% Studies of pinhole and G
| defect dectection

Guido Dirkes for the Karlsruhe CMS group

Overview of module behaviour
pedestals, noise & calibration
at 'standard' leakage currents

Effect of increasing leakage current on
pedestals and noise

IR Leds signals and their evidence about
defects and pinholes

Conclusions



Testsetup

Leds for constant
Lmination

Temperature and
h;pidity sensor

Hybrid

ARC frontend

Dry air inle



_—p

Cs |
| Pedestals

280-

270-

2B80-

250-

240-

230-

220-

210-

200-1— |
a1z 450

Peak mode

[
400

1 1 1 1
350 300 250 200 150 100 a0 1

Taken with
- default apv25 settings
- depletion voltage of 150 V
- Leakage current 400 nA



s

Cs. |
| Pedestals

250-

240-

230-

220-

210-

200-

190-

130-

1?D_II [ [ [
E12 450 400 350

Deconvolution mode

[ [ [ [ [ I [
300 250 200 150 100 a0 1

Taken with
- default apv25 settings
- depletion voltage of 150 V
- Leakage current 3 muA



¢ .
\Zf Noise G

10-

-

- M II
7-

G-

C-

. l
P

E‘LM Mwlww v

] -

I:I5_1| EI 4%0 -'-1I£IIII Sélil 3&"] Eélil EEID 1 éEI 1 IEIIII SIIII 1I

Taken with
- default apv25 settings
Peak mode . depletion voltage of 150 V

- lleak 400 nA



_—p

CMS, | _
: Noise

L]
|

iy

iy Missing bonds b |

El'_

G-

4 Shorts L

3_

‘|_

D;éﬂ 1élil 11IIII 1&"] EIIIII BIIII .'-"IIII EiIIZI EIIII 4IIII SIIII EIIII 1IIII 1I

Taken with
- default apv25 settings

Peak mode . depletion voltage of 150 V

- lleak 400 nA



—p

g _
i Nolse

Unknown
10- \

i)
1

Brocken (missing bond
Missing bond at between sensors)

pitchadatper

/ About this one - later

Lo —_ I Ll L= on o | a0
| | | | 1 1 1

SIIEI 5EIEI 4éEI 4I|3III 4FI"III 4&"] 4élil 4¢|1III 4élil 4élil 41IIII 4&"] SIIBS
Taken with
- default apv25 settings
Peak mode . depletion voltage of 150 V

- lleak 400 nA



s

CMS, | _
: Noise

14—

12- L
10- \

MMWMW LJ'

I I [ I I I I
a1z 450 400 450 400 250 200 150 140 a0 1

Taken with
. - default apv25 settings
Deconvolution mode . depletion voltage of 150 V

- Leakage current 3 muA



\Z Noise without common G
| mode correction

10—

oL Lt

1 I I I I I I I I I I
512 450 400 350 S0a 250 200 150 100 =] 1

Taken with
- default apv25 settings
Peak mode . depletion voltage of 150 V
- Leakage current 12 muA



200-

Noise without common
mode correction

C

180-
160-
140-
120-
100-

g0-

BO-—

40—

Il
512

[ [ [
450 400 350

Deconvolution mode

[ [ [ [ [
300 250 200 150 100 S0 1

Taken with
- default apv25 settings
- depletion voltage of 150 V
- Leakage current 12 muA



_—p

Cs |
|  Common mode

476 -

430- Ileak

400 -

350-

300-

250~

200-

150-

100-

al-

Peak mode

50

-10

muA

i

apvi

o

2 10 15 20

Taken with
- default apv25 settings
- depletion voltage of 150 V
- Leakage current 12 muA



_—p

Cs, ]
|  Common mode

a7 -

Ileak 50 muA apv3

=00-
450-
400-
350-
300- £
2a0-
200-
150-
100-
=l-

[ e | | i i i i | =

-2 -15 -10 -5 0 o 10 15 20

Taken with
. - default apv25 settings
Deconvolution mode . depletion voltage of 150 V

- Leakage current 3 muA



\Z Calibration G
| and leakage current

ks

100-

30-| APV order (like scope)

all- 40—

7oL ,_,Jl x|

60— Shortet channels =

50— o JL

40— / R e

30 - /

20—
H C talk

-55;34 3%"] 4I£IIII -'-11IIII -'-1éIII -'ﬁlil 4-'-I1III 4%0 -'-1Iéilil -'-ﬁl"l:l 4i|3III 4%"] SIﬁD E:1|1
Taken with
_ - default apv25 settings
Deconvolution mode . depletion voltage of 150 V




NS,

>

iy

f0-

a0-

2a-

0-
'5_||
12

Calibration

Pinhole

T

LL_L

g B

o

T~—r

)

1—r

I

1T

Lanr

1_—r

—r

| | | | | | | | | [ |
a00 450 430 470 460 450 440 430 420 410 400

Deconvolution mode

1—

| SéS
Taken with

C

Calibration unit 3
ical 60 ( 2 MIPS)

averaged signal

- default apv25 settings
- depletion voltage of 150 V
- Leakage current 3 muA



IZ Calibration, pinholes and G
| Increasing leakage current

70- Calibration unit O
| orRRE 2 T ical 60 (2 MIPS)

al-

averaged signal

40| T
30-

20-

10-
_fLJLLJH-LII_IMLJlHHrLJUL_JLJLJLILJL

-E;{é 560 4éD 4éD 4%0 4éD 4éD 4&0 4éD 4éﬂ 4{0 4&0 I SéE
Taken with
_ - default apv25 settings
Deconvolution mode . depletion voltage of 150 V



CMS i
Intermediate result

[ ]

We can detect with noise & calibration at standard
leakage currents, as they are given by the silicon

- all kinds of missing bonds
- Breaks ( act like missing bonds )
- Shorts

We probably will not detect all pinholes
( Will we take the risk ?)
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| Conclusion

Module is still stable even with four pinhole/chip at 1.9 mA,
but common mode is affected by pinhole

Increasing leakage current combined with noise and
calibration studies gives clear tags for different defect types
-> Operator command: remove / rebond possible

Continuous illumination with IR Leds enables us to control
leakage current at final working conditions (reverse bias)

Led array give physical signal to ensure functionality of all
channels and gives redundand tags for all defect types

Noise increase with leakage current as expected
Deconvolution is less effected than peak mode



