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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 VDS, VDS Sat, IS, VG 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!
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= Voltage Measurement

= Current Measurement
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The work that has come before
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The CS1202 builds on fiber optic isolated products 
that we have already developed:
• The CS1200 Isolated Voltage Digitizer (VD) for 

VDS and VGS measurement. 
• The CS1201 Isolated Current Digitizer (CD) 

and CS1501 1GHz current shunt for IS

measurement. 
• The CS1133 Isolated VSAT probe for clipped 

voltage measurement of the On 
transistor/diode with 1mV resolution. 

• The prototype CS1202 Isolated VDS, VSAT, IS

digitizer including hardware Power and Energy 
measurement 

CS1201 CD
Old 
CS1202
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The Justification work - 1 
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Things we realized:

• There is a lot of slow moving signal – why 
digitize it at 5 GSPS, it will only cost 
more Power and $$$

• This whole business is about efficiency, 
which means you have to measure loss. 

• Doing DPT is all very well, but we also 
have to measure losses over many 
seconds to get the full picture.

= Fast edges, digitize at 5 GSPS. 

Everything else at 250 MSPS
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The Justification work - 2 
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We have chosen two use cases:

• DPT use – the 2nd and 3rd edges are the 
ones that matter. We want to measure 
loss, bus loop inductance, transistor 
capacitance, gate drive and resonances.

• Continuous (up to days) use – show power 
and energy loss distribution over multiple 
output cycles, measure total power loss 
per second. Take fast snapshots every 
50msecs. 

Once and X 100k/sec
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Use Case 1: DPT
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VGS in relation to VDS, IS

Double Pulse
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Use Case 2: Continuous Capture
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Measuring PSW and ESWUsing the Cleverscope 3MSPS/8 channel 
streaming interface continuously calculate 
and transfer these values for the next edge:
• t from the last edge to this edge
• ECONDUCTION for this period
• RDS ON for this period
• PSW Peak for this edge
• ESW for this edge

Then continuously display: 
• A graph of the pulse width distribution 
• Conduction Watts in seconds from 

ECONDUCTION

• Switching Watts in seconds from ESW

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

• Graph the RDS ON distribution

We calculate PSW and ESW in hardware. 
The advantages are: 
• 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. 
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After all our justification work, this is the design we have come up:
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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 part in 1000
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A Diagram of 
all the parts
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7 ADCs capture:

• VDS *

• VDS-SAT

• IS *

• Vgs In *

• Psw *

• Psw peak

• Esw

163 pH

* Capture at 
250 MSPS and 5 
GSPS on the 
edge
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Capturing the edge at 5GSPS
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Measuring at 5GSPS

Our design uses a DRS4 switched capacitor array 
to capture the transient. We can simultaneously 
capture 4 channels for 200 ns on every edge. 
These are the channels:
• VDS

• IS

• VGS

• 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.

5 GSPS capture 

overlaid on 250 

MSPS Capture
250 MSPS 

Capture

up to 200ns

VDS

IS

VGS
PSW

5 Gsps 12 bit Enob
14 bit ADC MAX 10M08

FPGA

Control

DRS4

5GSPS 200ns 

edge capture 

digitizer

Fibre to 
CS548

Control

Samples

The DRS4 chip
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Conclusion
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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 PSW and ESW, 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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I‘m pleased to answer your 

questions: 

bart.schroder@cleverscope.com 

Thank you for 

the attention!
Visit us at booth 

1751. 


