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GREAT? 3.1 — TID — CONTEXT

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

= Total lonisation Dose Radiation Test (Co60)

=« Hardware
» Technology: 4GH50-20 GaN Power Bar
100W power bar in Kyocera package
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
chél_rapteristics of the devices, whatever their bias ing conditions during
radiation.
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GREAT?23.1-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

= Scheduled radiation campaign

T o = -
Target Total Target Dose Estimated lenght of . Irradiation Start Stop
Dose (*) Rate (*) Distance available Time
irradiation
[rad] . [rad/min] [m] [m] [min] [dd-mmm-yyyy hh:mm]
110,000 27 1.004 0.44 4,074.07 26-Nov-2018 13:30 29-Nov-2018 09:24
300,000 27 1.004 0.44 7,037.04 29-Nov-2018 13:24 04-Dec-2018 10:41

(*) The figures of dose and dose rate indicated in this document shall be dose to Si.
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' GREAT23.1-TID — TEST PLAN

« TID Test Sequence

ums N EsA N UMS

DC+RF Initial TID Annealing and

Measurement Campaign Final testing

DC meas. \ TID biased DC meas. TID biased \ DC meas.
o Y (100Krad o (300Krad p final
(t1_initial) cumulated) /(t2_|nter|m) _ Aumulated) g’ (t3_final)

ESA TID CAMPAIGN - DETAILS

N N
DC+RF WURE DC+RF \

Measurement 100°C — Measurement
168hrs

UMS ANNEALING AND FINAL TESTING - DETAILS

6

Allinformation 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
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' GREAT?2 3.1 - TID - HARDWARE

= Technology : GaN 4GH50-20
» Maskset: NOUMEAC
» Design:

« 23693A

« 8x8x400EU_70V1

« 100W Power Bar

« Reliability Lot : U460418

= Die soldered with AuSn eutectic into = —
closed Metal Ceramic Package ! - s . !
(Kyocera) Package LR
P
1

PINOUT :

1- GRILLE

2- DRAIN

3- DRAIN

4- GRILLE

5- GND (Source)

General tolerance 10.15
Base : Cu-Mo-Cu. Ni Piate 2.0pum min. - Au Plate 1.0pm min.
8] Lead : Cu. Ni Plate 2.0um min. - Au Plgte 1.0um min.

Allinformation 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
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GREATZ2 3.1 - TID - HARDWARE

= 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

O TID Golden sample
®TID@0OV/0V
®TID@ -7V /50V
®TID@-7V/80V
110 ivolution of : IDLHV . Evolution of : IGLI“ .
® o
-2
wl |DLHV py
100 -3 .
95 ‘ -4
20 5
3 w0 ® o g ® [ )
% 75 . ‘ % -7 .
g Devices for TID @ 0V & 50V 3
-8
ss{ Devices for TID @ 80\‘ ° i
e
-10
55 .
% 3 IGLHV
a5 ) ﬁ e
BS5  B37  B43 BS1 B5 B9 B94 BI04 BI0O7 Bi12  Bl14 BS5  B37  B43 BS1 B58 BOD  B94 BI04 B107 BI112  B114
Chip # Chip #
Spec Test = (Mone) Spec Test = (Mone)
Hv =50 Hv =50
Mask : NOUMEAC, Lot : 460418, viafer : 1, Device : 235034 Mag * NOUMEAC, Lot - U460418, Wiafer : 1, Device | 236534
Test File : L4B0418_PCv_R1H TealFile | U4B0415_POW_RIH
Test Number ; G68366 Test Mumber : BEI36E
Test Type : GANFET, Measure Type : GPO4 ! Test Type : GANFET, Measure Type | GPO4
IDLHY : Average 7015595, Standard devistion 20.01115, Area 66.29580 IGLHY : Average -3.96788, Standard devistion 3.39599, Area 10.83336
Printed on 23/01/2019 by UM Printecd on 230172019 by UMS
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' GREATZ2 3.1 - TID - HARDWARE

= Initial Measurements on pre-Selected Devices

Variation between x:VGandy:IG

0.009
0.008
0.007
0.007
0.006
0.006
0.005
% 0005
o 0.004
0.004
0.003
0.003
0.002
0.002
0.001
oot |G (VG) @Vds =
0.000
o e
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
VG (V)
—Chip: B 37 TEMPS = 0 TEMPERATURE = 20 (IG) Area 0.00830 —Chip: B 43 TEMPS = 0 TEMPERATURE = 20 (IG) Area 0.00824 15 Variation between x: VG andy : ID
— Chip: B 51 TEMPS =0 TEMPERATURE = 20 (IG) Area 0.00819 —Chip: B 55 TEMPS = 0 TEMPERATURE = 20 (IG) Area 0.00817 .
— Chip: B 58 TEMPS =0 TEMPERATURE = 20 (IG) Area 0.00845 — Chip: B 90 TEMPS = 0 TEMPERATURE = 20 (IG) Area 0.00865 1.4
Chip: B 94 TEMPS = 0 TEMPERATURE = 20 (IG) Area 0.00826 — Chip: B 104 TEMPS = 0 TEMPERATURE = 20 (IG) Area 0.00822 13
— Chip: B 107 TEMPS = 0 TEMPERATURE = 20 (IG) Area 0.00831 — Chip: B 112 TEMPS = 0 TEMPERATURE = 20 (IG) Area 0.00852 -
Chip: B 114 TEMPS =0 TEMPERATURE = 20 (IG) Area 0.00853 1.2
Spec Test = (Mone) 1 1
i iy .
T
T 1
Test Type | GANFET, Measure Type : DIOD
e e B0 oot semeses ~ o9
P P e z o
5 08
0.7
0.6
0.5
0.4
0.3
% 1D (VG) @Vds = 50V
0.1
o —_— N —
-5 4.8 -46 -44 -4.2 -4 -3.8 -36 -34 -3.2 -3 -28 -26 -24 -22 -2 -1.8
VG (V)
—Chip: B 37 TEMPS = 0 TEMPERATURE = 20 (D) Area 145634 — Chip: B 43 TEMPS = 0 TEMPERATURE = 20 (ID) Area 1.38774
— Chip: B 51 TEMPS =0 TEMPERATURE = 20 (D) Area 143869 — Chip: B 55 TEMPS =0 TEMPERATURE = 20 (ID) Area 1.47300
— Chip: B 58 TEMPS =0 TEMPERATURE = 20 {ID) Area 150226 — Chip: B 90 TEMPS = 0 TEMPERATURE = 20 (ID) Area 1.50238
I D teSt #6 6 89 19 Chip: B 94 TEMPS = 0 TEMPERATURE = 20 (ID) Area 144756 — Chip: B 104 TEMPS =0 TEMPERATURE = 20 (D) Area 1.38759
— Chip: B 107 TEMPS = 0 TEMPERATURE = 20 (ID) Area 1.45625 — Chip: B 112 TEMPS =0 TEMPERATURE = 20 (D) Area 150295
Chip: B 114 TEMPS = 0 TEMPERATURE = 20 (ID) Area 1.50295
Sbel@‘:(Nﬂr\e

Allinformation contained in this document remains the sole and exclusive property of UNITED MONOLITHIC SEMICONDUCTORS and shall r
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NG =5 -5, 45 47,45 -0.5 4 4 43, 4241, 4 3835 37, 35 35 34,33 92 31, 3 28, 25 27,25, 2.5 24,
Miask: NOUMEAC, Lot : UZG1818, Wafer : 1, Device : 236934
Test Fle: LiZ61518_PC_ROH
Test Nurker : 658319
Test Type: GANFET, Measure Type : IDVG
1D fwverage 010814, Standard devistion 0.31860, Area 1 50345
Printec on 150202013 by LS

232220, 2184817




' GREATZ 3.1 - TI

= Initial Measurements
on pre-Selected Devices

GAIN (dB)

ID test #668919

Allinformation contained in this document remains the sole and exclusive property of UNITED MONC
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POUT (dBm)

PAE (%)

x : PIN and y : POUT
- S

=

Variation between
¥y A

D —HARDWAR

48
44
42
40

Pout (Pin)

38

18 20 22 24 26 28 30 32 34 36 40

PIN (dBm)
Variation between X : PIN and y : GAIN

15

14

13

12

1

GAIN (Pin)

14

10

24 26 32 34 36 38 40

PIN (dBm)
Variation between x: PINandy : PAE

10 12 16 18 20 22 28 30

35

30

25

20

15

10

PAE (Pin)

38

24 26 28 30 32 34 36 40
PIN (dBm)
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' GREAT2 3.1 — TID — HARDWARE

=« Hardware

u Inltlal measurements On Variation between x: PINandy:ID_P
pre-selected devices 45

(A)

ID_P

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
PIN (dBm)

Variation between x: PINandy :I1G_M

0.016
0.014
0.012

(R)

0.01

16 M

0.008
0.006
0.004
0.002

0

ID test #668919 10 12 14 16 18 20 22 24 26 28 30 32

PIN (dBm)
12

Allinformation 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
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. GREAT23.1-TID - 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

\VVD=83V

VG=-7.5V

0
DC Power
Supply
Keithley 2612A

VD=52V

VG=-7.4V|

DC Power
Supply
Keithley 2612A

- Focus on individual

N ) r IFFBEMICONDUCTORS and shall not be disclosed by the recipient to third party without the prior consent of UN|
testreircuit
S L z
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' GREAT23.1-TID - TEST SET-UP

= TID Radiation Room

Configuration

—
3600mm
—

Trolley with DUT 20005
and Dosimetar Co#60 Source
________ L 0O ®) o O 00

Q
Q

PLC, Dosimetry,
RPS & Data Lagging

DOSIVETER 1 ) m

s
v
Power & Signal Feed-through Ports

Celling Heignt : 372Cmm
Beam Height - 1100mm

0 S o C __

-]
-
8200mm
A .
Lga®
Hower & Signal Feed-through Horts E
r e N E
@ O SHIN® e G :
i
i
-------- b= - — -
O & @, C C

T DOSIMETZRZ!

e A —

S AT PE

BOARD -7V & 80V

BOARD -7/ & 0V / 50\ % |

[

Z)\

t to third party without the prior consent of UNITED MONOLITHIC SEMICONDUCTORS
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' GREAT23.1 -TID — TEST SET-UP

« 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

BEFORE FIRST RADIATION STEP AFTER FIRST RADIATION STEP BEFORE SECOND RADIATION STEP AFTER SECOND RADIATION STEP
BOARD 80V t=0h (26/11/2018 15:30) t=100kRads (29/11/2018 11:00) | t=100kRads (29/11/2018 18:00) | t=300Krad (04/12/2018 10:10)
DUT VD_MIEAS; VG_meas. VD_meas. VG_meas. VD_meas. VG_meas. VD_meas. VG_meas.
B58 813V -7.2V 82.1V -7.3V 81.9V -7.2V 82.2V -7.3V
B94 79.8V -7.0V 81.4V -7.1v 80.8V -7.0V 816V -7.2V
B107 80.6V -7.0V 819V -7.3V 81.5V -7.2V 82.0V -7.3V
B112 816V -7.2V 82.2V -7.3V 81.9V -7.3V 823V -7.3V
B114 82.0v -7.3V 824V -7.4V 82.2V -7.3V 82.4V -7.4V
BEFORE FIRST RADIATION STEP AFTER FIRST RADIATION STEP BEFORE SECOND RADIATION STEP AFTER SECOND RADIATION STEP
BOARD 50V t=0h (26/11/2018 15:30) t=100kRads (29/11/2018 11:00) | t=100kRads (29/11/2018 18:00) t=300Krad (04/12/2018 10:10)
DUT VD_meas. VG_meas. VD_meas. VG_meas. VD_meas. VG_meas. VD_meas. VG_meas.
B37 51.3V -7.3V 516V -7.3Vv 515V -7.3V 516V -7.3V
B43 51.2v -7.2V 516V -7.3Vv 515V -7.3V 516V -7.3V
B51 49.8V -6.9V 50.9Vv -7.2V 50.6 VvV -/.1V 51.0V -7.2V
B90 0.0v 0.0v 0.0v 0.0v 0.0V 0.0v 0.0v 0.0v
B104 0.0v 0.0v 0.0v 0.0v 0.0V 0.0v 0.0v 0.0v

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
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' GREAT23.1-TID - TEST SET-UP

= Data Monitoring
» |G and ID were in-situ monitored during the radiation test
= No specific changes occurred all along the test

. = e s ===ID (uA) . . _—_— ===1D(uA)
TID Biasing Monitoring (Board 50V) TID Biasing Monitoring (Board 80V)
—IG (1) =G (pA)
150 400
R stseo 2 2ndstep 4 300 | (EEETETTI—.- 2nd siep
100
— 200
50 100
0 0
-100
-50 -200
100 -300 r
-400 i + t ; i
-150 t t t f i 0 50 100 150 200 250
0 50 100 150 200 250 Time (hrs)
Time (hrs)
Allinformation 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
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GREAT23.1 -TID — TEST RESULTS

« Data Monitoring

» Co060 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.
Start End Total lonising Dose Dose Rate
Beam Step i .
Date & Time (CET) Date & Time (CET) (GaN) (GaN)
1 26-11-2018 15:43  27-11-2018 10:23 24082 rad 21.49 rad/min
2 27-11-2018 10:38 27-11-2018 12:14 2163 rad 22.52 rad/min
3 27-11-2018 12:40 28-11-2018 10:13 28965 rad 22.40 rad/min
4 28-11-2018 10:49 28-11-2018 12:19 2019 rad 22.40 rad/min
5 28-11-2018 12:29 29-11-2018 10:33 29677 rad 22.41 rad/min
[ 29-11-2018 10:50 29-11-2018 15:56 6860 rad 22.41 rad/min
First step 93766 rad
7 29-11-2018 18:15 30-11-2018 11:09 22 806 rad 22.48 rad/min
8 30-11-2018 11:35 30-11-2018 13:14 2 240 rad 22.48 rad/min
9 30-11-2018 13:24 30-11-2018  18:35 6996 rad 2251 rad/min
10 30-11-2018 18:54 03-12-2018 10:02 85 154 rad 22.47 rad/min
11 03-12-2018 10:12 03-12-2018 14:04 5208 rad 22.50 rad/min
12 03-12-2018 14:10 03-12-2018 16:45 3487 rad 22.47 rad/min
13 03-12-2018 17:09 04-12-2018 10:37 23550 rad 22.48 rad/min
14 04-12-2018 10:43 04-12-2018 12:38 2588 rad 22.47 rad/min
15 04-12-2018 12:45 05-12-2018 9:59 28 630 rad 22.48 rad/min
Second step 180659 rad
Gran Total 274424 rad
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
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TID biased
~(100Krad >
cumulated)
= Interim Measurements Data Analysis
»« Forward IG(VG) characteristics
=> No evolution of IG(VG) characteristics during the radiation beam exposure
|_Gate par rapportaV_Gate
VD -DUT Step
e OV -B104 0oV -B90 50V - B37 :::l.m:ﬂcfi
B104 ( VG=0V / VD=0V ) B90 ( VG=0V / VD=0V ) B37 (VG=-7V / VD=50V —¢ final
1e-3-
te-as— INA M I\
1o 50V -B43 50V - B31 80V - B107
B43 (VG=-7V / VD=50V ) B51 (VG=-7V / VD=50V ) B107 ( VG=-7V / VD=80V
1e-3-
g 1ed. A K\
EI e 30V -B112 30V -B114 80V - B8
B112 (VG=-7V / VD=80V B114 (VG=-7V / VD=80V B58 (VG=-7V / VD=80V
Te-3-
Te-d- AN A%
a0v Bo4 Golden
le-2-
B94 (VG=-7V / VD=80V ) B55 ( Golden Sample )
1e-3-
ea AT N
0,0 05 1,'0 1,'5 2,‘0 0,'0 0!5 1,0 1:5 2,'0 0,0 0:'5 1,'0 1,'5 2_.'0
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GREAT23.1 - D = TESTRESULTS _
m o , e

= Interim Measurements Data Analysis
= Reverse IG(VG) characteristics
=> Low variation of IG(VG) characteristics during radiation beam exposure

IG_NORMALISE par rapport a V_Gate

VD - DUT Step
oV - B104 oV - B90 S50V - B37 —¢ initial
1e-3 B104 (VG=0V / VD=0 B9O (VG=0V / VD=0 B37 (VG=-7V / VD= \—t interim
| —t final
Te-4 |
Te-5
Te-6

S0V - B43 50V - B51 S0V - B107
e 3 B43(VG=-7V/VD=50V

B51 (VG=-7V / VD=50V. B107 (VG=-7V / VD=8

Te-4
w
S o5
= -
2 e
Z 1e6
O 8w - B112 a0V - B114 80V - Bs58
=
'lD' 18-3 B112 (VG=-7V / VD=80V B114 (VG=-7V / VD=80 B58 ( VG=-7V / VD=80

Te-4
le-5

Te-6
S0V - B34 Cclden

1a-3. B94 (VG=-7V /VD=80V B55 ( Golden Sampl_e;l______--‘-’"’—“

Te-4

Te-5
Te-6-

0 1 2 3 4 5 0 1 2 3 4 & 0 1 2 3 + 5 P
FOR|PUBLICATION ON ESCIES V_Gate




TID biased
~(100Krad
cumulated)

= Interim Measurements Data Analysis
» ID(VD) characteristics
=> Low variations of ID(VD) characteristics during the radiation beam exposure

4

FO

—

B104 (VG=0V / VD=

0V -B104

Output Characteristics
0V - B90

B90 (VG=0V / VD=0

—

50V - B43

B43 (VG=-7V [/ VD=50

50V - B51
B51 (VG=-7V / VD=50

50V - B37

B37 (VG=-7V / VD=

80V - B107

ON PO OO OV PP OOOO ON PO ONDOYOOO
| | 1 | | |

e e ————————
< 80V -B112 80V -B114 80V - B58
= . 'B112 (VG=-7V / VD= B114 (VG=-7V/ VD=
[+
a
=
80V - B94 Golden
1 B94 (VG=-7V / VD=80 B55 ( Golden Sample VG=0.0V
VG=0.5V
VG=1.0V
VG=1.5V
; — VG=2.0V
0 1 2 3 4 5 g T 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
R PUBLICATION ON ESCIES V_Drain (V)

—t1_initial
—1t2 interim
—13 final




' GREAT23.1-11D _ TEST RE

TID biased TID biased
~(100Krad (300Krad
cumulated) 4 /cumulated)

= Interim Measurements Data Analysis
= DC param ete s i d_VG100 (Vds=1V) par rapport a Step
TID Biasing
« ldss, VG100, IDLHV (40V) variations e
=> Low impact of radiations on DC s Zgotden |
characteristics. !
. .. S 0%
VG100 : Main variations observed on .
grounded units 2
Idss : Correlation is observed between 5%
drain Voltage and ldss decrease after first step,
but lower discrimination at the end of radiation Ao . i
Campaign tl_initia L _grg::}nm t3_fina
0% d_lIdss (Vds=1V) par rapport a Step 7 o IDLHV_40V par rapport a Step -
TID Bigsing Biasing
—QV /v —0ov OV
— -7V 50V —-TV/ 50V
5% — -7V [ 80V — -7V / 80V
. —goldsn — Golden
=
i =
2 o %r' 1e-5 B ————
£ a M
o :—;———’:-—
by _.-_—ﬁ{_;j
J O initial t2_interim t3_final leb i nitial £2_interim £3_final
Stegp Step
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GREAT23.1-TID — TEST RESULTS

TID Test + Annealing Step

[ |
= RF characteristics
=> Low impact of radiations on DC
POUT par rapport a PIN
Bias - DUT
oV /0V - B104 0V / 0OV -B90 -7V / 50V - B37

\
\
\

-7V / 50V - B43 -7V / 50V - B51 -7V / 80V - B107

A

\
\

-7V / 80V - B112 -7V / 80V - B114 -7V / 8OV - B58

\
\

-7V / 80V - B94 Golden

5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
PIN

Time = Ohr

ESA

DC+REF Initial

Measurement TID Campaign

pPoUT

POUT par rapport a PIN
Bias - DUT
oV /0oV - B9O

Time
-1
—170

oV /0V-B104

-7V / 50V - B37

-7V / 50V - B43 -7V / 50V - B51 -7V / 8OV - B107
51
50
49
48
47
-7V / 80V -B112 -7V / 80V - B114 -7V / 80V - B58
51
50
49
48
47
-7V / 80V - B94 Golden
514
50
49
48 ;
47
35 40 a5 40 35 40
PIN

Focus on High Power Range

Time = 170hr Time = 338hr

HTRB
100°C —
168hrs

DC+RF
Measurement

DCH+RFE
Measurement
P



' GREAT23.1-TID — TEST RESULTS

= 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

d_Pout (@PIN=38dBm, F=1.3GHz) IGLHV (@VD=50V)
= = 0 2 P |
o | Biasing E_ Biasing
15 « OV /0V [ » OV /0V
. 7V /50V 5 | e 7V /50V
1,0 « -7V /80V 11 = -7V /BOV
* Golden = Golden
10 |
0,5
od
- >
2 o T
& o,o'—% g P
o
-0,5 . Mlfl;
20
-1,0
-25
1.5 2
-2,0 T T i ] -30 i ! AR S MR ARSIt et |
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
time " time '
Time = Ohr Time = 170hr Time = 338hr

N
UMS ESA HTRB DCsRE N HTRE N o (8 N

DC+RF Initial y TID Campaign 7 Rogm: 3 AW Measurement 48 ﬁ%%ﬁs_ " Measurement

Measurement 4 ’ _
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