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Overview

GSI — Ar ion on-site BNL — Au ion on-site GSI—-Au ion
lon Energy Range |LET (MeV/(mg lon Energy Range | LET (MeV/(mg/ lon Energy Range [ LET (MeV/(mg
/cm?) cm?) /cm?)
4O0Ar 192 MeV | 26 um 10.8 97Au | 333.7MeV | 15.5um ~64.09 ¥97Au| 950MeV | 30 um 72.4
(4.8 MeV/u) (1.71 MeV/u) (4.8 MeV/u)
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Overview

1 GSI—-192 MeV Ar — On-site test
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Energy Range LET (MeV/(mg/cm?)

Scanning recipe 192vev | 2oum 108

4.8 MeV/u
Repeatedly

Fluence ramp scan the BV, = ~130V

' area.

Source
.

Device bias at off-state
during irradiation
(Vgs = variable, Vs = -6 V)

4 VdS = 25V VdS = 50V VdS - 75V

|
- t ! !
7 2 7 2 8 2 '
1x10"#/em= 2x10" #/em” 1..1 xX10°#/cm 1 x 107 #/cm?

fluence fluence fluence
4 fluence each

v
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s Ener Range LET (MeV/(mg/cm?)
Junction FET- Fluence ramp 192 Mo |26 pm 08

4.8 MeV/u

« No SEE detected up to 1.1 x 108 #/cm? fluence

Gate current Drain current
Each correspond to

1 x 107 #/cm? fluence

| Up to 1.1 x 108 #/cm? fluence
4.0x10° - . - T - T - T 1 2.0x10°% - T - T - T T
3.0x10° 1.5x10°%8 | -
2.0x10° L0x10°® - i
< ;
2 — 5.0x10
:g 1.0x10°° @
o H § 0.0
8 0.0 Q
c -9
O 5.0x10
-1.0x10° - |
-1.0x10°% -
_g | ] ]
-2.0x10 -1.5x10°® | 4
-3.0x10° : . : . : ' . ' -2.0x10°8 . ! . ! ; ! ; !
0.0 2.5x10’ 5.0x10’ 7.5x10’ 1.0x108 0.0 2.5x107 5.0x107 7.5x107 1.0x108

Fluence (#/cm?) Fluence (#/cm?)
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J U n Ct | O n FET— VdS ram p Energy Range LET (MeV/(mg/cm?)

192 MeV 26 um 10.8
4.8 MeV/u

« No SEE detecteduptoV,;, =75V

Gate current

Each correspond to 1 x 107 #/cm? Drain current
fluence (non- cumulative)

1.5X10_8 T 1 \ T T T T T T 1 T T T T T T T
8.0x10°® -
L N B VdS:25V )
6.0X10-8 — VdS:50V _
1.0x10° \ - . i V=75V _
< <
= = 4.0x10°% | -
o o
o V=25V 3
- \..=50V 2.0x108 | i
5.0x10° | ds -
V=75V
0.0 _
0.0 : ' - ' - ' . L : -2.0x10°® : ' : ' : ' - ' .
0.0 2.0x10°3 4.0x103 6.0x103 8.0x10° 1.0x10% 0.0 2.0x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10*
Time (s) Time (s)
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Overview

J BNL — 333.7 MeV Au - On-site test
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Energy Range LET (MeV/(mg/cm?)

OV erv | ew 333.7 MeV 15.5 um 64.09

1.71 MeV/u

» PSU fabricated JFET, wire bonded
» Device bias at off-state during irradiation (V4 = variable, V , = -6 V)
» Broad beam covers full sample
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Energy Range LET (MeV/(mg/cm?)

Scanning recipe TV | 55 509

1.71 MeV/u

Sampling interval : 50ms

BV, = ~130V
5x10* #/cm? - s
$ Vy, = 100V

I | | | I |
- d | | | | M |
| | 1 Vas =80V | ——
| | | I | |
I | I ﬁ I
| | Vygs = 60V I ‘—, I
| VdS = 40V | I I |
| | . I | |
Vi = 20V | | l—l | |
| l | | |
ﬁl I I I I
| | I |
| | | |
| | | I |

— ] | ] ] 1 >
| | | I |

1x107 #/cm?* 2% 107 #/cm? 3 X 107 #/cm? 4x107 #/cm®> 5% 107 #/cm? {
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PSU JFET - Full I-t @ 5e7 #/cm? fluence

Energy Range LET (MeV/(mg/cm?)

333.7 MeV 15.5 pm 64.09

Current (A)

2.5x107 — |y @ V4=20V
2.0X:|.0_7 Id @ VdS:60V
1.5x107 lg @ V=80V
“Noisy data
1.0x1077
5.0x10°®
0.0
0 1x107 2x107 3x10°

Fluence (#/cm?)

5x 10* #/cm? s

4x107

5x10’

1% 107 #/ecm® 2% 107 #/cm? 3 x 107 #/cm?

4 %107 #/cm?

5x 107

#/cm? t

X/

1.71 MeV/u

« Tool calibration likely caused the noisy data between 40~80V

Gradual increase of off-state leakage
current over fluence and V4

No destructive SEE observed
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PSU JFET - V4, =20V @ 1e7 #/cm? fluence i e S L el

333.7 MeV 155 um 64.09
1.71 MeV/u
T vy | N - Leakage current increasing constantly
. ) :132532285
§ P, @ V=100V

sonof™ ul « Each SET in | always correspond to one in |
/ |2=Tu1 :r:ce (;;112;
5.0x10® ——————1—————
45x10% [ |—— 1,@ V=20V M | | | .
a0x10t L T 4@ V4=20V | 1 ' Device transient without any radiation
3.5x10°% _— _ Mvw 10“’; - . - . : . . =
< 3.0x10% | SETS . LJ ' : ;
= 8 / , w
o 2.5x10 1040 |
8 2.0x10® g :
1.5x10° E
101§
1.0x10 : _
' 3 —— 1, V=20V
-9 I g “d ]
SO ] - —— 1y V4=20V |
OO . L L L L ! . 1 L 10712 . ! . ! . ! . !
0.0 2.0x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10’ 0 50 100 150 200

Time
Fluence (#/cm?)
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PSU JFET - V4, = 100V @ 5e7 #/cm? fluence LA L

333.7 MeV 15.5 pm 64.09
1.71 MeV/u

2.5x107 F—|—— Iy @ V=20V

B R
1, @ V=60V |
L=
1.5x107 F— 4@ Vo8
1, @100V

1.0x107

2.0x107

Current (A)

« SETs can still be observed

1x107

2x107 3x107
Fluence (#/cm?)

4x107 5x107

» Device leakage current stabilized

3.5X10-7 T T | @V _100\/ T
g ds™ « No destructive SEE
—— 1, @ V,=100v|  SETs |
3.0x10”’
<
c
o
5
O
2.5x1077
20x10'b—nt— 1
4.0x10° 4.2x10" 4.4x10° 4.6x10" 4.8x10’" 5.0x10’

Fluence (#/cm?

)
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Overview

1 GSI -950 MeV Au — Ex-situ test
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Overview

Energy LET (MeV/(mg/cm?)

950 MeV 72.4
4.8 MeV/u

PaAu

P*-GaN (1E20 cm™ Mg, 10 nm|
P-GaN (1E19cm™ 100 nm
UID GaN Spa: nm)
n-type GaN (5E17 cm™ Si, 100 nm)

UID GaN (500nm)

PSU made JFET samples, broad beam irradiation

il
meos

7.5mm x 7.5mm

. J

U

il
ez

7.5mm x 7.5mm

A

Fluence 1 x 107#/cm?

Fluence 5 x 1011#/cm?

‘ o

[ S
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Energy LET (MeV/(mg/cm?)

PSU FETs — Au 1on fluence variance 550 Moy oa

4.8 MeV/u

« Extreme high fluence destroy the device Transfer IV

Bias: V=-10to 4V; V4= 0.5V
JFET

L,=10um, L;;; =10um

Au fluence = 1 x 107#/cm? Au fluence = 5 x 1011#/cm?
10_1 r 111 ~1 T T T T T T T "~ T "3 10_1 10-1 — l| 'b'f' - ISH P rrerer ot T 10_1
 — 3 — |, before ]
102 |- = :: zfet];()rr::|Hl 1072 10_2 - I: after SHI 10'2
103 [, before SHI e 10™ |—— 1, before SHI 110
— = |, after SHI / 104 |- - |1, after SHI /,__ 10
-4 -4 C ]

2 10°) 110° = g 10°) A10¢ 2
= 100} = = 107} {107 =
107 | 107 ] 10

10'9 - 10-9
10_8 10-10 10-10
107 ¢ 101 | 101
1010 L 1012 L — 1012
-10 - -1
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Energy LET (MeV/(mg/cm?)

PSU JFETs — 1 x 10”#/cm? fluence LJTE variance ey o

4.8 MeV/u

10 1 T T T T T T T T T T T T 3 10_1 10 1 E T r— 1T T 1T 17T 17 17T ™71 T3 10_1
—_— I before SHI 3 — |d before SHI 3
102 |- - |, after SHI 1107 102 |- - 1, after SHI 1107 T T
108 |y before SHI 1073 108 before SHI 10 . | P-Gc.nm)
) |, after SHI ] 104 — — |y after SHI / o n-type GaN (5E17 cm Si, 100 nm)
107 E T E 110
; ] UID GaN (500nm)
g 0% <z <
= 10—6 o = =
1077 /
10 | , ;
[ )3
10°} ,' : : Transfer IV
] o I I T U R TR RN EE T RN TR T B S I e (o)
B o T T T R T R SO T I PO T T T 10-10 10 109 87654321012 3 410 B . V _ 10t 4V' V _ 0 5V
-10-9 8-7 6 -5-4-3-2-1012 3 4 1as: 9=~ 0] y Vg— V.
— Vg (V)
. LJTE=40I’lm Vg V) ) 10_1 LJTE 80ﬂm o
10- T T 1T 1T rr 7T T T T T T T T T T T T T T T T 10- F L EEER e ;
—— 1, before SHI 3 N Id before SH 1. )
102 = ~ | after SHI 1102 107 |- - 1, after SHI 10 No noticeable dependence on
103 | !y before SHI ] 103 1073 [~ lg before SHI 103 JTE Iength.
— = I, after SHI m—— — — lgafter SHI ;
10 & = 110 T 10"
2 10 110° 2
—~ 100} §10° =
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PSU JFETs — 1 x 107#/cm? fluence Lg variance LEnergy. LET (MeV/(mg/om?)

72.4

Drain / gate current increased after radiation and showed dependency on L.

L=2um -
10-1 fF—T—1 'g' =TT T T e T T T T T T 10_1 10_1 !—'—I—'—|Lg._]..oym| T T T T T T 3 lO'l
—— |, before SHI 3 — |, before SHI P*-GaN 7
- ~ ~ 1 ~ - (1E20 cm™ Mg, 10 nm)
10|~ - |, after SHI {107 10|~ - |, after SHI {107 - P.GaN (1E19 o Mg, 100 )
] ] UID GaN Sp 40
108 before SHI 1103 103 | Iy before SHI 103 = n»typeGa(5E1‘3Si,O )
— = |, after SHI . - — I, after SHI /"“
104 E 1104 104 / 110 UID GaN (500nm)
-5 ; E 5~ —~ S i i
- 0tz g
— 10°} 10 =~ 107
i 7L
107 {107 WONTIII T~ /
——————— 3 4L N , 1108
] S e . 107 100t . e Transfer IV
5 - e 110°
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F ] 10—10 1 TR RPN N RPN SR NI R R S R R 10-10 . - - . -
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-109 8-76-54-3-2-1012 3 4
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10_1 LIS S LI L S | T | s s S Fe B s SR :I.Oi1 10'1 —r——Tt Tt Tt =rrrrrrrrrrTr T T eTe 10-1 10 -_I I i : I : : : : I : : : ;10
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10 |~ before SHI 110 10 [~y before SHI 103 108 [l before SHI {1073
= — |y after SHI = = Iy after SHI 10% = = |y after SHI ]
104 10* 10*
= = 2
] 10-10
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PSU JFETs — 1 x 107#/cm? fluence Lg variance

« The leakage current is proportional to gate length
(gate junction area) - > indicating junction leakage

| ' |
—#— Drain current @-10V Vg
2.0x10° |
—@  Gate current @-10V Vg
= = Linear fit of drain current ]
— = Linear fit of gate current
1.5x10°® //
~ ‘“«»
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.E o
-6 )
9_) 1.0x10 P //‘
5 -
© - z ,/ -
5.0x10” s
0.0
0 50 100 150 200 250
I—gate (um)

300

Energy LET (MeV/(mg/cm?)
950 MeV 72.4
4.8 MeV/u
10— 10*
— |, before SHI
107 |- - 4 after SHI 10?2
103 — 4 before SHI 1073
- =g after SHI
10 r% 10*
< 10° /H10° 2
; 10-6 // /, / 10—6 zﬂ
7
10 ‘:—_‘ iy ”// 107
N (2£
10 \\ ," // 108
N //
10° \ 10°
10-10 |||||||||| { 1 1 1 10—10
109 -8-7-6-5-4-3-2-1012 3 4
Vg (V) L
G

- >
1 1
1 1
1 |
1 1
L "

P-GaN (1E@®
UID Gal Spacer (4( nm
pe GaN 5

UID aN (500nr )
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PSU JFETs — 1 x 107#/cm? fluence temperature |-V Energy LET (MeV/(mg/cm?)

950 MeV 72.4
4.8 MeV/u

* The leakage current is strong function of temperature

JFET
L;=10um, L7 =10um Drain current Gate current
10-3 3 T T T T T T T T T 3 10-3 ; . 1 ' I T T
10 10
10° 10° |
< 10°® f < 10°®
SN\
= : : 5 i
G 10°} 200K E O 10° \ !
s 1 \V /)
10° § 400K 107 \\ \l / / E
; —— 500K f i :
- [ 1 10-10 :\ J
-11 i ; | . | . | . | . | . ! . i 10-11 I ) ] ) ] ) ] ) A ] \ ] , 1
10 -6 -4 -2 0 2

10 -8 -6 -4 -2 0 2 4 -100 -8
V, (V
V, (V) g (V)
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PSU JFETs — 1 x 107#/cm? fluence temperature |-V Energy LET (MeV/(mg/cm?)

950 MeV 72.4
4.8 MeV/u

Arrhenius plot E, extraction

Activation energy = 0.168 ~ 0.181 eV

100 K data point deviated from thermal current —
further study required for investigating the
mechanism

-32 . 1 . 1 . 1 . 1 . 1 . 1

0 20 40 60 80 100 120
1/KT (eV?)
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1 GSI =192 MeV Ar — On-site test
* No SEE observed

J BNL — 333.7 MeV Au - On-site test

» Constantly increased leakage over fluence
» Canidentify SET current peaks but did not lead to any destructive SEE

O GSI - 950 MeV Au — Ex-situ test

» Leakage current increased after irradiation

» Is linearly dependent to junction area indicating junction leakage
« Temperature dependent leakage —

Activation energy E, = 0.16~0.18 eV

— + Beam irradiation with improved PSU devices, and further components
modified based on the JFET

Next —

— + Additional electrical characterization for leakage mechanism study
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Thank you!
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