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Abstrac
tronic de Ice by reducing carrier lifetime. Generally, the number of defects Is considered to be linearly proportional to the Ion fluence, but there are Indication hat ultra high flux radiation can deviate from thl linearity. We use

o rradiate 5i PIN and PN diodes. The SNL nuclear microprobe was used to analyze the irradiated devices and determine their charge collection efficiency ICCE). In addition, DLTS, C-V, and I-V measurements were performed to determine the difference between high and

Irradiations: 1.1 MeV He, up to 24012 ions/cm2
SNL Pelletron:

•
LBNL NDCX-I I:

• beam rastened over the deviœ • ions/crrl/shot in 1.0 re O(hr icrs/crn/s)
• fluence«10. ions/cm/s mama • several shots to adieve wired fluence
• Scanned CA/e7 1"A" fa ulfom-ii • much lager area is irrachated

Analysis/defect characterization
Islc
2IVbV I-le
Tar Tir r i niarobearn —1 pm beam size
Pelletron: —3 pm beam size
Scan size: 200x2C0 pm (device is —1 rrm)
CCE rreasuretrenl.: bias scan from() Vto 50V
Ions per bias point: — 1000-810 (no dan ege)
KzEltm gyi;gtkfluence— defects

1-1/
Very sensitive, Ileakage —fluence — defects
ASIM (83C., two hours) anneal i rg makes sure
that all transient defects are rernaed
Measures global damage

C-V
N/Lasures the nurrber and profile of defects
that can captue caniers
Cannot measure defects irside the builtin
depletion layer
Nibasures global damage

DLTS
Determines the types and nu  of defects
Does not see defects in the built-in depletion layer
In heavily danAgai devices it probes different positicrs
and tlidmesses depenclirg on fluence

tSPS-Riar4g8fre< (shallow)
• Carlxn interstitial (shallow)
• Ci-vacancy (shal low and deep)
• Civacancy like cluster related defects (deep)
Measures global damage
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Less damage for high flux shots

Leakage current - num ber of defects
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Although the CCE is larger for high flux shots, it is difficu

interpret it it quantitatively. Depletion depth

dependence on bias varies with damage.

COMSOL heat simulation
Cunrg the high flux pulse a lot of heat is deposited in a veyshorttirre. Can it cause annealirg?
Sirrulaticrt
• 20 rrA anent into the device ( ln-m)
• 10 ns pulse
• Bad< of deviire is kept at room temperature

L Oar defect migration scale it takes long ti rre to cool

  IclaVe&P cle owa not seem to be high enough
to cause the observed annealirg

, Several amps of beam is hittirg the surroundings of
the device Mich can i ncrease temperature cr
madify the cooling process.

• —14i, . art doloirE
• C-V and DM can get ir if Ojai about the defects for low damage
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Tlrere is small differenre in
lealzgecurrent andthe 0 V
CCE.Pt10VtheCCEis

Ralc011int744181.

Ile apparent dairg sharts an
acceptor-like defect in the

SVAVEREirite&
end of rarge of 11 [VbV He.
This is probably a He-defect
complex
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Both the apparent cbpi rg the defect distributiai dearly showthat the high flwc irradiation
rtr,alac 4f1W., I as rlefcr-tc thAn the irradatiai.

DLTS sham a decrease in the "deep peal(' (V1(0/-) +
dustered V2 defects) and an increase in the VO peak
This behavior WaS &served in the past at high
temperatures irrachation IN others. \At also observed
a similar behaAor in Si 13.1Ts.
Both the increase in leal%e arrent and decrease in
gA-8 gape "deep peal(' khkose energy level is

Summar
TT- • g - - .e i ux i i ion e r eS ener energy
lowfluerre irradiation. All four Treasurer-rents, leakage cur rell, Oa, C-V, and DLTS proved it

• This affects the leakage cure it linearly proportional to the fl Leree, and much less the ŒE
• The afftu strorgly depends on the devire stnrture, espedally on the dq:Iirg. Ft loner

dqj rg the effect is strorger.
• The heat transfer simulations do not support the degree of annealirg, neyvnuclel needs to

be developed.
ittkorliregokacr

iation that creates ui darrage profile deep in the device at lower le.el.
It wauld al lowto perform DLTS on the S5821 PIN diccles when the fluence effect is lager.
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• ow . . ars cm
• At 0 Vthe built-in depletion layer >1.1 IVtV He range
• C-V and [us measurements cannot not provide information about the defects
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