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TECHNOLOGY

nl ’ \p - LTC201A/L1C202/LTC203

Micropower, Low Charge

Injection, Quad CMOS Analog Switches

FEATURES

s Micropower Operation

= Single 5V or £ 15V Supply Operation

m Low Charge Injection

= LowRon

m Low Leakage

» Guaranteed Break Before Make

= Latch Resistant Design

a TTLUCMOS Compatible

n Improved Second Source for DG201A/DG202

KEY SPECIFICATIONS

= Supply Current I+ =404A, |- =54A Max.

DESCRIPTION

The LTC201A, LTC202, and LTC203 are micropower,
quad CMOS analog switches which typically dissipate only
250uW from +15V supplies and 40uW from a single SV
supply. The switches have 652 typical on resistance and
a very high off resistance. A break before make charac-
teristic, inherent in these switches, prevents the shorting
of two channels. With a supply voltage of £15V, the signal
range is +15V. These switches have special charge com-
pensation circuitry which greatly reduces charge injection
to a maximum of +25pC (£15V supplies).

The LTC201A, LTC202, and LTC203 are designed for
applications suchas programmable gainamplifiers, analog
multiplexers, sample and hold circuits, precision charge

= Charge Injection ( 15V Supplies) £25pCMax.  switching and remote switching. These three devices are
(Single 5V Supply) 2pC Typ.  differentiated by the type of switch action, as shown in the
= Ron 650Typ.  logic table.
= Signal Range +15V
TYPICAL APPLICATION
Micropower 100Hz to 1MHz V-to-F Converter
Vv 1.5M 7VT0 10V
ovTO §v VVv /] 100k
10k 9
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LINEARITY IS 0.02%

QUIESCENT CURRENT IS 90p A

- SUPPLY CURRENT IS 360uA @ 1MHz
*1% FILM RESISTOR
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= POLYSTYRENE

LTC201A/2027203 - TAD1
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Joreaort oo " LTC201A/LTC202/LTC203
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

Note 1) ORDER PART
xgltages Referenced to V™~ . ” T0P VIEW NUMBER
GND oo 25 w Dy~ e LTC201AMJ
Digital Inputs, S, (Note 2) .......... 9Vt (V*+2V) or " Z- Y Y\ @ LTC201AC
20mA, Whichever Occurs First s3] i s LTC201ACN
Current v-[& v LTC201ACS
ANy INDUt EXCEPES OF D oo 30mA o 5 %:C LTC202M/
CONtINUOUS S OF D vvveeeeeeeeeeee e 20mA : E}A A ~.£|D§ LTC202CJ
Peaks S or D (Pulsed at 1ms, =5 LTC202CN
10% Duty Cycle MaX). oo 70mA v ChEm LTC202CS
Eso SuDspeptibi_nty (ylote.S) ................................ 5664W LpoeGE L NPOGGE Hggggw
vover Dissipation (Caramt] " anomw | e CTconaoh
Operating Temperature Range LTC203CS
LTC201AC/LTC202C/LTC203C ............. 0°C to 70°C
LTC201AM/LTC202M/LTC203M .....-55°C to 125°C
Storage Temperature Range.................. -65°C to 150°C LOGICTABLE
Lead Temperature (Soldering, 10 sec.)................. 300°C LTC201A LTC202 LTC203
INx IN1-IN4 IN1-IN4 IN1,INd  IN2,IN3
0 ON OFF OFF ON
1 OFF ON ON OFF

DIGITAL AND DC ELECTRICAL CHARACTERISTICS

V* = +15V, V- = - 15V, GND = 0V unless otherwise noted.

LTC201AM/LTC202M/LTC203M | LTC201AC/LTC202C/LTC203C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Analog Signal Range L4 +15 +15 v
Ron Vg = 10V Tmin 110 125 Q
Ip=1mA 25°C 65 110 65 125
Tmax 160 160
ARgy vs Vg 20 20 %
ARgy vs Temperature 0.5 05 %/°C
Ron Match Vs =0V, Ips = 1mA 5 5 %
Off Input Leakage 1g(OFF) Vp = +14V, Vg = F 14V 0.0 +1 0.01 15 nA
Switch Off L4 +100 +100
Off Qutput Leakage Ip(OFF) Vp = +14V, Vg = F14V 0.01 +1 0.01 15 naA
Switch Off L4 +100 +100
On Channel Leakage Ip(ON) Vp=Vg =114V 0.02 +1 002 t5 nA
Switch On o +200 +200
Input High Voltage Viyy L4 2.4 24 v
Input Low Voltage Viy. L4 0.8 0.8 v
Input High or Low Current Vin =15V, OV L4 +1 +1 pA
Iinw and It
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LFC20¥R/ETC202/L.TC203

DIGITAL AND DC €LECTRICAL CHARACTERISTICS

V* = +15V, V- =-15V, GND = OV unless otherwise noted.

LTC201AMATC202MA.TC203M | LTC201ACATC202CALTC203C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Cs(OFF) 5 5 pF
Cp(OFF) 12 12 pF
Cp, Cs(ON) 30 30 pF
I* All Logic Inputs Tied Together 16 40 16 40 BA
Viy=0Vor4.0v L4 60 60
I~ 0.1 5 0.1 5
L 10 10
HC GLGCT"“CHL CHHBHCTGBISTICS V* = 415V, V- = - 15V, GND = 0V unless otherwise noted.
LTC201AM/ATC202M/LTC203M | LTC201AC/LTC202C/LTC203C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Ton Vg =2V, Ry = 1kQ, C = 35pF 290 400 290 400 ns
Torr 210 300 210 300
Topen 20 85 20 85 ns
Off Isolation Vg = 2Vp-p, R = 1kQ, = 100kHz 75 75 dB
Crosstalk 90 90
Charge Injection Qyny Rg = 0Q, Cy = 1000pF, Vg = OV 5 +25 8 125 pC
Total Harmonic Distortion THD Vg =2Vp-p, R = 10kQ 0.01 0.01 %
DIGITAL AND DC ELECTRICAL CHARACTERISTICS
V* = +5V,V- =GND =0V unless otherwise noted.
LTC201AM/LTC202MATC203M | LTC201AC/LTC202CA.TC203C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Analog Signal Range L 0 5 0 5 v
Ron Vg = +1.5V, +3V Tmin 450 520 Q
Ip=0.25mA 25°C 280 450 280 525
Trmax 650 650
ARgy vs Vg 20 20 %
ARgy vs Temperature 05 05 %/°C
Ron Match Vg = 2.5V, Ipg = 0.25mA 5 5 %
Off Input Leakage 15(OFF) Vp =4V, 1V; Vg = 1V, 4V (Note 4) 001 001 45 nA
Switch Off L +100 +100
Off Output Leakage Ip(OFF) Vp= 4V, 1V; Vg = 1V, 4V (Note 4) 0.01 +1 0.01 5 "nA
Switch Off L] +100 +100
On Channel Leakage |(ON) Vp = Vg =1V, 4V (Note 4) 0.01 +1 0.01 15 nA
Switch On L 1200 200
Input High Voltage Vyy L4 2.4 24 v
Input Low Voltage V. L4 0.8 0.8 v
Input High or Low Current Viy =5V, 0V L4 +1 +1 pA
I and Iy
- I
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#

DIGITAL AND DC ELECTRICAL CHARACTERISTICS

V* = 45V, V™ = GND = OV unless otherwise noted.

LTC201AM/LTC202M/LTC203M | LTC201AC/LTC202C/LTC203C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Cs(OFF) 5 5 pF
Co(OFF) 12 12 pF
Co. Cs(ON) 30 30 pF
I* All Logic Inputs Tied Together 8 20 8 20 uA
Viy =0V or 4.0V L] 30 30

AC GLGCTRICHL CHHBHCTEBB.HCS V+ = 45V, V- =GND =0V unless otherwise noted.

LTC201AMA.TC202M/LTC203M | LTC201AC/LTC202C/LTC203C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Ton Vg =2V, Ry = 1kQ, C = 35pF 450 600 450 600 ns
Torr 190 300 190 300
TopEn . 100 250 100 250 ns
Off Isolation Vg = 2Vp-p, R = 1kQ, f = 100kHz 75 75 dB
Crosstalk 90 90
Charge Injection Qiyy Rg =0, C| = 1000pF, Vg = 2.5V 2 2 pC
Total Harmonic Distortion THD Vg = 2Vp-p, R_ = 10kQ 0.01 0.01 %
The @ denotes the specifications which apply over full operating Note 3: In-circuit ESD on the switch pins (S or D) exceeds 4kV (see test
temperature range. All other limits and typicals Ty = 25°C. circuit).
Note 1: Absolute Maximum Ratings are those values beyond which the life Note 4: Leakage current with a single 5V supply is guaranteed by
of a device may be impaired. correlation with the 15V leakage current.

Note 2: Signals on S, D, or IN exceeding V* or V™ will be clamped by
internal diodes. Limit forward diode current to maximum current rating.

TYPICAL PERFORMANCE CHARACTERISTICS

Ron vs Vs Over Supply Voltage Ron vs Vs Over Temperature Ron vs Vs Over Temperature
T T T T T T
- 25° v =45V, 0V |
o e 100 b y 500 —¥|t= 5
N v —Ip= 1mA
200 80 400 125°C
“IN
g 150 3 60 AN 25°C AN g 300 250N
g g Z /! N N
@ Ai 5 o ~ o / N N
100 — 7~"X 40 - 200 - SN
> AN 5y V=415V = - // 55(:\‘\\K
e — =+ -
50 (=T - 20 p—V=-15V 100 | ~
£20V o= 1mA
i
0 ' oL | 0
—20-16-12-8 -4 0 4 8 12 16 20 -15-12-9 -6 -3 0 3 6 9 12 15 0 1 2 3 4 5
Vs(V) Vs(V) Vs(V)
_ L ]
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LTCoFRRYEIE202/LTC203

TYPICAL PERFORMANCE CHARACTERISTICS

Positive Supply Current vs Logic Supply Current vs Logic Input
Qny vs Vg Over Supply Voltage Input Voltage Voltage
0 ' LT o T
40 Ta=25C | 300 Viz 415V 300 V- OV
Cy = 1000pF V-=-15V =9
270 270 Ta=25°C
30 Ta=25°C
V*=5V Vie sV o |—lALL Logic INPUTS ALL LOGIC INPUTS
20 Vo=V T v ov 240 1™ TiED TOGETHER 240 [~ TIED TOGETHER
~ 10 210 510
g 0 4 g 180 ‘ < 180
= » El 3
S oA L N £ 150 : £ 150
" / [\ 120 120 \
V*=15V 90 90
-30 Vo= 5vL 60 \ a0 \\
~40 | / N
30 N 30— N
50 o )
-5 o0 5 0 5 1015 E 5 s 12 15 0 1 2 3 4 5
Vs (V) Vin(v) Vin(v)

LTC201/202/203 » TPCOY

APPLICATIONS INFORMATION

Switching Time Test Circuit

Switch output waveform shown for Vg=constant with  output switch on. Feedthrough via gate capacitance may
logic input waveform as shown. Note that Vg may be + or  result in spikes at leading and trailing edge of output
— as per switching time test circuit. Vg is the steady state ~ waveform.

Switching Time Test Circuit
LOGIC “1” = SW ON
NO 3V [——_—x
LOGIC INPUT 50% SWITCH SWITCH
t< ggns o / \ INPUT o1 OUTPUT
f < &Uns _ ______o/‘/ V,
LOGIC “0" = SW ON V=2V e ’ - 0 .
NG 3V ] L L VAL
LOGIC INPUT N 500 / IN1 [ L] ’I 35pF V0= RisTosion
t; <20ns \ / LOGIC 'D‘D“" = =
ty <20ns OV INPUT -7
SWITCH
INPUT 'S (REPEAT TEST FOR IN2, IN3 AND IN4)
vo 09 Vo 09 1
SWITCH o — | ] —

LTC201A/202/203 + TAO2

Charge Injection Test Circuit
AV

!

Reen Sx Dy % y
o
LTTE M

3v

OFF
NC on oN
‘n’ ov
= LTC201A7202/203 + TAGA W ON ON
NO
ov OFF

AV IS THE MEASURED VOLTAGE ERROR DUE TO CHARGE INJECTION.
THE ERROR VOLTAGE IN COULOMBS IS AQ =Cy x AVq.

LTC201A7202/203 * TAQS
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APPLICATIONS INFORMATION

OIRR-Off Isolation Test Circuit CCRR-Channel to Channel Crosstalk Test Circuit
C +15V Cc +15Vv
)
SIGNAL "."E-I SIGNAL -L_—l I-_<
GENERATOR ~ Vs V' GENERATOR
Y

A~ Ve Vv vy 300
S o
Vg=2Vp-p Vg=2Vp-p i ' ? l_
f = 100kHz f = 100kHz = 1 = =
Vin IN1 1
— i Viy
= CHAN A '

= CHAN A
. |ANALYZER I ANALYZER Vh =
CHAN B CHAN B |+ -9——&

R 4 G V-

1 J_ o= J_
C = 0.001uF/0.1uF = ) o 1 +~—‘ I—_l_
CHIP CAPACITORS ~ OIRR = 20 LOG |—I gmg'gg},fé{%gg CCRRL< 20 LOGI 1 i =

LTC201A/202/203 « TAOS

J

LTC2014/202/203 « TAG?

Vin Vin
3V NC v NC
ov NO ov NO
In-Circuit ESD Test Circuit Micropower, 4.5V-15V Input, Voltage Doubler Using the LTC203

Vout =2Viy

o .

ANY SOURCE OR DRAIN PIN

ESD TESTER

POWER APPLIED
( OR OPEN CIRCUIT

—— a4y
=T 100pF

0.1uF

ML

j— 15V

~-{aw T _low _J__OOOpF
L

PER MIL-STD-883C -
METHOD 3015.2

- LTC2014/202/202 + TAGS

LTC201A/202/203 - TAOY

45V | 20uA 8.988V(12mV Error) 1.2k
15V | 130pA 29.96V(40mV Error) 600Q
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/

APPLICATIONS INFORMATION

Micropower, +4.5V — +15V, Voltage Inverter Using the LTC203

-

Vin—¢
330k
7401404
)
MO
——10uF 1000pF
L I
4

Vin a Vour, NO LOAD Rour 1 Nout =-Vin
45V | 15uA ~4.494V(6mV Error) 1.1kQ =W
15V | 125uA | -14.975V(25mV Error) 520Q S

Quad 12-Bit Sample and Hold

+5V

HE B
1 OR 1
1] 11079
T ]
! = Vour1
) ]
1
] ]
! !
] ]
NC _SAMPLE /HOLD 1 E
NO SAMPLE \ HOLD E : P Vout2
)
1 ]
! ! LT1014 | LT1079
H i Sample-to- 06mv | 0.6mvV
! H Hold Offset
]
i Lo— Vours Aperture Time 300ns | 300ns
L ! Acquisition Time 14,8 2Nus
| .' 1 : mg N494 (N tn 2V otan) w #
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'APPLICATIONS INFORMATION

Ultra Low Noise, Low Drift Chopper Amplifier

+15V
74C14
INPUT
= 1MQ
4‘""'
" 1000pF
I
1uF
]l
LR
+15V
100k
vAvAv -
LT1007 p— QUTPUT
LT1028 -~ { } * | +
- _L < = -15V
470pF Z10kQ 100kQ
~15V I 1
> = 0
3100
< R2
J_L T4 Ska

NOISE 40nVp-p 0.1Hz-10Hz

< R
Vos 1wV S 100
DRIFT 0.05uV/°C JL
GAIN B2.4 4
R1'g =
Ayor >10 LTC201A/2027203 « TAT1

Iy 25nA

Noise in a 0.1-10Hz Bandwidth

50nV

|<— 10 sec —»{

LT201A/202/203 + TA16
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LEC26YRYEFE202/LTC203
APPLICATIONS INFORMATION

Bipolar (AC) Input V — F Converter

P

—th,

&
" g

LT1004
25

74C04
I>° 1 oureur
P OkHz-10kHz

INPUT .
10V 1%+

LT1056

1 2N2369
= 15V
1N4148
* POLYSTYRENE
50ppm/°C DRIFT 1N4148 Y.
0.04% LINEARITY
** TRW/IRC MTR/5/+120

LTC201A/202/203 - TA12
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LTC201A/LTC202/LT1C203

goiLTc01"o g d

APPLICATIONS INFORMATION

Micropower Thermocouple Temperature to Frequency Converter

0.02uF
1L NC
TYPEK L
v THERMOCOUPLE
-“ v o
v ] 100kq K, 2N3904
K g MY -
LT1025 -t 6V
LTC1049
GND  R- - + 74C14 100kQ OUTPUT
1 _].. b= 0°C-100°C
= = D.C.- 1kHz
6.81kQ"* = c4
c3 - 300pF
0.47uF
100°C 1.5kQ 240kQ
TRIM =
LT1004
T 6.8uF 1 .2\? 0
NOTES:
* POLYSTYRENE
** IRC/TRW-MTR-5/+120ppm
360 A OPERATING CURRENT
4.75V-10V SUPPLY VOLTAGE
FOR 4mV FULL SCALE "GENERAL PURPQSE” 6V
V — F DELETE LT1025 AND THERMOCOUPLE [
AND DRIVE POINT “A” H
c2
390pF* LTC201A202/203 - TA13

LT HNEAR 11-13
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LTC20TA/LTC202/LTC203
APPLICATIONS INFORMATION

Precision Current Sensing in Supply Rails

74C14 HV
SHUNT CAN BE IN
POSITIVE OR NEGATIVE S
N RSHUNT SUPPLY LEAD T
I‘ Vour 1000pF
7

+15V -15v -

LTC201A/202/203 - TA14

Precision Voltage Divide by 2 Circuit

Vour = Vin/2

Vin
Viy = 4.5V-20V

74C14

30kQ2 - MQ

1000pF

I

LTC201A/2027203 - TA1S
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