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Radiation effects on HgCdTe image sensors
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First assessment on variable area single diodes
8 101! p/cm?, 90K After RT Thermal cycle

- Decreased dark current activation energy indicates

(Activation Energy (-0.5V) = 73 meV dark current is no longer dominated by diffusion

J

%1078 \

104 =

A
> Dark current « to the

photodiode surface

Dark current (A)\
S
-

10® . .
< : L > Suggests defects
T 408 0 . responsible for dark current
= : n-type implantation surface (cm?) are located il:l the Space
& Dark current after RT thermal cycle Charge Region
110 = 135K Dl \ (-0.5 V bias at 155 K) /
- 145K
- 155K
10712
2! -1 0 N
g Bias (V) . Activation Energy ~Gap
; —> diffusion current
v / _ ; \
Activation Energy <0 * Optical response loss
- Tunnel currents —> Lateral collection length contraction °
—4
E
. . . =1
« Small dark current diffusion increase s
0 H Before irradiation

i i i i i ) B After irradiation
g RADOP 23 — 3.1 — S. Dinand \9 Degraded mlnorlty carrier lifetime’ W After thermal cycle /




Irradiation impact on FPA current mapping
/8 78K operation, 15um pitch
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Irradiation impact on Random Telegraph Signal (RTS)

/8 78K operation, 15um pitch

FPA number of RTS levels cartography after 3 months Vdiode = 0.5V
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Formation and Dynamics of Proton Induced RTS

f/8 90K operation, 15um pitch
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Discussion on FPA proton damage
Same defects for HOT and RTS pixels?

- Evolution with diode size (in a 15um pitch)
Hot pixel count « RTS pixel count
- Consistent with single diode measurements

- RTS thermally activated ~ mid gap
> Depletion related defect for HOT & RTS pixels

- Evolution with fluence
« Hot pixel count < RTS pixel count
« @ 155K RTS count decreases, not hot pixels
« @ 300K Strong increase hot pixels count

-> Different annealing behaviour
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Discussion on FPA proton damage
Field enhancement?

30000 300000
. . . . . . /8 90K operation, 15um pi
- Evolution with electrical field, ie Bias 25000 L 250000
=> Larger electrical field enhancement ? g T K™
. S 15000 - L 150000 2
for RTS than hot pixels 2 =
10000 - 100000
5000 4 - 50000
« Evolution of detected RTS pixels at 0.5V up to 1.1V 0 0
. . . 0 0.2 0.4 0.6 038 i 1.2 14
- Same stat in jump frequencies, #levels , 10 10° :
t —e— 0.5V —o— 0.5V
. i i — AR —a— 1.1V = s ; —a— 1.1V
Higher amplitudes %‘“Zﬁ“m %102:/7‘_**\\
= Same switch, larger leakage g | Ay 2 N
810} 8 10’
. . Q| -~ o
- Pool Frenkel emission from proton induced defects? | - . '
0 50 100 150 200 250 0's 4 6 8 10 12
Number of RTS Transitions Number of RTS Levels
' ' ' —(0—0.5V
g —a— 1.1V
< 8
Poole Frenkel Emission/§ §
Phonon Assisted Tunneling g 2 “ - Thbgalad 4
4/ 0 0.5 1 15 2 2.5

RTS Maximal Amplitudes (e-/s) 108



NN
Conclusion N &

Diffusion dark/photo current S —————) \'eak degradation of carrier lifetime?
= diffusion region defects

For dark and RTS .
« Mid-gap activation
» Degradation « fluence / diode size — s Depletion located defects
Field enhancement FX an RTS

* Only affects jump amplitudes, not the switch |
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Conclusion :: &

- Diffusion dark/photo current = S —ss————————) \\/eak degradation of carrier lifetime?
= diffusion region defects

 Fordark and RTS 7

» Mid-gap activation
» Degradation « fluence / diode size — mmmm) Depletion located defects
* Field enhancement FX an RTS
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» RT thermal cycle degrades further the dark current,
* But not RTS Frozen defect configuration at cryo T°

» Partial recovery of RTS for 155K thermal cycle Defect reorg. @ low T° (155K) or RT (300K)

RTS defects # dark current defect
* Full recovery of the FPA after >80°C annealing !

(hot pixels and RTS) Defect healing @ higher T° (80°C)
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