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DG304A/305A/306A/307A
CMOS Analog Switches

D3E 12212 D

Siliconix
incorporated

T-51-11

FEATURES
e + 15 V Input Range

e Fast Switching (< 250 ns)
® Low rps(on) (< 50Q)
® Single Supply Operation

e CMOS Logic Levels

BENEFITS

® Full Rail-to-Rail Analog
Signal Range

® Low Signal Error
® Wide Dynamic Range

e Low Power Dissipation

APPLICATIONS

e Low Level Switching
Circuits

® Programmable Gain
Amplifiers

" e Portable Battery Operation

DESCRIPTION

The DG304A through DG307A series of monolithic
CMOS switches were designed for applications in
communications, Instrumentation and -
control. This series is well suited for a
requiring fast switching and nearly
resistance over the entire analog rang

and excellent ON/OFE
these Iideal for
without sacrificing

epitaxial layer preventsiiatchup. Single supply
operation (for positive switch voltages) is afforded
by connecting the V- rail to 0 V.

industriat,

d’glastic options. The 10-pin metal can option is
dlso available for the DG304A/DG305A. Perform-
ance grades include the military, A suffix (-55 to
1256°C), commercial, C suffix (0 to 70°C), and
B suffix (-25 to 85°C) temperature
ranges. Additionally, the DG307A is available in the
LCC package.

Eagch switch conducts equally well in both directions
fi ON, and blocks up to 30 volts peak-to-peak
OFF. These switches are CMOS input

PIN CONFIGURATION

FUNCTIONAL BLOCK DIAGRAM

Metal Can Package
Top View

V+ (SUBSTRATE & CASE)
Dy = Dp

Order Numbers:

DG304AAA, DA304AAA/88B3

DG304ABA, DG304ACA

Dual-In-Line Package

Top View

Order Numbers:

CerDIP: DG304AAK, DG304AAK/883
DG304ABK, DG304ACK

Plastic: DGS04ACJ

DG304A

Two SPST Switches per Package*

LOGIC | SWITCH

0 OFF
1 ON

Loglc "0* <35V
Logic *1* > 11V

* Switches Shown for Logic *1" Input
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DG304A/305A/306A/307A

PIN CONFIGURATION (Cont’'d)

Metal Can Package
Top View

Order Numbers:

DQ30SAAA, DQ305SAAA/883
DG305ABA, DG305ACA

Duai-In-Line Package

. Top View
Nne[d] V4
D4 L2] D2
No {3} NG
81 8,
Ne 5] NG
IN 6] NG
GND V-

Order Numbers:

CerDIP: DA305AAK, DG305AAK/883
DG305ABK, DG305ACK

Plastlc: DG305ACY

FUNCTIONAL BLOCK DIAGRAM (Cont'd)

T-51-11
DG306A
810 —0 Dy
1
Sa0 o/r‘———o D2

D>

e —

One SPDT Switch per Package*

Dual-In-Line Package

Order Numbers;

CerDIP: DG306AAK, DG30BAAK/883
DG306ABK, DG306ACK .

TRUTH TABLE"™
Loalc SW1 sw2
0 . OFF ON
1 ON OFF
DG306A

§1 00— O’["——‘O Dy’
83 0 i X
D>
o DD
Sz0 —o+%E L o5,
840~ —otal D4

Two DPST Switches per Package*

TRUTH TABLE"~

LOGIC | SWITCH

Plastic: DQ306ACY 0 OFF
- 1 ON
. DG3I07A
Dual-In-Line Package LCC Package % o — o1&+ o0,
Top View S5 0— ‘O/ﬁ——o Da
|
ot D>
ot D>
820 - o+E 1 o5,
84 O— Q)/A__o D4

Order Numbers:

CérDIP: DQ307AAK, DA3I07AAK/883
DG307ABK, DG307ACK

Plastic: DG307ACJ

Order Number:
DG307AAZ/883

Two SPDT Switches per Package*

TRUTH TABLE** .
swi | swa
LOGIC | sw2 | swa
0 OFF | oN .
1 ON OFF

¥ Switches Shown for Loglc "1* Input -
"~ Loglo "0° ¢ 3.6 V, Logic "1* 24,0V
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DG304A/305A/306A/307A corporated

ABSOLUTE MAXIMUM RATINGS . T-51-~ 11
VEtoV- iiiiiiinnas P BV Power Disslpation* .
GND O Ve ovrn o, R T XY 14-Pin CerDIP (K)** ......... Cerririiiinaae,, 826 MW
Digital Inputs, Vg, Vp® +...... . (V) 2V to (V+) 42V or 14-Pin Plastic DIP (J):.:.. [ 470 mwW
30 mA, whichever occurs first, 10-Pin Metal Can (A) Creerreresresivanees 450 mW
' 20-PIN LCC (Z)***** L it varneerennes, 750 MW
Current, Any Terminal Except SorD ......... o 30 MA .
CONNUOUS CUITENt, S OF D +vvvveverensessaesis 30 MA ggv::::a't:zounted with all (eads soldered or weldsd to
{Pulsed at 1 ms, 10% duty oycle max} ......... 100 r:\A e Derate 11 MW/°C above 75°C.
Storage Temperature (A & B Suffbf) eenna . =65 to 150°C *++  Derate 6.5 mW/°C above 25°C,
(C Sufﬂx) viesaeres . =65 to 125°C *+++  Dorate 6 mW/°C above 75°C.
Operating Temperature {A SuffiX) ......... ~55 to 125°C st+4¢ Dgrate 10 mW/°C above 75°C.
(B Sufflx) .......... =25 to 85°C
(C Suffix) +.....0.... 0to 70°C

ELECTRICAL CHARACTERISTICS 2

LIMITS
Test Conditions 125°C
Unless otherwlise speclfied: |, . A B, C.
g P 2<125,85,70°C SUFFIX SUFFIX
Vi=15V 3=-55,-25,0°C =55 to 125°C| -
GaTey =
PARAMETER syMBoL D=0V TEMP MIN®[MaX®| uniT

Analog Slanal Range | VasiaLoa Vi I=s 3-;%:“3 vt 1.2,3 -6 1 15 | -16] 15 | v
. IVc>=11° v 1.3 30 50 50
- g=-10 mA 2 75 75
gﬁlgess?sut?nece Fos(on) . Q
Vp=-10V 1,3 30 50 50
Is =10 mA 2 75 75
Vg=14V 1 0.1 1 5
Source OFF Vp=-14V 2 o 100 100
Leakage Current I'sorF)
V=35V | Vs=-14V 1 -0.1 -1 -5
Vp=14V 2 ~100 -100
or
] Vg=-14v 1 0.1 1 5
Drain OFF | Vi =11 V! Vp= 14V 2 100 100
Leakage Current D(OFF) nA
Vg= 14V 1 ~0.1 -1 -5
Vp=-14V 2 100 -100
=Ves= 1 0.1 1 -5
Draln ON | Vo=Ve=14V) 100 100
Leakage Current D{ON)

Input Current with 2,3 -1
nput Voltage HIGH I
_ 1 0.001 1 1
VIN --15 \" ) 2,3 1 uA
Input Current with ' -0, - -
Input Voltage LOW NL ) Vi =0V 233 0.001 _} i
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ELECTRICAL CHARACTERISTICS 2 . T-51-11
A LIMITS
. Test Conditions T25°0
Unless plhqrwlse specifled: 22125,85,70°C SUIeFlX SSI"-‘ES;'X .

N il A ) 3=-66,-26,0 °c__|-55 to 125°C

PARAMETER sYMBOL GND =0 V TEMP

Turn-ON Time

See Switchl ng
Time Test Circult

Positive Supply Current b ’ 153 0001 11:() 190
Vin =16 V (Al Inputs)
Negative Supply Current - i o 1é3 _0'001_ __110(:) -100
Posltive Supply Current I+ ST 1é3 0.001 ,4 11:0 100
VN = 0 V (Al Inputs) -
, -0,00 - -
Negative Supply Current - 123 0.001 -11000 190

Turn-OFF Time torr 1 70 160 ns
See Break-Before-Make
Proak-Bofora-Make  J -t Tost Time Clroult - 1 50
Interval ON 7 OFH DG305A/307AONLY " | -
= .Q.
Charge Injection Q CL=0.011F, Rgen=1 1 30 pcC
"Vgen= 0V
Source-OFF : _ : .
Capacltance Csorm) Viy =35V Vs -y 1 "
or
(Dtga;;gcﬁgﬁco Cotorr | Vviy=11Vv!. ]| Vp=0V 1 14
c f=1MHz

Channel-ON D(oN) =Vaz |
Capacitance Cowon, Ve=Vp=0V| 1 40 .| PR

Vi =0V 1 6
Input Capacitance Cin f=1MHz

le = 15 V 1 7
OFF lsolatlon? ViN=0V . 4 62

¢ RL=1k
- dB

Crosstalk Ve = 1 Vims ’
(Channel-to-Channel) f = 500 kHz _ L L

A

NOTES: -

a, Refer to PROCESS OPTION FLOWCHART for addlﬂonal lnformatlon

b. ;I’hr?e glg‘ebrﬁlc conventlon whereby the most negatlve value I3 a minimum and the most posltlve a maxlmum, Is used In
s data sheet.

. Quaranteed by deslgn not sub]ect to hrroduotlon test

?lplcal values are for DESIGN A Y, not v%uaranteed nor subject to production testi
nals on Sy, Dk, or IN xexceedlng V+oor V-
current ratings.

f. Vin = Input voltage to perform proper function.

g. OFF Isolation = 20 log VE . Vg = Input to OFF switch, Vp = Output.

n
Il be clamped by Internal dlodes, Limit dio uge forward current to maxlmum

5-
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DG304A/305A/306A/307A ) Rbosporatey
DIE TOPOGRAPHY IR _ T-51-11
"DG304A :
————— 88 rlls—— - -] Pad Funotion
o ER - . - No_ . i
A 2 Drani-
4 Source 1,
6 Input 1
g ‘Ground
-4 i 9 Input 2
11 Source 2
13 Drain 2
87 mils 14 Vi+ (Substrate)
. 20X '
ICMJD - e - -
4 Capacltors * 20 N-channel depletion MOSFETs
2 Resistors 4 Dlodes -
16 P-channel depletion MOSFETs : *
. DG305A
-l Fad Funotion
2. .50 w14 13 2 - Drani
; ‘ 4 Source 1 *
6 mput
g Ground
. 11 Source 2
4 13 Draln 2
) 14 V+ (Substrate)
mils
6 7 8
20X
ICMJE . .
4 Capacitors -14 N-channe! depletion MOSFETs
1 Resistor 2 Dlodes .
10 P-channel! depletion MOSFETs ..
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.- DGB304A/305A/306A/307A

DIE TOPOGRAPHY (Cont'd) T-51-11

-

’ ! “Pad - Funotion
No,. - L
-l 2" Tsourced : -
3 Drain 8
4 Drain 1.
) ] Sourge 1
[ fnput™t
7 -~ QGround
. 8 V=
3 12 . 9 Input 2
4 11 10  Source 2
11 Draln 2
87 mils 12 ""Dran 4
5 10 13 Source 4
14 . Vi (Subs_trate)
ICMJD . .
8 Capacitors 30 N-chanhel depletion MOSFETs
2 Reslstors . 4 Dlodes: - -
22 P-channel depletion MOSFETs
‘DG307A . |
. e ) Pad
~-- — 88 mlls > AR IO
2
] ;.
4
5 .
= 6
7
12 8
9
11 ) 1? )
5 1g 87 mlis }2
13-,
14
2y
20X
ICMJF Lo )
8 Capacltors 30 N-channel depletion MOSFETs
2 Reslstors 4 Dlodes
22 P-channel depletion MOSFETSs P
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DG304A/305A/306A/307A B incorporated
TYPICAL CHARACTERSITICS = .~ A , T T=bl-11
rps(on) v8.Vpand Ppwer_Sugp!y’Vﬁlg'a‘qe } rps(oN) V8. VD'anvaow%r 5upply. Voltage
100 [T o e v -
TR | . cc | At Vi=47,6V
| & 7.5V | Ta=280 |- 100 Ai— B! Ve=+0V -
Ci iV i R Alf C: Va=+15 V" |
80 D: 315V - - "D Vi =420V
T ¥ i P i 80
| E: ¥20V /\_NA i s . Py NPT
60 —1 e ANEY Y .
FDS(ON) : / .o v Tps(oN) 60 VARD
M AT T @ et
" Nl 1] . 40 o ) -
b : s - :
20 20
0 e
-20 ~156 <10 -5 0 § 10 .16 20 ¥ 0 5 10 15 20 25 .
Vp - DBAIN VOLTAGE (V) - ) Vp - DRAIN VOLTAGE - (V)
Leakage Currents vs. Analog Voitage _ Input swnch'gspyge\fgg'adgzg' V+and V-
10 - 10
I Ta=26°C
0 [IscoFp) o lo(oFF) 8
— o et
,/\ 1 7
-10 /r _ &
o lg Ioton = vy
BAY 0 LA : v) 8
[ 4
3
-30
2
-40 ! -+
- * . 0
-15 0 . 16 0 5 10 16 +20
Vgor Vp- (V) o V4, V- POSITIVE & NEGATIVE SUPPLIES (V)
Switching Time vs, Poaltlve Supply ) . X . 8wltchlng Time vs. Negative Supply
Voltage . T Voltage
240 " - Tt 240 - y T T "
V-:=-15V . Vi =416V
| hiER] -
NH = + - s Y INH =415V
200 \ v =0V . ?007\_ 1 Ve =0
= - t
ton, N\ - T to, N Lo
torr 160 A torF 160 Ny
(ns) N ton (ns) ,
120 torr 120 S
\\ “ N
. 1. tore
80 S 80 ,
40 40
0 5 10 15 0o -5 -10 .16
V+ - POSITIVE SUPPLY VOLTAGE (V) Ve = NEGATIYE SUPPLY VOLTAGE (V)
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inGorporated o DG304A/305A/306A/307A

TYPICAL CHARACTERSITICS (Cont'd) *~

T-51-11

Supply Currents vs. Toggle Frequenoy

\éi— =416V
s 00 m
8 'Ct -
.Vg = OPEN
I+, 1-
(mA) 4

LG ER I

102 104 105 108
 TOGGLE FREQUENCY (Hz)

SCHEMATIC DIAGRAM (Typlcal Channel)

T

T
:

l':l !:LI:_Jt: |

 —

L .
4
1L
LTI
L

T
B SAE——

it}

Tt

Gl

DRARN
O
v- O—
[—
INPUT PROTECTION LOGIC INTERFACE AND SWITCH DRIVERS ANALOG SWITCH
CHARGE INJECTION TEST CIRCUIT
Rgen s Dyl -
- X O’(‘ X o vg v AVO
Vgen I ° -
— O 10000 pF
4»1 x | L
J:.: = INx  on OFF ON
’ AVg IS THE MEASURED VOLTAGE ERROR DUE TO CHARGE INJECTION
THE CHARGE INJECTION IN COULOMBS I8 A =C XAVg -
5-191
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BREAK-BEFORE-MAKE TIME TEST.CIRCUIT SPDT (DG305A, DG307A) T-51~11
LOGIC *1* = SWITCH ON . . 16V
VINH o ) . ) . V+ - TeH
heRe o e o s
ov . - - Y Vg =3V o 404——(: 0 Vo1
Vs1 —— . o 8 | o -
o T\ L, Vg2 =8Y cz . o/(A_— 2 O V,
v 50% g o 02
Vs2 - —_— .. N _D__D___] 30009 = 35.;':
SWITCH Vo2 o - 1 " Loaio B
QUTPUT . INFUT T P
[~ tagm - - L = GND lv -

SWITCHING TIME TEST CIRCUIT .

LOGIC "1™ = SWITCH ON

VINH_/—'_\. tr<20 ns TV+ ’ -

LOGIC 80% t4<20ns ¢ SWITCH

INPUT

ov —/ \_ . s OUTRUT
v .

R
1 DD [ T
0% .
ton— torr f?\%%"r; 4.—— GND Ve =T
APPLICATION HINTS
Vin _ :
Logic Input - V.
V+ V- s
Positive Negative VVOItige/ Analog
Supply Supply INH MIn Voltage
Voltage Voltage Vin Max Range
V) (v} v) v)
15 ~15 11/3.5 -15to 15
20 -20 11/3.5 -20to 20
15 0 11/3.5 0to 15
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'DG304A/305A/306A/307A

APPLICATIONS 7 S

T=51-11

The DG300A serles of analog switches will switch™

positive analog signals while using a single positive

supply. This facilitates thelr use In applications_

where only one supply is avallable, The trade-offs

of using single supplies are: 1) lncreased ros(oN). h

5

Input Threshold Voltage vs. Positive

2) slower switching speed. Typical curves. for’
design aid are given in the flgures below, . The
analog voltage should not go above or below the
supply voltages which Iin single operatlon are V+

‘and 0 volts.

. rpsoN) V8. Vp and Power Supply Veltage
, Supply i (ON) V-20V
{ Al Va4V
V-=0V 100 \ B: Vi=+10V -
6l-Ta=26°C : 1al/ <Gt Vi=+IEV |
: = Da V+ = +20 Vi
[ . 80 — N
! Pl “Ta =25°C B
- V A8/ =
Viu 4 N rps(on) 60 /’ "]
V) 4 e it N TP
o 40 —a — e
fosee] D
2 7 a,d*ﬁ
T 20
1
0 5 10 16 0 5 10 15 20 26
V4 - POSITIVE SUPPLY VOLTAGE (V) Vp - DRAIN VOLTAGE - (V)
+15V
-5V
1MO
le
10 k0
1 5 10
A, + 9
8 —0 Vour
1/3 L144 . =
+15 vV -5V
10 k& 10 ka 1/3 L144
14 8
—1 100 kO 13 - 1iMO
AW AANN—
2
% 0 %é
4 11
[
[
-] _] L 9
Da304A
Ay —..l..—7

Ag

Low Power Blnary to 10n Gain
Low Frequenoy Amplifier
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© 7-51-11

APPLICATIONS (Cont'd)

-5V
+EV -1§V
T 14 |8
+H5V R 01/‘ :
, s A\
Ve - 1/3 L144
CMOS LOGIC 6 [
INPUT SELECT D--'
HIGH = Mp4 : 13 11
1/4 CD40O1  _L_ ' o
+5V 10 ﬂ.{—:_]
CMOS LOGIC - 9 .} 2
GAIN SELECT D‘
HIGH = 10X .
1/4 CD400T  — 10x {1x DG307A
AP 7] aND
180 k1
20 kO

Low Power Non-Inverting Amplifier with
Digitally Selectable Inputs and Gain
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