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Digital isolators qualified to meet stringent requirements for 
electric-hybrid vehicles

On the Road
Reported by Cliff Keys, Editor-in-Chief, PSDE

Analog Devices New Automotive 
iCoupler®

About the ADuM1xxxW Digital 
Isolators

The two-channel ADuM120xW, three-
channel ADuM130xW and four-channel 
ADuM140xW digital isolators are based 
on Analog Devices’ proprietary iCoupler 
chip-scale micro-transformer technology 
that has been used in more than 150 
million channels of isolation shipped into 
a wide array of applications including 
industrial, medical, power supply, and 
consumer systems. These new automo-
tive products provide multiple isolation 
channels in a variety of channel configu-
rations and data rates up to 25Mbps. 
The CMOS-based parts operate with the 
supply voltage on either side ranging 
from 3.0V to 5.5V, providing compatibility 
with lower voltage systems as well as 
enabling voltage translation across the 
isolation barrier.

Unlike alternative isolation technolo-
gies such as optocouplers, which suffer 
from performance degradation and wear-
out at high temperatures, iCoupler digital 
isolators are relatively insensitive to 
temperature and demonstrate excellent 

ADI’s iCoupler® digital isolation 
technology is designed to meet 
the reliability and quality needs 

of emerging electric-hybrid vehicles 
and the company introduced a family of 
digital isolators qualified to operate in 
the electrically challenging automotive 
environment. Unlike the relatively low-
voltage signals powering most in-car 
entertainment, safety, and power train 
systems, hybrid-vehicle batteries can 
operate at voltages in excess of 600V, 
which creates the need to galvani-
cally isolate system-critical electronics. 
Analog Devices’ new ADuM120xW, 
ADuM130xW and ADuM140xW digital 
isolators were developed for electric-
hybrid vehicle systems, such as motor 
drives and battery management sys-
tems. These new products are the first 
digital isolators to carry an AEC-Q100 
qualified –40°C to +125°C automotive 
temperature rating.

Michael explained, “Until today, the 
only isolation available for hybrid car 
and truck batteries was in the form of 
optocouplers, which are notorious for 

being difficult to manage and operate at 
temperatures over 105°C. In an applica-
tion where fuel economy and battery 
capacity are everything, ADI’s digital 
isolators not only remove the limitations 
of optocouplers, they do so at 90 percent 
less power consumption.”

At its press conference recently in Munich, Germany ADI launched its 
breakthrough Automotive iCoupler products, a major breakthrough for the Automotive industry. 

Analog Devices is committed to help automotive design engineers maximize safety, comfort, and 
convenience for drivers. ADI’s Michael Mueller-Aulmann, Applications Engineer took us 

through Analog’s new offerings.
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will help you choose the proper values. 
Once this is done, the transfer function 
gain and phase of the power stage is 
plotted for you, and the resulting poles 
and zeros given.

The software is designed to run under 
either Excel 2007 or Excel 2003. Make 
sure when you open the software that 
the macro features are enabled in order 
to use the program properly. Please go 
to www.ridleyengineering.com to down-
load the software.

Summary
If you work with a boost converter, it is 

advisable to use current-mode control. 
While the analysis is complex, the soft-
ware tool made available with this article 
will help you design the current loop 
properly and show the transfer functions 
of the converter. Remember, however, 
the results of any power supply trans-
fer functions should always be verified 
by measurement. Power systems are 
frequently dependent on circuit compo-
nent parasitics that can be unpredict-
able, and can also be impacted by noise 
and improper board layout. Experimen-
tal verification[2] is an essential step for 
a rugged design, and should never be 
omitted.
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about the gain of the current loop, or 
resulting transfer functions at all during 
this phase of the design. 

It is an interesting feature of the 
current loop that, regardless of how 
large you make the gain of the current 
sensing network, the current loop gain 
remains constant. This is because the 
PWM modulator gain, which is part of 
the current loop, is determined by the 
reciprocal of the slope of the sensed 
current. The higher the current gain, the 
lower the gain of the modulator. The two 
effects exactly cancel each other. 

Once the current sense network is 
selected, you must decide whether you 
need to add a compensating ramp to 
the system. This is usually done for con-
verters which will operate at duty cycles 
above 40%. Further details are given in 
[1]. Addition of the compensating ramp 
provides independent control of the 
PWM modulator gain. This stabilizes the 
tendency of the current feedback to os-
cillate at duty cycles approaching 50%.

Boost Converter Current-Mode 
Software

Software is available for download 
that allows you to predict the small-
signal response of your boost converter 
with current-mode control. After entering 
your power stage values and switching 
frequency, you can design the current 
loop parameters of current gain, and 
compensating ramp value. The software 

nant filter frequency, the ability to cur-
rent share with multiple power stages, 
simplified compensation design, and in-
herent peak current limiting. The control 
is also optimum when operating in either 
continuous- or discontinuous-conduc-
tion mode, and there is no problem in 
operating the converter in both of these 
regions. 

Designing with Current-Mode 
Control

While the analysis of current-mode 
control is quite complex to understand, 
the design process is quite simple. 
Much simpler, in fact, than voltage-
mode control, and this is one of the 
reasons that current-mode control is so 
popular today.

Figure 1 shows the current-mode 
feedback system. The inductor current, 
or switch current, is sensed and com-
pared to a voltage reference to set the 
duty cycle of the converter. A sawtooth 
ramp is added to the signal to stabilize 
the current  loop if duty cycles ap-
proaching 50% are used.

Closing the current loop is straight-
forward. A current transformer, or sense 
resistor, is used to generate a voltage 
signal proportional to the actual current 
in the switch. The only requirement on 
the design of this network is that the 
resulting signal should not exceed the 
voltage headroom available in the PWM 
comparator. You do not have to think 

Figure 1: Boost converter with current-mode control. The green components 
show the current feedback; without these, the control is voltage-mode.
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