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Chapter 1: Introduction to Power MOSFETs

Symbols, Terms and Definitions

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

Symbol Term Definition

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

Cdg drain-gate capacitance The same as Crgg — See Cygs.

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

Ciss short-circuit input capacitance, The capacitance between the input terminals (gate and

common-source source) with the drain short-circuited to the source for
alternating current. (Ref. IEEE No. 255)
Coss short-circuit output capacitance, The capacitance between the output terminals (drain and
common-source source) with the gate short-circuited to the source for
alternating current. (Ref. IEEE No. 255)
Crss short-circuit reverse transfer The capacitance between the drain and gate terminals with
capacitance, common-source the source connected to the guard terminal of a three-
terminal bridge.

9gFsS common-source large-signal The ratio of the change in drain current due to a change

transconductance in gate-to-source voltage

ID drain current, dc The direct current into the drain terminal.

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

IDss zero-gate-voltage drain current 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.

e} gate current, dc The direct current into the gate terminal.

Igss reverse gate current, drain short-circuited The direct current into the gate terminal of a junction-gate

to-source

field-effect transistor when the gate terminal is reverse bi-
ased with respect to the source terminal and the drain ter-
minal is short-circuited to the source terminal.
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Symbol Term Definition

td(on)i current turn-on delay time 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.

td(on)v voltage turn-on delay time 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 90% of its off-state amplitude,
ignoring spikes that are not charge-carrier induced.

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

t current fall time 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.

tty voltage fall time 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.

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

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

toff(v) voltage turn-off time The sum of voltage turn-off delay time and voltage rise
time, i.e., td(offjv * trv:

ton turn-on time Synonym for current turn-on time (See Note 1)*.

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

ton(v) voltage turn-on time The sum of voltage turn-on delay time and voltage fall time,
i.e., td(on)v + thv-

tp pulse duration 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.

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

tri current rise time 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.

trv voltage rise time 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.

t current tail time 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
induced.
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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
LOMasS. This results in a highly manufacturable process
which yields low rOS(on) and high voltage product.

xol

T

n+

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:

Orain Current, 10:

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 rCH in Figure 1-7 (page
A-B). 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, VOS, drain current increases linearly and can be
represented by Equation (1).

(1) 10 = t " Co[VGS - VGS(th)l VOS

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
(2) 10 =2L ".Co[VGS-VGS(th)I2

Where,", = 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,  gFS:

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).

(3) gFS = ==—=~~) = ~ ".Co[VGS-VGS(th)l

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.

Threshold Voltage, VGS(th)

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-B) 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, rOS(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,
rOS(on) is composed primarily of four resistive compo-
nents associated with:

The Inversion channel, rCH; the Gate-Orain Accumu-
lation Region, rACC; the junction FET Pinch region,
rJFET; and the lightly doped Orain Region, ro, as indi-
cated in Equation (4).

(4) rOS(on) = rCH + rACC + rJFET + rO
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