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Test Detectors Persistence: Objectives :
HgCdTe SWIR (2.1um) = Influence from previous illumination SFD integration ramp
15um pitch, P/N diodes Fit : sum of exponentials Analytical model for persistence signal
SFD ROIC architecture Signification of this fit ?
No nodal capacitance Dark current UTR
i _________________ i 000? ‘Idark =3 10_23_/5
i Reset HgCdTe i o
R— e S s e Ve
HE Persistence current UTR ::
Dl?k g L
olg % + Non-Destructive Samples "
" ;= e |
- - [r20mv
[1] G. Barrick (2012) 2
B I : —— T
TR+ e N 4h 0 100 " m (:(;o 500 6
N *‘ﬁ!ﬁ [2] M. Regan (2017).
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Modeling of SFD pixel integration ramp

SCR size variation :

2€
Wdep (t) = \/M Vi — (Vap'p

IND + Voue ()]

Implies capa variation : € = Cipy + —

dep

QS

Then [3]: V, t = - variation

q(VaPP"'Vfloat)
nkT

With 1(t) = —I,g, (e — 1) + 1

SRC size (fF)

aVv
Open circuit equation [4] : —
p quation [4] : — = —

[3] : Bezawada N.,lves D.,Atkinson D., SPIE, 2007
[4] : Weckler G.P, IEEE Journal of Solid-State Circuits,1967
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Modeling of SFD pixel integration ramp — application for fitting

Measured current estimation

Limits for direct application

Low residuals (~1%) Time consuming (VS linear fit)
Consistant with linear fit (1,5% difference) Accurate values of pixel parameters

Simu VS data and residuals

Model VS constant gain fitting

500 + + Data
Fit
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=> Next step for persistance : non linear current
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Usual explanation :

Defects trapping/emission processes
from diode SCR with moving edges

New hypothesis :

Defects with extended energy level
distribution

Trap emission dynamics: 5] ny(t) = np(0) f0°° g(Er;) exp|—e, (Eq))t] dET;

E c E T
en(Er) = oqvpNeexp|— | 2
kT g(E ) _ 1 eXp _ (ETO_ETi)
dn dny Tt oTV2T 20%
And — =e, nr(t) et — = —e, ny(t)
dt dt E.
Emission rate function of trap energy for E; = 0,6eV EgT """"""""""""""""""""" EF
10° 9 ~ Deep level trap occupied by an e~ (@charge) Simu persistance dans pix SFD défaut étendu densité de piéges occupés AET r —_—
. Er = 0.32eV, Np = 1e15cm =3, Ny = 1leldcm =3, Vipyess = -900mV, or = 10 meV E
~. Empty deep level trap (neutral) ol L — E ~ E [
105 4 > = S a—— 0% 4 Trap — ~1i
— N Mid-gap N ~.
2 4 ™ "\ E
& 10 \‘\. - \ v
@ bR § E \
T N E \_\
8 7\"\ g '\_\
= . 2 1019 4 g
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10° ' ' ‘ ' ' ' Si Read out circuit Tl
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[5] P. Omling, L. Samuelson, and H. G. Grimmeiss, Journal of Applied Physics 54, 5117 (1983)
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Simu persistance dans pix SFD défaut étendu produit e_n n_T

. . . Er = 0.32eV, Np = 1el5cm =3, Ny = leldcm 3, Vitress = -900mV, oy = 10 meV
Current from this trap emission [6]: |
10 { |
!
1,(t) : Carrier emission from traps ; ] e Ny product
TSt B ' ' ‘
w(t) n E \'\,
L@=aa[ T dx=qaes OO - W)
Wo ’;‘ \'\.\
1;(t) : Electric field variation in the SCR due to charge concentration variation i S
o 2000 fll)lﬂ‘f}_remp5 (S}SDIDD BD‘DO 10600
I — A v (t) _dnT X d — A W(t)z — WOZ Simu persistance dans pix SFD défaut étendu courant de persistance
d — q w dt W(t) X = _q ennT (t)[ ZW(t) ] Erzo.alzev, Np = 1el5¢m—3, NT:f{ﬁ:;;:it;n_tgoom“ or = 10 meV
'| ——- Typical dark current =1 1072 e~ /s
w(t)? — w¢g ol ]
Lot =l +1g+1; = qA [W(t) - Wy — (Z?A/(t) ° ] epny(t) ] :
: |\ | Persistence current |
\,\ | | | | |
W) —wzl [ .
Itor = qA|W(t) — Wy — 9(Eri)en(Ernr(0) exp[—e,(Er)t] dET; ~._ Persistence
2W(t) 0 \ , { Y | Dark ~d
en nr(t) T

Temps (s)

[6] D.K. SCHRODER (2005), ‘Semiconductor Material and Device Characterization: Third Edition’ DeMo 2021 | LE GOFF Titouan | 16/06/2021 |6
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Persistence in an SFD pixel
- Current transient
- And changing V/e~ conversion gain (if ITV‘—IT) > 0)

But also capacitance variation :

Ae av 1)
Wdep dt  C

SFD equations: C = Cy,; +

W(t)? — w¢
2W(t)

. ZEMCT
Persistence: W(t) =
© jq[Np—nr(t)

enny(t)

] [Vbi - (Vstress + Vfloat(t))] ) ItOt - qA !W(t) N WO B

Simu persistance dans pix SFD défaut étendu capa pixel

Simu persistance dans pix SFD défaut étendu extension ZCE
Er = 0.32eV, Np = 1el5cm—3, Ny = leldcm =3, Vitress = -900mV, oy = 10 meV

Er = 0.32eV, Np = 1el5cm—3, Ny = 1leldcm—3, Vitress = -900mV, oy = 10 meV
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Persistence dynamics : extended defect
Reproduce a muli-exponential shape
No impact on persistance amplitude

Point defect : single exponential signature Simu persistance dans pix SFD
. . Er = 0.32eV, Np = 1el5cm—3, Ny = 1eldecm—3, Vippss = -900mV
Extended defect : multi exponential 25
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o0 +' | | i , i o4 -—- Extended level o7 = 0.05eV
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Persistence amplitude : trap density
Increases persistence amplitude

.. n :
Ratio N—T prevails

D
2€[Vii = (Vapp — V)] 1
) . ) _ [ app ) ) )
Simu persistance dans pix SF[ Wdep (t) = Simu persistance dans pix SFD
Erp = 0.32eV, o7 = 0.015eV, Np = 1el5cm 3] qND 1 — nr (t) eV, or = 0.015eV, Vstress = 900mV, rapport Np/nt = 10
Np | T oI
——- np=1lel4em=3 =--r=======s------1 N 7| ememmmemmTT
250 4 —--- nr = 2eldcm™3 I ¥ T /,.
20
-—- ny = 4eldcm™3 ;,’
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200477 7 nr increases o
—_ I = by nr
z { E I —— constant
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a [ g 101
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y (pixels)

Measurement protocole
Electrical stress (OV =2 Vgtress)
All traps are filled
Maximizes persistence signal

Persistence amplitude mapping
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White residuals
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Model limits
High persistence amplitude

Techno 15t gen : 20-30% persistence - ny = 80% Nj

Amplitude de persistance sur deux techno CEA
Persistance : Techno 1 -= 30%, Techno 2 -= 2.4%

Techno 2"d gen : 2-3% persistence> ny = 10% Np

® Techno 1l .
Fit linéaire ’,-"
2504 T Apersist=0.3 Astress + 13.3 -
. . . -
Persistence amplitude mapping _ m  Techno2 P
= Fit linéaire -
500
Techno 1st GEN E 2004 =77 Apersit=0.02 Astress + 2.3 St
A AR A ! -q.; . ,a""
-
i 450 = .
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- 400 g e
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z E fu e
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< G
> 300 2 50
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Analytical model for persistence

Multi exponential signature

Consistent with measurement on Techno 2" gen
Needs improvements and high persistence amplitude

SFD integration ramp

Persistence current : trap emission process
Trap properties : extended defects

Persistence ramp of one pixel
Fit with exented defect model

4 + Data
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