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Let‘s have a look at reverse biased highly irradiated sensors:

 ,Double junction” with high field near contacts
 Moderate E-field and low trapping in between
* Many unknown parameters: v, , (x), To p (x), E (x)
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Forward bias makes life easy: v, , = const - electric field E = const

Similar to low field region for reverse bias
» Carrier densities n, = n; = behaves like a resistor (intrinsic material)
 Constant trap occupation = T, = const
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Experimental method
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* Pulsed laser generates e-h pairs
e Charge carriers drift in E-field

9 I < vd(E) . exp(_ t/’l') 1 m cable
ias 2 m cable F':Islg;

Sensors: Float-zone and MCZ silicon n- and !
p-bulk pad diodes
Measurements Upias | - T-E- sensor
Reference non irradiated T+
e 400V -500V
Irradiated i
* Fluence 1e15 - 1.3e16 protons/cm? (PS) — taser

* -1000V < Up;ps< 1000V @ -30 C
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Transient Current Technique

e Redlaser 675 nm

- signal induced by drift of e or h
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. 2 — Experimental method

Agte =3 pm

initial
charge
distribution

drift simulation
200 um sensor
@ 200V
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Infrared laser 1063 nm

- simultaneous e and h drift
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First results
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charge normalized T=-30C

©
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—+— CCE rear- 660 nm
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035 .................................
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Forward bi

o
w

charge collection effiency

HPK p+n pad sensor
Thickness w =200 um
1.3e16 protons/cm?

Y000 ' 500 7000
voltage [V]

E(x), vep and 1, = const
—> Determine charge collection length A, , = v, , - T, j, for red laser:

w . 1
B [W_)Latt Aen (1 B —m) + Aart/ ] Qqep: Deposited charge
Qrea = Qaep w w e ° w Agee: Attenuation length

— |

Charge drifting through the sensor ~ Charge collected at illuminated electrode (4,4 < 4)
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yi' FTFFT
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L
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Now we know A, ;, = Determine CCE for infrared laser (144 — ):

8 _I'I'1'1"['I'|"|"|"|'1"|"l'|']' T

-500

LT G 7 A THETY PRRETY G v
w w w

. Ae

Qir = Q dep,IR

Fair approximation for Qgep g = 1.9 * Qrer, g 2 Does the light absorption change?
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Indeed: Absorption coefficient changes with irradiation also for low wavelength
® Excitation of defect levels
® Bare silicon pieces, diodes, and strip sensors at PS for proton irradiation

- Measure absorption for relevant fluences and wavelengths

- Measure absorption with bias voltage | e o

=> Filling of traps Absorption coefficient
- FTIR defect spectroscopy possible

After subsequent irr.

g

8

Absorption Cosfficient m™)

o
T

Before irr.

o
1

http:{/dx.doi.org/lo. 1063/1.1735282
L ' 1 ]

08 ag 10
hy (e}

2L i 1 L
1] 2= 13 I
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Indeed: Absorption coefficient changes with irradiation also for low wavelength
® Excitation of defect levels
® Bare silicon pieces, diodes, and strip sensors at PS for proton irradiation

- Measure absorption for relevant fluences and wavelengths

- Measure absorption with bias voltage | Voo mcons
- Filling of traps o Absorption coefficient
- FTIR defect spectroscopy possible |
After subsequent irr.
Next steps: £
° ChECk Qdep,red — Qreljlf(,ared %w_
®* Assume Qdep,IR =19- Qref,IR and Qdep,red = Qref,red §
®* Disentangle drift velocity and trapping
_vt 1o
*It)xq-v-e /2 Before irr.
- Fit the drift velocity v to transients T
9 EXtraCt Te h als rhttp:{/dx.dlgi.orgl/lo.lI 63/1'1735.282
, o7 08 89 10 ;

hy (e}

1] 2 15T
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0.05

_q voltage [V]
Increase absortion for red laser = Obtained values of A, j, larger

* Better approximation of CCE for Qgep rea = %

* We need to know A,;; as function of wavelength and fluence
* And use correct term for CCE:
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 We need to know A4,;; as function

Ae Ay Ay

 And use correct term for CCE: Py |1-e

e+

i
d[lfelY]/\Y
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TCT pulse 1063 nm front illumination T=-30C
2 Pl -\ ¢ meas. @ 500 V — simulation

'S 0.08

— 0.07
0.06

0.05 200 pm HPK p+n

0.04 1.3e16 GeV p/cm?

0.03 < I(t) o6 q Y- :e vt/),

Infrared illumination

B0z @ 500 V forward

Normalized with

—0.01 Qdep,IR =19- Qref,IR

IIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

83 84 85 86 87 88 89 90
t [ns]

Simulation fits nicely (here E = 25 kV/cm) ,Safety margin“
Qrefred
* vreduced by 35 % = compare ~101® /cm? ionized impurities Qaepred =g
° . 2. * vincreased by 20 %
Very low trapping for 1.3e16 GeV p/cm?: > unphysical
* 7, =400 ps * T,=460ps

* 1, =140 ps « 7, =180ps
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TCT pulse 675 nm front and rear illumination T=-30C

.{ & meas front@500 vV ~ =—fitfront + measrear =:-fitrear

—0.04
o

—

9035

0.025

)

bt Lt ooumHPKp

IIIIIIIIIIIIIIllIII

0.02

0.015
| Red laser illumination

o @ 500 V forward

0.005

Ofarts Normalized with

IllII"IIII|]III]IIII|III]|

-0.005 Qdep = Qref,red

TT

87 88 89 90 91 92 93 94 95 96
t[ns]

® Electron drift is nicely described
®* Hole drift is not well described

* Transfer function not accurate enough ——» 1o be continued
More samples!
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Conclusion and outlook
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New method to determine the drift velocity and trapping in forward bias
established
e Determine charge collection length A from CCE

 Fit drift velocity to transients I(t) «< q - v - e=""/a
e Calculate 7(E) = %/,

e Absorption length of light changes with irradiation
e Reduction of the drift velocity?
e Very high lifetimes of electrons and holes

e Agenda:
* Measure light absorption in irradiated silicon 2 @, for IR and red laser
e Determine v(E) and 7(E) systematically for different fluence + bias +
material

- Apply results for the low field region to better understand reverse bias
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Thanks for your attention

Special thanks to
J. Becker, E. Fretwurst, R. Klanner
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Backup
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Electronics transfer function

Convolution theorem:

determination of the response function

Fif®g} = Fif} Flg}

20'012, spline interpolation of the measurement
& | mm——— simulation
= 0017 ................ response function
Y
0.008: i\\ /\
0.006 | \“\ f g: [ \f®g
o Y :
L : ‘\\ I \
0.004 1 ; i
- : ‘\ / \\
L \ H :
0.002 | \.\ \
] \ H :
! L, { : ot
0 o . e AT
-0.002 - -
0\\\I1\\\\2\\\\3\I\\4\II\5‘00-'\I\6\\IIT\\\IB\\\IQ
t [ns]
Transfer function of _ 1 F{measurement}
the read-out circuit g F{simulation)}

Christian Scharf
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. 3 — Analysis methods

infrared laser
200 pum sensor
@ 1000 V and 313 K
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o
tn

charge normalized T=-30C

045 —+— CCEfront - 660 nm HPK p+n pad sensor
: —+— CCE rear - 660 nm ‘ Thickness w =200 Hm
04 .........................................................................

2
: —+— CCE front - 1060 nm : 1.3e16 protons/cm
035 T O [eevagieescwes 50
aversebias Forward bi ..... IR ....... e CCL electrons /

== CCL holes /
/
7

charge collection effiency

o

w
I
o

5
D

Chdrge collection Jength [um]

.......................................................................... 20
secu e uesan s gl L SR s P R 10 —y - /
7
0 i T T 1
500 1000 0 200 490 600 800 1000
voltage [V] Bias voltage [V]

E(x), vep and 1, = const
—> Determine charge collection length A, , = v, , - T, j, for red laser:

w . 1
B [W_)Latt Aen (1 B —m) + Aart/ ] Qqep: Deposited charge
Qrea = Qaep w w e ° w Agee: Attenuation length

— |

Charge drifting through the sensor ~ Charge collected at illuminated electrode (4,4 < 4)
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charge normalized T=-30C

—+— CCE front - 660 nm
| —+— CCE rear-660 nm

——+— CCE front - 1060 nm : QIR calculated from

IR theo e o Jee .
IR theo scaled b/ Ae’h with

-1 —%— IR theo exact scaled

=
»

'I'1'T'l'1'1"|"l'

0.45

'

0.35

: I : Qdep,IR = 1-9Qref,IR
“Reverse bias- Forward-biagf g~ / Qaepred = Qref.red

o
w

I"f'1'1"['|' F l']"I'T'I'I' Ty

charge collection effiency

0.25

o
()
FoOou

5

i N M e i | 200 pm HPK p-in-n
_______________________ ol e 1.3e16 p/cm?

"l'l'I"I"['I"I"I"I']'Tl'I'1"|‘ FTT

-3 % < (&4
A Ay | |28 P | Aok |-1ae Y |2y & -l+e LR PN
+ Ay [1-e M+
s iy

Use correct term for CCE:

Improvement for low + high bias but not yet stable
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