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AN INTEGRATED 16-CHANNEL DIFFERENTIAL ANALOG
MULTIPLEXER

M. B. RUDIN, C. M. BOTCHEK and R. F. ROTUNDA
Fairchild Semiconductor

Palo Alto, California

Summary    The salient characteristics of a multi-channel differential MOS analog
multiplexer are presented and compared with the requirements of time division telemetry
systems discussed in the paper, “A Family of Linear Integrated Circuits for Telemetry,”
by M. B. Rudin and R. L. O’Day. Particular emphasis is given to the more important
terminal parameters -- channel Ron variation, switching speed, channel leakage and
crosstalk, protection against spurious signals, and power supply requirements. It is
shown that this type of design is acceptable for both high and low level signals. The
MOS supply levels are special, and some speculation is presented on how future designs
could use supplies more compatible with bipolar needs.

Introduction    Historically, differential multiplexer requirements have been
implemented with rotary commutators, reed relays, bipolar transistor switches and J-FET
switches. Obvious speed limitation of mechanical techniques-rotary commutators and
reed relays; lack of DC capability of Bright switches; and slow response of Junction-
Field Effect Transistor circuits have left an open door to the use of metal-oxidesilicon
transistor (MOST) gates. In addition, MOST’s have a major advantage in IC fabrication
efficiency1 in the speed range required by analog multiplexers. Functional features of a
developmental 16-channel differential MOS multiplexer are presented in this paper.

Technological Advantages of MOS    Obvious advantages of IC technology such as
increased packing density, reduced size and weight, improved reliability and reduced
cost have been widely received. Inherent simultaneous processing and minute element
area of the IC technology improve component matching and thermal tracking.

MOS technology has several bonus features. First, unlike bipolar and J-FET structures, a
single non-critical diffusion is adequate for forming all circuit elements. This improves
yield and reduces cost. Second, the high packing density of. MOS circuits allow
decoding logic for analog channel selection to be included on the chip without severe
sacrifice in area and hence yield. Third, and most important for multiplexing, MOST Is
make excellent analog switches, with practically zero voltage offset, Zoff /Ron ratios of the 



order 106, negligible control voltage feed through low spurious leakage, and good
switching speed.

Description of the Multiplexer    The presently developed 16-channel differential MOS 
multiplexer contains 32 analog channels selected in pairs by a four-input logic decoding
matrix. To drive the matrix the complemented and uncomplemented. states are applied to
each of the 16 four-input AND gates (one is illustrated in Figure 1) by encoding the
interconnection pattern so that each AND gate forms a different minterm of X1, X2, X3,
X4. To save entrance leads, and possibly external logic gates inverters are included on
the chip to form the input complements.

The analog voltages to be handled are ±5 V, the 0 to + 5 V range being the most
popular.2 Three power supply voltages, V-- = -35 V, = -20 V, and V+ = + 10 V are
referred to ground; i.e., the zero analog signal potential. The -35 V supply requires
negligible current and power, as it is applied only to the gates of the MOS pull-up
resistors.

To aid in further description of the circuit operation, Figure 2 illustrates two of the four
parallel MOST’s forming the ith AND gate in Figure 1, one of which is driven by the
complemented state. A logical “1” (+ 10 V) applied to the non-inverting MOST, Qi3

holds off the latter, and point “X”, the AND output line can approach -20 V (assuming
the other parallel MOST’s are off). This is a considerable overdrive from the
approximately -7 V necessary to turn on the analog switches, QiA and QiB This margin
decreases with decreased switching time. To permit QiA and QiB to be on, the inverting
input must be a logical “0” (0 V). This turns on O4, thus charging the gate of Q4 to +
10 V, and holding it off. If either of the above inputs were in the opposite logic state to
those given above, the line “X” would be connected to the + 10 V supply through either
Qi3 or Qi4. This would turn off QiA and QiB since they are held off by + 5 V on “IX”, and
one of the other 15 analog switch-pairs would be turned on.

The complete circuit is given in Figure 3A. Logic code for this schematic is shown in
Figure 3B. Physical layout of the completed die shown in Figure 4 corresponds to the
schematic of Figure 3A. This die is 110 x 110 mils, contains 42 bonding pads, and has
been assembled in packages with several different styles. Lead bonding for one type of
package is shown in Figure 5.

Performance of the Multiplexer    Table 1 presents the principal performance
parameters of the multiplexer versus the typical requirements of telemetry systems
described in a previous ITC/USA ’67 paper. For telemetry signals in the range of 0 to +
5 V, or low level signal close to 0 V, the variation of Ron with channel voltage is well
within system requirements. The unit-to-unit variation (from processing variations)
ranges from ±50 ohms to ±125 ohms and is not an accuracy problem. Higher voltage



variations from common mode potentials can be a problem. The typical ±1 0 V CMR
spec is prohibitive, but about + 9 V and - 7 V are tolerable. This is discussed further later
in connection with spurious channel-over-voltages.

Switching speed does not quite meet the desirable value, 5 Fsec, but is within the
adequate figure--10 Fsec. The turn-off time is inconsequential, since the next channel is
in turn-on simultaneously.

Logic levels are incompatible with direct drive by either bipolar or MOS logic. This is
because the multiplexer’s logic levels are dictated by the analog signal range, 0 to + 5 V.
Therefore a 4 bit buffer unit is required. The Fairchild 9112 hex DTL inverter permits
bipolar drive of the multiplexer. MOS logic systems can employ either -2 V, -9 V limits,
or (less commonly) + 10 V and + 3 V. 3 IC buffers are not presently available to mesh
these levels with those of the MOS multiplexer with 0 to +5 V analog inputs, but they
will no doubt arrive with further digital MOS product development.

Typical MOS supply voltages -27 V, -13 V, 0 V are large enough to supply the analog
switch gate line (-20 V) but not compatible with the + 10 V substrate requirement. An
alternate choice of MOS supplies would be + 12 V, - 15 V, which would be closer in
both supply and logic levels with the multiplexer. The multiplexer can be run at -15 V
for the analog gate line at a considerable loss of speed and higher Ron. A -35 V zero-
power supply to gate the pull-up resistors would, of course, still be necessary.

From the foregoing it is apparent that minimization of the number of supply voltages is a
knotty problem. An alternate point of view, especially where a large number of
multiplexer channels are required, is that the multiplexer warrants its own special -20 V
and -35 V supply voltage - A supply in the + 10 V range would be a requirement for the
signal conditioning and A/D circuits anyway.

Leakage rises exponentially with temperature. The value of 1.6 FA given, is worst case
(125EC). It prevents use of the unit for 5 to 10 mV low level signals with output
impedance of the order of 50 ohms or greater. However the most common low level
source, the thermocouple has very low resistance.

Advantages, Problems, and the Future    This multiplexer is still in development, and a
number of tradeoffs a-re possible. Several special advantages of th-e particular MOS
technology employed on the multiplexer are identified in this section, along with
potential problems and possible future solutions.

First MOST’s are generally subject to (a) spurious channels caused by negative leads or
charges on the thicker oxide between transistors and (b) a number of failure mechanisms
caused by spurious over voltages on the terminals.



The process technique used to make this multiplexer supports very high voltages without
breakdown, and cannot develop extraneous channels, under any type of bias/temperature
stress. Thus a number of potential failure modes found in other technologies are
eliminated.

All external leads but the ground line enter the die through reversed biased junctions
which break down at about 65 - 70 V to provide maximum protection for gate oxides. All
spurious positive signals including analog signal over voltages are shunted to ground
through forward biased PN junctions.

Large negative charges that could be destructive can leak to ground through reverse
biased junctions. Logic input lines are connected to a number of gates, and they are
therefore the most subject to oxide rupture. Diffused 2000 ohm resistors, as well as diode
protection, are used for gate safety.

The circuit can also be destroyed by a large positive over voltage on the analog input
lines. Typical samples of the multiplexer will function with an analog signal of + 9.0 V.
A + 10 to + 15 V spurious analog signal will cause a few analog switches to go on
simultaneously, but no permanent damage re sults. A + 15 to + 25 V spurious signal
input may cause overheating of metalization and failure. This can happen only if a low
impedance spurious source, such as a power supply short in a transducer bridge, occurs.
Ordinary input lead pickup won’t support currents heavy enough to cause damage.

Analog channel signal range presents probably the greatest performance drawback of the
MOS multiplexer because of the limitation it places onthe CMR range and spurious over
voltage channel crosstalk. It can be increased primarily by (1) increasing power supply
voltages and logic levels (decreasing oxide rupture margin), and secondarily by (2)
sacrificing speed through a larger pull-up resistor and (3) increasing chip area by
decreasing selector switch resistances.

The variation in Ron ()Ron) with channel voltage may be several hundred ohms. )Ron can
be decreased below that of the present unit by reducing channel length.

For some systems, the -35 V supply may be considered an intolerable nuisance. If so, it
can be eliminated in the future by use of diffused pull-up resistors, at the expense of
greater chip area.

Conclusions    It has been demonstrated that a large MOS IC multiplexer satisfying most
telemetry requirements can be feasibly built. The process used manifests superior high
voltage tolerance and resistance to spurious channels.



A few drawbacks remain, which warrant further development effort, the most important
being:

(1) Limited common mode range.
(2) Ron variation with channel voltage.
(3) Unusually high supply voltages for semiconductor electronics.
(4) Lack of interchannel isolation from disabling over voltages.

However, none of these are catastrophic, and on the whole the combination of
performance, reliability, economy and ease of application should make such large MOS
analog multiplexers as the 16-channel differential unit reported herein very popular for
future time division data acquisition systems. However, availability of such units in
production quantities will probably lag considerably the 4- to 8-channel single- sided
units now on the market.
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Table 1 - Multiplexer Performance



Fig. 1 - Schematic Diagram of Typical 4-Input AND
Gate in the Decoding Matrix

Fig. 2 - Illustration of an X4 Inverter Stage,
Two Elements of the ith 4-Input AND
Gate, and the ith Analog Switch Pair



Fig. 3A - Complete Circuit Schematic



Fig. 3B - Logic Code of Selection Matrix



Fig. 4 - 16-Channel Differential Multiplexer Die

Fig. 5 - 16-Channel Differential Multiplexer Lead
Bonded into One Type of Ceramic

Dual-in-Line (DIP) Package




