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Overview Many thanks to Prof. Maik Lang, Dr. Eric Quinn & Dr. Voss,
Kay-Obbe & GSI members|

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?)
4Ar | 192 MeV | 26 pm 10.8 197Au | 333.7 MeV | 27.6 ym 81.47 197Au| 950 MeV | 30 um 724
(4.8 MeV/u) (1.71 MeV/u) (4.8 MeV/u)
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Overview

0 GSI -192 MeV Ar — On-site test
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. . Energy Range LET (MeV/(mg/cm?)
192 MeV 26 pym 10.8
Scanning recipe Jozmev

Repeatedly

scan the BV, =~130V
area.

Fluence ramp

Irradiated area

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

Source

I
4 V=25V Vy, =50V V, =75V

M

S S T | |

7 2 7 2 8 2 y > t
1x 107 #/cm? 2x107 #/cm? 1..1x 108 #/cm 1 x 107 #/cm?
fluence fluence fluence

: e o T T—
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Junction FET- Fluence ramp

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

192 MeV 26 ym 10.8

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

Gate current
Each correspond to

1 x 107 #/cm? fluence

4.0X10-9 T I T T T

3.0x10°°

2.0x10° §

1.0x107°

0.0

Current (A)

-1.0x10°°

-2.0x10° | .

-3.0x10° : : : : : : : :
0.0 2.5x107 5.0x107 7.5x107 1.0x108

Fluence (#/cm?)

Gate current (A)

-5.0x10°°

Up to 1.1 x 108 #/cm? fluence

2.0x10°8

1.5x10°

1.0x10°®

5.0x10°

0.0

-1.0x10°
-1.5x10°

-2.0x10°®
0.0

4.8 MeV/u

Drain current

2.5x107 5.0x107 7.5x107 1.0x108

Fluence (#/cm?
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Junction FET-V ds ramp Energy Range | LET (MeV/(mglcm?)

192 MeV 26 pym 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® : —\ \. . . . , . : . . . ; . . , :
8.0x10° |- -
1 - V=25V -

6.0x10° | V=30V i

< <
= e 4.0x10° - s
5] o
5 5
3 -_—
o Vy=25V O

— V.=50V 2.0x10°® | i

5.0x10° ds -
—— V=75V
0.0 ‘ ‘ ) i | i
0.0 . L . L - L - 1 : -2.0x10°® - L : ! : ! . L .
0.0 2.0x10° 4.0x10° 6.0x10° 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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lon Energy Range LET (MeV/(mg/cm?)

OVGrV i e W 197Au 333.7 MeV 27.6 ym 81.47

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

Scanning recipe WA | BTNV | 26 m 517
1.71 MeV/u
Sampling interval : 50ms
BV, = ~130V
5x 10* #/cm? - s
4 Vys = 100V |
- Id M [

Vds = 80V

—

Vds = 60V
Vg = 40V

|

Vg = 20V

|
L

|
B

|

v

I
1x107 #/cm? 2 x 107 #/cm? 3 x 107 #/cm? 4x107 #/cm* 5x107 #/cm? t
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lon Energy Range LET (MeV/(mg/cm?)

PSU JFET — Full I-t @ 5e7 #/cm? fluence TR B T 5147

1.71 MeV/u

.

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

25x107 | —— |, @ V=20V
' ly @ V=40V ' « Gradual increase of off-state leakage
20107 V. =60V current over fluence and V
d @ ds™ ds

< [ 1, @ V=80V '
= 1.5x107 1@ Ves - No destructive SEE observed
3 — 1y @ V=100V
5 Noisy data
© 1.0x107

5.0x10%® i

0.0 M

0 1x107 2x107 3x10’ 4x107 5x10’

Fluence (#/cm?)

5x10* #/cm? - s
Vg = 100V

Iy

|

1
B Vgs = 80V :

1
1
1
1
1 A—
1

Vg = 20V

1 I 1 ]
10 1x107 #/em®*  2x107 #/cm® 3 x 107 #/cm? 4x107 #/em®  5x107 #/cam? L Penn State University




PSU JFET-V,, =20V @ 1e7 #/cm? fluence
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Current (A)

5.0x108

4.5x10° |
4.0x10° |
3.5x10° |
3.0x10°% |
2.5x10° |
2.0x10° |
1.5x10° |

1.0x10°8
5.0x107°
0.0

25x107 ——— |, @ V=20V W
—— 1y @ V=40V
2.0x107 | Iy @ V=60V
§ 1.5x107 | ly @ V=80V
g 1y @ Vy=100V
H
o

1.0x107

2x10"  3x107
Fluence (#/cm?)

—— 1@ V=20V
—— 1,@ V=20V

SETs V

/ -~

/ W

[P

0.0 2.0x10°

4.0x10° 6.0x10° 8.0x10°

Fluence (#/cm?)

1.0x107

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

197Au 333.7 MeV
1.71 MeV/u

27.6 ym 81.47

Leakage current increasing constantly

Each SET in | always correspond to one in |

Device transient without any radiation

10-9 E T T T T T T T T

101
<
c
o
=
O
10" E
—— 1y V=20V
—— I, V=20V
10-12 1 1 1 1
0 50 100 150 200
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PSU JFET - V,, =100 V @ 5e7 #/cm? fluence " el Renge | LETMeVitmglem)

197Au 333.7 MeV 27.6 ym 81.47
1.71 MeV/u
25107 - —— |, @ V=20V
T

2007 L) @V, =60V "
< 15107 I"W
§ —— |, @=100V
3

1.0x107

 SETs can still be observed

7 2x107  3x107 x107  5x107
Fluence (#/cm?)

» Device leakage current stabilized

3.5x107 . , e |
— |g g vdszmov SETs * No destructive SEE
d ds™

. 3.0x107

<

c

g

5

O
2.5x1077 .
2.0x107 - ' - L - L . .

4.0x10"  4.2x10" 4.4x10" 4.6x10" 4.8x10" 5.0x10’

12 Fluence (#/cm?)
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Overview

O GSI - 950 MeV Au - Ex-situ test
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Energy LET (MeV/(mg/cm?)

Overview

4.8 MeV/u

PSU made JFET samples, broad beam irradiation

[}
Mg, s
|
[3

UID GaN (500nm)

7.5mm x 7.5mm 7.5mm x 7.5mm

. J L —

Fluence 1 x 10’#/cm?  Fluence 5 x 1011#/cm?
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Energy
950 MeV
4.8 MeV/u

LET (MeV/(mg/cm?)
72.4

PSU FETs — Au ion fluence variance

« Extreme high fluence destroy the device Transfer IV

Bias: V,=-10 to 4V; V,~= 0.5V
JFET

L,=10um, L, =10um

Au fluence =1 x 107 #/cm?

Au fluence = 5 x 1011#/cm?

10-1 355 RS SR BRRTAIESS S | T | ISR e A (e Gm e e 10-1 10-1 — =T T =T =T T r-r Tt o Tt 10-1
— |, before SHI ] 102 Iy before SHI ] 102
102 | _ |, after SHI 1107 , [T~ laafter SHI 1 .
103 [ g before SHI ] 40° 10™ |—— 1, before SHI 1 10°
— — |, after SHI / 104 |- — |, after SHI K_ 10
4 -4 o ]
g 10° 110° 2 g 10°] // 10° g
= 10 / 106 o = 10”7 107 =2
e /// PP 10°} {10
107 7 110 : 5
g - - - \\ / 3 6 10°° ; : 10°°
107 ‘\\ J/ 10° 10710 110719
10 : J \\T 10°° 10-11 10-"1
10_10 : T R T T S T S B R L 10_10 10-12 AP R TP R RO T ST ST S T S SO S T 10-12
10-9 8 -7 6 -5 4 -3 2101 2 3 4 -10-9 8 -7 6 -54-3-2-101 2 3 4
15 Ve V) Vg (V)
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LET (MeV/(mg/cm?)
72.4

UID GaN Spacer (40 nm;
n-type GaN (5E17 cm Si, 100 nm)

UID GaN (500nm)

Transfer IV
Bias: V,=-10 to 4V; V= 0.5V

No noticeable dependence on
JTE length.

7 2 3 Energy
PSU JFETs - 1 x 10”#/cm* fluence LJTE variance 950 Ny
4.8 MeV/u
Lye=4pum L e=10um
10'1 T T T T T T T T T T T T T 10-1 10-1 T T T T T T T T T T T T T 10-1
— I, before SHI —— |4 before SHI
102~ — |, after SHI 107 102 = — |, after SHI 107
102 Ig before SHI 103 103 Ig before SHI 103 . [ ]
- — -1, after SHI — — I after SHI /"‘
10* 104 10" // 10*
< 10° l 10° 2 g 103 , 10° 2
= 10 { 108 =2 = 10 /// 10 =
-~ K 7 K
107 === b - / 107 107 - - — — -] \\ // 107
10 / 10 10° N 10°
1 0-9 74’ \l: 1 0-9 10.9 \\—:’I— 1 0-9
“ \’ 10 \’ 10
10-10 1 1 1 1 1 1 1 1 1 L 1 1 10-10 10° L L L L L L L L L L L L L 10°
10-9 8 -7 6 5432101 2 3 4 109 8 -7 6 -5-4-3-2-1012 3 4
- Vv, (V)
- v, (V) L=80um Vs
1 0-1 LJTE_40um ’ 1 0-1 1 0-1 {TE T T lf T T T T T T T T T 1 0_1
—— I, before SHI 2 —— 14 before SHI 5
102 |- - 1, after SHI 102 10 = — I, after SHI 10
103 1, before SHI 102 103 I, before SHI 102
— — I, after SHI — Y |, after SHI s
10-4 / 10-4 10 f—‘ 10"
/ Ny 4 5
z 107 7 10° z g 10° J 10° 2
= 10 / 44,10-6 = = 10° _A10° =
P4
10-7 i // 10-7 10-7 = = = 2 I~ - 7 < 10-7
E g 8 (N - - AN / -8
108 \ 108 10 ” \+ 7 10
10° B/ \‘\T 10° 10° J 5 10°
0_10 | | | | | | | | | | | | | 10_10 10-10 1 1 1 1 1 1 1 1 1 1 1 1 1 10-10
16 109 8 -7 6-5-4-3-2-1012 3 4 109 -8-7-6-5-4-3-2-101234
V_ (V) V, (V)
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PSU JFETs — 1 x 107#/cm? fluence Lg variance

Energy

LET (MeV/(mg/cm?)

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

17

l4 (A)

L, Zum
10 -1 T T '- T T T T T T T T T 10-1
=14 before SHI
1021 — |, after SHI 102
103 15 before SHI 103
— — |y after SHI 7———
10 / 10
10° 10° 2
10‘6 ' 10'6 z”
z
K 7 K
107 Q _____ 77107
10| . v 10
N 4 /
10° e 10°
10-10 1 1 1 1 1 1 1 1 1 \{“ 1 1 1 10-10
-10-9 -8 -7 6 -5-4-3-2-101 2 3 4
Vg (V)
L, ZOum
10 % T T T T T T T 10-1
— Id before SHI
102 |- — |, after SHI 102
103 1, before SHI 1073
— — ljafter SHI /
10 / 10+
z 10° 10° g
= 406 4 6
10 = 10° =
T s et - e 107
10°® / N // 10
\ !
10° 7 k‘ 10°
10-10 Il Il 1 Il 1 1 Il Il Il ||. 1 Il 1 10-10
109 8 -7 6 -5-4-3-2-1012 3 4
Ve (V)

ls (A)

Iy (A)

101 '-g=1°1‘.7.7.‘. T
= I4 before SHI
102 — |, after SHI
1073 —Ig before SHI
— — |y after SHI
10 /
10°®
10-6 , /
7
107 7
~
) W s 7
10 /
10 J 4
\\,
10-10 L Il 1 Il 1 Il Il Il Il 1 Il 1 1
109 8 -7 6 -5-4-3-2-1012 3 4
Vg (V)
10-1 SO”m T T T T T T
=14 before SHI
102 |- — |, after SHI
103 — g before SHI
— — |y after SHI
10 %
10 /
10-6 P // v ’ /
107 {-:-3 _—_—.—_—_—_#\ g ’//
\\ 17 //
108 N4
L)
10° \
10-10 L 1 1 Il 1 Il Il Il 1 |{ 1 Il 1
109 8 -7 6 -5-4-3-2-101 2 3 4
Ve (V)

9

10
102
107
10
105
10
107
108
10°
10-10

10"
102
10
10+
10
10
107
108
10°
10-10

950 MeV
4.8 MeV/u

72.4

nm)
n-type GaN (5E17 cm Si, 100 nm)

UID GaN (500nm)

10"
102
1073
10
10
10°®
107
10°®
10°

<
Transfer IV
Bias: V,=-10 to 4V; V= 0.5V
L, 300um
10'1 T T T T T T T T T T T
— 14 before SHI
102 |- — |, after SHI
103 —Ig before SHI
— — |y after SHI
10+
g g 10-5 W
;c, - 10-6
107
108
10°
10-10 L L Il Il Il 1 Il Il 1 1 1 1 1
109 -8 -7 6 -5-4-3-2-1012 3 4

10

llgl (A)
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PSU JFETs — 1 x 107 #/cm? fluence Lg variance Enerdy LET (MeVimgjem?)

950 MeV 72.4
4.8 MeV/u
* The leakage current is proportional to gate length :2W """"" :zj;
. . . . . . . = = I after SHI
(gate junction area) - > indicating junction leakage 103 [l before S 103
104 I~ — |y after SHI 104
! j ! g 10° /// //, 10% g
—— Drain current @-10V V ) 10. gy A I~ ’//7/ 10:7 B
2 OX1O-6 1 9 10 ” < II// 10
: —® Gate current @-10V V, 10 | \—/iﬂ 10°
I— — Linear fit of drain current ] e ) 107
— — Linear fit of gate current e 8765432401234
1.5x10° e v 1
2 // | « G o
< P L
S 1.0x10°® 2 1 r . | | —
= : LA U
> P*-GaN (1[0 cm= Mdll10 nm
S T =
- S UID Gal Spacer (4 nm
50¢10 = e
UID iaN (500nr )
0.0
0 50 100 150 200 250 300
I—gate (“m)
18
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PSU JFETs — 1 x 107 #/cm? fluence temperature I-V Enerdy LET (MeVing/em?)

950 MeV 72.4
4.8 MeV/u

» The leakage current is strong function of temperature

JFET
L;=10um, Ly =10um Drain current Gate current
10 —————7— - - - - el Jok—
: i —— 200K
104 L 10 E 300K
F — 400K
. 105 — 500K
10° 600K
10

furre_:nt(A_)\
)

By
< é\
N g

Current (A)
)

-
o
&

— 300K

109 | 400K 1 10° |
——500K 5 \ \I / / 5
1070 | 600K ; 1010 —— \ / /
-1 i , | , | , | , | ) | ) | . : 101 [ I . 1 . 1\« , ! ) | L]
10 4 -2 0 2

V, (V) Vg (V)

Penn State University
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PSU JFETs — 1 x 107 #/cm? fluence temperature I-V Enerdy LET (Meiimglou’

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

In(1,)

=32 . 1 . 1 . 1 . 1 . 1 . 1
0 20 40 60 80 100 120

1/KT (eV)

20
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U GSI - 192 MeV Ar — On-site test
* No SEE observed

U BNL — 333.7 MeV Au — On-site test

» Constantly increased leakage over fluence
» Can identify 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

Penn State University




Thank you!
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PSU JFETs — 1 x 107#/cm? fluence temperature I-V aenonly LET (MeVing/em?)

4.8 MeV/u

Uses PN junction reverse leakage — GR center level extraction

-8 —————————r .
0ol == Lg=10um 0.168 eV
- - 12 F
24 . 16 |
E: -26 | - T 20
-28 - 24r
-28 I
30 L. 4
[ In (T1_7> ~1/kT
-32 . 1 . 1 . 1 . 1 . 1 . 1
T — 0 20 40 60 80 100 120

0 20 40 60 80 100 120
1/kT (eV7)
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Testing Overview

Facility lon Energy Range | LET (keV/nm) | LET (MeV/(mg/c Beamtime
m?)
GSI Germany | 197Au 950 MeV 30 ym 44.5 72.4 Mar 4-24, 2024 Ex-situ data
(4.8 MeV/u) (M-branch)
* On Mar 18
Facility lon Energy Range | LET (keV/nm) | LET (MeV/(mg/c Beamtime
m?) .
GSI Germany | “Ar 192 MeV 26 pm 6.6 10.8 April 15-18, 2024 On-site data
(4.8 MeV/u) (M-branch)
Facility lon Energy Range | LET (keV/nm) | LET (MeV/(mg/c Beamtime
m?)
Brookhaven N | 197Au 337 MeV 16 ym 40.3 64.5 Sept 23 2024 )
ational Lab (1.71 MeV/am On-site data
u)
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Overview

Beam condition %  Estimated from SRIM
Facility lon Energy Range | LET (keV/nm) | LET (MeV/(mg/c Beamtime
m?2)
GSI Germany | “%Ar 192 MeV 26 um 6.6 10.8 April 15-18, 202
(4.8 MeV/u) 4
(M-branch)
Samples

2PCBs, 5 devices.

B P D e
0 A
LI A

P*-GaN (1E20 cm® Mg, 10 nm)
P-GaN (1E19 cm™ Mg, 100 nm)

UID GaN (500nm)




Main scan — Junction FET with Schottky contact gate — V , ramp

Increase V,, and scan different locations of the Device cross-section Index: device D9 in old

device .
Lyre = 10um, L, =10um summaries

Vds= 50V Ls = Variable

Vds= 75V

Vds= 100V

UID GaN (500nm)

Bias / beam condition during test:
Vds =75V

V,, = 50/75/100V

— o —
A
v

|
|
I | Vds = 50V
d4 1. R _I—li Vs =-6V
- | |
2
Vds = 25V I lon Energy Range LET (keV/nm) | LET (MeV)/(mg/cm
40Ar 192 MeV 26 um 6.6 10.8
(4.8 MeV/u)

v

A
N
_.-__L|_\

27
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Main scan — Junction FET with Schottky contact gate — V,. ramp

* Drain current was at noise level
+ Apart from a few points, gate current was

around 9nA and no significant SEE
Gate current

1.0x10¢ Cumulative Fluence : 1e7 #/cm?

Drain current
: , Cumulative Fluence : 1e7 #/cm?

2.0x10°8 T T T T T T T
— Vg=50V
1.5x10° _ i
9.0x10° i V=75V _
“ 1.0x10° Ves=100V .
|
:
@ 8.0x107 |t i < 5.0x10° i
€ c
L o 0.0 _
> >
O 7.0x10°Ff V=0V | O o 1
I Vds=75V -5.0x10 |
—— V=100V ]
g 1.0x10° -
6.0x10° |- - 1
-1.5x10°® .
-2.0x10°® : : : : : : : : :
5.0x10°° . L . L . L . L . 0.0 2.0x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10*
0.0 2.0x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10*

. Time (s)
Time (s)
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ND6 — PSU JFET Full I-t @ Full 4.5e8#/cm? fluence

1.2x10°° T T
| g
9.0x10 I
Z d
$ 6.0x10°
=
S
(&)
3.0x10® b
w
e e ana)
0.0 ; . . ! ) . ! . .
0.00 1.50x10°8 3.00x108 4.50x10°8
Fluence (#/cm?)
1 1x10° #/cm?-s 2~3 % 10° #/em? - s ~2.5x10% #/ecm?-s
Vgs = 20V Vys = 20V | |
. .
29 :
T 10° ¥ cme G 2 o P i
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Overview

Energy LET (MeV/(mg/cm?)
950 MeV 72.4
4.8 MeV/u

HEMTs from company M

Details can be found in: Robert C. Fitch, “Implementation of Hi
gh-Power-Density X-Band AlGaN/GaN High Electron Mobility Tr
ansistors in a Millimeter-Wave Monolithic Microwave Integrated
Circuit Process”

30A GaN cap layer

&

GaN Channel

160A AlGaN barrier layer

HFW

8.69 pm

FETs from PSU

« Le

nm)

[ P-GaN (1E19 cm™ Mg, 100 nm) [
S UID GaN Spacer (40 nm
n-type GaN (5E17 cm=Si, 100 nm)

UID GaN (500nm)

Penn State University




lon Energy Range LET (MeV/(mg/cm?)
950 MeV 72.4
4.8 MeV/u

Company M FETs — 1 x 107 #/cm? fluence

30A GaN cap layer 160A AIGaN barrier layer

» Slight(~0.1V) threshold voltage negative shift
+ -5V off leakage current increased, both drain and gate
(drain: 2x 1078t0 1 x 1077 A, gate: 6 x 107810 9.85 X 1078 A)

. . GaN Buffer
« Slightly Increased output current:

pot| HEW | — 2um
e structure: Robert C. Fitch, “Implementation of High-Power-Density
X-Band AlGaN/GaN High Electron Mobility Transistors in a Millimeter-Wave M
onolithic Microwave Integrated Circuit Process”

Transfer IV Bias: Vg= -5 to 2V; Vd= 0.1v Output IV Bias: vg= -5to ov; vd= 0~10V
10" 3 10" . ljbeforesH] ' '
— |4 before SHI ] 010 - . | after SHI AneAABHO00000000088RANAN A IIII::::::::::::::::::::::
10-2 — — I, after SHI 4 10'2 d DO
—— 1, before SHIl-——" E I oo 1

10-3 — — |, after SHI 10-3 :::.
7 0.08 | .
'I / 10-4 L ]

10-4§ 8
A 4/ /= . 0.06

< 17 110° g z | f
= 6[ l4p6 —2 o

107 1100 = 0.04

10'7_ §1o-7

10 BN\ 110 0.02

o) 10° 0.00

10-10- :10-10 )

0 2 4 6 8 10

31
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Company M FETs — 5 x 101#/cm? fluence 350 Moy e

4.8 MeV/u

Reference structure: Robert C. Fitch, “Implementation of High-Power-Density X-Band AlGaN/GaN High Electron Mobil

« Device destroyed after high fluence radiation (no current it 6Ok NG
response)
Transfer IV Bias: Vy=-5to 2V; V4= 0.1V
-1 -1
10 — Iy before SHI|' ' : ' : ! : ' : 10
F— — 1, after SHI ]
-2 d -2
10 F—— I, before SHI__— - 10
f— — 1, after SHI .
103 — 107

10 / / 10

/ /ln

Linear scale

10°°
10 |
107
108

ly (A)

5 AU




Energy LET (MeV/(mg/cm?)

Company M TLM

4.8 MeV/u

* No noticeable change in sheet resistance

and contact resistance from TLM — T T T T T T T T T 1
measurements 140 - = Total resistance before radiation -
. ® Total resistance after radiation
E 120 | Linear fit: before radiation .
o Linear fit: after radiation
g 100 -
]
(1]
(O] — -
g 80
c
S
o 60 .
7)) Equation y=a+b*x
(] Plot Total resistance Total resistance
: 40 Weight No Weighting
© Intercept 10.13 £ 0.24769 10.30655 £ 0.6714| |
) Before radiation Lsxto After radiation "6 Slope 3.20675 £ 0.0103 3.0647 % 0.02812
e - : ) - Residual Sum of Squar 0.27446 2.01686
1.0x10" | 20 Pearson's r 0.99998 0.99987 -
: 5.0x102 R-Square (COD) 0.99997 0.99975
< | Adj. R-Square 0.99996 0.99966
g w—> o o0of 0 M U I N T T T T

0 5 10 15 20 25 30 35 40 45

5.0x107 |

—Lg=5um
——Lg=10um
—La=tsum 1.0x10" ! ! -
——Lg=30um -1
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PSU JFETs — 1 x 107 #/cm? fluence temperature I-V

* The leakage current is still gate length dependent — junction current
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—FET Breakdown tests;
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