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Motivation
Transient current technique (TCT)

Methods to determine the life time:
A Charge Correction MethodCN)
A modified Charge CorrectioMethod (nCCN)
Comparison o£CMand mCCMon model calculations and on data
A Model calculations of TCT pulses

Conclusion
Outlook
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LHC upgrade: 10 x higher radiation damage after high luminosity upgrade
Y radiation hard material needed

wlk RAFOGOA2Y AYRdzOSR (i NdsdsllsignattiuctvS v i S NE
Aim: understand andlescribe signal reductiom irradiated silicon

(H:-LH(luences

Find a standard method to extract life times in irradiated silicon
(e.g. for HPKampaign)
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red laser light pulse: m

A 670 nm, 3 um penetration depth
A FWHM 4@s
A generates N = ~ 1 milliontepairs

Y induced current (pad sensor) Qo) L Q( %

I (1) \ y Y |14 |14 € O"Q‘ | X 'Q !Q D C g’Q
0 QW D®h 66 0 —"""2"200
U: e i1 ooaolioa

Wo(Oh Uy 1(0) 0

readout:

A digital oscilloscope (bandwidth 1 GHz, 512 averages)
A 10 x Phillips current amplifier

A diodecapacitanceof ~4 pFfor useddiodeswith d=150 pm
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Trappingprobability 1/t dependson: 50— -

V. Eremin

. s 2\, ]
A Densityof traps wf e S et oan
X y

A Occupationprobability of traps
A Densityof free electrons

A Densityof free holes
A Temperature
A Electricfield

A Capturecrosssections,,,

A Velocityof chargecarriers
A Electricfield

Electricfield not known
Y Modelassumptiongdo estimatean effectivetrappingtime t

Timeconstantof the electronics O(chargecollectiontime
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A Number of drn‘tlng charge carriefd reduces due to trapping:

T \—NI—K dcq Chv\/h HT W CHE T 1
A Drift velocityfield dependent t chargecollectiontime voltagedependent
t 1 1(6)

A Trappingcorrectedsignal 'O(oft, ) @) Q7
A Trappingfully corrected |rJL(V\£l [E "Hi T (full chargecollection CCE=1)
A Correctall voltageswith the sameT, ,until Ilnear fitof Q.(V)givesslope=0

A Noreferencemeasurement(Q,) needed

. % 10— —zero slope—— 3-2 ns — |

(i.e.no knowledgeon CCHeedeg 5 Lo T ]

° L | _

*g 8— ]Lr" e TG.S ns B

<§ || 4.3 ns . ]

CCM wasisedfor fluencesup to 6 i:‘ as measured 7

afew 10 cnr? neq. andvoltagescloseto V4 | o
150 um, ATyp,epitaxial

after 10>cm? neutrons

—
ol
o
=] R R B

1 1 L | L 1 1 | L 1 L ‘ L L 1 ‘ 1 L L
0 200 400 600 800

CCM by G. Kramberger. Doctoral Thesis, Ljubljana, 2001.
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1.) CCIEalculated

with t from CCM Comparisonof CCHErom CCMand CCE=Q/@measured
(lineg w 1 3.10%4 cm 2
Q F
0.9
2.) CCneasured 08P~ ™ 1015 cm 2
CCE — Q /Q 0 7i TOUOONG AAR T eeeesemmmemnmemnemnnane
(Symbols)\oieg
: :—\A
_ 0.5
Comparison = _
usingCCMleadsto 0.4/ = e s
overestimationof 0.3| » d:eqjlx‘:o‘;cm-:
chargelossesat 0.2 M ;
voltages>>Vig [ aer 23 G0 prton o
0'1 ------------- error margin of simulation J. Lange, 2008
Y T T(d)) r) 00 »x simulated CCE maximum (v =v,} | | | | | | |,
100 200 300 400 5S00 600 700

UI[V]

Life time determination of free charge carriers in| Thomas Péhlsen 7
irradiated silicon sensors thomas.poehlsen@desy.de May 2012



et mamsarg MIOAIfIE@d ChargeCorrectionMethod

DER FORSCHUNG | DER LEHRE | DER BILDUNG

non-irradiated

CO”ec'te(tharge 6 v "@)Ab \ Charge Collection Efficiency

Usecollectedchargeof non-irradiated diode Q, 3 1“'1'1""1";'“' tt=5nsu
5 =4ns BT .

Chargecollectionefficiency CCE = Q@ o8- I ------------------- :

06 _"-1015cn*r2 -
Foreachvoltageindependently 04 .
o0 @) 007
Current'@) is correcteduntil [ [k
o v % 100 200 300 400 500 600 700 800

(|.e. o) (O p ) voltage [V]

Life time t [ng]

0.2 " 5

Toy [NS]
2]

N2

Y Extractedife time dependson voltage
t fwh ™ 1 ETRAIAO

_mz

a i
ol
|\\| |\Q\ I\‘IHI|IQ\I|\I’

N
\I\\l"'l\l\l\‘l\\lll\\ll\
w
=)
(&3]

life time field dependent: W Wp) ?

L | |
% 100 200

ISR AR INE ANE NI A AT A A NI A
300 400 500 600 700 800
voltage [V]
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Comparisornof CCMand mCCM
A for model calculatedTCTsignals

Model calculation:

R 00) _ O J (O) 30O, electronicdistortionscalculated in SPICE
- V=100V, N =const d = 200 pm
at AT 1006 mt t 1+ 0 ¢l O @ O——
average input life time [ns]
12 600 V , ) . 5
A 5 | |

10— -
e cCcMm . g ¢ :
E \A £
2 e . °
= = 3 |
i N meem g
s % ]

2, .|

Evangelos Nagel Evangelos Nagel
00 é “1- (‘3 E‘i 1‘0 12 1 2(;0 4(;0 660 880 1000

input life time [ns] Simulated voltage [V] Simulated

Y CCM underestimate$VHi W W phmCCMgive proper results.
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8
= 150 um n-type epi-DO Silicon N _
7 2 i / ‘[ 4 modified CCM with syst.
6 N _ \ \ uncertainty (electronics)
— N modified CCM(600V V¥ N
£.5 7
E 4 4
“q_—J 3 =+ A
=, ™~ ccMm L
" A
1 as = Charge correction method (CCM
O | 1
0.00E+00 2.00E+15 4.00E+15
neutron fluence[1l/cm?]

Y CCM underestimatesV
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ChargeCorrection time resolvedcurrent I(t) t =const
Method (CCM)
modified CCM time resolvedcurrent I(t) t=t (V)

non-irradiated Q,
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ChargeCorrection time resolvedcurrent I(t) t AT 1T 00
Method (CCM)
modified CCM time resolvedcurrent I(t) (D)
non-irradiated Q,
Model calculationwith 65860 — T T(w
' ' Q .. .
measureddrift velocity chargecollectiontimecct v V) T (‘)A | 1 OO

sensorthicknesd

Model calculationwith §60—Hh T f(wh

linearfield E(x) sensorthicknesdd, a) -Or\? 0 UN (d()))N CV

a) full depletionvoltageV,, b) ON free fit par.from I(1)
b) 1(t)
Model calculationwith 560 — lowerlimitont 1 ()

max.drift velocityv,,, sensorthicknessd 0 0 pMAIO
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150 um n-type epi-DO Silicon

8 ¢ v =vsat = 1e7 cm/s with
7 / \,/ \ \ syst. uncertainty (3% CCE)
= A N \
6 = -
— S modified CCM(600 \
25 ] 7
£ 4 =1 s ifi ith
£ 1~ lower limit ont (600 \J (vy=v..) 4 modified CCM with syst.
Q3 . 2 uncertainty (electronics)
=, S com e I
* A
- w
1 E
0 . ! + Charge correction method (CCM
0.00E+00 2.00E+15 4.00E+15
neutron fluence[1l/cm?]

ClassicaCCMunderestimateg
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150pum n-type epi-DO Silicon & v = vsat = 1e7 cm/s with

8 ‘/ syst. uncertainty (3% CCE)
7 "’ \l \\ mv_dr=const, cct +- 0.1 ns
5 £ 4 V4, =const(600 V)
- gt modified CCM(600 V)
£.5 N 1= _ » modified CCM with syst.
24 s — linear E(x), I from I(t) fit (600 V) uncertainty (electronics)
= T\ lower limit ont (600 V) (v =Ve.)
23 + " ® E(x) linear, Neff fitted
- ~ccvm ¢ %
2 * )
+ v _
1 T + Charge correction method (CCM
O | 1
0.00E+00 2.00E+15 4.00B+15 | () linear, Neff from Vfd
neutron fluence[1l/cm?]

ClassicaCCMunderestimateg.

All other methods max.difference<20 % in life time
Y exactknowledgeon electricfield not neccessaryo extract life time within 20%uncertainty
(if CCEknown)
. Life time determination of free charge carriers in| Thomas Pohlsen 14
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A Classical Charge Correction Methtails at highfluences(> 135cn?) for electron
collection in studied sampled.

A Amodified ChargeCorrection Methodwas developedaking into account the charge
collection efficiency (CCE).

A Extracted life times areompatible with model calculationsvithin systematic
uncertainties of ~ 20%

Ve

Y even without exact knowledge on E(k)can be estimated With——— ¢cmb

A uncertainties otthe charge collection efficiency must be taken into account

)
Ve

ng cmbp

A Effective life times are voltage dependent’ VW)
(higher life times for higher voltages).
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T (w) can be extracted without knowledge @(w).
Can we also extract (oh) if we knowO(w) ?

May we then draw conclusions on field dependence? 1 (O) e
Will we see filled electron traps at the n+ sidd® HHEI @ Qe

25 . . '
v (var, Simulatecdelectricfield _ pad

[ ——50 I x 10" n/ecm®
20 ----- 100 L 500K
| ——— 150
. ==== 200 )
£ 15F =mm=-e-300 g
R P ]
x e -t
Wi e L ‘<’ ,-a-:
- T S -* -* i ,’,f".’ ”',
Combinedstudywith both, ] S cee i
: VAN L I =TT I 1 v Eremin et al.
A CIaSS|Ca]|-CT O @)m 9] O . . == “___". , / 200;{emme a
\ O \ 0 50 100 150 200 250
A andedgeTCT © g, 0 hO(®) i

within the frame work of the CMS HPKampaign
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N at V=300 V
extracted from I(t)

non-irradiated 23 GeVprotons (PS) (TCT, hole signal)
6 ¢/ / AN .
i / ™ A
— 4
- v
o
ﬁa 2 1 - non-irradiated
H% " * ¢ 23 MeV, 2.6e14 neq
<0 f A 23 GeV, 3.9e14 neq
-2 * — / J"H’ .
_, | 200pm MCzn type 23 MeV protons (KIT) > 'Tt
0.1 1 10
Annealing time[80°C eq.min] (10 min @60C =1 min @8C]) | T
t
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N at V=300 V
extracted from I(t)

8 .
non-irradiated 23 GeVprotons (PS) (TCT, hole signal)
6 ¢/ / N\ i
= / N A
— 4 A o
2 AV — non-irradiated
o~ ¢ 23 MeV, 2.6e14 neq
o 2 i "
= A ? A 23 GeV, 3.9e14 neq
9 0 — CV, non-irradiated
f + CV, 23 MeV, 2.6e14 ne
) { A CV, 23 GeV, 3.9e14 nel
S
y 200pm MCzn type T S—— 23Mev protons (KIT)
0.1 1 0 16 | o QC",
Annealing time[80°C eqmin] (10 min @60C =1 min @8C])) Qn

V4 from CV (8C 1kHz)
sign according to TCT
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Electricfield s Os no
T m
: : o
Drift velocity Vdr = PNV:
s g wN (1
Inducedcurrent EIGES Tudr{t)

. tgp—1t
# free carriers N(t) = No - exp ( - )
eff

Electroniccircuit

TCT current signal
i F T T T
g 250 rms  nmes | VOltage source (with filter)
E C 2kl 2k0
° 20 - n\:‘ . TI C_fit e
- = 100 nF 5 lg =
B T =N ;
15— = ® a_‘ oscilloscope
: detector el | 1
10— L_stray - é :D
- 22k0
C 15 nH cable
r I_det C_dat Lossr
5— ==a8pF |_|com cable Pr . -
- e T 2pF fiony ; 0.5m 501;.
" L raw | ‘;\,i\, 255m - 2Gn convoluted
Y *‘ I | T | | - ‘ | I - ‘ | I ‘ | S | T sig“al 0.1 n ’ l . sm
1 2 3 4 5 6 7 bias-t
time [ns] = = =

o
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d
A mn

il tt\

Referencaliodewith collectedchargeQ, =>7

Extractionmethod:leastc? fit of modelcalculationto measuredTCT pulse
modelcalculationwith Ny = Q,/q, drifting charge carriers at t=0
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L eastc2-it resultsfor MCz200 um, after
s rorscne 1 ot | o o 0 d@tcnr? 23GeV protonand 8 min @80C

TCT current signal

o

= 35T T T T T L L L B O O 'O 'O
3 : — 672 nm rear, 0°C, 3.9 10™cm? 23 GeV protons, 8 min at 80°C : c
‘g 30} ---------------- mapping corrected':is.S ns ) { "
S0 P 06 e eaio
° 25— \ area = QO—_ , .=0.3 YA
ol : = Y leastc =35
201 t.=5.5n ] c
- d=200 pm
150 I -
- 4 Data points used for least c? fit:
5 ~ Afreefit parameters: Zof, Neg, to, d
i V=300V M o
0 T T"’\’ [ T B B T B T |\| | Y degrees Of freedom ndf = 31
1 2 3 4 5 6 7 8
R time [ns]

baseline before pulse:
, T N ®PHpPp X! , ) (9]
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TCT:
assumingconst spacecharge:

slopeof the electricfieldat V >
V4 (e.g. 300 V)

pad
1 1 x10"n/cm
r 200K

C\V

N4+ accordingo depletion
behaviourat V;; (< 150 V)

{1 V.Ereminetal.
2004

Vi, =80 V ?

=>

Howto extractN.4?

Or. what does N+ meanif
extractedvia CV?

Howto definethe signof N4 ?
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CCE

0.8

0.6

0.4

0.2

Charge Collection Efficiency

~ 10 min @ 66C

MCZ200N/MCZ200N_01_Diode_1/2012_04_12_17_41 672 nm OC rear, 3e14neq 23MeV protons

. _
LT LB

- '.:=I.. ]
.l |
u o MeV protons
— " . <
- *n 80min @ 6@C ]
*n
*u
T . V;4 goes down (from CV measurements) 7
— . —
) | | |
. but: higher voltages needed to deplete rear side!
.. _
. _
| o W —
| = L) MCZ200N/MCZ200N_01_Dicde_1/2011_10_28_16_00 672 nm OC rear, 3e14neq 23MeV protons 1
[

' | | |
06 200

| | |
400

| | |
600

| | | |
800 1000

voltage [V]




c? matricesfor MCz200 pm
s rorscne 1 ot | o o I ¥ 4 S N&n? R3GaEVprotons, 8 min @ 8€C

%2 at N;=5.11- 10'% em® 2 at ©=5.50 ns

Not <> d correlated

R F HANn XY

(~198um from CV)
. L Additional
5 5.2 54 56 58 'cs[ns] 4.4 4.6 4.8 5 5.2 Nf,',d[m" 65“.18\!] . .
uncertainty in Q
¥2 at d=200.00 um 12 vs. Ng around minimum
“,emni_"|"w"'\"'|”'|"‘ _:
1403_* —f 12 3
120; * é Neff [10 ~Cm ] N
100; * é = 5.1NO.3statNO.3Qo
Bﬂf— * _f
s ] ? Vy [V] ~ ~
o - = 158N 10,,,N 10,
Jns] ‘ I4..4I I ‘4.BI I I4..3I — 5 = I5.2I I EQ: ;1;)1;3.:'4]
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Einfangwahrscheinlichkeit 1/ Lebensdauer

« Modellrechnung unteres Limit

+
CCM syst. uncertainty (3% CCE)

=
N
J

G. Krambergefb m=® momins?]

=
1

Modellrechnung vikonstmit gemessener

©
o
1

. A modified CCM with syst. uncertainty
ober Grenzdur 1/t (600V) . (electronics)
AN S

—eXxtraploation of data
by G.Kramberger
using 4.1e-16 cm?/ns
# Charge correction method (CCM)
zeroslope from Vfd to Vfd+200 V

o
N
|
[ <2 2 \
(<2 4
Ee

1/ Lebensdauer [1/ns]
o
(o)}

©
N
1

EPI 150 pm

O T 1
0.00E+00 2.00E+15 4.00E+15

Neutronenfluenz[1/cm?2]

Modellrechnung mit linearem E(X)

Upto fluencesof 240 cm2 accordingto G. Kramberger*: 1/=b  f

here: 1/t at fixedvoltagenot proportionalto fluence

* G. Kramberger. Doctoral Thesis, Ljubljana, 2001.
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Verschiedene Ansétze zur Bestimmung der Lebenszeit

in 150 pm ntyp epi-DO-Material ab 1e15cr2 (200 um bei 3e14) ¢V =vsat = 1e7 cm/s with

syst. uncertainty (3% CCE)

8
7 : . — = -
_ = gemessene mittlere Driftgeschwindigkeit (600 Vf v_dr=const, cct +- 0.1 ns
/.
26 —q%® 7 Modifizierte CCM (6007 V)
=5 i
© N . . .
N 4 2 . . 4 modified CCM with syst. uncertainty
c ¢ — untere Grenze iut (600 V), aus CCE (electronics)
3° " CCM %
b 2 ® o
n * s % Charge correction method (CCM)
1 + zeroslope from Vfd to Vfd+200 V
O T 1

Neutronenfluenz[1/cm?]

ClassicaCCMgiveslife timesincompatiblewith CCE

All other methodsgiveconsistantresultsfor life time t, max.difference ~ 15 %.
Dtcce™ Dtetog  =>€xactknowledgeon electricfield not neccessaryo extract life time
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HPKcampaign mixed irradiation

with protons and neutrons according to expected ratio between charged
and neutral hadrons. So far: 23 MeV protons from Karlsruhe (KIT)

Type inversionn MCzn-type material after 23 MeV proton irradiation
observed (not expected). Effect due to theton energy?

IN .| may be extracted from CV measurements fuifk depletion voltage V.
For nonirradiated diodes: well understoo LI
A but: onlythe absolute value |\ is accessible L H.Ii’-’@
For irradiated diodefurther limitations:

A depletion behavior unclear (double junction), frequency and temperature
dependent

A 'O= 'O(V) (space charge is voltage dependent)
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TCT: extracted at

Ve

OAC, V=300 V from

23GeV(PS) dEdx
6 / N\ i
* e
‘E 4 AV — non-irradiated
5’ ) . ¢ 23 MeV, 2.6e14 neq
=, A ? A 23 GeV, 3.9e14 neq
Z% 0 = CV, non-irradiated
f + CV, 23 MeV, 2.6e14 ne
2 / A CV, 23 GeV, 3.9e14 nel
&
<_
. T — 23 MeV (KIT)  CV: extracted at
01 L 10 OAC 1 kH’z from.y
Annealing[80°C eq.min] (10 min @606C =1 min @8C])) |U | w O—

sign according to
TCT fit result!
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TCT:
assumingconst spacecharge:

slopeof the electricfieldat V >
V4 (e.g. 300 V)

pad
1 1 x10"n/cm
r 200K

C\V

N4+ accordingo depletion
behaviourat V;; (< 150 V)

{1 V.Ereminetal.
2004

Vi, =80 V ?

=>

Howto extractN.4?

Or. what does N+ meanif
extractedvia CV?

Howto definethe signof N4 ?
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N+ could be extracted from TCT current measurement and is found to strongl
depend on:

A annealing (1 minto 10 min @ 86C->DNI 0 ®PcmB) ™ N
A proton energy (2%GeWs. 23 MeV)

Differences to |Ng| extracted from CV measurements observed

Vg

Y open guestions:

A Impact of a voltage dependent space charge on CV and TCT interpretatior
(depletionbehaviourunclear, TCAD simulation of double junction and CV?)

A How good is the assumption=const for given voltage, i.e. position
dependencd (x) negligible? (combined edd&€T / TCT study)

A Systematic impact of electronic circuit? (description improvable?)
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