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Preface

After several years of development, Motorola introduced its first power MOSFETs in 1980. Several technologies
were evaluated and the final choice was the double diffused (DMOS) process which Motorola has acronymed
TMOS. This process is highly manufacturable and is capable of producing devices with the best characteristics
for product needed for power control. Most suppliers of power MOSFETs use the basic DMOS process.

The key to success of power MOSFETs is the control of vertical current flow, which enables suppliers to
reduce chip sizes comparable to bipolar transistors. This development opens a new dimension for designers
of power control systems.

This manual is intended to give the users of power MOSFETSs the basic information on the product, application
ideas of power MOSFETSs and data sheets of the broadest line of power MOSFETSs with over 225 device types
in eleven package configurations currently available from Motorola. Chips for hybrid circuits are also available
on all the products included in this manual. The product offering is far from complete. New products will be
introduced . . . doubling the product offering in the next year, offering designers an even better selection of
products for their designs.

Motorola has a long history of supplying high quality power transistors in large volume to the automotive,
television, industrial and computer markets. Being the leading supplier of power transistors in the world, we
know how to serve our customers’ needs.
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Chapter 1: Symbols, Terms and Definitions

The following are the most commonly used letter symbols, terms and definitions associated with Power MOSFETSs.

Symbol

Term

Definition

Cds

Cgs

Ciss

Coss

Crss

9fs

ID(on)

Ipss

lgss

drain-source capacitance

drain-gate capacitance

gate-source capacitance

short-circuit input capacitance,
common-source

short-circuit output capacitance,
common-source

short-circuit reverse transfer
capacitance, common-source

common-source small-signal
transconductance

drain current, dc

on-state drain current

zero-gate-voltage drain current

gate current, dc

reverse gate current, drain short-circuited

to source

The capacitance between the drain and source terminals
with the gate terminal connected to the guard terminal of
a three-terminal bridge.

The same as Crgg — See Crgs.

The capacitance between the gate and source terminals
with the drain terminal connected to the guard terminal of
a three-terminal bridge.

The capacitance between the input terminals (gate and
source) with the drain short-circuited to the source for
alternating current. (Ref. IEEE No. 255)

The capacitance between the output terminals (drain and
source) with the gate short-circuited to the source for
alternating current. (Ref. IEEE No. 255)

The capacitance between the drain and gate terminals with
the source connected to the guard terminal of a three-
terminal bridge.

The ratio of the change in drain current due to a change
in gate-to-source voltage

The direct current into the drain terminal.

The direct current into the drain terminal with a specified
forward gate-source voltage applied to bias the device to
the on-state.

The direct current into the drain terminal when the gate-
source voltage is zero. This is an on-state current in a
depletion-type device, an off-state in an enhancement-type
device.

The direct current into the gate terminal.

The direct current into the gate terminal of a junction-gate
field-effect transistor when the gate terminal is reverse
biased with respect to the source terminal and the drain
terminal is short-circuited to the source terminal.
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Symbol
IGSSF

IGSSR

Is
PT1,Pp

'DS(on)

Reca
Reua
Reuc

Reum

Ta

Tc

tc

Ty
Tstg

td(off)
td(off)i

td(off)v

td(on)

Term

forward gate current, drain short-circuited
to source

reverse gate current, drain short-circuited
to source

source current, dc

total nonreactive power input to all
terminals

static drain-source on-state resistance

thermal resistance, case-to-ambient
thermal resistance, junction-to-ambient
thermal resistance, junction-to-case

thermal resistance, junction-to-mounting
surface

ambient temperature or free-air
temperature

case temperature

turn-off crossover time

channel temperature
storage temperature

turn-off delay time
current turn-off delay time

voltage turn-off delay time

turn-on delay time

Definition

The direct current into the gate terminal of an insulated-
gate field-effect transistor with a forward gate-source volt-
age applied and the drain terminal short-circuited to the
source terminal.

The direct current into the gate terminal of an insulated-
gate field-effect transistor with a reverse gate-source volt-
age applied and the drain terminal short-circuited to the
source terminal. ‘

The direct current into the source terminal.

The sum of the products of the dc input currents and volit-
ages.

The dc resistance between the drain and source terminals
with a specified gate-source voltage applied to bias the
device to the on state.

The thermal resistance (steady-state) from the device case
to the ambient.

The thermal resistance (steady-state) from the semicon-
ductor junction(s) to the ambient.

The thermal resistance (steady-state) from the semicon-
ductor junction(s) to a stated location on the case.

The thermal resistance (steady-state) from the semicon-
ductor junction(s) to a stated location on the mounting
surface. :

The air temperature measured below a device, in an en-
vironment of substantially uniform temperature, cooled only
by natural air convection and not materially affected by
reflective and radiant surfaces.

The temperature measured at a specified location on the
case of a device.

The time interval during which drain voltage rises from 10%
of its peak off-state value and drain current falls to 10% of
its peak on-state value, in both cases ignoring spikes that
are not charge-carrier induced.

The temperatufe of the channel of a field-effect transistor.

The temperature at which the device, without any power
applied, may be stored.

Synonym for current turn-off delay time (see Note 1)*.

The interval during which an input pulse that is switching
the transistor from a conducting to a nonconducting state
falls from 90% of its peak amplitude and the drain current
waveform falls to 90% of its on-state amplitude, ignoring
spikes that are not charge-carrier induced.

The time interval during which an input pulse that is switch-
ing the transistor from a conducting to a nonconducting
state falls from 90% of its peak amplitude and the drain
voltage waveform rises to 10% of its off-state amplitude,
ignoring spikes that are not charge-carrier induced.

Synonym for current turn-on delay time (see Note 1)*.
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Symbol Term

td(on)i current turn-on delay time
td(on)v voltage turn-on delay time
% fall time

ti current fall time

ty voltage fall time

toff turn-off time

toff(i) current turn-off time
toff(v) voltage turn-off time

ton turn-on time

ton(i) current turn-on time
ton(v) voltage turn-on time

to pulse duration

tr rise time

tri current rise time

trv voltage rise time

ti current tail time

Definition

The time interval during which an input pulse that is switch-
ing the transistor from a nonconducting to a conducting
state rises from 10% of its peak amplitude and the drain
current waveform rises to 10% of its on-state amplitude,
ignoring spikes that are not charge-carrier induced.

The time interval during which an input pulse that is switch-
ing the transistor from a nonconducting to a conducting
state rises from 10% of its peak amplitude and the drain
voltage waveform falls to 80% of its off-state amplitude,
ignoring spikes that are not charge-carrier induced.

Synonym for current fall time (See Note 1)*.

The time interval during which the drain current changes
from 90% to 10% of its peak off-state value, ignoring spikes
that are not charge-carrier induced.

The time interval during which the drain voltage changes
from 90% to 10% of its peak off-state value, ignoring spikes
that are not charge-carrier induced.

Synonym for current turn-off time (see Note 1)*.

The sum of current turn-off delay time and current fall time,
i.e., td(off)i + tfi-

The sum of voltage turn-off delay time and voltage rise
time, i.e., td(offjv + trv-
Synonym for current turn-on time (See Note 1)*.

The sum of current turn-on delay time and current rise time,
i.e., td(on)i *+ M-

The sum of voltage turn-on delay time and voltage fall time,
l.e., td(on)v + tfv .

The time interval between a reference point on the leading
edge of a pulse waveform and a reference point on the
trailing edge of the same waveform.

Note: The two reference points are usually 90% of the steady-state am-
plitude of the waveform existing after the leading edge, measured with
respect to the steady-state amplitude existing before the leading edge. If

the reference points are 50% points, the symbol t,, and term average
pulse duration should be used.

Synonym for current rise time (See Note 1)*.

The time interval during which the drain current changes
from 10% to 90% of its peak on-state value, ignoring spikes
that are not charge-carrier induced.

The time interval during which the drain voltage changes
from 10% to 90% of its peak off-state value, ignoring spikes
that are not charge-carrier induced.

The time interval following current fall time during which
the drain current changes from 10% to 2% of its peak on-
state value, ignoring spikes that are not charge-carrier in-
duced.
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n Symbol

tw

V(BR)DSR

V(BR)DSS
V(BR)DSV

V(BR)DSX

V(BR)GSSF

V(BR)GSSR

VoD: VaG
Vss

VbaG
Vbs
VGD
Vas
Vsb
VsG

VDS(on)
VGS(th)

ZgJA(t)

ZgJc(t)

Term

average pulse duration

drain-source breakdown voltage with
(resistance between gate and source)

gate short-circuited to source
voltage between gate and source

circuit between gate ahd source

forward gate-source breakdown voltage

reverse gate-source breakdown voltage

supply voltage, dc (drain, gate, source)
voltage

drain-to-gate
drain-to-source
gate-to-drain
gate-to-source
source-to-drain
source-to-gate

drain-source on-state voltage
gate-source threshold voltage

transient thermal impedance,
junction-to-ambient

transient thermal impedance,
junction-to-case

Definition

The time interval between a reference point on the leading
edge of a pulse waveform and a reference point on the
trailing edge of the same waveform, with both reference
points being 50% of the steady-state amplitude of the wav-
eform existing after the leading edge, measured with re-
spect to the steady-state amplitude existing before the lead-
ing edge.

Note: If the reference points are not 50% points, the symbol t, and term
pulse duration should be used.

The breakdown voltage between the drain terminal and the
source terminal when the gate terminal is (as indicated by
the last subscript letter) as follows:

R = returned to the source terminal through a specified
resistance.

S = short-circuited to the source terminal.

V = returned to the source terminal through a specified
voltage.

X = returned to the source terminal through a specified
circuit.

The breakdown voltage between the gate and source ter-
minals with a forward gate-source voltage applied and the
drain terminal short-circuited to the source terminal.

The breakdown voltage between the gate and source ter-
minals with a reverse gate-source voltage applied and the
drain terminal short-circuited to the source terminal.

The dc supply voltage applied to a circuit or connected to
the reference terminal.

The dc voltage between the terminal indicated by the first
subscript and the reference terminal indicated by the sec-
ond subscript (stated in terms of the polarity at the terminal
indicated by the first subscript).

The voltage between the drain and source terminals with
a specified forward gate-source voltage applied to bias the
device to the on state.

The forward gate-source voltage at which the magnitude
of the drain current of an enhancement-type field-effect
transistor has been increased to a specified low value.

The transient thermal impedance from the semiconductor
junction(s) to the ambient. -

The transient thermal impedance from the semiconductor
junction(s) to a stated location on the case.

Note 1: As names of time intervals for characterizing switching transistors, the terms “fall time” and “rise time” always refer to the change that is taking
place in the magnitude of the output current even though measurements may be made using voltage waveforms. In a purely resistive circuit, the
(current) rise time may be considered equal and coincident to the voitage fall time and the (current) fall time may be considered equal and coincident
to the voltage rise time. The delay times for current and voltage will be equal and coincident. When significant amounts of inductance are present in
a circuit, these equalities and coincidences no longer exist, and use of the unmodified terms delay time, fall time, and rise time must be avoided.
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FIGURE 1-1 — WAVEFORMS FOR RESISTIVE-LOAD SWITCHING
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NOTE: Vcjamp (in a clamped inductive-load switching circuit) or V(gr)psX (in an unclamped circuit) is the peak off-state voltage
excluding spikes.

FIGURE 1-2 — WAVEFORMS FOR INDUCTIVE LOAD SWITCHING, TURN-OFF
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Basic TMOS Structure, Operation and Physics

Structures:

Motorola’s TMOS Power MOSFET family is a matrix of
diffused channel, vertical, metal-oxide-semiconductor
power field-effect transistors which offer an exceptionally
wide range of voltages and currents with low rpg(on). The
inherent advantages of Motorola’s power MOSFETSs in-
clude:

® Nearly infinite static input impedance featuring:
— Voltage driven input
— Low input power
— Few driver circuit components
® Very fast switching times
— No minority carriers
— Minimal turn-off delay time
— Large reversed biased safe operating area
— High gain bandwidth product

® Positive temperature coefficient of on-resistance
— Large forward biased safe operating area
— Ease in paralleling -

® Almost constant transconductance
o High dv/dt immunity
® | ow Cost

Motorola’s TMOS power MOSFET line is the latest step
in an evolutionary progression that began with the con-
ventional small-signal MOSFET and superseded the in-
termediate lateral double diffused MOSFET (LDMOSFET)
and the vertical V-groove MOSFET (VMOSFET).

The conventional small-signal lateral N-channel
MOSFET consists of a lightly doped P-type substrate into
which two highly doped N+ regions are diffused, as
shown in Figure 1-3. The N+t regions act as source and
drain which are separated by a channel whose length is
determined by photolithographic constraints. This config-
uration resulted in long channel lengths, low current ca-
pability, low reverse blocking voltage and high rpg(on).

Two major changes in the small-signal MOSFET struc-
ture were responsible for the evolution of the power
MOSFET. One was the use of self aligned, double diffu-
sion techniques to achieve very short channel lengths,
which allowed higher channel packing densities, resulting
in higher current capability and lower rpg(on). The other
was the incorporation of a lightly doped N+ region be-
tween the channel and the N + drain allowing high reverse
blocking voltages.

These changes resulted in the lateral double diffused
MOSFET power transistor (LDMOS) structure shown in
Figure 1-4, in which all the device terminals are still on
the top surface of the die. The major disadvantage of this
configuration is its inefficient use of silicon area due to
the area needed for the top drain contact.

GATE + Vg
CURRENT

DEPLETION
REGION

N-CHANNEL
(CURRENT PATH)
P-SUBSTRATE

AND BODY

SOURCE METAL
DRAIN METAL + Vpp
FIGURE 1-3 — CONVENTIONAL SMALL-SIGNAL MOSFET HAS

LONG LATERAL CHANNEL RESULTING IN RELATIVELY HIGH
DRAIN-TO-SOURCE RESISTANCE.

S G D

=g

Channel Current ;?,

s

AYY

N—

FIGURE 1-4 — LATERAL DOUBLE DIFFUSED MOSFET STRUC-
TURE FEATURING SHORT CHANNEL LENGTHS AND HIGH PACK-
ING DENSITIES FOR LOWER ON RESISTANCE.

The next step in the evolutionary process was a vertical
structure in which the drain contact was on the back of
the :die, further increasing the channel packing density.
The initial concept used a V-groove MOSFET power tran-
sistor as shown in Figure 1-5. The channels in this device
are defined by preferentially etching V-grooves through
double diffused N+ and P— regions. The requirements
of adequate packing density, efficient silicon usage and
adequate reverse blocking voltage are all met by this con-
figuration. However, due to its non-planar structure, pro-
cess consistency and cleanliness requirements resulted
in higher die costs.

The cell structure chosen for Motorola’s TMOS power
MOSFET's is shown in Figure 1-6. This structure is similar
to that of Figure 1-4 except that the drain contact is
dropped through the N — substrate to the back of the die.
The gate structure is now made with polysilicon sand-
wiched between two oxide layers and the source metal

MOTOROLA TMOS POWER MOSFET DATA



applied continuously over the entire active area. This two
layer electrical contact gives the optimum in packing den-
sity and maintains the processing advantages of planar
LDMOS. This results in a highly manufacturable process
which yields low rpg(on) and high voltage product.

D

FIGURE 1-5— V-GROOVE MOSFET STRUCTURE HAS SHORT VER-
TICAL CHANNELS WITH LOW DRAIN-TO-SOURCE RESISTANCE.

SOURCE SITE SOURCE

METALIZATION

INSULATING OXIDE, SiO
N-Epi LAYER

N-SUBSTRATE METALIZATION

FIGURE 1-6 — TMOS POWER MOSFET STRUCTURE OFFERS VER-
TICAL CURRENT FLOW, LOW RESISTANCE PATHS AND PERMITS
COMPACT METALIZATION ON TOP AND BOTTOM SURFACES TO
REDUCE CHIP SIZE.

Operation:

Transistor action and the primary electrical parameters
of Motorola’s TMOS power MOSFET can be defined as
follows:

Drain Current, Ip:

When a gate voltage of appropriate polarity and mag-
nitude is applied to the gate terminal, the polysilicon gate
induces an inversion layer at the surface of the diffused
channel region represented by rgH in Figure 1-7 (page
A-8). This inversion layer or channel connects the source
to the lightly doped region of the drain and current begins
to flow. For small values of applied drain-to-source volt-
age, Vps, drain current increases linearly and can be
represented by Equation (1).

Z
(1) Ip ~{ wCo [Vgs—Vas(th)l VDs

As the drain voltage is increased, the drain current sat-
urates and becomes proportional to the square of the
applied gate-to-source voltage, Vgs, as indicated in
Equation (2).

z
(@ Ip ~ 5 #Co VGs-Vas(th)?

Where u = Carrier Mobility
Co = Gate Oxide Capacitance per unit area
Z = Channel Width
L = Channel Length

These values are selected by the device design engi-
neer to meet design requirements and may be used in
modeling and circuit simulations. They explain the shape
of the output characteristics discussed in Chapter 2.

Transconductance, g¢s:

The transconductance or gain of the TMOS power
MOSFET is defined as the ratio of the change in drain
current and an accompanying small change in applied
gate-to-source voltage and is represented by Equation (3).

_ Alp(sat) _
(3) gis AVGS

The parameters are the same as above and demon-
strate that drain current and transconductance are directly
related and are a function of the die design. Note that
transconductance is a linear function of the gate voltage,
an important feature in amplifier design.

z
T rCo [VGas-VGS(th)l

Threshold Voltage, VGsth)

Threshold voltage is the gate-to-source voltage re-
quired to achieve surface inversion of the diffused channel
region, (rcH in Figure 1-7 page A-8) and as a result, |
conduction in the channel.

As the gate voltage increases the more the channel is
“enhanced,” or the lower its resistance (rcH) is made,
the more current will flow. Threshold voltage is measured
at a specified value of current to maintain measurement
correlations. A value of 1.0 mA is common throughout the
industry. This value is primarily a function of the gate oxide
thickness and channel doping level which are chosen dur-
ing the die design to give a high enough value to keep
the device off with no bias on the gate at high tempera-
tures. A minimum value of 1.5 volts at room temperature
will guarantee the transistor remains an enhancement
mode device at junction temperatures up to 150°C.

On-Resistance, rps(on):

On-resistance is defined as the total resistance en-
countered by the drain current as it flows from the drain
terminal to the source terminal. Referring to Figure 1-7,
'DS(on) is composed primarily of four resistive compo-
nents associated with:

The Inversion channel, rcH; the Gate-Drain Accumu-
lation Region, racc; the junction FET Pinch region,
rJFET; and the lightly doped Drain Region, rp, as indi-
cated in Equation (4).

(4) rDS(on) = 'CH + rACC *+ IJFET + ™D
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FIGURE 1-8 — TMOS DEVICE PARASITIC CAPACITANCES

Whereas the channel resistance increases with channel
length, the accumulation resistance increases with poly
width and the JFET pinch resistance increases with epi
resistivity and all three are inversely proportional to the
channel width and gate-to-source voltage. The drain re-
sistance is proportional to the epi resistivity, poly width
and inversely proportional to channel width. This says that
the on-resistance of TMOS power FETs with the thick and
high resistivity epi required for high voltage parts will be
dominated by rp. :

Low voltage devices have thin, low resistivity epi and
rcH will be a large portion of the total on-resistance. This
is why high voltage devices are “full on” with moderate
voltages on the gate, whereas with low voltage devices

the on-resistance continues to decrease as Vgs is in-
creased toward the maximum rating of the device.

Note: rpg(on) is inversely proportional to the carrier mobility. This

means that the rpgon) of the P-Channel MOSFET is approximately 2.5

to 3.0 times that of a similar N-Channel MOSFET. Therefore, in order
to have matched complementary on characteristics, the Z/L ratio of the
P-Channel device must be 2.5-3.0 times that of the N-Channel device.
This means larger die are required for P-Channel MOSFET's with the
same rpg(on) and same breakdown voltage as an N-Channel device
and thus device capacitances and costs will be correspondingly higher.

Breakdown Voltage, V(BR)DSS:

Breakdown voltage or reverse blocking voltage of the
TMOS power MOSFET is defined in the same manner as
V(BR)CES in the bipolar transistor and occurs as an av-
alanche breakdown. This voltage limit is reached when
the carriers within the depletion region of the reverse
biased P-N junction acquire suffficient kinetic energy to
cause ionization or when the critical electric field is
reached. The magnitude of this voltage is determined
mainly by the characteristics of the lightly doped drain
region and the type of termination of the die’s surface
electric field. .

Figure 1-9 shows a schematic representation of the
cross-section in Figure 1-8 and depicts the bipolar tran-
sistor built in the epi layer. Point A shows where the emitter
and base of the bipolar is shorted together. This is why
V(BR)DSS of the power FET is equal to V(BR)CES of the
bipolar. Also note the short brings the base in contact with
the source metal allowing the use of the base-collector
junction. This is. the diode across the TMOS power
MOSFET. :

O O

I__
2 |-
oo

o -0
s s

°
-
1
H

FIGURE 1-9 — SCHEMATIC DIAGRAM OF ALL THE COMPONENTS
OF THE CROSS SECTION OF FIGURE 1-7.
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TMOS Power MOSFET Capacitances:

Two types of intrinsic capacitances occur in the TMOS
power MOSFET — those associated with the MOS struc-

ture and those associated with the P-N junction.

The two MOS capacitances associated with the MOS-

FET cell are:
Gate-Source Capacitance, Cgg
Gate-Drain Capacitance, Cqq
The magnitude of each is determined by
and the oxides associated with the silicon gate.

The P-N junction formed during fabrication of the power

MOSFET results in the drain-to-source capacitance, Cqs.

This capacitance is defined the same as any other planar

junction capacitance and is a direct function of the channel
drain area and the width of the reverse biased junction
depletion region.

The dielectric insulator of Cgg and ng is basically a
glass. Thus these are very stagie capacitors and will not
vary with voltage or temperature. If excessive voltage is
placed on the gate, breakdown will occur through the

e die geometry

glass, creating a resistive path and destroying MOSFET
operation.

Optimizing TMOS Geometry:

The geometry and packing density of Motorola’s
MOSFETSs vary according to the magnitude of the reverse
blocking voltage.

The geometry of the source site, as well as the spacing
between source sites, represents important factors in ef-
ficient power MOSFET design. Both parameters deter-
mine the channel packing density, i.e.: ratio of channel
width per cell to cell area.

For low voltage devices, channel width is crucial for
minimizing rDS(on): since the major contributing com-
ponent of rpg(on) Is rcH. However, at high voltages, the
major contributing component of resistance is rp and thus
minimizing rpg(on) is dependent on maximizing the ratio
of active drain area per cell to cell area. These two con-
ditions for minimizing rpg(on) cannot be met by a single
geometry pattern for both low and high voltage devices.

Distinct Advantages of Power MOSFETs

Power MOSFETs offer unique characteristics and ca-
pabilities that are not available with bipolar power tran-
sistors. By taking advantage of these differences, overall
systems cost savings can result without sacrificing relia-
bility.

Speed

Power MOSFETS are majority carrier devices, therefore
their switching speeds are inherently faster. Without the
minority carrier stored base charge common in bipolar
transistors, storage time is eliminated. The high switching
speeds allow efficient switching at higher frequencies
which reduces the cost, size and weight of reactive com-
ponents.

MOSFET switching speeds are primarily dependent on
charging and discharging the device capacitances and are
essentially independent of operating temperature.

Input Characteristics

The gate of a power MOSFET is electrically isolated
from the source by an oxide layer that represents a dc
resistance greater than 40 megohms. The devices are
fully biased-on with a gate voltage of 10 volts. This sig-
nificantly simplifies the drive circuits and in many in-
stances the gate may be driven directly from logic inte-

-grated circuits such as CMOS and TTL to control high
power circuits directly.

Since the gate is isolated from the source, the drive
requirements are nearly independent of the load current.
This reduces the complexity of the drive circuit and results
in overall system cost reduction.

Safe Operating Area
Power MOSFETs unlike bipolars, do not require de-

rating of power handling capability as a function of applied
voltage. The phenomena of second breakdown does not
occur within the ratings of the device. Depending on the
application, snubber circuits may be eliminated or a
smaller capacitance value may be used in the snubber
circuit. The safe operating boundaries are limited by the
peak current ratings, breakdown voltages and the power
capabilities of the devices.

On-Voltage

The minimum on-voltage of a power MOSFET is de-
termined by the device on-resistance rpg(on). For low

- voltage devices the value of rpg(on) is extremely low, but

with high voltage devices the value increases. rpg(on)
has a positive temperature coefficient which aids in par-
alleling devices. Because of the positive temperature coef-
ficient of rpg(on) and the negative temperature coefficient
of transconductance, power MOSFET circuits are inher-
ently less susceptible to thermal runaway.

Examples of Advantages Offered by
MOSFETs :

High Voitage Flyback Converter

An obvious way of showing the advantages of power
MOSFETSs over bipolars is to compare the two devices in
the same system. Since the drive requirements are not
the same, it is not a question of simply replacing the bi-
polar with the FET, but one of designing the respective
drive circuits to produce an equivalent output, as de-
scribed in Figures 1-10 and 1-11.

For this application, a peak output voltage of about 700
V driving a 30 kQ load (Po(p;‘? =~ 16 W) was required.
With the component values and timing shown, the induc-
tor/device current required to generate this flyback voltage
would have to ramp up to about 3.0 A.
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