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Motivation IV Measurements
Silicon sensors used in HEP experiments require a high electric field. GR current at 295K Pad current at different temperatures
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—_ SUSCeptib|e to electrical breakdown in the edge region. Diced MD8 with P-stop ' .'._. ¢ "293K" Diced MD8 with P-stop(scaled)
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e Strong dependence of this breakdown on surface conditions. 1. Diced MDS without P-stop % "333K" Diced MD8 with P-stop (scaled)

Avalanche Diced MD8 without P-stop

To understand the breakdown, we need to understand the sensor better! breskdﬁwn bl
as bright spot!
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Questions:
i. Which parameters are relevant to this breakdown? Ead - |
ii. How do different current-generation mechanisms contribute to the diode current? Gu'ard i A " 0 100 200 300 400 500 600 700 &C 200 300 400 500 600
iii. Can we probe the electric field near the surface? Edge ring (ER) | reverseBs Y reverse Bias I
Approaches: Field Maps: Electric Field + Doping Profile +Weighting Potential Guarg Ring (GR) Current: | | o
] O\  Higher GR current observed for diodes with shorter edges (diced diodes).
; ; Pad Current:
/ Full FEM simulation \ ﬂ/lonte Care S'mUIatION A _ Mesurement * Strong temperature dependence of the current shape at low bias voltages.

* Current decreases until a certain bias at high temperatures.
* Currents scale with bulk generation at high bias voltages ~ n. (T)
Kink at ~250V, near the full depletion voltage

Synopsys TCAD
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IV/CV: Fixed Fields Stronger decrease ob§§rved for diced MD8 |
— Sensor geometry Fast transport simulation — Are defects at the dicing edge causing the current at low bias voltages?
— Current generation Laser illumination (TCT):
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Feedback to TCAD parameters 020- Pad current

Measured behaviors: 0.18 .

Sharp increase within the first 0.5V, o]
MD8 Geometry in TCAD like an “offset” current. 5 0101 r i)

5 0.08-

. Slow increase at low bias voltages. © .. kink
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— Defects at the backside implant? 0004
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e« 8mMmx8 mm n*pp*diodes (MDS8)
 Guard ring and pad grounded
 Manufactured by Hamamatsu Photonics

Diced MDS8 MDS in 12- Pad current
Placed on a PCB Halfmoon sensors _ i \. Initial simulations (without any defects):
Edge region B Pad window

-1 ER si,N, GR Pad Si0, * No noticeable temperature
(= S0, = “hamplah it dependence observed.
* No “offset current” observed.

v' Currents at high bias voltages _ — Simulation 293K

p -implant p -implant — Simulation 313K (scaled)
m * reprOd Uced. | = Simulation 333K(sca|ed)

m\i

o

o

o0
1

Current [nA]
o
o
N

S

o

=N
1

p-bulk p-bulk

. 200 300 400 500 600
2D cross-section. Reverse Bias [V]

Simulated currents are scaled according to

diode area. Isimzlpad . Apad‘|‘|edge . Aedge SimUIated IV With DefeCtS Im

o Pad current
Defects at the dicing edge 4. —— Simulation 293K

Investigation of Surface Electric Field + the backside implant | o o el

TCAD simulated electric field -500V *Red laser illumination on the front side v'Currents decrease at low bias and
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* Undepleted edge high temperature reproduced. 0.2
* Low field region introduced by P-stop 0 L. | | l || Currents at high bias voltages still
* Strong field peaks at the edges of ER & GR 0 — IH = reproduced. 0.1
metal (and implants) E“’I il sln Es : : : edhicFild-Abs.[Vicr] v'Kink around Vfu,,_dep,etion
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Charge profile (charge collection): 0 by | R L . D erseBisn P
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* Obtained by integrating the full induced current 10 I I I ‘jsoe+o4 P GR Pad
" . q | N E w0 0 ___Pad - .
- Sensitive to local charge loss or gain WAL A nEAS s 10y m g W1 g 1 ﬁ
— No charge loss between ER and GR observed Xlm} | (B
— T Ko Squared 30 | Niotx Sauared | .
: £ 600} & 25) o «— Defects here ?
Prompt current profile T 200 : | | e
» Obtained by integrating the initial rise (0.2 ns) §4o0; Siof l
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« At — O: Reflects the local electric field Charge profile ml Bromot current rgﬂleq Charge carriers generated by defects at the dicing edge.
[ E- u(E) - E P P As the bias increases, fewer electrons are collected by the pad electrode.
< E - p(E) - * more are collected by the GR instead.

Allpix2 and TCAD simulated transient currents from red laser generation
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defects at the dicing edge and backside implant.
5 JP&Q\% v’ 660 nm top TCT was used to study the electric field in the periphery of silicon
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5S¢ sensors, the goal to probe the surface electric field was achieved.
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: v" TCT pulses, prompt current and charge collection well reproduced by
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simulations between the GR and ER.
Good agreement of measurement and simulation! Discrepancy in the P-stop region ? Deviations near the p-stop not yet understood
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