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Overview

What has been done so far?

» Measurement of Gain-Surface uniformity

» Measurement of conversion layer thickness
» Measurement of gain and dark current

Temperature dependent:

» Measurement of gain / dark current
» Evaluation of fit functions

» Measurement of temperature coefficient
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APD surface uniformity
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M(2): What for?

Used for determination of

conversion layer thickness d_,,,
__CMS example

b me———— —— T —

> For light absorbed before conversion layer: i ‘ Proenrea s
Gain is constant! . ooy
» Gain decreases for light absorbed inside Wl . o
avalanche region R F S S
Method: L et ten
» Definition of cut-off wavelength: ‘i?"""*""""“' - TR |
A-value where gain is no longer stable bl SRR |
» Knowledge of absorption coefficient a(L) | fifeleon
> Calculation of average penetration depth: of Shiy SRR Cell
| l o ar J&OY 5
1/(1(}\1) E dconv watelengrh |are]|
Ref: Th. Kirn et al.,"Wavelength dependence

of avalanche photodiode (APD) parameters’,
NIM A 387 (1997) 202-204
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Conversion layer thickness

normalized gain M
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Measurement example for PANDA-APDs

conversion layer avalanche region
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a(A =500 nm): 1.11-104 cm-1
d = 0.09 um
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a(h =540 nm): 7.05-103 cm-1

Actual APD type: g =1 2 um
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More applications for M(4)?

Upcoming questions:

» Does any kind of irradiation influence the M(.) behavior?

» Maybe measurement of normalized gain M(L) contains a
reference to regions in which radiation damage occurs?

Answer:

» Comparison of normalized M(\) before and after irradiation!

normalized gain M
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Temp. dependent APD properties M(T)

Internal gain M: M(U,T)
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Modified Miller-Formula: ¢ A
1 T=10°C———,
M(U)=—5— " ez
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Ref: S.L.Miller, Phys. Rev. 99 (4), 1955 U [V]
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Temp. dependent APD properties

Internal gain M: M(T) at designated bias voltages

No fit parameters used
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Temp. dependent APD properties M(T)

Internal gain M: M(U,T) for quadratic APDs
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Temp. dependent APD properties 14(T)
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Dark current 1,: 1,(T)
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Temp. dependent APD properties 14(T)

1, [nA]

Dark current: 1,(M,T) for quadratic APDs
@ different T-values
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Temp. dependent APD properties ny,

Determination of APD temperature coefficient ny,

U, vl

388

UBr (T) — UBr (O) T Ny T

386 |
with: Ug, (0): _ =
Ug, at dark conditions3s;

and 382
380 - e
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for this APD:
Ny, = (0.863 = 0.016) V/°C

Ref: A.Ghose, Disputation, Uni Kassel, 2005
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APD properties Uz (0)

Ug,(0) temperature independent!
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Temp. dependent APD properties ny,

for quadratic APDs
@ different T-values
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for this APD:

Ne, = (0.734 + 0.06) V/°C
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APD

properties Ug, (0)
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Ug,(0) for quadratic APDs!
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APD mass screening

Procedure for ALL APDs at 5 different temperatures

» Gain-Bias dependence, including
> |,-Bias dependence
» Gain variations 1/M*dM/dU (M & T: fix)
» Gain variations 1/M*dM/dT (M & U,;.: fix)

» lrradiation with Co-source at operation temperature (T = -25°C)
» Annealing in oven at T = 80°C (1,(U) measurement)
» re-measurement of main parameters

Randomly measured APD properties
(most temperature dependent)

» QE()
» Excess Noise Factor (ENF)
» Capacitance & Resistance C(U) & R(U)

> ML)
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