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The objective of this study

\_
To quantitatively establish the relationship between forward-bias current stress and UV irradiation for 1SSF
expansion.
4 )
Summary
\_ J
® Forward-bias current stress and UV irradiation were sequentially applied to the same 1SSFs, with low-
temperature annealing between tests.
® Re-expansion thresholds were substantially lower than the initial expansion thresholds.
® Two distinct types of equivalence—expansion threshold and expansion extent—must be considered when
guantitatively relating forward-bias current stress to UV irradiation.
® UV irradiation conditions must balance detection sensitivity against screening overkill.
4 ) - )
1SSF Expansion Mechanism Experiments and Results
\_ Y, \ v,
I Sample structures and chip IDs
Current injection / UV irradiation Wafer  Chip ID p anode  n'drift  n' buffer n'substrate
[ e it _p,  Thickness [um) 0.5 19 3.0 350
S N e’/h* carrier injection N " Dopinglem®]  §%X10°  1X10%  1x10 %1015
Reﬁ» (0001) ﬁ -. 1S;F - iy Thickness [um] 0.5 9.1 1.0 350
e Tt ettt ittty ’ Doping [cm™] 5% 10 4 X 1013 1x1018 6X1018

[ kinetic mechanism]
e'/h* recombination

[thermodynamic mechanism]

Electron trapping Summary of forward-bias current-stress results

l l Chip ID| SFID |Current Stress Seque nce
Negative cha rging REDG . A 450 A/cm® | 500 A/cm® C 350 A/cm’® C 200 A/cm?® C 150 A/cm?
b O 72 hrs O 24 hrs O 24 hrs O
l QWA l " g |50 A/cm® | 500 A/cm® C 450 A/em® C 350 A/cm® C 250 A/cm® C 200 A/em® C 150 A/cm®
Hole compensation activation barrier lowering X X 12hes | O 2hes | O 24hrs | O 24hrs | O 24hrs | O
. 500 A/cm? c 450 A/ecm? C 250 A/cm?® C 200 A/em? C 150 A/em? C 100 A/cm?
/ band bendlng l ¢ c )4 24 hrs O 24 hrs O 16 hrs O 12 hrs O 24 hrs p'e
l g o |300 A/em? C 325 A/cm? | 350 A/cm’ C 100 A/cm?
o 48 hrs % Q 48 hrs Q

+ Suction of excessive carriers from
the surrounding of 1SSF into 1SSF
J Ref.[2]
Enhance carrier recombination
1SSF effective formation l

energy y;F = YGF — AYSF < 0.
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Expansion driving force

kink-pair nucleation
/ kink migration
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Expansion thresholds for the initial expansion and
re-expansion after contraction
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) L Ref.[3]
1

Si-core PD glide

Wafer #1 Wafer #2

Re- Expansionn SFID

SFID | Initial Expansion | o '« ¢ ction

' after Contraction
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Initial Expansion ! Re- Expansionn
I

D Apuyz Case C:
§ Apyvy The concentration exceeds the threshold for a finite

interval, during which a driving force for expansion exists

* 500 A/cm? i = 150 A/cm? > 500 A/cm? i 150 A/cm?
i m \ s
1SSF expansion A J : / C 2 .
Equival f lon threshold ) ; ) “% ; i
uivalency of expansion thresho o
x - Y P Case A: / l / 2
% i Sustained expansion does not occur. ' '
£ op < > 500 Alcm? ' = 150 A/lcm? 350 A/lcm?2 | =100 A/cm?
% C CaseB: . .
S L Aprg ~ APrpm . . = !
S : No finite interval above the threshold exists, and S ‘ :
S B\ APurc sustained expansion is not expected. e | D it i 5
S c | L I%1 I
: S | % I ol
8 L i i
b o :
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Equivalency of expansion extent
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18
= 1.0 x 10 — dpy me 1022 Current injection <] §> UV irradiation
—  APrBum '
1.0 x 1016 ¢ : : |
1.0 x 104 — 150 A/cm?2, 2.67h (equivalent) y 5
_ I

1.0 x 1012

%’

28.2 Wicm?2, 10 min.

Excess Hole Concentration [cm 3]

150 A/lcm?, 4h E 28.2 W/icm?2, 10 min. 28.2 W/cm? +10 min.

1.0x10% 100 200 200 400 500 60 70 80 0 100 110 120 130 140 |
Time [ns] Ambipolar carrier lifetime, tHL.  [ns] PL images of 1SSF C after current stress and
Calculated temporal variation of the excess hole Calculated cumulative recombination densities under subsequent UV irradiation.
concentration for 1SSF C under forward-bias current  forward-bias and UV irradiation conditions as a
stress at 150 A/cm? and pulsed UV irradiation at function of ambipolar carrier lifetime,v,, for 1SSFC. 8\ The cumulative recombination density: '

28.2 W/cm?, with t,,, = 100ns

UV irradiance optimization:
op T:improves detection sensitivity; dp | : suppresses overkill.

bt
Riot FBDTER = frep Ty f ) Rior Uy(t) dt

where Riot = Rsrpy + Rpp + Ryyger
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   𝜸  SF ∗   =    𝜸  SF   −     𝜟 𝜸  SF <   𝟎 .  


   R  tot,FB   D    T  FB   =    f  rep    T  UV     ∫ 0   t +   R  tot,UV ( t )  d t


            w h e r e    R  tot   =    R  SRH   +    R  BB   +    R  Auger


        D = d u t y   c y c l e ,    T  F B = c u r r e n t   s t r e s s   t i m e ,


                          f  r e p = r e p e t i t i o n   f r e q u e n c y ,    T  U V = i r r a d i a t i o n   t i m e


                      ( 0   t o    t + ) = t h e   i n t e r v a l   i n   w h i c h     Δ  p  U V   e x c e e d s   Δ  p  F B , t h
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