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COMFET Power Devices Speeding Up

Structural Improvements Reduce Fall Times Down To One-Half Microsecond
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r
Power Device wtions
RCA Solid State
Somerville, NJ. and
C. Frank Wheatley Jr.
Senior Member Tochnical Staff

util mdy COMFETs (com-

Juctivity-modulated FETw), »

relatively new class of power.
scmscunductors, have offered

the ca ities of conventional MOS-

FETs with an enhanoad conductivi J

with the penalty of far
speods.

ad\nvdhlldannlo-uob
Whnlemllmuhnu)l
ure an at-

COMFET uhu'm its ruud all time
without sacrificing the low on-resis-
tance, reduced conductive losses, high
input impedance and other perfor
mance advas that are character-
istic of the CO family of devicus.

MOSFET Drawbacks

MOSFETs have becotse in
populsr m:‘n:uw pamr - np':zl‘l:nunm
primarily wse of thewr mput
impedance, rapld switching times and
low on-resistance.

Unfortunately, the resistance of
MOSFETSs is nearly s cubic function of
drain-source voltage capability—as
voltaye increases, on-resistance in-
creases even more. For this reason,
MOSFETs m llnlod in their p«fof-
mance at higher ufu
greatest strength n usually in appll-
cations below 200

COMFETs, s telnuvely new cal
of power wmmnducum offer the
input impe and s ““dnvar
circuitry of MOSFETs, yet have lower
conductive loases. In switching
they sre competitive with bapolar tran.
sistors. In size amd cost, they exceed
bipolsr capability By combaning the
best of both MOSFET and nipolar tech-
nology in o single product, and cutting
die size and cost, COMFETs offer 2
high-performance, cost-effective alter
native to both MOS and bipolar devices
i numerous high-veltage applications

The high impedance of COMFETS,
which s same o5 that of MOSFETs
but at approximately ome-temth the
on-resistance, is due o the device's
structure, This structure is remark-
ably similar to & standard n-channel
MOSFET. except that the o epitaxisl
layer is grown on o p+ substrate in-
stead of an n + substrate. The heavil
doped p+ regwon in the center ofucﬁ
unit cell, combined with the alumi-
num contact shorting the n+ and p+
rogions, provides shunting ressstance,
which helps prevent lstching and
maintain gate control withun a large
range of anode mh;lg« and currents

In hugh-voltage I's. the epitaxial

g

| dard MOS

wignificantly reduced.
In the conn."r this is sccom-

tivity mndullu’n‘:.. minority dum-n
are injected into the n° epitaxi

the p substrate. (As current 5
frmdmnmm.ilhiuuuﬁ

hanced conductivity and an on-state re-
sistance il an order
of itade Jower than conventional
M Thix, in turn, permits bet-

Furthermore, the COMFET s on-re-
sistance does mot imcresse with for-
ward vol u‘rl':umld lnm

at a
voltage of 1,000 V, the COMFET's on-
resistance may be s miuch as 50 times
lmrdunﬁnmﬁcm

However, the COMFET's Jowur on-

resistancs, Nma_nd tymd

1 drauby
partially

tM COMFET's slower switching
spoed-from on to off state.

HAeduced Fall Time
In « MOSFET, fnll limu are in the
tens of d range, b the
ﬂow of mujority carriers imstant-
(,!o the voltage is swi off. But in
MFETs, the conductive minority
carriers present in the epitaxisl re-
gvon are still there when the voltage ix
removed, These carriers must decoy
by recombining within the strecture,
«nd until they are neutralized, the
COMFET cannot reach its true off
state. And because recombination is
relatively slow, the COMFETs arv in-
lnmt'l; slower switching devices
than MOSFETs

One way to increase COMFET
switching speed is the introduction
of "recombination centers” into the
epitaxial region. These are sites st
which minerity carriers can recom-
bine and decay quickly. Recombinn-
tion centers can be ed to the n

layer using » variety of techniguos
including high-energy electron, pro
ton and neutron irra: Suuon. as well
as h..x‘mml doping
centers,
RCA has been able to manufacture
COMFETs with full times in the range
of 1 s ot room temperature
However, even st this level, 14
COMFET sgead i still not fast enough
to handle the frequencies typica’ of
many high voltage power applicstion.
As » reauslt, RCA has developed o new
“hagh-speed COMFET" with fall tim.«
rated st 0.5 ps at 10°C
The new high-speed COMFET s
similar to previows RCA COMFET.
except that a thin 10-micron bayer of
0+ silicon has been added w the epe
taxial structure between the n region
and the p+ substrate. This n+ luyer
lowers the emitter ingection efficiency
of the pop transistor, so thet fuwer mi
mority carriers are present when the
is turned off. The resalt is fart-
times while increasing the capa
ley w handle her current And
this s achieved with no significant in
crease in co-resistanoe
This new high-speed COMFET rep-
resents the state of the art in conductiv.
a-moduhbd FET technology. Like
[OSFETs, its input is woltage-con-
trolled. And very little drive ris
required up to moderate switching fro
qu.ndu It remains under gate control

.:gcn within its specified volt-
current ratings

Bendu reducing the tall time, the
thin n + layer built into the new high-
speed COMFETSs provides the added
benefit of raising latching currents
two to three times over previous de-
vices. Latching curreats in the new
high-speed 10.A COMFET are ap-
proximately 50 A, even with rapid

te turn-off. Therefore, these COM-

s can safely be used in higher
current applications without the fear
of latchup, which cccurs due to the
g“ asitic thyristor inherent in the
FET structure.

High-Voitage Applications

Because lhj' offer a blend of both

bipolar technology

CON)‘L‘I‘: can be used to replace
these devices in many cireuit designs.
COMFETs arc best auited to high
vel spplications—above 200 V,
their on-resistance makes them
more desirable thun standard MOS-
FETe. At lower voltages, where the
resistive advantages of COMFETs are
not s great,. MOSFETs may be pre-
ferved for Lheir superior switching
speeds. Today's COMFET s inherent-
ly slow in fall time, which limits its
use in highfrequency applications
greater than 30 kHz New techmol-
ogwes are being introduced to improve
that performance

One major applicatson of COMFETs
I8 in switching power supplies, where
COMFETs provide MOSFET capability
ot lower cost and with less power diss-
pation. But, COMFET's switching
speed may limit its use in power sup-
plies using high frequencies

In brushless dc motors, COMFET»
can be waed W electronically switch the

vol o the stawr nw‘.
In larger motors, large MOSFETs
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are often used to reduce power dissi-

tion and meet the heat-handling
imitations of the pack By switch-
ing to COMFETs, which have an on-
state voltage drop that ia, for all prac-
tical purposes, independent of
temperature, designers can achieve
significantly lower power (and heat)
dussipation. Also, die size is amaller
and coals are lower.

COMPFET devices that will be intro-
duced on & commercial basis by the
end of the decade.

COMFETs can be designed Lo repl
Bipolar ransistors in automobsle igmi-
tion systems With bigolar swi
two-thirds of the er dissipation in
the control IC w resalt of the need
o drive the base current of the ignition
eutput transistor The high-isput im-
pedance of the COMFET eliminates
this basecurrent drive dissspation

Additionally, it ean be o cost-effec-
tive alternative to the MOSFET for
m{,oﬁhu applications io the 200- to
500-V, 1- to 20-A range These include
ballasting for lsmps, programmable
controllers, ultrasonic transducers,
solid-state relays, off-main switching
power supplies, 8¢ moler control ar-
cuitry, de -to-de converters and mili-
tary electronica.

COMFET RAD Advancements

Research.and development offorts
br RCA and others like GE and Motor-
ola is brosdening the product matriz
and eapanding the capabilities of
COMEFET technology The high-speed
COMFET 1s snly the first of many new
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