DG408/409 F Siiconix
incorporated

8-Channel/Dual 4-Channel

High Performance

CMOS Analog Multiplexers

FEATURES BENEFITS APPLICATIONS

® Low rpgion) (100 ©2 max) e Reduced Switching Erors e Data Acquisition Systems

® |low Charge Injection ® Reduced Glitching ® Audio Signal Routing and

(Q <20 pC typ.) e |Improved Data Throughput Multiplexing/Demuitiplexing
e Fast Transition Time (250 ns max) ® Reduced Power Consumption ATE Systems
® Low Power (IsyppLy <75 pA) e Increased Ruggedness Battery Operated Systems

e Single Supply Capability

High Rel Systems
Single Supply Systems

DESCRIPTION

The DG408 is an 8-channel single-ended analog
muitiplexer designed to connect 1 of 8 inputs to a
common output as determined by a 3-bit binary
address (Ag, Aq, A2). The DG409 is a 4-channel
differential analog multiplexer designed to connect 1 of
4 differential inputs to a common dual output as
determined by its 2-bit binary address (Ag, Aq).
Break-before-make switching action protects against
momentary crosstalk between adjacent channels.

An ON channel conducts current equally well in both
directions. In the OFF state each channel blocks
voltages up to the power supply rails. An enable (EN)
function allows the user to reset the
multiplexer/demultiplexer to all switches OFF for
stacking several devices. All control inputs, address
(A)) and enable (EN) are TTL compatible over the full
specified operating temperature range.

Applications for the DG408/409 include high speed
data acquisition, audio signal switching and routing,
ATE systems, and avionics. High performance and low
power dissipation make them ideal for battery operated
and remote instrumentation applications.

Designed in the 44 V silicon-gate CMOS process, the
absolute maximum voltage rating is extended to
44 volts. Additionally, single supply operation is also
allowed. An epitaxial layer prevents latchup.

Both DG408 and DG409 are available in dual-in-ine
ceramic and plastic packages with small outline for
surface mount applications, and are specified for
operation over the military, A suffix (-55 to 125°C) and
industrial, D suffix (-40 to 85°C) temperature ranges.

For additional information please see App Note AN89-1
and Technical Article TA89-2.

PIN CONFIGURATION

Dual-In-Line Package

Dual-In-Line Package
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Order Number:

Qrder Numbers: DG408DY Order Numbers:
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FUNCTIONAL BLOCK DIAGRAM
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DG408 DG409
8-Channel Single Ended Multiplexer Differential 4-Channel Muitiplexer
ABSOLUTE MAXIMUM RATINGS
Voltage Referenced to V- Storage Temperature {(ASuffix) ............. -65 to 150°C
Vo 44v DSuffig ............. -65 t0 125°C
GND . 25V Power Dissipation (Package)*
Digital Inputs ", Vg, Vp ............. (V-)-2Vio (V+) +2Vor 16-Pin Ceramic DIP** ... ... ...............o..l. 900 mW
20 mA, whichever oceurs first. 16-Pin Plastic DIP*™** .. ... ...... ... ... ... 450 mwW
Current (Any Terminal, ExceptSorD) .............. .. 30 mA 16-Pin Narrow Body SO**** .. ... .. ... . ....... 600 mwW
Continuous Current, SorD ......................... 20 mA
Peak Current, S or D *All leads soldered or welded to PC board.
(Pulsed at 1 ms, 10% Duty CycleMax) . ............... 40 mA **Derate 12 mW/°C above 75°C.
Operating Temperature (A Suffix) ............. -55 to 126°C ***Derate 6 mW/°C above 75°C.
(DSuffix) .............. -40 t0 85°C **#*Derate 7.6 mW/°C above 75°C.
SPECIFICATIONS?
TEST CONDITIONS A SUFFIX D SUFFIX
Uniess Otherwise Specified -55 to 125°C -40 to 85°C
V+ =15V V- = -15V
PARAMETER SYMBOL VaL = 0.8V, Vpy = 24V TEMP' | TYPY | MIN® | MAXP | MIN® { MAX® | UNIT
ANALOG SWITCH
Analog Signal Range® VANALOG Full -15 15 -15 15 v
Drain-Source . Vp = £10V Room 40 100 100
ON-Resistance® DS(ON) I = -10 mA Fult 125 125 Q
{ Matching Between
Gsion 1 51eNN9 Atoson) Vp = 10V, 10V Room 15 15
Source OFF \ Vg = 10V | Room -05 05 -05 05
Leakage Current S(OFF) Vp=F10V | Fulil -50 50 -50 50
Drain OFF _ Vo = £10V | Room -1 1 -1 1
Leakage Current DG408 o) Ven = 0V Vg = F10V | Ful -100 | 100 | -100 | 100
Vo = £10V | Room -1 1 -1 1
DG409 Vo= 310V | Ful 50 | 50 | s0 | s0 | ™
Drain ON DG408 Room -1 1 -1 1
Leakage Current Ipony Vg =Vp =210V Full -100 100 -100 100
Sequence Each Swtich ON Room -1 1 -1 1
DG403 Full s0 | s0 | s0 | s0
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SPECIFICATIONS?
TEST CONDITIONS A SUFFIX D SUFFIX
Unless Otherwise Specified -55 to 125°C -40 to 85°C
V+ =15V, V- = -16V
PARAMETER SYMBOL Va = 08V Vpy = 24V TEMP' | TYPY | MIN® | MAX® | MIN® | MAX® | UNIT
DIGITAL CONTROL
Logic Input Current _ _ _
nput Vi High lan Va =24V, 15V Full 10 10 10 10 VA
Logic Input Current _ - - -
Input Voltage Low lae Ven = OV. 24V V4 = OV Full 10 10 10 10
DYNAMIC CHARACTERISTICS
Transition Time trrans See Figure 1 Full 160 250 250
Break-Before-Make Interval toPEN See Figure 3 Room 10 10 ns
Enable Turn-ON Time tonen) See Figure 2 H’?&T‘ 15 ;gg 150
Enable Tum-OFF Time toFFEN) Full 105 150 150
Charge Injection Qi C . =10nFvg =0V Room 20 pC
Ven = OV, R = 1k}
] EN L Ry R
OFF Igolation f = 100 kHz Room 75
Logic Input Capacitance Cin f = 1MHz Room 8 a8
Source OFF Capacitance Csorr) Vg =0V Room "
Drain OFF
Capachance DG408 | o o Room | 40
VEN =0V
DG409 f=1MHz Vp=oy | PRoom [ 20 pF
Drain ON
DG
Capachtance 408 Coon Room 54
DG409 Room 34
POWER SUPPLIES
Positive Supply Current I+ Ven=0V.V, =0V Full 75 75 nA
Negative Supply Current - Full -75 -75
Room 05 05
Positive Supply Current I+ Ven = 24V, V, = 0V Full 2 > mA
Negative Supply Current - Full -500 ~500 HA
5122
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SPECIFICATIONS2 (Single Supply)
TEST CONDITIONS A SUFFIX D SUFFIX
Unless Otherwise Specified -55 to 125°C -40 to 85°C
V+ =12V V- =0V
PARAMETER SYMBOL VaL = 08V, Vpy = 24V TEMP' | TYP? | MIN® | MAX® | MIN® | MAX® | UNIT
ANALOG SWITCH
Drain-Source Vp =3V 10V
ON Resistance® fos(oN) Is = - 1mA Room %0 Q
DYNAMIC CHARACTERISTICS
Switching Time of Vg =BV Vgg =0V
Multiplexer traans Viy = 24V Room 180
Enable Tum ON Time tonEN) ViNH = 24V, V) = 0V Room 180 ns
Enable Turn OFF Time oN(EN) Vgy = 5V Room 120
- C, = 10nF
Charge Injection Q Vgen = OV, Rogy = 003 Room 5 pC
NOTES:
a. Refer to PROCESS OPTION FLOWCHART for additional information.
b. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
c. Guaranteed by design, not subject to production test.
d. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
e. Sequence each switch ON.
1. Orpsiony = Toson) MAX - rpgony MIN
g. Worst case isolation occurs on channel 4 due to proximity to the drain pin.
h. Signals on Sy, Dx, on INx exceeding V+ or V- will be clamped by intemal diodes. Limit forward diode current to maximum current

ratings.
Room = 25°C, Cold and Hot = as determined by the operating temperature suffix.

DIE TOPOGRAPHIES

fee 130 mils =
T
10
9 70 9 0
miils g Mis
Y
Pad  Function Pad  Function Pad  Function Pad  Function
No. DGA408 No. DG408 No. DG409 No. DG4
1 Ay g S 1 Ay 9 D
2 EN 10 Sg 2 EN 10 Sy
3 v 1" S 3 V- 11 Sp
4 S 12 S 4  Si, 12 Sy
5 S, 13 V+ (Substrate) 5 Sy 13 S4p
6 S, 14 GND 6  Si 14 V+ (Substrate)
7 8 15 Ay 7 Sm 15 GND
8 D 16 A, 8 D, 16 Ay
CSHK-A DG408 CSHK-8 DG409
9 Diodes 8 p-Channel Enhancement MOSFET's 9 Diodes 8 p-Channel Enhancement MOSFET's
5 Resistors 103 n-Channel Enhancement MOSFET's 5 Resistors 103 n-Channel Enhancement MOSFET's
2 NPN Bipolar Transistors 2 NPN Bipolar Transistors
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TYPICAL CHARACTERISTICS

Input Logic Current vs. Logic Input Voltage

Source/Drain Capacitance vs. Analog Voltage
{Single 12 V Supply)

75
3.0
Coony
P —]
20 50 A
« b— Co(orF)
g g
Z 10 8
05pA |-—— [Vsupry = 215V 25
1
0.0
/1 Csiore)
|
-10 l 0
0 5 10 15 0 4 8 12
Vin V) Va )
Source/Drain Capacitance vs. Analog Voltage Logic Input Current vs. Temperature
80
V+ =15V }
V- =-15V [ 7
0
60
Coion LT \
g Coyorr) g X0
6 40 — 2 \
o z
(4] ~-400
Vsuppy = 215V |
20 Vi = OV
Csiorr) -600 “
o -800
-15 0 15 -55 5 45 85 125
Va () TEMPERATURE (°C)
Drain Leakage Current vs. Source/Drain Voltage
(Single 12 V Supply) Drain Leakage Current vs. Source/Drain Voltage
60 100 y s Y
L V+ = 15V
DG408 Ip(orr V- = -15V
40 |- DG409 Iporr) 60 | Vs = Vo for Inorr)
DG409 Ipyon) Vo = Vsioren 10T loon)
20 FV DG408 |D(ON) 20 ?
o e o ”
e
20 . -60 l
DGA409 Ipyorry
[Vs =0Viorl
-40 D(OFF) -100 — DG409 |
Vg = Vp for Ipon; DION)
7 's = Vp for Ipy \;_ DGA408 Iogeny. Ioorr
-60 ~140 | l ]
0 2 4 6 8 10 12 -15 0 15
Vo V) Vs Vo (V)
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TYPICAL CHARACTERISTICS (Cont'd)

(S(OFF[PA)
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1+, - (nA)

Source Leakage Current vs. Source Voltage

Negative Supply Current vs. Switching Frequency

105 m P

104 e

10% //

o2
pd

10
//EN =0V
1 > A~
—-/
0.1

100 1k 10k 100 k 1M 10M
SWITCHING FREQUENCY (Hz)

lsuppLy vs. Temperature (Log Scale)

104

108

/

} A

-(-)
0.1 /A/
1 Vsuepy = +15V
0.01

-55 5 45 85 125
TEMPERATURE (°C)

VIN (V)

I+ (mA)

I- (nA)

Input Switching Threshold vs. Supply Voltage
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TYPICAL CHARACTERISTICS (Cont'd)

Positive Supply Current vs. Temperature
DG408

Charge Injection vs. Analog Voltage Vg
DG:

408/9
\ 90
80 | G = 10000 pF
2 N Vin = 5Vp-p |
\ 70
15 \\ & /
- nt 50 V+ = 15V
3 ~ Q V- = -15V
V+ = 18V = 40
+ 10 FV-=-15V [e]
- Vn =0V 30
Vin = OV 20
5 10 V4
0 p—TV+ = 12V
V-=0V
(4] -10
-55 5 45 85 125 -15 -10 -5 0 5 10 15
TEMPERATURE (°C} Vs M
rpsion) V8. Vp and Supply Ipsion) VS Vo (Single Supply)
120 160
140
100 N V+ = 75V
+5V 120 I \ i |
80
oy <~ 100 0V
= / +8V < A 1
= N ] z 12V
g € S A o 10V g ®
g [ [ #12v 2 o A L5V [ 20v
“ = == =\
! = 40 = =1 22v
20 +15V V- =0V
20V L—/| 20
. | 1] .
-20 -16-12 -8 -4 0 4 8 12 16 20 1} 4 8 12 16 20 22
Vo M Vo V)
Iosiony V8. Vs and Temperature
rosion) V8. Vs and Temperature (Single Supply)
80 130
p 1
V+ = 15V rd 125°C
70 {v- = -15v 10 =4 — 4
L} A \
60 \\ ,/ 85°C
o 1 H
_ 125°C /\ o =3
g N 85°C g 25°C
s 40 __.4‘- = 70 ‘- 1 ]
% | \? 25°C A % Lt |~ |~
e A = e
%0 /- '\ 50 =]
20 [~/ s, ot oy
0°C . 0°C
10 |— -40°c . W [ a0ec == :" V+ =12V
_85°C ! | | 5500 4 Jv- =0V
0 L L 10 i " | | l
-15 1} 15 (/] 4 8 12
Vs V) Vs V)
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TYPICAL CHARACTERISTICS (Cont'd)

Off Isolation and Crosstalk vs. Frequency
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TRUTH TABLES
DG408 DG409
On On
Az | Ay | Ao | EN Switch Ay | A | EN Switch
X X X 0o None X X 0 None
0 0 [} 1 1 0 0 1 1
0 o] 1 2 0 1 2
1} 1 0 1 3 1 0 1 3
0 1 1 4 1 1 1 4
1 0 0 1 5
1 0 1 1 6
Logic “0" Vp, << 0.8V, Logic *1" Vg => 2.4 V
1 1 0 1 7
1 1 1 1 8
TEST CIRCUITS

+15V

3V t <20ns
% <20ns
:;,?Jf 50%  50%—
ov— 1 o
v, St_ON
0.8 Vg,
Switch 0V
Output
0.8V,
Vo Vg 3
trrans ‘ﬂ S, ON trRans

Figure 1. Transition Time
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TEST CIRCUITS (Cont’d)

+15V

t, <20 ns
v A t <20 ns
Logic — 50% 50%
Input oV ; (
-
ov LONEN)
Switch
Output
Vo
09Vy _|
Vo — I‘- orrEn)
Figure 2. tonen). torren)
+15Vv
t, <20 ns
v 3v tt <20 ns
EN * Logic / \
Ao AISandD, |—0 +5V iput OV
DG408
Loglo A1 DG409 ot Ve
a1 e o i s S
2GND V- Dy Vo Suitch -
300 (} 35 pF Output
I3 L 11 Voo gy— 1
- - h - = toren

Figure 3. Break-Before-Make Interval

+15Vv

Rgen v+ Logic 3VU
[—'vw— Sx D —l—o Vour ety
Ao C

° L
Channel} | Ay 10 nF
Select AV,
= o—1 A2 = Switch ON OFF

EN GND V- Output

l AV, is the measured voltage due
to charge transfer error, Q
— -15V
- Q =C xAVp

Figure 4. Charge Injection

Vgen
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TEST CIRCUITS (Cont'd)

F Signal
e | osga, | e
100 Hz to HP3330B HP3571A
13 MHz Automatic Tracking
Synthesizer Spectrum
Analyzer
OVT T+15V OVT T+15V
v Vin
> 1s, EN V+ z‘i EN v+
| X
¢ |
| |
s Vour | Vour
AZ D — Se D
A = Az
A; 1k A 1k
- V- = Ay V-
S L Signal 1
Gonerstor iGND l = Generator =L iGND l =
= -15V = -15V
Analyzer v Analyzer
. ouT V,
Off Isolation = 20 Log o Crosstalk= 20 Log \Z:T
Figure 5. Off isolation Figure 6. Crosstalk
oV T T +15V
V,
N Y EN Vit ov T T +15V
Vourt EN V¢S | —— Meter
A D o— A2 /
= A 8y [—d+—o—] hrpadance
- \
RL Channel} o-—] A 8 { Analyzer
Ges‘ggltor Ag V- Select A; \\ __? or Eglz.l?/alent
— [o o
= iGND l 15y - V- Dpb——v©
Analyzer GND l _15v
_ Vour .
Insertion Loss = 20 Log ——— =
ViN
Figure 7. Insertion Loss Figure 8. Source/Drain Capacitances
APPLICATION HINTS*
V+ V- VIN
Positive Supply Negative Supply Logic Input Voltage Vg orVp
Voitage Voltage ViNH Min/ViyL Max Analog Voltage Range
] v W )
15%* -15 2.4/0.8 -16t0 15
12 -12 2.4/0.8 -12t0 12
12 0 2.4/0.8 0to 12
8 -8 2.4/0.4 -8to 8
5 -5 2.0/0.4 -5t05
* Application Hints are for DESIGN AID ONLY, not guaranteed and not subject to production
testing.
** Electrical Characteristics chart based onV+ = 15V, V- = -15V.

5130

DS_XXIC_10501_8912_-



SF Siconix DG408/409

APPLICATION HINTS (Cont'd)*

Overvoltage Protection V+
1N4148

A very convenient form of overvoltage protection
consists of adding two small signal diodes (1N4148,
1N914 type) in series with the supply pins (see figure).
This arrangement effectively blocks the tlow of reverse Sy
currents. It also floats the supply pin above or below the 4—1—op
normal V+ or V- value. In this case the overvoltage
signal actually becomes the power supply of the IC. Vo DG408
From the point of view of the chip, nothing has changed, Tw 4148

as long as the difference Vg - (V-) doesn’t exceed
+44 V. The addition of these diodes will reduce the
analog signalrange to 1 VbelowV+ and 1 Vabove V-,
but it preserves the low channel resistance and low Figure 9.  Overvoltage Protection Using Blocking Diodes
leakage characteristics.

V-

* Apptication Hints are for DESIGN AID ONLY, not guaranteed and not subject to production testing.

APPLICATIONS
8-Channel Sequential Mux/Demux Differential 4-Channel Sequential Mux/Demux
+15Vv -15V +15V -5V
V=], L[o=1s
V+ GND V- 4 |v+ GND V-
0_4 S, O—T 21.
o—21s, o] 5
Anal 7] 8 Anaiog Diforertial | o—11 S3l > Ditferential
nalog o—s, 18 5 An, a
Inputs 12 4 DG408 D Output Ingﬁg < DG409 Analog
(Outputs) o—15s (Inputy (Outputs) | o131 ¢ Ouiputs
. 11 Se 12 10 (Inputs)
N Py OT zzu Do}—o0
0—9 Sg 0_10 Sac
A, A, EN O—— Sa
+15V 1A°16‘ 152 = N~ Ao A, EN
?4 . +(1'>5V 1I 16 2|
Clock g | OM7493 Qs >
In O—— Bw Q¢ 12 4
Qo 12 9
NCE—AW QAENC >L4-J o —1 7J ol
foy Clock 2 MM74C73 2 MM74C73
‘”1 °22GNE n o—— cLk 2 PN
| l ] (VR YN (57 DA PR
+15V CLEAR GND CLEAR
= Lo ®
Enable —
In o Reset o
(MUX On-Off Enable
Control)
Figure 10.

DS_XXIC_10501_8912 - 5-131




