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High-performance Multiplexing with the DG408

SteveDavies

The DG408 and DG409, new multiplexers from
Siliconix, represent a new generation of
high-performancenultiplexers and demultiplexers with
many specific improvements over existing products
availabletoday. Built with the company’s high-voltage

samplingtime of a particular channel and results in lower
multiplexer efficiency. The DG408 has switching times

(250 ns) guaranteed to be more than four times faster than
previouslyavailable (1 us) multiplexers. Its guaranteed
break-before-makeéme (10 ns) prevents crosstalk during

silicon-gatetechnologythese new ICs &r significantly  switchingtransitions.

reducedon-resistance (<100 Q), leakage

currents (orr) <0.5nA), power  dissipation
(2.25mW), and much faster switching (250 ns) over older
industrystandards. These improved specifications allow
designergo greatly reduce system errors and improve
systemperformance.

The DG408 and DG409 will enhance two primary
multiplexerand demultiplexer applications:
communicationgind telemetry. Important multiplexer
specificationglepend on the application and the accuracy
required by the system. For exampie&sommunications,
switchingspeed is important; whereas, in telemetry,
on-resistancechage injection, and output capacitance
are critical because they determine the accuracy of the
system.This article will present examples of these types
of applications and discuss the benefits that these new
multiplexersbring to their system performance.

Communications

The digital telephone exchange is a communication
multiplexedsystem. In this type of system (see Figure 1),
a number of telephone channels carrying speech are
sequentiallyswitched (i.e., multiplexed) for fixed periods
of time into an analog-to-digital converter . Once
convertedo a digital form, the differentspeechsignals
can be processed and routed within the exchange.

A typical specification for the voice bandwidth in a
telephoneexchange is 3.3 kHz. For this bandwidth, an
8-kHz sampling rate is sfitient (i.e., sampling rate > 2
timesthe bandwidth). Therefore, each sampling period is
125u s, during which time, each of the 32 channels of the
multiplexermust be addressed. This means thateach
channebill be turned on for 3.906us (125us/32). This
figure is ideal, since the multiplexer cannot switch in zero
time. Depending on the particular multiplexer used, there
will either be an overlap between sampling pulses (i.e.,
make-before-breagwitching), which leads to crosstalk
betweerchannels, or a separation between samples (i.e.,
break-before-makswitching), which reduces the
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Figure 1. 32-Channel Multiplexed System
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Telemetry

For example, the DG408 with its 20-pC (typical) chaer
injectionwill create a 20-mV d&$eterrorwhenswitching
into a 1000-pF load. For low-level signals, thisedtfmay
be excessive. Using a fdifential multiplexersuch as the
DG409,will provide at least an order of magnitude
improvemenin the total ofset error

Telemetryoffers many applications for multiplexer and
demultiplexercombinations. A telemetry system uses

transducerga device which converts a physical variable
suchas pressure, flowtemperature, etc. to an electrical
equivalent)to measure variables, which are fed back vi

High-levelsignals become a potential problem at
a multiplexer monitored, and acted upon if necessary 9 9 b b

different values, depending on the technology used to
manufactureghe multiplexer For a CMOS multiplexer,

Figure 2 shows the position of a multiplexer in a high-levelsignals greater than thpositive and negative
high-performanceglosed-loop telemetry system. The ~ suppliesmust be avoided to prevent permanent damage
transduceoutput generally produces an analog output to the device. If the supplies are exceeded by the analog
(which may need preamplification and filtering prior to Signal,the inherent source/drain-to-supply diodes (Figure
multiplexing). With a wide variety of transducer types 3) Will become forward biased.

available the inputs to the multiplexer may take many )
forms, including  high-frequencydc, high-level, Whenthe expected overloads have a short duration,

low-level, voltage, current, and dif ferential signals. Usuallya couple of switching diodes used in series with
Whethera signal requires preconditioning before being the supply leads will prevent permanent damage by

multiplexeddepends on the total accuracy required of thdockingthe flow of reverse current in the powsupply

Differential signals can be generated by bridge-type
Becausdhe multiplexer follows the transducer output, transducersThese devices will produce a signal of two
the multiplexer specification will have a significant componentsa common-mode signal which is lge and
bearingon the system accuraéypr example, a low-level a small diference signal. It is the dferencecomponent
signalcan, potentially , require preamplification. A that conveys the measurement information. Figure 4
primary source of error with a low-level signal may be tehowsthe DG409 diferential multiplexer being btdred
switchingtransients present in the multiplexer These by a full diferential amplifier which rejects the unwanted
transientsare the result of char ge injection from the  common-modevoltage. The amplifier output consists
switchesproducing an error voltage (usually positive fosolely of the dif ferential signal. The ability of the
a CMOS switch) which appears at the multiplexer outpulifferential multiplexer to reject unwanted
Hence the lower the signal level, the greater the error common-mode/oltages makes it especially useful in
introducedby the chage injection of the switch. systemswhere pick-up of electrical noise is a concern.
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Figure 2. Position of the Multiplexer in aglemetrySystem
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+V developedspecifically by Siliconix to enhance the analog
; switch/multiplexerange. The processing steps include a

o s buried layer which prevents the formation of the inherent
SCRfound in CMOS structures. This immunity to
latch-upmakes the DG408/409 particularly insensitive to
transientconditions which could occur in a remote
multiplexerenvironment.

— =
COntrobl-D.J|— —|L| Figure 5 shows a typical profile, including the inherent

+V parasiticcomponents. Under specific conditions (inputs
$ exceedinghe supplies), one or more of the pn junctions
-V

oD becomedorward biased and, under normal conditions,
would result in the pnpn structure turning on. This would
appeatas a short circuit across the supply and would
persistuntil the power was removed or the device burned

Figure 3. CMOS Switch Showing Inherent Diodes up.

Usingthe “buried layer”, the gain of the pnpn structure
High-frequencysignals above a couple of MHz can limithasbeen reduced to less than unityThis effect makes
systemaccuracywhether its specific channel is on dr of devicelatch-up virtually impossible.
Whenthe device is turned on, the signal is filtered to some
degreeby the distributed resistance and capacitance of Accuracy
the signal path through the multiplex&hen the device
is turned off, the high frequency couples with adjacent Errors introduced by a multiplexer can be split into dc and
channelghrough the “of’ channel to the output, thereby ac components. Steady-state errors in a multiplexer are
addingto the system error due to the on-resistance and finite leakage of the switch.
Two sources of dc error can be quantified by

What Makes the DG408/409

a Good Multiplexer? Input ofset = Rs X Isaf

where
Choosinga technology for a multiplexer can depend on
many factors, including thenvironmentjts ruggedness, Rg= source resistance
the accuracy required, and the cost. The choice is ofteig= source leakage
compromisebetween these factors. The DG408/409 is rps(on) = on-resistance

fabricatedwith high-voltage CMOS technology Ip(on) = drain on-state leakage.
DG409
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Figure 5. Cross Section of a High Voltage Silicon Gate CMOS Device
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Figure 6. Typical Data Aquisition System
Figure 6 shows a typical data multiplexing system. VorFSET= foson) X (Ip(on) + l(BIAS))

Becausehe _muIt|pIex¢r feet_js avery h|gh impedance, It}sﬁor the DG408/409 typical specifications, thitsef will
input offset is a function of its on-resistance and the

on-statdeakage of the switch plus the amplifier bias be
current. VorrseTr= 100 X (500 pA + 30 pA) =53 nV
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This typical ofset (at 28C) should be compared with theThe DG408/409 switching speed (trrans) is 250 ns

signallevel to determine whether the error introduced bynaximumat room temperature with a 10-ns minimum

the ofset is acceptable. break-before-maké&ime. While this break-before-make
time prevents overlap or “alias” between channels, it

Anothersource of error that may be introduced by the reducesnultiplexer eficiency and, therefore, is kept as

switchoccurs when the switch changes stateaifsients short as possible.

(due to capacitive coupling between the drivers and drain)

can be manifested as an error voltage appearing on thé\ channel-switching rate (Figure 8) is defined for the

output node. The fefct of chage injection is measured in DG408/40%y ton, torr, and EavpLE, Where §ampLE IS

voltsand is given by dependent on the application.

V =Q/C

where

Channel

Qi is the injected chge in picocoulombs ton tOFFl—

C is the load capacitance at the output. Channel 2 /1

The DG408/409 devices have been internally _ o
compensatetb minimize the &cts of the injection. This Figure 8. Channel Switching Rate
is achieved by including compensation capacitors on th& : . oo
. . . minga t of 1.2 us, the maximum switchin
output switch. These capacitors are sized to produce agssu Nga IsAmPLE w Ximum switching

equaland opposite transient which tends to cancel out t ate for the DGA08/409 (with no pulse-edge overlap) is

effect of the switch injection.ypical chage injection for ﬁceevery 1.5 us or a frequency of 666 kHz. This

. ' . exampleshows that the switching speed of the
the DG408/409 is 20 pC for the test configuration ShOWBG4O%/409is not a significant fa?:toFr) unless theyipL e
in Figure 7.

time becomes much smalldfor multi-channel systems,

if the sampling theorem is obeyed, the maximum
Rsource A switchingrate will limit the number of channels and/or
MWV the maximum frequency components of any of the
v channelinputs. Techniquesare available to improve the
SOURCE . . .
DG408 0 Vo switchingrate, and an example using the DG408/409 and
= J_ 10 nF DG400will be shown later
Vsource= 0V o a I N
Rsource= 0€2 = Versatility
fT With CMOS switches, signal conduction is the same in
either direction. Therefore, as shown in Figure 9, it's
| possibleto use the DG408 as alemultiplexemwith one
\ AV input from the digital-to-analog converter and 8 outputs.
o — t
Address._ SW Off Switch On SW Off \0——0 Ol_IJTl
Digital DIA |
Figure 7. Chage Injection Est Circuit %%%“o—» Converter DG408 |
Processor |
Switching Speed ~—lo OJJTS

Multiplexersoperate in real time (i.e., samples are taken

sequentiallyand represent the analog input signal). Figure 9. Using the DG408 as a Demultiplexer
Obviously the quicker a multiplexerchangesstate,the

more samples can be taken in a divea. Fastswitching This versatility allows the same advantages at the “back
operationis often dif ficult to achieve using lar ger end”of the system—that is, a single wire can be used to
multiplexingdevices. That is, the greater the number ofcarry all the control signals to the remote site. Then the
channelsthe slower the speed due to additional control signals may be converted back to analog form and
capacitancat the common output node. demultiplexed for controlling the system.

Siliconix 5
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Logic Compatibility in a sample-and-hold circuit. During the sample phase,
one switch in the analog multiplexer is closed and the

The compatibility of the multiplexer is a measure of how?0ld capacitor is chaged to the input voltage via the

easyit is to interface with other system componentsh on-stateswitch. Once .the capacitor is Cb?d to its fir_1a|
as transducers, A/D converters, power supplies, the value,the hold mode is entered by opening the switch.

environmentgetc.

During the hold mode, the capacitor voltage can be

examinedvia the low-leakage bufer. By repeating this
Q\‘yith other switches in the multiplexer , many analog
Inputscan be sequentially examined.

The DG408/409 has many features which make this
interfacingas easy as possible. For example, a regulat
hasbeen included on the chip providestability against
power supply and temperature variations. The regulator

maintains TTL compatibility over power supply In a high-speed system, an important specification for the
variations,while the dynamic specifications can be met circuit designer is the acquisition time of the

over the full military temperature range. The regulation sample-and-holdystem—that is, the time delay between
alsoguarantees a low current consumption ef75 uA, the sample command and the capacitor reaching its final
makingit suitable for battery/portable applications. value.

Figure 1 shows that the acquisition time is dependent on

Application Enhancements two factors. The first factor is the time from when the
samplecommand is given to when the switch is turned on

The following examples of applications using the (i.e., the tgp of the switch). For the DG408, the tgn is

DG408/40%re intended to highlight some specific guaranteea@s 250 ns maximum atZ5; this translates to

improvementover their predecessors. a 4 times improvement over existing pin-compatible
devices.

Sample-and-holdircuits using analog multiplexers are

widely used in analog signal processing and data The second contribution to acquisition time is the time
conversionsystems to storeanalogvoltagesaccurately takenfor the hold capacitor to chage to its final value.
over time periods ranging from nanoseconds to severalThe chaging time is determined by the source impedance
minutes.This ability finds manyapplications,including of the analog source, the on-resistance of the switch, and
datadistributionsystemssimultaneousample-and-hold the hold capacitor Hence, for low-impedance analog
designs, s ampling oscilloscopesdigital volt meters, sources, the on-resistance of the switch will play an
signalreconstruction filters,and analog computational important part in determining the time constant. The
circuits. Although they are theoretically simple, these on-resistancef the DG408/409 is guaranteed at 100
high-speedhigh-accuracy circuits need careful over the whole analog voltage range, making a 500%
consideratiorin their design. Figure 10 shows the DG40Bnprovemenbver existing pin-compatible parts.

IN; O— o Low Leakage
- Buffer
Amplifier
+
A/D » 10
DG408 Converter Processor
Cy P
INo o—}—o"4 1:

Figure 10. High Performance Sample/Hold Circuit

6 Siliconix



TEMIC

Semiconductors

TA201

Ve Acquisition
(Capacitor Time (ta)
Voltage) Switch VAN
A Delay
(ton) /\/\_/\_/*
N4
Error
Band
Capacitor
Chaging
Sample ——»
Command
/| .
time

Figure 11. AcquisitionTime of a Sample/Hold System

To illustrate the improvements in acquisition time madeFor high-accuracy systems, an important consideration is

possiblewith the DG408/409, consider the following
comparisorwith the DG508A
multiplexer The acquisition time is

ta =ton+ N X (Rs+ Ids(on) X CH

. . . \';
where n is the number of time constants (determined by

the accuracy required).

Rsis the source resistance of the analog input while

Cy is the hold capacitor
If

Ch =100 pF
Rs=50Q
n=10

then for the DG508A,

ta = 1.5us + 10x (50 + 450)x 100 pF

ta = 1.5us + 500 ns

ta = 2us.

Using the same conditions for the DG408,
ta =250 ns + 10x (50 +100) x 100 pF

ta =250 ns + 150 ns

ta= 400 ns.

Thus, by using the DG408, the acquisition time is
improvedby 5 times.

pin-compatible

the sample-to-hold fsfet error This error arises when the

switchturnsoff and chage is injected by the switch onto
the hold capacitgradding an error to the stored analog
voltage.The error is related to the hold capacitor by

0=Q/Cx
where

Vo is the ofset error
Q; is the injected chge
Cy is the hold capacitor

As an example of the possible improvement with the
DG408,a comparison is drawn with the DG508A.
Assuminga 1-nF hold capacitpfor the DG508A,

Vo =50 pC+ 1 nF=50mV
and for the DG408,
Vo =20pC=1nF=20mV

Thus, a 2.5-fold improvement in erwaitageis provided
by using the DG408.

The ability of the system to store the analog sample when
the switch goes dfis referred to as the droop rate. It is
measureas the change in voltage versus time while in
the hold mode. The droop rate depends on bias current of
the amplifier, the leakage of the capacitor , and the
off-state leakage of the multiplexer. The low-leakage
performance of the DG408/409 allows a lower droop rate
(i.e., a more accurate storage of the analog sample).

Siliconix
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High-SpeedSwitching Useof the two-level system gives improved performance
over a single-level system. Examples of these

In large segments of the electronics industgpeed is a improvementsre listed below

primary concern in product design. Computer graphics,

video equipment, and medical electronics are a few  Outputcapacitance results only from the second-level

examplesvhere high-speed switching is required. The deviceand not from the sum of the first-level devices.

activationfrequency of a multiplexer (i.e., the frequency

at which the switch can be toggled) is directly related tol he leakage currents at the output node will be reduced

the switching speed of the device (i.e., the faster the from the sum of the second-level devices to that of the

switching speed,the higher the activation frequency). second-levetievice.

The DG408 has guaranteed maximum of 250 ns

switchingspeed, thus making it theoretically possible toln a design where one multiplexer is sampled while the

togglethe switch up to 2 MHz.Figure 12 showshow a  other is switched, the switching speed of the system is

two-level multiplexer can be used to increase the data increasedo that of the DG400.

transmissiomrates in an analog multiplexed system.

Crosstalkand isolation are improved because one-half of
the system will have two fowitches in series to the out-
put node at any given time.

+V
T DG408

_/A_

9

Differential Multiplexingof Low-LevelSignals

Whenmultiplexing low-level signals, careful choice of a
multiplexerandhandlingof the system layout helps avoid
signalmasking by ac noise pick-up and dc voltages
generatedy thermocouple &fcts. D transmit theignal
effectively, several factors must be considered.

?

%

v Single-ended or dérential signal paths

A Low-level transmission or preamplification

o——o""a— o a The type of conductor

Thechoicebetweera single-ende®G408)or differential
o a (DG409)multiplexers reallya functionof thesystemCost
will dictatea single-endecbnnectiorgndfor a highsignal
(L level, theshorter distancshould providea
-V stable-environmesytstem. For a systemthat has a
o——o"a— significansignalpathlengthandis potentiallypeingrouted
in a noisy environment(e.g., motors), common-mode
o—t—o"a_ signalganbe pickedup. Forlow-levelsignaltransmission,
thiscommon-modsignalwill providea significanterror
To minimizethe effectof the common-modsignals,a
twistedpair of wiresfeeda differentiamultiplexersuchas
theDG409,whichis buferedby a differentiabmplifiethat
N3, O— o sl rejectghe unwanteccommon-modportionof the signal

l (seeFigurell).

-V The advantages of low-level or high-level transmission is
o againdictated by system configuration and cost.
Figure 12. Two-Level Multiplexing with the DG408 Preamplificatiorat the transducer will provide low
sourceimpedance and voltage gain, but it introduces the
problem of supplying power to the amplifier

—_—_——————————. . -_—_—__—__—__—_—_ - - _-__-_- - - ¥ ¥ - 7
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Figure 13. Differential Multiplexing of Thermocouples

The transmission cable carrying the transducer signal i#ts purpose is to select optimum gain ready for

critical in a low-level system; it should be as short as conversion.

practical.Signal conductors should be tightly twisted for

minimumenclosed area. This technique guards againstGain ratios are a function of the resistor ratios. Sources of
picking up electromagnetic interference and shields theerror will be due to the on-resistance of the switches
twisted pair of wires against capacitively-coupled  contributingto the resistor ratio. The low on-resistance of
(electrostatic)nterference. A key requirement for the  the DG408 (typically 402 at 25°C) and close matching
transmissiorcable is that it presents a balanced line to tBRouldminimize ranging errors introduced by the
sourceof noise interference. This requires an equal serig&itches The switching speed of the DG408 will allow
impedancen each conductor andn equallydistributed  the preferred value of gain to be attained quickly
impedancdrom each conductor to ground. The result

shouldbe that noise will be coupled in phase to both )

conductorsand rejected as common-mode voltages.  Conclusion

Coaxialcable is not suitable for low-level signals because ) o ) )

the two conductors (center and shield) are unbalanced FOr multiplexers to maintain their usefulness in

Also ground loops are produced if the shield is groundefgh-performanceystems, their design must incorporate
at both ends by standard baby “N” connector sockets. [the latest t(_achnologlcal advances. As digital controllers
coaxialcable is used, the signal should be carried on th@f® becoming faster and analog sources more accurate,

center conductors of two equal-length cables whose the modern multiplexer must reflect these advances to
shieldis terminated only at the transducer end. becomea stronger link in the transition from the analog

to thedigital world. The DG408 and DG409 are designed

. . . . to meet these new requirements in the marketplace and
Silicon in contact with aluminum creates a thermocouplgfect Siliconix’ commitment to serve our customers’

voltage.In a typical multiplexer the sourcevoltagewill . ooqgor state-of-the-art technology
be exactly canceled by the drain voltage, but lar ge

thermal gradients between source and drain contacts can

producea net of  fset voltage. The low current References

consumptiorof the DG409 ( 75 pA) translates into

minimal errors due to thermocouplefssts. Analog Switches and Their Applications , Siliconix,
June 1980.

Programmable Amplifier Bylanski, P., Digital Transmission SystemsPeter

Peregrinus, Ltd., 1976.
Figure 14 shows a programmable amplifier with
selectablenputs. This configuration is used in
auto-rangingligital volt meters, signal conditioners, etc.

Siliconix 9
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Figure 14. Programmable Amplifier with Selectable Inputs
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