a high state with an input greater than

11V. {See pinouts for switch conditions with ic “1” input.
* Portable, Battery Operated Circuits ¢ P alog inpt)

« Low Level Switching Circults
» Dual or Singie Supply Systems

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

DUAL SPST HI-300 AND HI-304 SPST H1-301 AND HI-305
TOP VIEWS TOP VIEWS
(CERDIP, PDIP, SOIC) (METAL CAN) (CERDIP, PDIP, SOIC) {METAL CAN)

t The substrate and case are LOGIC | SWi sw2 | T The substrate and case ars
intarnally tied to V-. (The case = —— S internally tied to V-. (The case
should not be used as the V- N should not be used as the V-
connection, however.) 1 ON OFF connection, howsver.)
DUAL DPST HI-302 AND HI-306 (PDIP, CERDIP, SOIC) DUAL SPDT Hi-303 AND HI-307 (PDIP, CERDIP, SOIC)
TOP VIEW TOP VIEW
NC V+ NCE V+
ss[Z] 84 LOGIC SWITCH s[] 84 SW1 | SwW3 |
Ds 9 04 ) SEF o[ By LoGic | sw2 | sw4
o i | 1 ON o E o [ OFF ON
b et g F o o o -
s B = Sz s8] S2
INg E\-D- ™2 Ny Ny
GNo[7] V- GND, [¥] v
CAUTION: Thesae devices are ftive to discharge. Users should follow proper IC Handling Procedures. Eile Number 31 25_1
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HI-300 thru HI-307

Ordering Information
PART TEMP. PART TEMP.
NUMBER | RANGE(°C) | PACKAGE | PKG.NO. NUMBER | RANGE(°C) | PACKAGE | PKG.NO.
+11-0300-2 -55t0 125 |14 Ld CERDIP F14.3 HISP0303-9 ~40 to 85 14 Ld SOIC M14.15
H#1-0300-5 0to 75 14 Ld CERDIP F14.3 HI1-0304-2 -55to 125 |14 Ld CERDIP F14.3
HI2-0300-2 -551t0 125 |10 Pin Metal Can |T10.B HI1-0304-5 Oto 75 14 L. d CERDIP F14.3
(TO-100)
HI2-0304-2 -55t0 125 | 10 Pin Metal Can |T10.B
HI2-0300-5 Oto75 10 Pin Metal Can | T10.B (TO-100)
(TO-100)
HI2-0304-5 0to 75 10 Pin Metal Can | T10.B
HI3-0300-5 0to 75 14 Ld PDIP E14.3 (TO-100)
HI1-0301-2 -55t0 125 | 14 Ld CERDIP F14.3 HI3-0304-5 0to 75 14 Ld PDIP E14.3
HI1-0301-5 0to 75 14 Ld CERDIP F14.3 Hi1-0305-2 -55t0 125 |14 Ld CERDIP F14.3
HI2-0301-2 -5510 125 |10 Pin Meta! Can | T10.B Hi1-0305-5 0to 75 14 Ld CERDIP F14.3 1 3
(TO-100)
Hi2-0305-2 -55t0 125 |10 Pin Metal Can | T10.B
Hi2-0301-5 Oto 75 10 Pin Metal Can | T10.B (TO-100)
{T0-100) @
Hi2-0305-5 0to 75 10 Pin Metal Can | T10.B T
HI3-0301-5 0to 75 14 Ld PDIP E14.3 (TO-100) '.L_D
HigPO301-5 0to 75 14 Ld SOIC M14.15 HIi3-0305-5 O0to75 14 Ld PDIP E14.3 %
HI1-0302-2 -551t0 125 |14 Ld CERDIP F14.3 HI9P0305-5 0to 75 14 Ld SOIC M14.15
H11-0302-5 0to75 14 Ld CERDIP F14.3 HI1-0306-5 0to75 14 Ld CERDIP F14.3
HI3-0302-5 0to 75 14 Ld PDIP E14.3 H13-0308-5 Oto75 14 Ld PDIP £14.3
HI9P0302-5 Qto75 14 Ld SOIC M14.15 HI1-0307-2 -5510 125 |14 Ld CERDIP F14.3
H11-0303-2 -5510 125 |14 Ld CERDIP F14.3 HI1-0307-5 0to 75 14 Ld CERDIP F14.3
Hi1-0303-5 0to75 14 |.d CERDIP F14.3 HI3-0307-5 0to 75 14 Ld PDIP E14.3
Hi3-0303-5 0to 75 14 Ld PDIP E14.3 HI9P0307-5 Oto 75 14 L.d SOIC M14.16
HISP0303-5 0to 75 14 Ld SOIC M14.15
Functional Block Diagram
TYPICAL SWITCH HI-300 SERIES
> S

.N,_Dﬁ

—HE_ A

: .
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HI-300 thru HI-307

Schematic Diagrams
SWITCH CELL
T 3
* MN1B
1 IT1

s ‘_ _| MN2B | MNIB I__‘
N o _|$m "“‘H_
%P&B MPJB%F _1 n

Ll [mP18
1
X —J

Th—o ouTt

| -

DIGITAL INPUT BUFFER AND LEVEL SHIFTER

ml Meia | eeza »-lﬁ;u L“:J.: r{t]wn—i - _"_—_.llmL [E.

2000
LOGIC o—AAA~ A

IN A

D1A K MN1A MN2A -‘ MN3A MN«C"—X—II:MNSA -| MNGA MNTA l—l:unu
GND
v. O » »
o ! SWITCH CELL DRIVER
' (ONE PER SWITCH CELL)
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HI-300 thru HI-307

Absolute Maximum Ratings
Voltage Between Supplies . ...................... 44V (322V)
Digital input Voltage . . . ...................... +VsuppLy +4V
VsuppLy 4V
Analog InputVoltage ....................... +VsuppLy +1.5V
VsuppLy -1.6V
Typical Derating Factor. .. ....... 1.5mA/MHz increase in ICCOP
ESD Classification ................................ Class 1
Operating Conditions
Temperature Range
HEBXX-2. et -55°C to 125°C
HEBXK . et 0°C to 75°C

Thermal Information
Thermal Resistance (Typical, Note 1) 84 (°C/W) 8,c (°C/W)
CERDIP Package ................ 95 40
POIPPackage . .................. 100 N/A
SOICPackage. .................. 120 N/A
10 Pin TO-100 Metal Can Package . . . 160 75
Maximum Junction Temperature
CERDIP, TO-CanPackages ........................ 175°C
PDIP,SOICPackages ..............couvivinnnen..n 150°C
Maximum Storage Temperature Range .......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s)............. 300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in *Absolute Maximum Ratings” may cause permanent damage to the devics. This is a stress only rating and operation

of tha device at these or any other conditions above those

d in the op
NOTE:

of this specification is not implied.

1. 84 is measured with the component mounted on an svaluation PC board in free alr.

Electrical Specifications Supplies = +15V, -15V; Vj\ = Logic Input. HI-300-303; V} - for Logic “1” = 4V, for Logic 0" = 0.8V.
HI-304-307: V) - for Logic “1” = 11V, for Logic “0" = 3.5V, Unless Otherwise Specified

TEMP -55°C TO 125°C 0°C TO 75°C
PARAMETER {°c) MmN | TvP | max | wmin | Tvp [ max | unirs

SWITCHING CHARACTERISTICS
Break-Before-Make Delay, topgn (Note 15) 25 - 60 - - 60 - ns
Switch On Time, 1oy (Note 13) 25 . 210 300 - 210 300 ns
Switch Off Time, togr (Note 13) 25 - 160 250 - 160 250 ns
Switch Off Time, o)y (Note 14) 25 - 160 250 - 160 250 ns
Switch Off Time, topr (Note 14) 25 - 100 150 - 100 150 ns
“Off Isolation” (Note &) 25 - 60 . - 80 - dB
Chargs Injection (Note 7) 25 - 3 - - 3 . mv
Input Switch Capacitance, Cg(oFF) 25 - 16 . - 16 - pF
Output Switch Capacitance, Cp(orr) 25 . 14 - - 14 - pF
Output Switch Capacitance, Cp(on) 25 - 35 - - 35 - pF
(High) Digital Input Capacitance, Cy 25 - 5 - - 3 - pF
(Low) Digital Input Capacitance, Ciy 25 5 - - 5 - pF
DIGITAL INPUT CHARACTERISTICS
Input Low Level, Vi, (Note 13) Full - - 0.8 - - 0.8 v
Input High Level, VjnH (Nots 13) Full 4 . . 4 - - v
Input Low Level, Vini_ (Note 14) Full - - 35 - - 35 v
Input High Lavel, ViR (Note 14) Full T - - 11 - - v
Input Leakage Current (Low), ljy_ (Note 5) Full - - 1 - - 1 A
Input Leakage Current (High), iy (Note 5) Full - . 1 - - 1 nA
ANALOG SWITCH CHARACTERISTICS
Analog Signal Range Full -15 - +15 -15 - +15 v
On Resistance, ron (Note 2) 25 . 35 50 - 35 50 Q

Full - 40 75 - 40 75 Q
Off Input Leakage Current, Ig(orF) (Note 3) 25 - 0.04 1 - 0.04 5 nA

Full - 1 100 - 0.2 100 nA
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HI-300 thru HI-307

Electrical Specifications Supplies = +15V, -15V; Vi = Logic Input. HI-300-303: V| - for Logic “1” = 4V, for Logic “0” = 0.8V.
HI-304-307: Vyy - for Logic “1 = 11V, for Logic “0” = 3.5V, Unless Otherwise Specified (Continued)

TEMP -55°C T0 125°C 0°C T0 75°C
PARAMETER (°c) MIN TYP MAX MIN TYP MAX | UNITS
Off Output Leakage Current, Ip(orr) (Note 3) 25 - 0.04 1 - 0.04 5 nA
Full - 1 100 - 0.2 100 nA
On Leakage Current, ip(on) (Note 4) 25 - 0.03 1 - 0.03 5 nA
Full - 05 100 - 0.2 100 nA
POWER SUPPLY CHARACTERISTICS
Current, I+ (Notes 8, 13) 25 - 0.09 0.5 - 0.08 0.5 mA
Full - - 1 - - 1 mA
Current, |- (Notes 8, 13) 25 - 0.01 10 - 0.01 100 nA
Full - - 100 - - - HA
Current, I+ (Notes 9, 13) 25 - 0.01 10 - 0.01 100 pA
Full - - 100 - - - pA
Current, I- {Notes 9, 13) 25 . 0.01 10 - 0.01 100 nA
Full - - 100 - - pA
Current, I+ (Notes 10, 14) 25 - 0.01 10 - 0.01 100 nA
Full - - 100 - - - HA
Current, |- (Notes 10, 14) 25 - 0.01 10 - 0.01 100 pA
Full - - 100 - - - HA
Current, 1+ (Notes 11, 14) 25 - 0.01 10 - 0.01 100 pA
Fult - - 100 - - - pA
Current, |- (Notes 11, 14) 25 - 0.01 10 - 0.01 100 rA
Fulf - - 100 - - - HA

NOTES:

1. As with all semiconductors, stresses listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resuiting
in permanent damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability. The conditions listed under “Electrical Spacifications” are the only conditions recommended for satisfactory operation.

. Vg =110V, Igyr = ¥10mA. On resistance derived from the voltage measured across the switch under the above conditions.
. Vg =114V, Vp = 714V,

. Vg =Vp=+14V.

. The digital inputs are diode protected MOS gates and typical leakages of 1nA or less can be expected.

. Vg = 1Vpms, f= 500kHz, Ci_= 15pF, Ry = 1K,

. Vg =0V, C_= 10,000pF, Logic Drive = 5V puise. (HI-300 - 303) Switches are symmaetrical; S and D may be interchanged.
Logic Drive = 15V (HI-304 - 307).

. VN = 4V {one input) (all other inputs = 0V).
9. Vi = 0.8V (all inputs).
10. ViN = 15V (ail inputs}.
11. Vi = 0V (all inputs).
12. To drive from DTL/TTL circuits, pullup resistors to +5V supply are recommended.
13. HI-300 thru HI-303 only.
14. HI-304 thru HI-307 only.
15. HI-301, HI-303, HI-305, Hi-307 only.

N O ;e WN

[+

13-88




HI-300 thru HI-307

Typical Performance Curves
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FIGURE 3. DEVICE POWER DISSIPATION vs SWITCHING
FREQUENCY SINGLE LOGIC INPUT
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TEMPERATURE (°C)

FIGURE 5. Ig;opF) OR Ingorr) v8 TEMPERATURE
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g
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8 40 \ 3’/
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E C V4 = 47.5V, V-2 -7.5V
D V4 = 45V, V- u -5V
0
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DRAIN VOLTAGE (V)
FIGURE 2. rpg(on) V8 Vp AND POWER SUPPLY VOLTAGE

100 T r
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3 N
60 ]
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g A= 1kQ
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(]
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FREQUENCY (Hz)
FIGURE 4. OFF ISOLATION vs FREQUENCY
100

F Ve = 415V, Ve = 18V
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-
-]

BeYem—————r———

72’

e
-

foron) CHANNEL LEAKAGE (nA)

0.01

28 75 125
TEMPERATURE (°C)

FIGURE 6. Ip(on) vs TEMPERATURE |

t 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.
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HI-300 thru HI-307

Typical Performance Curves (continued)

+15V
TV-&
R, =0
J_- Ry -LCL
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FIGURE 7A. TEST CIRCUIT
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E E HI-304 THRU HK307
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TIME (u8)

FIGURE 7C. ViLoaic) vs TIME
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OUTPUT VOLTAGE (V)
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TIME (u8)

FIGURE 7E. Yoyt vs TIME
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FIGURE 7G. Voyt vs TIME

E E: l i—l I
5 ¥ HI300 THRU HI-303
g 4 F
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2 ]
% 0 +HHHHHHHHH bt
LOGIC INPUT
[ 0.4 08 1.2 1.6
TIME (u8)
FIGURE 7B. Vin(Logic) v8 TIME
W 3
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0 0.4 08 12 16
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FIGURE 7D. Vouy vs TIME

FyTT YY1 YT
LA20] LLLES EAILS

o &

5 Vgen = 0V

OUTPUT VOLTAGE (V)

12 1.6

FIGURE 7F. Voyr vs TIME

PITAFESTINIENS

v

.
o
(-2

OUTPUT VOLTAGE (V)
h o

VGEN = -10V E

T

0 0.4 0.8 1.2 1.8
TIME (j:8)

FIGURE 7H. Voyr vs TIME

NOTE: If Rgen, R or Ci is increased, there will be proportional increases in rise and/or fall RC times.
FIGURE 7. TYPICAL DELAY, RISE, FALL, SETTLING TIMES AND SWITCHING TRANSIENTS
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HI-300 thru HI-307

Typical Performance Curves (Continusd)
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FIGURE 8. OUTPUT ON CAPACITANCE vs DRAIN VOLTAGE
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FIGURE 10. SWITCHING TIME vs TEMPERATURE, HI-300 THRU
Hi-303
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Ve = +15V, Ty = 25°C
ViNH =4V, VN =0V

¥
]

SWITCHING TIME (1s)
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FIGURE 12. SWITCHING TIME va NEGATIVE SUPPLY
VOLTAGE, Hi-300 THRU HI-303

e
o

¢
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FIGURE 9. DIGITAL INPUT CAPACITANCE vs INPUT VOLTAGE
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T T T
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FIGURE 11. SWITCHING TIME vs TEMPERATURE, HI-304 THRU
HI-307
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\

0 5 10 15
NEGATIVE SUPPLY (V)

FIGURE 13. SWITCHING TIME vs NEGATIVE SUPPLY
VOLTAGE, HI-304 THRU HI-307
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HI-300 thru HI-307

Typical Performance Curves (Continued)
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FIGURE 14. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE,
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HI-301/303 ONLY

SWITCHING TME/BREAK-BEFORE-MAKE TIME (1s)

18 0

P —
5 10 15
POSITIVE SUPPLY VOLTAGE (V)

FIGURE 15. SWITCHING TIME AND BREAK-BEFORE-MAKE

Hi-304 THRU HI-307 TIME vs POSITIVE SUPPLY VOLTAGE, HI-300
THRU HI-303
7 T
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a
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1
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) 5 10 15
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FIGURE 16. INPUT SWITCHING THRESHOLD vs POSITIVE SUPPLY VOLTAGE, HI-300 THRU HI-307
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HI-300 thru HI-307

Test Circuits and Waveforms

SWITCH TYPE VINH SWITCH TYPE ViNH
HI-300 thru HI-303 4v HI-301, HI-303 5V
H1-304 thru HI-307 15v HI-308, HI-307 15V
15V +18V
i Iv
A % ouT
Vg1 = +3V 00— o = 1
: oo D o o Voswmen N7 * T,
Vg = +3V © OUTPUT Vgo = 43V P ® >
: me Lo 1 T & ouT2
' 30002 33pF ! Rz €2 SRL1FCu
H>- afes I1°1"L
- = LOGIC = = = =
LOGIC INPUT V-
INPUT V-
1 =I___ l = T"=GND gy
= = A5V
GND
LOGIC “1” = SWITCH ON
LOGIC Ry 1 = Ry g = 30002
INPUT ViNH Cp1 = Cyo = 33pF
LOGIC “1” = SWITCH ON ov
LOGIC V|NH
INPUT 50% 50%
por fe e fm
ov ouT1
Vs . ! ! j
! our2
L 10% SWITCH 1 |
o ! ] OUTPUT 50% ) | f 50%
swireH 1 1, 1 toFr OV i\ v
oN BN ! e ! e toBM

FIGURE 17. SWITCHING TEST CIRCUIT (toN, torr)

FIGURE 18. BREAK-BEFORE-MAKE TEST CIRCUIT (tgpm
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