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This white paper is intended to provide the reader with information about device switching
energies and the improved low-inductance test fixture used for this characterization effort.
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1. Introduction:

Initial measurement of the switching energies for the 63m JFET resulted in Esw = 519uJ,
(Phase-Leg configuration, Gate PS = +15/-10v, Rg = 2.5 , Cgs = 10nF, 600v, 25A, 25C).
After reducing the gate resistance to 1 and raising the negative gate voltage to -15v, Esw
was reduced to 225uJ . As simulation of the gate circuit showed that the inductance of the
gate circuit was MORE important than the impedance of the 509 driver, a new lower

inductance test Fixture PCB was designhed. This doc tests that test fixture.

2. Improved Test Fixture:

Changes were made to the previous test fixture in order to reduce inductance in both the
gate circuit as well as the power circuit in an attempt to achieve improved switching

energies. The main points to note are:

The distance from the 509 driver to the JFET was approximately halved, from 0.8” to

0.4".

The JFET leads were pushed all the way down into the PCB such that minimal lead

length was left above the board.

Diodes were mounted beside the JFETs, more like in a co-pak configuration.

The measured peak gate current of 5.5A is the highest seen to date, presumably due to

lower inductance in the gate circuit.
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' Figure 1. | New Lb\;\}er Inductaance Tes;i'\FIiXtLire for 63m JFET. New Test Fixture PCB, showing
reduced distance from 509 driver to JFET. (Original Test Fixture => 0.8")
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Figure 2.  Simulation of New Test Fixture with Lower Gate Circuit Inductances.
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Figure 3. Measured Gate Current vs. Simulation.

Note:
- Gate current was measured without the DC bus applied to the power circuit and cascaded CT's
around the JFET gate pin.

Simulated gate current use a basic model of the JFET gate, (Figure 2). Total gate circuit inductance
was observed to have been reduced from 55nH to 30nH for the new test fixture.

3. Initial Switching Waveforms for a Phase Configur  ation without any added
capacitive clamp (C gs) at the gates
For the test fixture described by Figure 4, Vps measured with Tek P5100 100:1 probe, de-
skewed by 10nsec; Ic measured by cascaded CTs, Primary = 10:1, secondary = Pearson
#2877; Vss measured with Sony / Tek A69R06 Optically Isolated voltage probe, its 43nsec
delay was de-skewed; Common mode inductors were used on all scope input cables; and
Lioap = 400uH. Note that for turn-on , U9 and U11 drivers turn on simultaneously, but U9 is
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only on for 100nsec (for fast turn-on). JFETs and diodes are mounted to heatsink via
Chotherm. The test circuit is set up for a phase leg configuration without any added
capacitive clamp at the gate-source terminals of the device. Vpc = 600V, lpx = 25A, Tj =
25°C.
The previous R-C snubber (22 , 4.7nF) still worked well after the lower circuit
inductance was realized and provided waveforms relatively free of high frequency
ringing.
At turn-on, the lack of the added Cgs does not appear to allow the upper JFET to be
falsely triggered, as the peak JFET current is about the same as previously measured
when a capacitive clamp of 10nF was used.
Measurement of the upper JFET gate voltage confirms that the gate voltage stays below
the approximate 1V threshold, but with essentially no margin (Figure 5b).
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Figure 4.  (a) Test circuit and (b) Turn-off waveform of lower JFET
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(@) (b)
Figure 5.  (a) Turn-on of lower JFET and (b) glitch on gate of upper JFET as lower JFET is turned
ON.

For the test fixture with improved inductance and no additional capacitive clamp at the
devices’ gates there is apparently no cross-conduction; however the margin is slim. The
lower inductance in the gate circuit makes it easier to hold-off the upper JFET demonstrating
results of Esw = Eon + Eore = 135 + 94 = 229uJ.

4. Increased Safety Margin with Addition of 2.2nF C  apacitive Clamp
The addition of 2.2nF of capacitance across the gate-source terminals of each JFET
increased the margin between the devices’ threshold voltage and the peak of the “glitch” as
expected. Minimal change in Esw was observed. The added capacitance slightly increased
the ringing on the gate voltage during turn-on, but decreased the ringing seen at turn-off.
This same trend was also seen in the simulation of the gate circuit. Table 1 summarizes the
results.
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Figure 6.  Switching Waveforms with modest capacitve clamp (Cgs). Test circuit is the as Figure 4,
except with 2.2nF across each JFET G-S terminals. Vpc = 600v, lpx = 25A, Tj = 25°C. (a)
Photograph of the test fixture & heatsink and (b) turn-off waveforms.
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Figure 7.  Turn-on waveforms. Glitch on Upper JFET’s Gate, now only -5V.

Figure 8.  Simulated of Gate Circuit vs. Value of Added Cgs (Vgys = 0, same model as for Figl).

Table 1. Comparison of Switching Energy Results for Original and Lower Inductance Test Fixtures
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5. Measurement of E on & Eopr VsS.
Current & Temperature
The relationship Eon > Eorr and
measured values for Ege are
independent of temperature.
However, Eon presents some
sensitivity to changes in temperature
as seen in Figure 9. The switching
waveforms at 5A of load current,
Figure 10, show that the current
pulse at turn-on is approx the same
amplitude and just rides on top of
the load current value. Hence the
asymptote of ~35uJ in Figure 9
makes sense.

Figure 9.  Switching Energy vs Load Current.
Phase-leg configuration, VDC = 600V, Gate
driver = +15V / '15V, RGEXT = 1, CGS = 2.2nF,
New Low L Test Fixture.

Figure 10. Switching waveforms at low load currents. Same test set up as Figure 6, except at lower
load current. (a) Turn-on waveforms and (b) turn-off waveforms for Vpc = 600V and Tj = 25°C. At
turn-on the peak of the turn-on current is approx 17A more than the load current, about the same

as in Figure 5a at 25A.

Note:
If the resistors used to supply the 200mA of on-state current are fed from +15v, then
their losses are not trivial, Figure 11, and cannot be ignored in the design of the PCB.
0 Approximately 15V — 3V = 12V across the resistors with Ig = 12/60 = 200mA. Therefore,
power in resistors = (O.2A)2 X (60 ohms) = 2.4 W shared between the three resistors, IF
the resistors were on for a full 100% duty cycle.
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Figure 11. Required Heatsinking on SMT Resistors Used to Keep the JFET ON. Added heatsink for
the three 1w 180 Resistors in parallel Used to Keep the JFET ON.

6. Operation as a Chopper at 100kHz

To calorimetrically confirm the switching energies of Figure 9, the test fixture was modified to
the circuit shown in Figure 12a. This circuit represents a half bridge circuit supplying a load
of 4.3kW (Vinput = 554V, Vour = 290v, lour = 15A). The total heatsink losses were calculated
to be ~42w using switching loss info in Figure 9. Calibration of the heatsink temperature rise
with known losses showed the measured temperature rises corresponded to losses not
higher than 46w. Hence the losses are just 1% of the output power resulting in system
efficiency of 99% at 100kHz.

(@)

September 2009 8



(b)

(©)

Figure 12. Operation as a Chopper at 100kHz. (a) Test fixture schematic, (b) photograph of the test

fixture with added heatsink, and (c) resulting switching waveforms.

Table 2. Thermal Trials (All temperatures measured with an I-R probe).

Operating Condition VinpuT Vo lo Tave  Theatsnk  Tcase(JFET)
Gate Drive only at 100kHz - - - 26 27 29
Operating as a Chopper at 100kHz | 554v 290v | 15.0A 29 56C 121C

after approx 40 mins. Po = 4.3kW. => T=27 => T=92

Loss Calculations:
JFET conduction:

o Duty cycle = 290/554 = 52%, lo = 15.0A, Tcase Of 121°C, estimated T, close to

150°C.

o Data sheet for 63m JFET (Figs 2 & 3) suggest approximately 1.8V drop across
device at 15A. Therefore Pjrer(Cond) = 1.8v x 15A x 52% = 14w.

JFET switching:

o0 Waveforms above show that the JFET turns on at ~14A and off at ~16A. Figure
12 C, Eon (14A, 150C) = 125ud & Eorr (16A, 150C) = 56uJ, resulting in Esy =

181ud.

0 Scale by bus voltage = 181 x 554/600 = 167uJ. So for 100kHz operation this

giveS PJFET(SW) =16.7w.

Diode conduction:

0 At lp = 15A, the specified voltage drop for the SDP20S120D ~1.5V. Resulting in
1.5V x 48% duty cycle => 11w.

Total dissipation into the heatsink (JFET + Diode) is 14W + 16.7W + 11W = 42w. Just

1% of output power.
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Calibration of Heatsink:
A DC current of 15.2A was fed thru the lower JFET (with it turned ON), resulting in a voltage drop
of 1.35v (=> 20.5w).
The corresponding temperature rises were: Tus = 12°C, Tcase = 51°C.
Scaling the measured heatsink rise of Table 2 then gives 27/12 x 20.5 = 46W, vs. 37W if use the
case temp rise.
The thermal runs of Table 2 have some of the losses in the FW diode and where as the
calibration run only has losses in the JFET, the inferred dissipation from the heatsink rise is likely
to be the more accurate.
By comparison the calculated loss of 42W appears to be off by < 10%.
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