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Why are we doing this?

To do design verification and measure power loss in GaN/SIC FET UUTs.
And do this while the common slews at 100V/ns.
Actions:

« Measure Vg, Vps satr Is, Vi for transistor on the high or low side.

« Use these values to calculate transistor loss, bus loop inductance, bus loop
capacitance, Gate drive performance, parasitic signals, and EMC - Everything!

1000V
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A new GaN/Sic FET Transistor Digitizer

The work that has come before

The CS1202 builds on fiber optic isolated products

that we have already developed:

« The CS1200 Isolated Voltage Digitizer (VD) for
Vps and Vs measurement.

« The CS1201 Isolated Current Digitizer (CD)
and CS1501 1GHz current shunt for Ig
measurement.

« The CS1133 Isolated Vg, probe for clipped
voltage measurement of the On
transistor/diode with 1mV resolution.

 The prototype CS1202 Isolated Vg, Vsar, Is
digitizer including hardware Power and Energy
measurement
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A new GaN/Sic FET Transistor Digitizer
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A new GaN/Sic FET Transistor Digitizer
Once and X 100k/sec
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A new GaN/Sic FET Transistor Digitizer
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A new GaN/Sic FET Transistor Digitizer

Use Case 2: Continuous Capture

Using the Cleverscope 3MSPS/8 channel
streaming interface continuously calculate

and transfer these values for the next edge:

« At from the last edge to this edge
*  Econpuction for this period

« Rpg op for this period

- Pgy Peak for this edge

- Eg for this edge

Then continuously display:

« A graph of the pulse width distribution

« Conduction Watts in seconds from
Econbuction

- Switching Watts in seconds from Eg,,

 Graph total power loss as it happens
with user definable time resolution.

« Graph the Ryg oy distribution

Measuring Pg,, and Eg,,

We calculate PSW and ESW in hardware.
The advantages are:

Vbps

-

Is

Scaling -
[} 1M 10pF Vps 14 bit
‘ 2GHz BW ADC 3
Pgw Peak ¥
BUF802 Psw = Vds xIs 16 bit
A ADC 6
Multiply Reset
ADL5391 Esw = [Pdt /16 bit|
2GHz BW 'r ADC 7
Integrate N
) 20hm Scaling /136t
‘ - 1GHz B ADC 2
. OPAS855 —

The 2 GHz multiplier does not have
digitization error.

The Energy Integrator and Power
Peak Capture are analog and are
digitized in slow time. No fast ADC is
required.




A new GaN/Sic FET Transistor Digitizer

After all our justification work, this is the desigh we have come up:

Key Parameters to meet:
« Doesn’t cost too much!
« Doesn’t use too much power

« Can fully characterize
transistor operation in a
double pulse test (DPT)

« Can continuously measure
loss.

« Bandwidth of 1GHz and
5GSPS when it matters.

« Insertion inductance of
160pH

« Resolution of 1 partin 1000
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A new GaN/Sic FET Transistor Digitizer
Capturing the edge at 5GSPS

Our design uses a DRS4 switched capacitor array

to capture the transient. We can simultaneously "BRES [=
capture 4 channels for 200 ns on every edge.
These are the channels:
L Vos wi
° IS nwI | E
° VGS N8 %[

* Psw

After capture we time stamp the samples and

send them back to the PC for further

processing:

« Scale and Offset correction

« Super-imposition onto the 250 MSPS
sample stream in the right place

« The signals are graphed as normal.

Measuring at 5GSPS

The DRS4 chip
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o
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Vas
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READ SHIFT REGISTER =+ MUX () SROUT
CONFIG REGISTER T () RESET
DVDD DGND
5 GSPS capture
overlaid on 250
MSPS Capture 250 MSPS
Capture
MAX 10M08
FPGA —>
Fibre to
Samples CS548
Control
Control < »
up to 200ns
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A new GaN/Sic FET Transistor Digitizer

Conclusion

We are developing a fully integrated GaN transistor digitizer including:

« Isolated using fibre optic - increased safety and CM voltage of many kV

« Completely Shielded to reduce Common Mode current distortion > 140 dB
CMRR

« Reduce common mode current with CM chokes to reduce load on UUT

« Digitize in probe to reduce noise - 1 part in 1000 resolution, 8x better than
others

« Current sensor: measures DC, high BW, low insertion inductance of 163 pH

« Includes hardware calculation of Pg,, and Eg,, and continuous recording of
each edge loss.

 Includes 5 GSPS transient digitizer with 200ns capture window and 12 bit
effective number of bits (ENOB).

The CS1202 Transistor Digitizer will offer a low-cost method
to characterize the switching transistor, with an accuracy and
performance not currently available.
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