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GATE CHARGE TEST METHOD
(From Council Ballot JCB-90-15, formulated under the cognizance of JC-25 Committee on Transistors.)
1. PURPOSE

This method describes a means for measuring the input charge of insulated gate controlled power
devices such as Power MOSFETs and IGBTs, N/P type. The text focuses on enhancement-mode field
effect transistors.

2. DESCRIPTION

A gate charge test is performed by driving the device gate with a constant current (I_) and measuring
the resulting gate voltage response. Constant gate current scales the gate voltage, a function of time, to
a function of coulombs. A small value of gate current is necessary to avoid device and circuit high
frequency affects. The slope of the generated response reflects the active device capacitance (C =
dq/dvgs) as it varies during the switching transition. Charge or capacitance can be unambiguously
specified at any gate voltage.

3. GATE VOLTAGE WAVEFORM

Figure 1 is an idealization of the turn-on gate waveform with a high impedance drain load. Under this
condition the turn-off waveform is a mirror image of turn-on. High drain currents require a clamped
inductive load or electronic current regulation to maintain high impedance. In these cases gate charge is
measured during the turn-off portion of the gate response.

The gate waveform comprises three line segments with slopes S1, S2 and S3. The position and slope of
segment 1 is invariant with drain voltage, drain current and junction temperature as is the slope of
segment 2. The position of segment 2 is a weak function of drain voltage. The slope of segment 3 is
most often very shallow and can be considered zero. The position of segment 3 is determined by the
gate plateau voltage, Vo). This voltage is a point on the device transfer curve when Vo 2 3 V gsphy- 1t
is a strong function of dram current and junction temperature.

Qgs and Q gd are gate charges that have been widely published. They may be indirectly determined by
perforrmng five measurements and solving the following equations:

Sl = (Vz'vl)/(Qz‘Ql) = Vgs(pl)/Qgs
S2 = (V4'V3)/(Q4‘Q3) = (V4- gs(pl))/[Q4'(QgS+di)]

The third quadrant linear portion of line segment 1 may be used to improve the measurement accuracy
of S1.

Low gain devices and/or low impedance drain loads result in a significant departure from the
idealization of Figure 1. The slope of line segment 3 is non-zero and is usually accompanied by a
lengthy non-linear transition from line segment 1 to line segment 3. Determination of Qgs + Qgq for this
condition requires a careful melding of measurement technique and parameter definition as follows
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3. GATE VOLTAGE WAVEFORM (cont’d)

1. Vgs(Pl) is the gate-source voltage when dvpjdt first reaches a minimum during device turn-on.
During turn-off, the converse is true.

2. S1 should be determined by linear regression using data bounded by + Vo (th)- The
correlation coefficient should be 0.9 or greater. Qgs is then determined by:

Qgs = Ves(pn)/S1
3. The equation of line segment 2 should be determined by linear regression using data

bounded by gate voltages that assure the device on-state. The correlation coefficient should
be 0.9 or greater. Qg4 is then determined by:

di = [Vgs(pl) - (vgs @Q=0))/s2- Qgs

Figure 3 illustrates the consequences of the aforegoing statements.
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Figure 1

Turn-on Gate Waveform
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4. SYMBOLS, TERMS AND DEFINITIONS

Vesoh

Qqeh)

Qg(on)

gate plateau voltage

The gate-source voltage when dvgs/dt first reaches a minimum during the turn-on
switching transition for a constant Ig drive condition. During turn-off it is the gate-
source voltage at the last minimum dvgs/dt observed. (Figure 3)

gate-source charge

'Ble gate charge necessary to reach Vescpn) oD the calculated line segment 1. (Figure

gate-drain charge ("Miller" charge)

The gate charge at Vep(p) 01 the calculated line segment 2 less Qgs. (Figure 1)
gate-source threshold charge

The gate charge necessary to reach a minimum specified gate threshold voltage.
on-state gate-source charge

The gate charge necessary to reach a gate-source voltage that will support a
minimum specified I,

maximum on-state gate-source charge
The gate charge necessary to reach a specified maximum gate-source voltage.

NOTE: The magnitudes of gate charge and voltage are referred to the coordinate
origin (0,0).
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5. TEST CIRCUIT

Figure 2 is the generic test circuit. The dynamic response, source impedance and duty factor of the
pulsed gate current generator are to be such that they do not materially affect the measurement.

6. REQUIREMENTS

1. T, - junction temperature.

2. Ip - on-state drain current.

3. Vpg - off-state drain voltage.

4. The load impedance should be as high as practical so that the intersection of the three gate
charge line segments is reasonably defined when Q_; and Q_, are to be measured. Charge
measurements at or below the device threshold voltage are unaffected by load impedance.
Measurements in the device on-state (Vg >>v, ) are also unaffected by load impedance.

S. I8 - pulsed constant gate current.

6. Gate charge is measured at a specified gate voltage and is referred to the origin (Qgq is the
exception).
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Generic Test Circuit
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Gate Plateau Voltage
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