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Motivation/Aim

* Knowledge of energy levels and cross-sections of de-trapping centres
IS crucial for defect characterization

 These parameters can be determined by investigating the temperature
dependence of the time-constant t for de-trapping

* For defects deep in the bandgap the de-trapping happens on a

us-timescale (around RT)
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CERN TCT setup Pulsed laser (2us)

randomized trigger (=100Hz)

Oscilloscope
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— current amp.

Red laser illumination with two different pulse width (80ps or 2us)

T-Bias (20kHz-10GHz, constant HV < 200V) used

Amplifier was not needed for 2us illumination

Temperature controlled (flushed with dry air for T < 10°C)
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Investigated diodes

Name Sample A i SampleB | SampleC : SampleD
(HIP_05_C16) : (HIP-MCz-01-n-23) (FZ_2328-11_A) (FZ_2852-23)
Material HIP HIP Micron Micron

FZ n-type MCzn-type : FZp-type :  FZn-type
300uym . 300um . 300um  300um

Irradiation -- 24GeV protons : 24GeV protons : 24GeV protons
CD 9x1014 cm-2 : CD 5x10 cm2 : ® = 5x1014 cm2

......................................................................................................................................................................

Annealing - . 4min at80°C : 80minat 60°C : 80min at 60°C
||Ium|nat|on 660nm(2Hs) ...... 660nm(80ps)660nm(2ps) ...... ...... 660nm(2ps) ......
front front/back front front
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Measurement method
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Measurement method

« TCT signals have been measured with long integration times (up to 50us)
 Temperature range investigated: ca. 10 - 50°C
 Stability of signal confirmed by recording 10 times the (same) waveform

which itself is an average of 1024 shots

x10° Sample C at 20°C
T T T

2 / ¢ 5

10 repetitions | S(t) =Il(t')dt' n
0

" —P 4— 2ys illumination - —>

05 \ A
1k
0 i

Integral
(&)

<T> = (20.6:0.071°C, <l > = (-80:0.18)uA
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Measurement method

 TCT signals have been measured with long integration times (up to 50us)
 Temperature range investigated: ca. 10 - 50°C

« Stability of signal confirmed by recording 10 times the (same) waveform

which itself is an average of 1024 shots o armole C ot 1050
B T T T
o 10° . Sample Clat 10-50°C . 7L
35+ [

t A
3 1 1
g *? I S (t) = I I (t )dt = <T>= (12640 1°C, <| > = (3740.26)uA | |
E i 0 £ <T> = (IB.24006FC, <|__ > = (530.07)uA
b E IE-.‘ — {=] —
] . . . q z 3 <T== 0EH007)C, < > = -80£0.18)uA 4
4 =
» 4— 2ys illumination g = 05 00T, <l o= 12520 1305
'fg 1t 2 <T> = B0.040057°C, <|__ > = (1860.15]uA | -
e <T> = (34.740047C, <|__ > = (280£0.68)pA
03 1 <T> = (39.4:0.045°C, <|__ > = (430057 | |
0 — . <T> = (44.0400B7C, <|__ > = (B4B£1.72)uA | |
<T> = (4B.5£00BFC, <|__, > = (993:3.40)pA
05 10 20 30 20 50 R I ! I 1 1 ! ! 1 ! |
time in s 0 5 10 15 20 25 30 35 40 45

time in s
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Measurement method

w 10 Sample Coat 10-50°C
B | | ] | | | 1 | ]
Zoomed: "
?- — T ——
e ———
E | -
a1 | .
|
> N " <T==(12540.11°C, <|__ > = (F7+0.26)uA |
= <T== (16.2¢0.05°C, <|__ > = (53£0.07)uA
3k | <T>= Q0BL0.07FC, <|__ > = (B0+0.18)pA |
- i <T> = (25.440.05°C, <|__ > = (-1230.13)u4
2+ <T= = (30.0+0.05°C, <|__ > = (1860 15)pA | -
Each set consists /1_ <T>= @A7H04C, <l >= (20006504 |
of 10 curves and T = (39.4+0.04°C, <|__ > = (-430+0.57)us
has it A colour © <T= = (44.0+0.061°C, <|__ > = (B48£172pA |
as Its own colou Bias: 150V <T> = (48.5+0.061°C, <|__ > = (9933 4M)pA
_1 | | ] ] | ] ] | | ]
0 5 10 15 20 25 30 35 40 45

time in s
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Measurement method

before: without randomized trigger and 80ps pulse width

w10 Integration for Bias = -150%
12 I | |
all at room temperature
10— —
and only up to 16ps
8_ —
E_ —
4 ]
5 ———T=251°C, |, = 14304 n
—T=251°C, Ileak:MSpA
—T=251°C, Ileak:MSpA
—T=251°C, Ileak:MSpA
o] P— ——T=251°C, I, = M3pA |
—T=251°C, Ileak:MSpA
2 | | | | | | I | I |

0 2 4 B g 10 12 14 16 18
tirme in us
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Signal Components

* For irradiated detectors we expect the integrated current to have the form:
S(t)= A+ N;(1—exp(-t/z;))

\ Due to charge collected during carrier drift

* |n the case of two time-constants:
S(t) = A+ N,(1—exp(-t/z,))+ N,(1—exp(-t/z,))

with free parameters A, N, N,, T, and t,. The first ones should be

temperature independent.
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Parameter extraction — Alternative 1: t-fitting

* The detrapping time constant is linked to defect parameters by:
1 E
Th = exp( : ﬁ\ absolute value of the energy level calculated

O'thNv kBT from valence band maximum

T~

o, ... hole detrapping cross-section
v,, ... thermal hole velocity
N, ... effective density of states in valence band maximum

» Looking explicitly on T-dependence:

Bk, T 1(2mk,T )"
v, Ny = mB Z( 72;128) EVhTZ
h

 And we can analyse data in an Arrhenius plot:

In(z, T?) = 5 _ In(c,7,) — read off E, and o, from slope and intersect
B




Parameter extraction — Alternative 2: DLTS Scan

 In DLTS (Deep-Level Transient Spectroscopy) we look at the difference of
signals measured at two different times t; and t,: ~ AS = S(t,)—S(t,)
during a temperature scan.

o Temperature independent contributions cancel out:
AS(T) oc [exp(t,/ 74 (T)) —exp(-t, / 74 (T))]

» The function AS(T) goes to zero for high and low temperatures but peaks
at intermediate temperatures. The time constant at peak temperature can
be determined as a function of t, and t, as:

t(Te. .. )= LG
ST nt, /t,)

 These data pairs can be analysed in an Arrhenius plot
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Parameter extraction — Alternative 2: DLTS Scan

simulated data
for fixed t;

0.5

0.4

DLT= signal in a.u.

0.2

t,=3.0us

t, = 5.0us
0.1

t, = 7.0us

|:| 1 1 | | 1 1 | | 1 1
2B 290 295 3000 305 300 316 300 325 330
Temperature in K
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First measurements
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Integrated current for unirradiated diode (Sample A)

w10t
2

rrected curre

Bias: 100V

10 | | | | |
-10 ] 10 20 a0 40 a0
in us

Current drops to zero “instantly” after illumination
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Integrated current for unirradiated diode (Sample A)

¥ 10
2 | | | ! '
<T>=12.3°C, <l ,,>=0pA
——<T> = 165°C, <l > = OpA
’ <T==21.0°C, <)== OpA ||
Bias: 100V <T>=267°C, <|_,>=0pA
2 <Te = 30.3°C, <> = 0uA ||
—<T> =380, <> = 0pA
I <T>=39.7°C, <l > =0pA
A ———<T>=44.2°C, <| > =OpA ||
| <T> = 48.7°C, <l > = OpA
!
- [ <Te =637°C, <> = 0pA ||
1 = @ =
1 <Tz=408.4°C, <||eak>—DuA
E i
¥ B "| —
E |
E 1
i
il
10— I —
I
2
4=
B
18 | | | | | | | | | |
0 g 10 15 20 25 30 S 40 45
time

No clear time-constant and no temperature trend observable
— small rise most likely due to imperfect offset correction
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Integrated hole current for irradiated MCz diode (Sample B)

0,0E+00
Example:
-2,0E-09 - Hole transport
- T=46.5°C
3 -4,0E-09 -
s \
%—6,0509 | —Signal
z —N2(1-exp(-t/tau2))
% -8,08-09 ——N1(1-exp(-t/taul))
3 o
+ -1,0E-08 '
c ’
\ — fit
-1,2E-08 L 1| |
e e _amd
-1,4E-08
0,0E+00 1,0E-06 2,0E-06 3,0E-06 4,0E-06 5,0E-06
Time [s]

Sum of two exponentials used to fit the data:
one faster t, (T-independent) and one slower t,=1, (trapping)
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Arrhenius plot for hole transport MCz diode (Sample B)

pREL
. 1(ksT) IM’N.q
0,00 T T T ’I 1 —> 5 Ry
34/00 36,00 38,00 40,00 / 42,00 44,00
-0,50
S / from slope:
2| 150 E, =0.53eV
= y=0,5343x-22,131
-2,00 R>=0,9997 from Intercept &
- 25 -1 -2
250 v,=1.81x10% s1(mK)
-3,00 0,=1.57x10-1? cm?
-3,50

Data points correspond to time-constants extracted from fits to integrals S(t)
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Arrhenius plot for hole transport FZ diode (Sample C)

0.5

R
RELIMIN 4Ry

IN(T?t,)

) O Tscan 10 to 50°C
it

_25 | | | 1 | 1 |
¥ WS 7 OIS 3I|W IS5 39 395 40 405 4
1/{kgT) in 1/eV

Time-constants were not extracted well, since fitting [exp(.)+exp(.)] is tricky ...



DLTS signal in a.u.
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w10

1205WFZ_2328-11_A_Set1B13

Solid lines are fits to data
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Arrhenius plot for electron transport FZ diode (Sample D)

E I I I I I

2 Tscan 10 to 52°C
2 T scan 49 to 10°C
fit

First T scan from 10 to 52°C (blue) &
then from 52 down to 10°C (black)
But form of signal had changed meanwhile — &

05—

SRS

s | | | |
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DLTS Scan for electron transport FZ diode (Sample D)

1206VFZ_2852-23_Set1613
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DOLTS signal in a.u.
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Solid lines are fits to data
(both Temp-up and -down)

300
Temperature in K
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Conclusion

Setup improved to guarantee reproducibility even for 50us integration time

Important changes:

 Randomized triggering
« 2us instead of 80ps illumination to obtain large enough signal
even without current amplifier

Observed t, = 2-40us (for 10-50°C) and t,,= 1-10ps (for 10-50°C)

Still more improvements are necessatry ...

 to extract time constants from S(t) or I(t).
* to minimize leakage current but still to deplete the same volume
for each temperature
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Thanks for your attention!



