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® Motivation

D&s

1, Dark Current Increase by Irradiation

Possible Causes
- Interface State Generation (Surface Recombination Current Increase)
- Oxide Charge Generation (Potential Shift)
- Bulk Defect Generation (Bulk Recombination Current Increase)

Need to know how these mechanisms affect to dark current generationto improve radiation
hardness.

2, Can SOl PDD Pixel structure improve radiation hardness?

PDD structure can reduce dark current induced by interface state.
It works for radiation damage?

Sense Node Sense Node

PDD Structure

Psub

I
Vback
# To study above issues, TEG has newly been designed.
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PDD Pixel
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Radiation Mechanism Evaluation by Using PDDTEG

Sub-MOSFETs and PDD Pixel Array are
designed in the same TEG chip.

Sub-MOSFETs : MOSFETs with BOX as
gate oxide, interface state between BOX
and handle Si can be measured from
subthreshold swing and charge in BOX
from midgap gate voltage.

PDD Pixel Array : Dark currents can be
measured.

Using this TEG chip, radiation induced
dark current increase (decrease)
mechanism is investigated in terms of
interface state generation and oxide
charge generation.

PDDTEG is the best TEG for Pixel
radiation damage evaluation.
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Vpsub = (-30V for SubMOSFET)
{0to-200 V for PDDTEG)

PDDTEG
46 * 46 pixels
Pixel Size : 36 pm = 36 pm

PDDTEG
(Pixel Array)



—

D&s

O, What is Different between Vt and Vmid

At Vg =Vt

Negative charge exists at interface

/ Qox + Qit

Negatively charged
interface state

Acceptor like

Donor like
Neutral
interface state
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At Vg = Vmid

No interface charge
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Q Measurement Techniques and Conditions

Prot700n G:Si/aetigpcymc (Tohoku U.) Chalr;%I:hgr(?r:gl?A\?]Xn.eoéling
- 4.63%x 1013 neq./cm?2 80 — 300°C 30 min., 20°C step

- 5.02x1014 neq./cm?2
60°C 80 min. annealing

350

300

Measurement
Sub-MOSFET
ld — Vg at Vds = 0.8V, Vsub =-30 V at RT.

- Vt : extrapolate from |d — Vg at gmmax
- S: Slope of log Id -Vg

S = _l Nqo (1 + Cd+Clt) ’ C't = qut

ox

[
=
o

Temperature (°C)

- Vmid : Vg at I; = p, VL“;;( ) (1— e Fra)ebbs(py) -
= ?, a = /2&5iqNaB/Cox , 0
PDD Pixel Array

Dark current (0 - -200 V)
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Q Vt, S, and Vmid Trends by Isochronal Annealing

D&s .

® S (Dit) increases by proton irradiation and decreases by annealing.
® Positive charge in BOX is generated by proton irradiation but generated charges are less

dependence of proton dose.
® \/t changes for low dose is small and relatively stable. However, it is suspected that compensation

between interface charge (negative) and oxide charge (positive) occurs.
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Trends can be measured. Need to check validity of Vmid measurement.
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Measured Data Validity Confirmation

1000
AV, = AV, + A D;, AS = 150.54 X AV, —Vipia) 4
Cox 800 * e
; % \
AWV — Vinia) = C—OxADit £ 600
S c E ; #t “ Proton Dose (n/cm*)
AS = ﬁqADit= 2 SoAV; = Vinia) a0 Kl .0
ox T Cp ox T Cp -] - 4;.-.--?;.:: s 0.63E+13
2 5.02E+14
If C,, >> Cp (substrate concentration is low), then ¥
u l 1 [ 1
AS = SoA(WV¢ — Vinia) 2 4 6

A(ViVmid) (V)

Good linearity and SO0 (150 / 130 mV/dec.) indicate measured Vmid validity.
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Q Dark Current Increase and Recovering
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® Dark currents increase about 4 decades by proton irradiation.
® Recovering of dark current seems to be saturated around 240°C and above
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Relations between Dark Current and S, or Vmid

® Monotonical dark current increase due to S is observed.
® | ess relation between dark current and Vmid is observed.
® Dark current increase by proton irradiation is mainly due to interface generation and less effect by

oxide charge.
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® Dark Current after 300°C Annealing
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® S and Vmid are almost recovered after 300°C annealing.
® However, dark current after 300°C annealing is around 3 decades higher than fresh one.
® This must be bulk defect generation by proton irradiation because 300°C is low to recover the defect.
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Q Lifetime Extraction from Dark Current
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20
After 300°C Annealing
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22 F ) ¢
A # -/ © meas.
; 0.63 ¥ 10 cm?  ——modeél fitting
0 = ; ; !
0 50 100 150 200
“'?paub (V)
2025/12/2

D&S Confidential 12



® Proton Generated Bulk Defect
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Assuming
- Bilk defects can be created linearly with proton dose

th X Dproton 1Ev14

- Existing bulk defect, Ny, and 7, = =220 uS
_ 9tVtnNto 1E+13
- Total defects in bulk, Ny = Ny + Ny, t
- Lifetime,t = p—y < 16412
1.£-03
1E+11
1E+11 1E+12 1E+13 1E+14 1E+15 1E+16
Dproton (cm—Z)
D 220 pS
[} L
£ 1.E-04
5 - i
= ) Assumption model well describes

lifetimes dependence on proton dose.
Around 0.1% dose of protons create a

1.E-05 bulk defect.
1E+11 1E+12 1E+13 1E+14 1E+15 1E+16

Proton Dose (neq./cm?)
13
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O, Dark Current Components after Proton Irradiation

D&s

Even though PDD structure is employed for pixel diode, still surface recombination current is major
dark current.

Radiation hardness improvement should be focused on interface state generation.
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Summary

To study radiation damage of PDD pixel diode, PDDTEG has been newly designed.

Proton irradiation and isochronal annealing were used to investigate damage mechanisms.

Using the PDDTEG, interface trap, oxide charge in BOX can be correctly extracted.

From relation between dark current and interface state or oxide charge, major dark current increase is
due to interface generation, not oxide charge.

Bulk defects caused by proton irradiation were also investigated.

Even though pinning diode is used in PDD pixel, major cause of dark current increase after irradiation is

interface generation. To improve radiation hardness of PDD pixel, how the interface state generation
reduce.
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