Siliconix

AMcmber of the TEMIC Group

8-Channel/Dual 4-Channel

DG408/409

High Performance CMOS Analog Multiplexers

Features Benefits

e Low On—Rcsistancc—rDs(o,.): 100 Q
® Low Charge Injection—Q: 20 pC

® Reduced Switching Errors
® Reduced Glitching ® Audio Signal Routing

Applications

® Data Acquisition Systems

® Fast Transition Time—tyrans: 160ns @ Improved Data Throughput ® ATE Systems
® Low Power—Isyppry: 10 pA ® Reduced Power Consumption ® Battery Powered Systems
® Single Supply Capability ® Increased Ruggedness ® High Rel Systems
® 44-V Supply Max Rating ® Superior to DG508/509A @ Single Supply Systems
® Wide Supply Ranges (+£5 Vto £20 V) ® Medical Instrumentation
Description

The DG408 is an 8-chanmel single-ended analog
multiplexer designed to connect one of eight inputs to a
common output as determined by a 3-bit binary address
(Ao, A1, Az). The DG409 is a dual 4-channel differential
analog multiplexer designed to connect one of four
differential inputs to a common dual output as determined
by its 2-bit binary address (Ag, Aj). 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 (Ax) 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 V.
Additionally, single supply operation is also allowed. An
epitaxial layer prevents latchup.

For additional information please see App Note AN201
and Technical TA201.

Functional Block Diagrams and Pin Configurations

DG408 Dual-In-Line and SOIC
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DG408/409

Truth Table — DG408

Siliconix

AMember of the TEMIC Group

Truth Table — DG409

“Age ) A1 |7 Ag v JEN, | On Switch Ayt | Ap | “EN | OnsSwitch
X X X 0 None X [ None
0 0 0 1 1 0 Q 1 1
0 0 1 1 2 0 1 1 2
[ 1 ] 1 3 1 0 1 3
0 1 1 1 4 1 1 1 4
1 0 0 1 5
1 0 1 1 6 Logic“0” = VaL =08V
Logic“1” = Vayg =24V
1 1 0 1 7 X = Don’t Care
1 1 1 1 8
Ordering Information — DG408 Ordering Information — DG409
Temp ‘Rangeii *" - Package Part Number =~ “Temp Range® |1 i Package. 4 Part Number
16-Pin Plastic DIP DG408DJ 16-Pin Plastic DIP DG409DT
—401085°C —4010 85°C
16-Pin SOIC DG408DY 16-Pin SOIC DG409DY
DG408AK DG409AK
16-Pin CerDIP DGA408AK/883 16-Pin CerDIP DG409AK/883
-5510125°C e -5510125°C —
5962-920401MEA 5962-920402MEA
LCC-20* 5962-920401M2A LCC-20* 5962-920402M2A
*Block Diagram and Pin Configuration not shown.
Absolute Maximum Ratings
Voltage Referenced to V— 16-Pin Narrow SOIC .. ... oot 600 mW
V4 2 R L LR 44V 16-PinCerDIP® . ... i 900 mW
GND .ottt 25V | Feo% 1 S 750 mW
Digital Inputs?, Vg, Vp ............. (V=) =2Vio(V+)+2Vor
20 mA, whichever occurs first
Current (Any Terminal) . ......oovovrenniaeeeeeroianns 30mA NOiBSS} s on Sx. Dy or IN ding Ve o V— will be ib
a. Signals on Sx, Dx or INx exceeding V+ or V— will be clamped by
Peak Current, S or D internal diodes. Limit forward diode current to maximum current
(Pulsed at 1 ms, 10% Duty CycleMax) ................. 100 mA ratings.
Storage Temperature (AK Suffixy ............ —65 to 150°C b. All leads soldered or welded to PC board.
(DJ, DY Suffix) ......... -6510125°C c. Derate 6 mW/°C above 75°C.
T b d. Derate 7.6 mW/°C above 75°C.
Power Dissipation (Package) e. Derate 12 mW/°C above 75°C.
16-PinPlastic DIP® ... ... 0iiiiiiioieiiaaanaen 450 mW f. Derate 10 mW/°C above 75°C.
2-12 P-32167—Rev. C (11/1503)
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Siliconix DG408/409

Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —5510125°C | —401085°C
V+=15V,V- = -15V
Parameter | Symbol VAL =08V, Vay =24 VI Temp® | Typt | Mind | Maxd | Mind | Maxd
An'alog Switch T - : — P —
Analog Signal Range*® VANALOG Full -15 15 \%
Drain-Source _ _ Room 40 100 100
On-Resistance TDS(on) Vp = +10V Is = -10mA Full 125 s | @
IDS(on) Matching Between _
Channelst ArDs(on) Vp = =10V Room 15 15 | %
Source Off I Vg= %10V, Vp = F10V Room -0.5 0.5 -0.5 0.5
Leakage Current S(off) VEn=0V Full -50 50 -5 5
Room -1 1 -1 1
Vo= 210V vee 710y | TC4%® | TFun -100 | 100 | —20 | 20
Drain Off Leakage Current In(otny b v, - DSV
EN= DG409 Room -1 1 -1 1
Full -50 [ 50 | -10 | 10 | nA
Room -1 1 -1 1
Ve=vh=t0v 1P | Ran -100 [ 100 | —20 | 20
Drain On Leakage Current ID(on) Se queS nce EDash Switch On
DG409 Room -1 1 -1 1
Full -50 50 -10 10
Digital Controf :
Logic High Input Voltage VN Full 24
v
Logic Low Input Voltage VINL Full 08 08
Logic High Input Current Yan VaA=24V,15V Full -10 10 -10 10
Logic Low Input Current IAL VEN=0V,24V,V, =0V Full -10 10 -10 10 HA
Logic Input Capacitance Cin f=1MHz Room 8 pF
Dynamic Chiaracteristics .- ' o
Transition Time tTRANS See Figure 2 Full 160 250 250
Break-Before-Mak
1 nrt erval re-Make 1OPEN See Figure 4 Room 10 10
ns
Room 115 150 150
Enabie Turn-On Time LONEN
N See Figure 3 Full 225
Enable Turn-Off Time tOFF(EN) Room 105 150 150
Charge Injection Q CL=10nEVg=0V Room 20 pC
Off Isolation® OIRR VEN =0V,Rp = 1kQ, f = 100 kHz Room =75 dB
Source Off Capacitance Cs(off) VEN=0V,Vg=0V,f=1MHz Room 3
DG408 Room 26
Drain Off Capacitance Cpyofi
b © VEN=0V,Vp =0y |DG409 | Room | 14 pF
=1MHz DG408 | Room 37
Drain On Capacitance Cp
pac o) DG309 | Room | 25
“Power Supplies S o
Positive Supply Current I+ Full 10 75 75
VEN=VAa=0Vor5V pA
Negative Supply Current I- Fuli 1 =75 =75
Positive Supply Current I+ Rl? Ul;n 0z OéS OiS mA
VEN=24V,VpA =0V u
Negative Supply Current I- Full —500 -500 HA
P-32167—Rev. C (11/15/93) 2-13
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DG408/409

Specifications? for Single Supply

Siliconix

AMember of the TBMIC Group

Parameter

Test Conditions
Unless Otherwise Specified

V+=12V,V-=0V

TempP

A Suffix D Suffix
—5510125°C —401085°C
Min¢ Min?

Maxd Maxd

Symbol

VaL =08V, Vay =24 VI

Typ®

Drain-Source
On-Resistance®

IDS(on)

Vp=3V,10VIg=—-1mA

Room

90

Switching Time of

Multipleser® trraNs | Vs1=8V,Vss=0V,Viy =24V | Room 180
Enable Turn On Time® LON(EN) Vi =24V, VinL =0V Room 180 ns
Enable Turn Off Time® tOFF(EN) Vs1=5V Room 120
Charge Injection® Q CL=1nEVs=6V,Rg=0 Room s rC

Notes:
a.

Room = 25°C, Full = as determined by the operating temperature suffix.
Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.

Vin = input voltage to perform proper function.

ArDS(m:) = IDS(on) Max — Ips(on) Min.

b

c.

d.

¢. Guaranteed by design, not subject to production test.
f

4

h

Worst case isolation occurs on Channel 4 do to proximity to the drain pin.

Typical Characteristics

o Source/Drain Capacitance vs. Analog Voltage

I [
V+ =15V
 V-=-15V /
6
0 Cp(on) //
1
g N Cp(otf)
a 40
)
20
CS(of
0 |
-15 -10 -5 0 5 10 15
VaNALOG — Analog Voltage (V)
2-14
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Ip (pA)

Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).

Drain Leakage Current vs. Source/Drain Voltage

60

40

20

-40

—60

(Single 12-V Supply)
T

Vs =

T T
Vs = 0V for Ip(otr)

Vp for Ip(on)

DGA408 Ip(ofi) }

DG409 Ipon) |

DG409 Ip(ofry
-
- /'

—_

s
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G408 Ip(on)
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Vp — Drain Voltage (V)
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Siliconix DG408/409

Typical Characteristics (Cont’d)

Drain Leakage Current vs. Source/DrainVoltage Source Leakage Current vs. Source Voltage
100 T T T 20
V+ =15V
V-=-15V
60 — Vg=-Vpfor Ip(otty 15
Vp = VS(open) for ID(on)
] } V+=15V
— 20 DG409 ID(oft) g 10 V-=-15V
gﬂ _ P el ~ 5 // ’
= 20 s -
N | o] P /
-60 // f DG409 Ipgony — 0 |2 -
V+ =12V
-100 DG408 Ip(ony In(ofty -5 V-=0V
-140 -10 | |
-15 =10 -5 0 5 10 15 -15 -10 -5 0 5 10 15
Vp or Vg — Drain or Source Voltage (V) Vs — Source Voltage (V)
Input Switching Threshold vs. Supply Voltage Negative Supply Current vs. Switching Frequency
20 -100 mA I T
VsuppLy = =15V
M % -10mA 7
"*4..,[: -1mA v v
S5 K VEN =24 v/ /
. -100 pA p
g /7
—-10pA / P
0.5 / VEN=0Vor5V
-1pA A
L~
0.0 -0.1pA
4 8 12 16 20 100 ik 10k 100k iM 10M
+Vsuppry (V) Switching Frequency (Hz)
Positive Supply Current vs. Switching Frequency IsuppLy vs. Temperature
100 mA T T 100 pA
VsurpLy = =15V
/ 0w [T
10mA
/ tea /
VEN =24V 100 nA
+ lmA // .-':
Z
100 1nA
wA - A | Veurmy==15v
VEN=0Vor5V Va=0V —
IEN 100 pA Ven =0V
10pA 10pA )
100 1k 10k 100k 1M 10M —55-35 -15 5 25 45 65 85 105 125
Switching Frequency (Hz) Temperature (°C)
P-32167—Rev. C (11/1593) 2-15
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DG408/409 Siliconix

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

Positive Supply Current vs. Temperature (DG408) . Charge Injection vs. Analog Voltage
T T
Cr, = 10,000 pF
80 |— L ,000 p
20 Vv =35Vp-p /
\ 70 /
N 60
15 N /
— ™ ~ 50 V+=15V
~ 2 V-=-15V
= V+ =15V < 40
X 10 [ V-=-15V =]
V=0V 30
VeNn =0V 20
5 10
0 V+ =12V
V-=0V
4] -10
-55 -35 —-15 5 25 45 65 85 105 125 -15 -10 -5 0 5 10 15
Temperature (°C) Vg — Source Voltage (V)
120 rDS(on) V- Vp and Supply 160 rps(on) V- Vp and Supply (Single Supply)
140 ! !
100 }N V+ =75V
+5V 1 |
A \ 120 \ | l
= 80 < 100 10V
e} / v ] \ |
- o * — A 12V
§ % N A £10V 7 g 803
I~ S
g 4//‘ +12V 8 50 //\ \ 15V 20V
40 s gy, ﬁ\
o~ po -
’—< "/ G| —1 40 et et 2V
20 20V 1 415V V-=0V
[ 1L ,
0 0
-20 -16-12 -8 -4 0 4 8 12 16 20 0 4 8 12 16 20 22
Vp — Drain Voltage (V) Vp — Drain Voltage (V)
80 rps(on) ¥5. Vs and Temperature 130 IDS(on) V5. Vs and Temperature (Single Supply)
T |
V+ =15V /I I125"|C
b Vo=-15v T 10 —4 f—t-
60 | \\ | ol A 8s°C N
125°C 1
0 A - 920 i
a W N 8|5°C /\ =) ] 25°C
g ~ 5c =
] e N e TN\ -
a8 30 ~r /‘ § P > Py / //\\
o I/ :, \/_ 4,
2 0°C / —55°C -55°C | o°c {_
10 —40°C 30 ~40°C V+ =12V
| V-=0V —
0 10 | I O N |
-15 -10 -5 0 5 10 15 ] 2 4 6 8 10 12
Vs — Source Voltage (V) Vg — Source Voltage (V)
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Siliconix DG408/409

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

150 Off Isolation and Crosstalk vs. Frequency Insertion Loss vs. Frequency
- | [ 1 I I
V=15V 0 Ry =1ka
-130 V-=-15V _|
Ry =1kQ |
\ -1 V+ =15V
-110 V- =-15V
\\\ & Ref. 1 Vrms \
—~ < -2
g -9 ™ %

\\\it‘f-lsolation
~70 \\ -4

Crosstalk
—50 [ RL=50Q

N -5
. . S [ ]
100 1k 10k 100k 1M 10M 100M 10 100 1k 10k 100k 1M 10M 100M
f — Frequency (Hz) f — Frequency (Hz)
Switching Time vs. Bipolar Supply 275 Switching Time vs. Single Supply
200
[ /
tTRANS/ 250
175 g \
225
. 1s0 . ~,
& - & WIS 'TRANS | et
125 175 |
\ [0
; LOFF(EN) 150 ‘\@
100 N lONEN)
LONEN) | = 125 \i; ]
75 100 I
+10 +12  x14 16 x18 +20 +22 8 9 10 11 12 13 14 15
Vsurrry (V) Vsuerry (V)

Schematic Diagram (Typical Channel)

V+ o0—
GND ¥
—_—C D

T

|

a— ! Level Decode/ '
— e (<

;Dc L smf |1 Drive I 1

|

|

—> |

Figure 1.

P-32167—Rev. C (11/15/93) 2-17

B A254735 00191480 248 W

This Material Copyrighted By Its Respective Manufacturer



DG408/409 Siliconix

Test Circuits

+15V
V+
|_—'E Az S o 10V
= A
$H-8 _ﬁ
AO —
DG408 Sz f—o0 FI1OV "= t; <20 ns
if <20 ns
EN D Vo Logic 3V t
GND V- Tnput j 50% -
ov
soQ L sme 35pF
-15V
= = — - = Vs1 —
Switch 90%
+15V Output
? Vo . oV
V+
|___'[: A1 S o zi0v 90%
— Ag Vss
S1a — S4w Da ——j
— ITRANS — — ITRANS
DG4y . St [—o FLOV = $;0N S ON
EN Vo
GND V-
s0@ 5 30w 35 pF
-15V
Figure 2. Transition Time
+15V
V+
$i1—0 -5V
EN
oo mTe
Ay - tr <20 ns
Ag DG408 b v Logic 3V tr <20 ns
GND V- ° Input ov
50Q 6 1kQ 35 pF
-15V | LON(EN) tOFF(EN)
— — — — — oV
- = - - - = 10%
+15V
? Switch
Output
V+ Vo
S O -5V 90%
EN Vo
Sia — S4a, Da
Ao Sab = Sap I
DG409 -
A1 Dy Vo
GND \'e

s0Q & 1k 35 pF
-15V |

Figure 3. Enable Switching Time

2-18 P-32167—Rev. C (11/1593)
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Siliconix

AMember of the TEMIC Group

DG408/409

Test Circuits (Cont’d)

+15V
V+ tr <20 ns
+24VO——EN Logic 3V tf <20 ns
Input 50%
AllSandD, —0 +5V ov
A pG4os
Ay DG409
Ay Dy, D Vo
V
GND V- § 80%
é Switch
50Q _Tsy 3000 35 pF OVU‘P“‘
o ov tOPEN
Figure 4. Break-Before-Make Interval
+15V
V+ Logi 3V
OBIC OFF ON OFF
Input
ov
T / N
AV,
ﬁ;“ F Switch °
V- I n Output
6 —_— AVq is the measured valtage due to charge transfer error Q,
when the channel turns off.
15V
Q=CrLxAVo
Figure S.  Charge Injection
+15V
15V 7
? A\ V+
Vv v+ s
Vs Sf( Vs Sf(
| |
Rp=50Q 6— Sg 6—- Sg
Ag D Vo Ap D Vo
Ay Ry =50Q A
= Ay RL —L - Az Rp
GND EN V- 1kQ - GND EN V- 1kQ
' -15v = | -5y
.. Y/ 4 Vi
= = Offlsolation = 20log |—2% = = Crosstalk = 20log |——L
Vv VIN
Figure 6. Off Isolation Figure 7. Crosstalk
P-32167—Rev. C (11/15/93) 2-19
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This Materia

DG408/409

Test Circuits (Cont’d)

+15V
V+
D Vo
Ry
GND EN V- 1kQ
1 15V -
Vour

—_'L— Insertion Loss = 20 log

Figure 8. Insertion Loss

Application Hints

Overvoltage Protection

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 10). This
arrangement effectively blocks the flow of reverse currents.
It also floats the supply pin above or below the normal V+

Siliconix

A Member of the TEMIC Group

+1?5V
V+ s
1
| / Meter
A2 ! HP4192A
C;x;régte] o— A1 Ss ‘é"o— Impedance
Analyzer
O0— Ao \ | or Equivalent
D __% ol
GND EN V- f=1MHz
! —15V

Figure 9. Source Drain Capacitance

or V— value. In this case the overvoltage signal actually
becomes the power supply of the IC. From the point of view
of the chip, nothing has changed, as long as the difference
Vs — (V—) doesn’t exceed +44 V. The addition of these
diodes will reduce the analog signal range to 1 V below V+
and 1 V above V—, but it preserves the low channel
resistance and low leakage characteristics.

V+

; 1N4148

Sx

DG408

1N4148

V-

Figure 10. Overvoltage Protection Using Blocking Diades

2-20
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Siliconix

AMember of the TEMIC Group

DG408/409

Applications
8-Ch I Sequential Multipl /D Itiplexer Differential 4-Ch 1 Seq ial Multipl /D Htinl.
+15V -15V +15V -15V
V+ GND V- Ve V+ GND V-
o——15s; O— Sna
o—s; O™ S
Oo— S l—o0
Oo—1S;3 Analo Differential - Da ~ X
?na]og o0—1S8 pG4os D Oulpugt Analog < O— S4a DG409 ngirelnhal
nputs alog
(Oull)puts) © Ss (Input) (é!‘:?;\is[s) s Outputs
o—1 Sp O 1b (Inputs)
o—1s O—1 S» Dp}—o0
e ° 33"
+15V fo A1 A EN \o—1 S»
15V Ao A1 EN
i L =
Clock DM7493 Qg
In By Q¢
A Qp =17 o —J
NC —| AN Q4 —Ne Clock Y2 MM74C73 Y2 MM74C73
r01 102 GND In O CLK CLK
$ K Qf—nNc Lk Qp—NC
+15V CLEAR GND CLEAR
o - | = L
Enable In Reset Enable O b
(MUX On-Off Control)
Figure 11.
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