
What does a multidevice tech-
nology provide to analog chip
designers?

A multidevice technology makes
it possible to isolate components
from the substrate and from each
other so a single chip can mix and
match 5-V CMOS with higher-
voltage 16-, 24-, or 30-V CMOS
and bipolar devices, with multiple
voltage supplies running to the
same chip. Amplifiers for signal
conditioning benefit from the
availability of bipolar because it’s
possible to match devices. They
also provide the largest possible
gm for any given power consump-
tion. The availability of MOS
devices makes it possible to
achieve switched-capacitor filters
that can accommodate high input

voltages. And of course, digital
post-conversion signal processing
can take place on the same die
using fine-line CMOS. 

Why hasn’t something like
this been done before now?

It takes a considerable level of
commitment to overcome the con-
flicting demands of the different
kinds of devices. Standard CMOS
fine-line, low-voltage devices for
the digital parts of the chips imply
shallow junctions and thin oxides,
low power consumption, and a
small area. On the other hand,
high-voltage devices require larger
dimensions, deeper junctions, and
thicker oxides, the processing of
which degrades the performance of
fine-line devices. Once designers
have implanted shallow junctions
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In the early days of analog ICs, chip designers had a
large arsenal of circuit elements that let them create
products with exceptionally high performance. Over
time, to keep analog IC prices competitive, analog
process technologies followed the lead of digital CMOS.
Analog chip designers then found themselves with fewer
and fewer magic analog bullets they could use to design
new products. This has been particularly hard on engi-
neers who design “industrial” mixed-signal systems,
because they now find themselves squeezed between the
relatively high-voltage world of their sensors and actua-
tors and the ever diminishing operating and threshold
voltages of successive CMOS generations. 

In a welcome countertrend, analog/mixed-signal IC
companies are developing new process technologies that
permit mixing voltages on a single die as well as combi-
nations of CMOS, high-voltage MOS, and high- and
low-voltage bipolars. As a result, analog chip designers
are again expanding their arsenals. Competition will
continue to encourage innovation and improve performance.

What, exactly, are “industrial” analog and mixed-signal appli-
cations?

Generally, the term encompasses factory automation and process con-
trol, instrumentation (both automatic test equipment and bench gear),
medical products (ranging from MRI and CAT-scan equipment to
portable diagnostic instruments and personal testers for glucose and
fever temperature), and automotive (airbags, ABS, ignition control, active
suspension, and tire-pressure monitoring). Taken together, these applica-
tions represent more than 30% of the market for data converters and
signal-conditioning electronics.

What’s the problem with using advanced CMOS-based analog
chips in industrial designs?

Engineers who create these systems are squeezed between the relatively
high, often differential voltages at which their sensors and actuators
operate and the voltage limits of the latest CMOS. Consequently, they’ve
had to add more and more signal conditioning built on older technolo-
gies on either side of their converters and control systems. This approach
is expensive and power-hungry, and it wastes board space.
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With a multidevice technology, both 5-V and high-voltage circuit ele-
ments can be fully isolated from the substrate and from each other.
Isolation makes possible multiple voltage supplies to a single chip.
For example, a ±15-V product with –15-V substrate bias also could
include standard 5-V digital logic in a mixed-signal device. 
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and thin oxides, any subsequent
processing on the die likely will
cause those junctions to diffuse
further, spreading them out and
degrading their performance.
Overcoming that conflict requires
investing a lot of time and engi-
neering to structure the process
order of the different steps to con-
trol the thermal budget.  

What about isolation?
If the analog portion of the die is

going to use high-voltage bipolar
supplies while the digital logic uses
single-ended 5 V, isolation is going
to be a major challenge. It all
comes down to the silicon sub-
strate’s underlying voltage. If it’s 0
V, isolating all the devices associat-
ed with a negative supply will be
difficult. The number of necessary
tubs and junctions also complicates
process development and circuit
design and layout. Instead, design-
ers can connect the substrate to the
most negative voltage in the sys-
tem, which prevents unexpected
biasing and the risk of latchup (see
the figure). But this also makes it
necessary to isolate the low-voltage
CMOS in its own tub to eliminate
back-gate effects from the negative
voltage on the substrate. 

Is a multidevice technology
process manufacturable?

Yes. Creating junction isolation
underneath the devices—deep wells
for the low-voltage devices—pro-
vides vertical isolation while multi-
ple guard rings and some deep dif-
fusion to get down to the wells
beneath provide horizontal. This
requires more mask steps than
plain vanilla CMOS. Fortunately,
no one particular IC design needs
to use all of the different mask
sets. Yet it’s a real challenge to
develop all the possibilities and
ensure they will work together
regardless of which method any
one circuit uses. It’s also tricky to
ensure the additional mask steps
do not significantly reduce yield.
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15 NEW ICs BRING SUBMICRON ADVANTAGES 
TO INDUSTRIAL APPLICATIONS
Analog Devices’ iCMOSTM (industrial CMOS) process combines the best of
CMOS and bipolar processes with innovative high-voltage technology to enable
designers to put as much as 30 V across a chip with 0.6-µm geometry. The fea-
tures inherent in the process allow for mixing and matching multiple voltages and
circuit building blocks to meet the specific requirements of noisy, real-world appli-
cations. The result is a new class of high-voltage ICs that will redefine industrial
designs. Here are a few of the high-voltage ICs built on the iCMOS process.
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To learn more about the 15 products sampling now, BE SURE TO VISIT: 
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D/A Converters
The AD5764 is a
quad 16-bit DAC
offering three times
the accuracy of any
D/A in its class with
1 LSB both INL
and DNL while
using 50% less board space. Featuring
an extended programmable output
range of up to ±10 V, the device also
includes an on-chip 3-ppm/°C typical
reference, reference buffers, low-head-
room/wide-swing amplifier, tempera-
ture sensor, power-on reset, power
on/off output control, and I/O lines.
This integrated functionality is housed
in a 7- by 7-mm, 32-lead TQFP.

A/D Converters
True bipolar input,
multichannel ADCs
with voltage ranges
up to ±10 V include
the 13-bit (12-bit +
Sign) AD732x and
12- to 16-bit
AD765x families. The AD7328 fea-
tures fast throughput at 1 Msample/s,
eight-channel sampling, and power
consumption of only 25 mW. The
AD7656 16-bit ADC offers simultane-
ous sampling on six channels and twice
the accuracy of comparable devices (±4
LSB max INL) at 250 ksamples/s per
channel.

Amplifiers 
The AD8661 is a
precision rail-to-
rail op amp for
applications
requiring operat-
ing voltages in the
range of 5 to 16 V
(±8 V) that feature low offset voltage of
75 µV (max) and low noise at 10
nV/Hz. The amplifier also reduces
input bias currents of 1 pA (max) by a
factor of two to four over the closest
competing products. Using the added
cost-efficiencies of its patented
DigiTrim trimming process, the
AD8661 is available at a highly com-
petitive price point.

Switches and Multiplexers
The switches and
multiplexers on
iCMOS operate at
±15 V while deliv-
ering industry-lead-
ing performance in
very small packag-
ing. The ADG12xx switches offer the
lowest capacitance per channel (2 pF),
providing higher speeds and faster
acquisition times in the sample-and-
hold and gain-selection sections of
data-acquisition boards. The ADG14xx
multiplexers offer low on resistance
that is 85% lower than the nearest
competitor, featuring a maximum 5-Ω
on resistance over the full signal range.
Both are available in TSSOP and
LFCSP packages.


