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Silicon-Gate Switching Functions Optimize Data Acquisition
Front Ends

Jack Armijos and Kevin Smith

The trend in data acquisition is moving towardjate-source capacitances. The silicon-gate process, on

ever-increasing accuracy. Twelve-bit resolution is nowhe other hand, is self-aligning in that it uses the silicon

the norm, and sixteen bits are not uncommon. Along witiate itself as a mask for source and drain diffusions. This

this precision, throughput is also very important. Wheproduces minimal overlap, resulting in much smaller

monitoring several hundred channels, sample rates in tharasitic capacitances. Because the silicon-gate process

hundreds of kilohertz are not only desirable but, in marig more tightly controlled than the older metal-gate

cases, mandatory. technologies, individual devices can be spaced closer
together, resulting in smaller die that achieve equivalent

Analog switches and analog multiplexers find extensivgerformance.

use at the heart of most data acquisition and process

control systems. This application note provides useful

information about the new high-performance DG40rt

family of devices. It also reviews many desig SD Tolerance

considerations that will enable you to get the best o
performance in your data acquisition designs. Electrostatic discharge (ESD) has caused many CMOS

device failures, both during manufacture and during

handling or PC board assembly. Historically, CMOS
Silicon-Gate Technology devices have shown an electrostatic discharge sensitivity

(ESDS) in theZ}500 Volt range, which was insufficient in
Siliconix’s advanced high-voltage silicon-gate CMOSnany cases. However, the DG400 family incorporates
processing brings many benefits to the DG400 family sfpecially designed ESD protection. These devices have
analog switches and multiplexers: fast switching speedgen evaluated using the electrostatic discharge
low power consumption, low charge injection, lowsensitivity (ESDS) test circuit of MIL-STD-883, Method
leakage, and TTL compatibility. In addition, this family3015 (100-pF capacitor discharged through a £5-k
works with reduced or single power supplies. resistor). The DG4XX series has a typical overall &vlee

of 1000 V. However, ESD tests on the source/drain—with
The metal-gate process (Figure 1) requires that the g#ite power supply pins bypassed or shortened—show that
overlap with the drain and source areas to assure reliatile DG400 through DG405 have tolerances of more than
operation even when misalignments occur during: 2000 V, whereas the DG408 through DG419 withstand
masking operations. This produces high gate-drain amd+4000 V.
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Figure 1. Comparison of Metal and Silicon-Gate Structures
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Typ|ca| Data Acquisition SyStem Operation of the analog front end is governed by means

of a digital controller which, in turn, interfaces to a host
) ) ) computer or microprocessor. Digital event inputs or
Figure 2 shows the block diagram of a typical datgterrupts go directly to the controller, and its digital
acquisition system. Analog inputs are converted to Sutputs provide the feedback necessary to perform
digital format that allows a computer to gather, monitog;tomatic process control. In addition to the analog
display, and analyze the collected data. If the system h@gtiplexer, analog switches are found in the PGA, S/H,
digital output capabilities, the computer can be used {g,q ADC circuits. The following paragraphs will review
accurately control your process so it will run at maximurpnany design considerations as we proceed to the design

maintain a constant temperature, to control flow rates §stem front end.

accordance to a predetermined schedule, etc.

This system accepts analog voltage inputs that can con[w)ss-eSIgnIng an Experlmental

from temperature sensors, pressure transducers, flﬁﬁemperature Monitoring System
meters, or from optional signal conditioners or remote

current-mode transmitters. The signal conditioninghe purpose of our experimental circuit is to evaluate
stages can perform preamplification, scaling, angome of the errors introduced while monitoring
multiplexing, and can also provide galvanic isolation ofemperature via three popular types of transducers: a
overvoltage protection. The analog multiplexer iswo-terminal integrated circuit, a resistive temperature
basically a monolithic array of analog switches witljetector (RTD), and a type J thermocouple. In addition,
on-chip address decode logic. The multiplexer is we want to sample ground and a +5-V reference voltage.
cost-effective solution that shares the more expensiT#ese two quantities may be used for calibration and error
sample-and-hold (S/H) and analog-to-digital converteforrection purposes. Signals from the sensors will arrive
(ADC) functions among several inputs. Theat the PC board via twisted pair wires to help eliminate
programmable-gain amplifier’s (PGA) purpose is tany common-mode noise. No  cold-junction
amplify low-level signals to increase measuremerfompensation of the thermocouple will be attempted
resolution and accuracy. The S/H circuit quickly capturesince compensation circuits are readily available. The
a sample of the analog input signal and holds itchematic diagram is shown in Figure 3.

instantaneous value for a time that is long enough to allow

for the ADC acquisition time to be completed.
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Figure 2. A Typical Data Acquisition System
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Figure 3. Temperature Monitoring Circuit
The Multi p|exer compatibility over a wide range of power supply voltages.

Its low on-resistance and low leakage (see Figure 4)
minimize static errors. The worst-case error due to
i ) ) leakage is given by
The DG408 is an 8-channel single-ended multiplexer

with an on-chip logic reference that maintains TTL Ve max= 40Q X 100 pA= 4 nV
a) On-Resistance b) Drain On-State Leakage Current
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Fiaure 4. DG408 Woical Characteristics
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Figure 5 shows a thermocouple representation of o@he Programmab|e Gain
switch in the multiplexer. If connectiongsland Jp are

at the same temperature, their thermoelectric EMFs wAmp||f|er
cancel out. If a temperature gradient exists between side
“S” and side “D,” the voltages will not exactly cancel, an

a net error voltage will result. Therefore, the multiplexe here are se_veral types of gain-ranging circuits. A]though
t would be impossible to cover them all here, Figure 6

should be mounted in a thermally stabld
environment—that is, soldered to the PC board and awgg°Ws o of the most common types. Each of these types
’ s advantages and disadvantages.

from hot components and air drafts. The DG408, thank

to its low power dissipatiom¢1 mW), develops less than gjg e 6a shows a circuit which uses three resistors and
€1 uV in still air at room temperature. When heated @, switches. By closing one switch at a time, two
85°C with a thermal probe, the error becomes as large ggerent gains can be selected. By closing more than one

100uV. On-resistance fison) matching is necessary gytch at a time, three gain combinations are possible.
when the ps(on) of the multiplexer is significant when

compared to the rest of the circuit, such as when usifihe circuit in Figure 6b uses four resistors to achieve the
differential multiplexing or when the transducer issame two gain values as the previous example.
connected in a resistive bridge configuration. Having _ o ]
smaller bsny the DG408 offers also an g§(on) In comparing the two circuits, it would seem that the first
matching” specification which is three times better thafircuit is the better of the two since it requires fewer

the DG508 in terms of the magnitude of resistance.  resistors. Upon closer examination, however, we find that
there’s more to consider. In Figure 6a, the analog switch

is in series with the feedback resistor. This means that the
rbs(on) Of the switch is part of the feedback ratio. Instead
of the gain being y = —R/Ry, it becomes

Av = —(R + ipson)/R1

PCB Trace o5 While the lower on-resistance and lowerpson) of the
3s < DG400 family of switches do offer advantages over older
IC Lead metal-gate switches, in this situation, it would be better

still if we could eliminate the effect of the switghs{on)
_ > altogether. This is where the circuit shown in Figure 6b

Bond Wire has an advantage.
< Chip Metalization As shown in Figure 6b, the gain in each stage is
determined by the two resistors in that branch. For the
> gain of 10, for example, the gain is
p-Channel Silicon Ay = (R = Rgl)/Rgl = (18 +2)/2=10

The bs(on) Of the switch has no affect at all on the gain!
However, the switch leakage current may affect the
circuit accuracy. Here, again, the DG400 family of
Chip Metalization switches have an advantage because their leakage current
is much lower than the metal-gate switches. By choosing
Bond Wire >

n-Channel Silicon

precision resistors or resistor networks, it is possible to
have gains accurate to the 12-bit level.

The output voltages of the AD590 and RTD in Figure 3
are greater than 1 V in the temperature range used. The
3 thermocouple, however, had an output voltage that varied
PCB Trace 1D from a few microvolts to several millivolts. Therefore,
Do two different gains are required from the PGA: a
relatively low gain of two for the AD590 and RTD, and
Figure 5. Thermocouple Representation of a a gain of 1000 for the thermocouple. This allows the
CMOS Multiplexer Switch voltages to the sample-and-hold to be large enough that
any errors contributed by the circuit would have minimal
effect.

IC Lead
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The DG419 used to select the gain is a very Iow-poweThe Sample-and—HoId Circuit

high-speed switch. An additional benefit of this particular
switch is its compact 8-pin package

The sample-and-hold (S/H) circuit use¥-aDG405, a fast
r4%0,\1 < 250 ns) switch. In this circuit, the two switch sections
are at similar potentials in the sample mode, so when they
open, they create similar charge injections which tend to
Rncel each other, therefore, helping to minimize the step
error. R can be trimmed to obtain the best possible charge
injection cancellation. During the hold mode, the dual
For best results, in applications where high gains asaitch arrangement also helps to reduce the droop rate.
required due to very low-level transducer outputs, as wiffigure 7 is a scope plot that illustrates the S/H action. Note
strain gages and thermocouples, the signal path to tthat acquisition time is a function of the output amplifier’s
PGA should be differential. slew rate and settling time.

The 30£2 resistor serves two purposes. It limits the curre
through thel/, DG405 to less than its 100-mA (maximum
pulsed) rating and also helps to decouple the PGA out]
from the capacitive load, preventing oscillations.
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Figure 6. DG408 Typical Characteristics
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Figure 7. Acquisition Time Depends on Amplifier Slew Rate
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Evaluation Results 8

a) IC Sensgr
Figure 8 shows the transfer characteristics obtained for
the three different temperature sensors used. Curve (c) is

b) RID
produced by the “mV output” of a digital thermometer,
=

Vour (V)

using the same thermocouple that produced curve (d). 2 ~

Notice the effect that the cold-junction compensation has /</
on the curve (i.e., it causes a 0-V outpute@) / c) (Trﬂsrggf;ﬁle

\
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TemperatureC)

‘ d) Thern‘mcouple
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As far as resolution is concerned, all three sensors showed
satisfactory results for the 0 to 10D range evaluated.
The thermocouple output gave a resolution equivalent to
0.05°C/bit in a 12-bit system. The RTD and AD590 Fi - .

. . igure 8. Transfer Characteristics for Various
outputs, as configured, only gave the equivalent of Temperature Sensors
0.5°C/bit and EC/bit resolution, respectively. However,
depending on the temperature range of interest, t
circuit can be modified to produce a large¥ and offer
a resolution equivalent to 0.0Q/bit.

hﬁe DG400 switching devices, with their extremely
low-leakage specifications and micropower consumptions,
practically eliminate leakage and parasitic thermocouple
errors. In our case, two transducers outputs are large enough

that they are sufficiently free from 60-Hz noise corruption.

Figure 9 shows the waveforms obtained when switchinghe thermocouple leads need to be shielded to reduce this
back and forth between channe} BAD590) and 2  rohlem. Also, a low pass fiter is recommended. The
(RTD). Note that the PGA output takes longer t0 setllgjifers' offsets were trimmed out, and the PGASs gains
when the AD590 is selected. On the other hand, the lowgy 14 a150 be trimmed. In this case, we selected precision
output impedance of the RTD sensor makes the PGggjsiors to get within 0.00025% of the target gains desired.
output settle about three times faster. From thesﬁ]e PGA was configured forA= 2 and the op amp offsets
waveforms, we can estimate the throughput of the systef.re agjusted with trimpots. In our circuit, we selected

Allowing 20 us for settling times and assuming a 12-bihGND at the input to the multiplexer and adjusted the PGA
A/D converter with a 15ts conversion time, offset for 0 V at its output.

We then adjusted the S/H amplifier offset for 0 V ai -
When we switched to\A= 1000, the PGA output went to
above 30 mV. In a microprocessor-based system, the
Precision will depend on the method used to read tlenplifier offsets could be compensated in software. This
transfer characteristics. Factors such as ADC accuratype of correction would also allow the system to
transducer accuracy, noise corruption, leakage throughaampensate for amplifier drifts with time or temperature,
the signal path, and ampilifier offsets must be considered. which is much more difficult to do using trimpots.

Throughput rate = 1/3s = —28 kHz
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Figure 9. Waveforms Obtained when Monitodrs, and G Only
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Overvoltage Protection Conclusion

The supply voltage applied to the constant current souré8€ I0W bs(on) low leakage, low power, and high speed
was intentiona”y raised to +25 V, and the RTD Wagf the DG400 famlly of aﬂalog switches and mUltiplexerS
disconnected. This allowed us to simulate one of tho§@prove the performance attainable in precision data
“unlikely” events where the current source would force gathering systems. Since they are pin-compatible with
voltage on $that is higher than ¥ This would create an older metal-gate devices, the DG400 family permits an
overvoltage condition that won't damage the multiplexef@sy upgrade of many existing designs.

since the current source does not force more than the

absolute maximum current rating (20 mA) into tndReferences
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