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By Dr. Ray Ridley, Ridley Engineering

The Heart of the Problem
Let’s get right to the problem — it is 

the power FET. Don’t misunderstand this 
statement. Modern FETs from reputable 
manufacturers are rugged and reliable 
when operated properly. The problem is 
that it is easy for them to be improperly 
operated.

There is a huge disparity in the power 
capability of a FET, and the thermal 
rating of the package. For example, the 
common IRF640 device has an on-resis-
tance of 0.15 ohms, and a voltage rating 
of 200 V. Electrically, the power rating 
is 26.67 kW! Thermally, however, the 
power rating is about 10 W for a TO220 
package with appropriate heatsink. If 
the components around the FET that 
make up the power supply do not be-
have properly, a huge amount of stress 
can be placed on the device, leading to 
failure.

It is almost always the FET that 
eventually fails, but it is not always the 
direct cause of the problem. The reason 
for failure can often be very difficult to 
observe or prove. There are hundreds 
of parts in some power supplies, and 
numerous mechanisms that can cause 
destructive waveforms. Improper opera-
tion of the FET can lead to failures in 
less that 1µs, and unless you just hap-
pen to be probing the exact waveform 
at the right time, you cannot see the 
failure occurring. 

As I started planning this article, I 
envisioned giving detailed waveforms 
showing the failure mechanisms. 
However, there are so many potential 
causes, all there is time for is a list of 
types of failure that can be encountered. 
Each one of these could merit a full 
length conference paper in itself. 

MOSFETs
As mentioned above, the FET is 

usually the ultimate victim of errone-
ous operation in a power supply. In my 
experience, it is not often the major 
cause of a failure, but just the ultimate 
symptom that lets you know something 
is not working properly. Since so much 
destructive energy can be unleashed in 
the FET, it is the most dramatic sign of 
failure.

The FET itself can sometimes be 
the root cause of the failure. The most 
common events I have seen include the 
following:

Overheating. This is mainly due to 
improper heatsinking, packaging, and 
airflow. Low estimation of the conduc-
tion losses (which increase with tem-
perature) and switching losses also lead 
to excessive temperature. With small 
packages, be aware that junction tem-
peratures can be substantially higher 
than package surfaces.

Drain overvoltage. Early FETs in 
the 1980s had problems with over-
voltages. Later on, they became very 
rugged, and today, manufacturers even 
provide avalanche ratings which allow 
you to operate beyond the normal volt-
age specifications. My advice is not to 
use avalanche capability unless you 
have very good data for your applica-
tion, such as data you may have to 
collect yourself. Even then, I will not 
personally design a circuit to operate 
in this region under any conditions. 
Be aware that the ICs that incorporate 
control logic and a FET in the same 
package have seriously compromised 
drain-source ratings, and they reduce 
further with temperature.

Drain overcurrent. It is hard to de-
stroy a FET with overcurrent since they 
are very rugged devices. The overcur-
rent leads either to overvoltage when it’s 
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Why Do Power 
Supplies Fail?

Modern switching power supplies have been with us for three decades now. From full-bridge circuits 

operating at power levels up to 10 kW to flyback circuits operating at less than 1 W, a enormous amount 

of research and development has transpired over the years. Any yet, despite 30 years of design maturity, 

switching power supplies remain a weak link of most electronic systems. Most of them are noisy, hot, 

and fail more often than they should.

By Marijana Vukicevic, iSuppli Corporation

Hybrid Electric Vehicles (HEVs) are 
one of the most exciting appli-
cations for power management 

semiconductors. There are few other new 
applications on the horizon with as much 
hope or hype attached to them. Given 
the size and the diversity of the power 
management market, the rate of growth 
in power management systems and 
semiconductor markets is making it an 
exciting time for OEMs and chip vendors. 

Worldwide shipments of hybrid light 
vehicles are increasing every year with 
projections of more than 100 percent 
growth year-over-year for the past sev-
eral years. This has been a nice ride for 
the semiconductor companies involved 
in  a food chain and in the United States 
— the largest market for automobiles 
in the world — more than 83,000 new 
registrations of HEVs were reported in 
2004, an 81 percent increase over 2003. 
Clearly, hybrid vehicles have moved 
from curiosity to the mainstream. 

 
In light of the last few years’ tre-

mendous growth, a large market in the 
future is assumed, and manufactur-
ers are scrambling for a position in the 
HEV market. In fact, hybrids are in the 
very early adoption phase — despite 

their high growth, they are still in low 
single digits of vehicle production — 
and tremendous barriers to a robust, 
widespread adoption of HEV technolo-
gies remain. The various growth projec-
tions offered to the market thus far vary 
wildly, and the corresponding potential 
impact on the power semiconductor 
market could be anywhere from mildly 
significant to nearly overwhelming. 

 
Approximately 6.4 percent of total 

semiconductor market is contained in 
automobiles. This percentage has in 
recent years been fairly constant, with 
steady increases in electronic content in 
cars being somewhat offset by equally 

steady reductions in component costs. 
In 2006, the automotive semiconductor 
market ended with more than $16 billion 
in sales. The charts here present iSup-
pli’s semiconductor content estimates 
in power train for standard and hybrid 
vehicles in 2006 Of this automotive 
semiconductor content, about 26 per-
cent on average in 2006 was contained 
in the power train of the vehicle, in func-
tions directly related to providing vehicle 
propulsion. In conventional engines, 
this means engine control and related 
electronics. In HEVs, this also includes 
the electronics required to process all of 
the information to determine ICE/elec-
tric operation balances, as well as those 
required to manage the electric power 
flow and conversion throughout the 
vehicle and specifically to and from the 
electric motor(s) that propel it.

As the overall electrical content in hy-
brid vehicles increased, power manage-
ment content in HEV vehicles increased 
too. A significant measure of increase is 
that power transistor content increased 
from 11 percent in standard vehicles to 
53 percent of the total semiconductor 
content in hybrid vehicles in 2006. At 
the same time content of rectifiers grew 
from 4.7 percent in standard vehicles 
to 18 percent in HEV vehicles. Semi-
conductor content not related to power 
management mainly stayed flat. For 
example, microcontrollers for which the 
absolute content number didn’t change, 
the relative percentage dropped from 
40 percent in standard vehicles to 10 
percent in HEVs. 
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