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SUMMARY



� ESA Project 
� GREAT2 Phase 3.1 - GaN Process Performance Validation and Space Evaluation (GH50_20)
� ESA Contract No. 4000116120/16/NL/BJ

� Total Ionisation Dose Radiation Test (Co60)

� Hardware
� Technology: 4GH50-20 GaN Power Bar

� 100W power bar in Kyocera package
� Manufacturer: United Monotlithic Semiconductor

GREAT² 3.1 – TID – CONTEXT
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� Manufacturer: United Monotlithic Semiconductor

� 10 devices submitted to Co60 irradiation source, up-to 274Krad (in GaN)  
� 2 units biased at Vgs = 0V  / Vds = 0V
� 3 units biased at Vgs = -7V / Vds = 50V 
� 5 units biased at Vgs = -7V / Vds = 80V

� All the measurements performed during the radiation  period, during 
intermediate characterization steps, and before/afte r an annealing period at the 
end of the radiation period did not exhibit any rel evant variation of the electrical 
characteristics of the devices, whatever their bias ing conditions during 
radiation.
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TID TEST PLAN



� Total ionizing dose assessed by submitting devices to a Co60 irradiation 
source  (Estec Co-60 Facility ).

� Devices pinched off during the test.
� Vgs = 0V Vds = 0V =>  2 units

� Vgs = -7V Vds = 50V =>  3 units

� Vgs = -7V Vds = 80V =>  5 units

GREAT² 3.1 – TID – TEST PLAN
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� Scheduled radiation campaign
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� TID Test Sequence

GREAT² 3.1 - TID – TEST PLAN

ESA
TID 

Campaign

UMS
DC+RF Initial 
Measurement

UMS
Annealing and 
Final testing
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DC meas.
(t1_initial)

TID biased
(100Krad 

cumulated) 

DC meas.
(t2_interim)

TID biased
(300Krad 

cumulated) 

DC meas.
(t3_final)

HTRB
Room T° -

2hrs

DC+RF 
Measurement

HTRB
100°C –
168hrs

DC+RF 
Measurement

30hrs maxESA TID CAMPAIGN - DETAILS

UMS ANNEALING AND FINAL TESTING - DETAILS
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HARDWARE



� Technology : GaN 4GH50-20

� Maskset: NOUMEAC 

� Design:
� 23693A

� 8x8x400EU_70V1

� 100W Power Bar

� Reliability Lot : U460418

GREAT² 3.1 – TID – HARDWARE
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� Die soldered with AuSn eutectic into 
closed Metal Ceramic Package
(Kyocera) Package
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� Initial Measurements on pre-Selected Devices
� As TID tests were managed by using common drain biasing and common gate

biasing, the 11 devices were specially selected in order to get quite low
dispersion on IDLHV and IGLHV

GREAT² 3.1 – TID – HARDWARE 

TID Golden sample
TID @ 0V / 0V
TID @ -7V / 50V
TID @ -7V / 80V
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IDLHV

IGLHV

Devices for TID @ 80V

Devices for TID @ 0V & 50V
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� Initial Measurements on pre-Selected Devices

GREAT² 3.1 – TID – HARDWARE

IG (VG) @Vds = 50V
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ID test #668919
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ID (VG) @Vds = 50V



� Initial Measurements
on pre-Selected Devices

GREAT² 3.1 – TID – HARDWARE

Pout (Pin)
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GAIN (Pin)

PAE (Pin)
ID test #668919



� Hardware
� Initial measurements on

pre-selected devices

GREAT² 3.1 – TID – HARDWARE

ID (Pin)
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ID test #668919

IG (Pin)
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TEST SET-UP



� Electrical set-up
� Test performed at common biasing for VG and VD

� To compensate voltage losses across the long cable from
power supply to the test board in the irradition chamber,
power supplies were set at the following
biasing conditions:
� VG = -7.4V / VD = 52.0V

� VG = -7.5V / VD = 83.0V

GREAT² 3.1 – TID – TEST SET-UP
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� TID Radiation Room
Configuration

GREAT² 3.1 - TID – TEST SET-UP
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DOSIMETER 1
DOSIMETER 2

BOARD -7V & 0V / 50V

BOARD -7V & 80V
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TEST RESULTS



� Data Monitoring
� Power Supplies were set at  

� VG = -7.4V / VD = 52.0V

� VG = -7.5V / VD = 83.0V

� Individual device biasing were recording on the board before and after at each TID step

� No specific changes occurred all along the test  

GREAT² 3.1 – TID – TEST SET-UP
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� Data Monitoring
� IG and ID were in-situ monitored during the radiation test

� No specific changes occurred all along the test  

�

GREAT² 3.1 – TID – TEST SET-UP

1st step1st step 2nd step2nd step 1st step1st step 2nd step2nd step

All information contained in this document remains the sole and exclusive property of UNITED MONOLITHIC SEMICONDUCTORS and shall not be disclosed by the recipient to third party without the prior consent of UNITED MONOLITHIC SEMICONDUCTORS

FOR PUBLICATION ON ESCIES



� Data Monitoring
� Co60 dose rate was monitored all along the test

� It is to be noticed that the initial target of 300 Krad was not reached due to external 
constraints that obliged to reduce the dose rate to ~22 rad/min, leading to a total 
cumulated dose of 274 Krad (in GaN). This value remains far from the standard dose 
of 100Krad.

GREAT² 3.1 – TID – TEST RESULTS
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� Interim Measurements Data Analysis
� Forward IG(VG) characteristics

=> No evolution of IG(VG) characteristics during the radiation beam exposure

GREAT² 3.1 - TID – TEST RESULTS
DC meas.
(t1_initial)

TID biased
(100Krad 

cumulated) 

DC meas.
(t2_interim)

TID biased
(300Krad 

cumulated) 

DC meas.
(t3_final)

B104 ( VG=0V / VD=0V ) B37 ( VG=-7V / VD=50V )B90 ( VG=0V / VD=0V )
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B107 ( VG=-7V / VD=80V )B51 ( VG=-7V / VD=50V )B43 ( VG=-7V / VD=50V )

B94 ( VG=-7V / VD=80V )

B58 ( VG=-7V / VD=80V )B114 ( VG=-7V / VD=80V )B112 ( VG=-7V / VD=80V )

B55 ( Golden Sample )
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� Interim Measurements Data Analysis

� Reverse IG(VG) characteristics

=> Low variation of IG(VG) characteristics during radiation beam exposure

GREAT² 3.1 - TID – TEST RESULTS

B104 ( VG=0V / VD=0V ) B37 ( VG=-7V / VD=50V )B90 ( VG=0V / VD=0V )
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B107 ( VG=-7V / VD=80V )B51 ( VG=-7V / VD=50V )B43 ( VG=-7V / VD=50V )
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B55 ( Golden Sample )
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� Interim Measurements Data Analysis
� ID(VD) characteristics

=> Low variations of ID(VD) characteristics during the radiation beam exposure

GREAT² 3.1 - TID – TEST RESULTS
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Output Characteristics
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� Interim Measurements Data Analysis
� DC parameters

� Idss, VG100, IDLHV (40V) variations

=> Low impact of radiations on DC
characteristics.

� VG100 : Main variations observed on 
grounded units

� Idss : Correlation is observed between

GREAT² 3.1 - TID – TEST RESULTS
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� Idss : Correlation is observed between
drain Voltage and Idss decrease after first step,
but lower discrimination at the end of radiation
campaign



� TID Test + Annealing Step
� RF characteristics

=> Low impact of radiations on DC
characteristics.

GREAT² 3.1 - TID – TEST RESULTS

All information contained in this document remains the sole and exclusive property of UNITED MONOLITHIC SEMICONDUCTORS and shall not be disclosed by the recipient to third party without the prior consent of UNITED MONOLITHIC SEMICONDUCTORS

FOR PUBLICATION ON ESCIES

ESA
TID Campaign

UMS
DC+RF Initial 
Measurement

HTRB
Room T° -

2hrs

DC+RF 
Measurement

HTRB
100°C –
168hrs

DC+RF 
Measurement

Time = 0hr Time = 170hr Time = 338hr

Focus on High Power  Range



� TID Test + Annealing Step
� RF characteristics

=> No significant variation on RF power high level, and on gate current leakage
Note: reference device failed during last sequence of RF measurement 

GREAT² 3.1 - TID – TEST RESULTS

d_Pout (@PIN=38dBm, F=1.3GHz) IGLHV (@VD=50V)
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