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Pulsed S-parameter measurements using 
ICCAP: Outline

� Measurement object

� Limits of standard setup

� Pulsed S-parameter setup

� Block diagram 

� ICCAP programming details

� Measurement results

� Conclusions
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COOLMOS Power transistor characterization

� High power MOSFET used e.g. in switching DC-DC converters

� Reliable RF-Models necessary to simulate the switching behavior 

� RF-Parameter extraction for packaged devices

� S-parameter measurements

� Typical  operating current scales with chip area 

¬ 2A for 3 Ohm-types 

¬ 20 A for 0.3 Ohm-types
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Limits of standard setup

� Setup

� Network analyzer ENA 5071C 

� DC-Source E5270B with HPSMU

� Long on-state of transistor supply (typ. 3s) per operating 
point/frequency sweep with ICCAP-measurement setup

¬ Number of frequency points

¬ Measurement bandwidth

¬ Averaging

¬ Data-transfer

� Excessive heating due to long measurement time

� No heat sink at drain possible (RF)

� HPSMU current limit 1A/20V

� NWA Internal Bias-T current limit 500 mA
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Limits of standard setup

� Solution

� Pulsed measurements to reduce thermal heating

¬ Output characteristic

¬ S-parameter

� Switching of transistor with variable pulsed gate voltage

� Minimum pulse width according to NWA sweep time

� DC power supply and Bias-T with higher current capability for 
drain supply 
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ENA 5071C Measurement time

� Sweep time reduction

� Small number of frequencies

� Large IF-bandwidth for short measurement time per frequency

� Averaging to reduce noise by repeated measurement (typ. 16x)

From: Agilent 
E5070B/E5071B ENA 
Series RF Network 
Analyzers User’s Guide
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Pulsed S-Parameter measurement in ICCAP

� Requirements

� NWA-settings

¬ Frequency sweep parameters, bandwidth

– ICCAP: Measure, Instrument options

¬ Averaging

– ICCAP: Setup variables

� Transistor supply

¬ Vd, Vg stepping

– ICCAP: Measure

¬ Measurement of Id

� Timing in the range of milliseconds with Wait-Statements

� Measurement pulse width (ENA 5070 min.: 10 ms)

� Pulse period (typ. 1 – 3 s)

� Delay for start of frequency sweep

� Number of average cycles 

� Readout of measurement values (S-par, Id) with GPIB-commands

� Proper filling of ICCAP-matrices and copy2output

ICCAP
Measure
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Pulsed S-Parameter measurement setup

� ICCAP control 

via IEEE-Bus

Scope 
DPO 7054

DC Power Supply
E5270B

Tr-out     SMU

Bias-T 
PicosecondLab
Model 5580

DUT

Tr-in  Tr-out
Network-Analyzer E5070
DC-Bias  

P1          P2

Vg

Vd
Id-max=3.5 A

DC Power Supply
6644A
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Pulsed measurements
Timing of S-Parameter  with high current measurements

Trigger

V-Gate

V-Drain

NWA F-Trigger 

Sweep trigger 
delay
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Pulsed S-Parameter measurement:
ICCAP Program flow

Initializing instruments

Vd-Setting

Vg-Setting

S-parameter measurement

Trigger single frequency sweep

Vg-On & Wait on

Vg-Off & Wait off

Data transfer to ICCAP
Filling S-parameter matrix

Copy to output

Reset instruments

End measurement 

Vd-Sweep

Vg-Sweep

Averaging loop
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PEL-Program

!VD-SWEEP
i=0 ! i: Running parameter VD-Sweep
VD=VAL(LOOKUP_TABLE_VAL("vd", "Start"))
VD_max=VAL(LOOKUP_TABLE_VAL("vd", "Stop"))
VD_step=VAL(LOOKUP_TABLE_VAL("vd", "Step Size"))
WHILE VD < VD_max
VDD$="VOLTAGE "&VAL$(VD)&"; CURRENT 3.5"
dummy = hpib_write(hpib_num,instr_DC, VDD$)

#####################
!VG- Sweep
!S-parameter-Measurement with Averaging Loop
###########################

VD= VD+VD_step
i=i+1
!print " "
END WHILE
!END VD-SWEEP

� Example: VD-sweep

ICCAP
Measure
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PEL-Program

dummy = HPIB_write(hpib_num, instr_ENA, "FORM:DATA ASCii")
dummy = HPIB_write(hpib_num, instr_ENA, ":CALC1:PAR1:SEL")
dummy = HPIB_write(hpib_num, instr_ENA, ":CALC1:DATA:SDAT?")
dummy = HPIB_read(hpib_num, instr_ENA, 10000, "A", S11)
…………..

� Example: Read S-parameter from NWA (ENA5071C)

� Typical measurement time: 8 min

� Number of frequencies: 10

� Vg-Sweep : 10

� Vd-Sweep : 6

� Averaging: 8

� Pulse period/Off-Time: 1 s
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Pulsed S-Parameter measurement

� Example Power-MOS-Transistor Vd= 0 – 20 V Id=0 – 2 A

Sweep f = 2 - 200MHz
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Extracted capacitance Cdd @ 2 MHz 
(Measurement)

Enhanced drive capability in pulsed operation

Standard S-Parameter Setup Pulsed S-parameter Setup 

Parameter: 
0V < Vd < 20V
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Pulsed Id vs Vd measurement: 
HSMU in  fast mode

V-Gate

V-Drain

V-Drain sweep time  30 ms 
Measuremen time per point 3 ms
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Pulsed high current measurement:
Output characteristic

HPSMU in fast mode

appr. 30 ms for one

Vd-sweep

Pulse mode setup
Vg-Pulse width 20 ms
per point

Vd [V]

Id [A] Parameter Vg
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Pulsed high current measurements

Pulse period
1s
3s

Pulse mode setup: 
Vg-Pulse width 20 ms
per point
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Pulsed S-Parameter measurement

� Setup 

� ENA5070

� SMU

� High-power voltage supply

� ICCAP-program

� Measurement conditions from setup and variables

� High-current output characteristics

� 2-Port S-parameters 

� Proper generation of measurement mdm-files



Page 19Copyright © Infineon Technologies 2009. All rights reserved. For internal use only25.10.2009

Testschaltung für Pulsbetrieb (permanent)

SPD01N60C3
U1 Tcase

Tj

1
R1

2 Pulse(0 10 0 10u 10u 100)
V1

5 Pulse(0 10 0 10u 10u 20m 1)
V2

Q1-D

100
R2

25
V3

U1-Tj

U1-drain

Ug=10V
Uds=10V
�ID=1.5*Inenn

T_pulse=20ms
f=1Hz
Rthca=100K/W

Adobe Acrobat 

Document
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Pulsbetrieb (t=20ms, 1Hz)
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Fazit:

Tj maximal ca. 80°C 

� unkritisch


