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PXD 9 Production (Pilot Run) universitétm

Pilot module: 4 + 4 + 6 ASICs PXD 9 wafer with modules and test structures
and large matrix

| s —

Small matrices
(80 x 32 pixels /
20 gates, 128 drainlines)

Full module with

large matrix

(768 x 250 pixels /

191 gates, 1000 drainlines)

paschen@physik.uni-bonn.de 2



The Hyrid 5 Test System

unive rsita’tbonnl

R 54V A

« PCB with minial number of ASICs for a full test system
« Many test points and configuration possibilities
» Well suited for testing of new components

paschen@physik.uni-bonn.de

ALTLT

DHP

(Data reduction)

S
AL 1T

DCD

(Drain current
digitization)

Small
matrix

(64 x 32 pixels /
16 gates, 128
drainlines)

e )

Switcher
(Matrix steering)




Laboratory measurements with radioactive source%mversitétb'm‘

Setup:

PXD

Scintillator for triggering

paschen@physik.uni-bonn.de

gate  p-channel

p* source p]drain

T

oS
/ internal

&
hh

n bulk
pf backside

Hybrid 5 PCB

Backside illumination of the
matrix

e Electrons from Strontium act as MIPs



Strontium Measurement

un iversitétbonn\

Example measurement at good working point
« Source spot clearly visible
» Drain currents relatively homogeneous

2

Ro

Hit rate Mean drain current
Triggers: 1789967 Triggers: 1789967
= T T | 200 - ™5 HV: -70 V, Drift: -5 V
60y . Y 60F = i 200 Clear-On: 20 V, Clear-Off: 5 V
= 275 ' Gate-On: -2.5 V, Gate-Off: 3V
'_-L f - Source: 7V, CCG: -1V,
sol ] 2.50 s50b = 27.5 Bulk: 10 V, Guard: 5V
| [ | |
42.25
. 425.0 'g‘
o g - 11 lhoo ol ] < Signal histogram
| I . g - | i 422.5 '.QC-.; 25000 T T = T T . T T T
= L7 o . - 5 Bl multi pixel
30 - g LY . X 2 20000} B single pixel ||
o & b - = 1200 §
" 1150 = a
| -i i S 15000
@ Jd 1 {175 ©
20} L | 125 = 20} 1 p
2 = u 10000
. 15.0
" 5 1.00 . =
10} 10 5000
|
0.75 12.5
n - n 0
" 0 20 40 60 80 100 120
Ok - L L L L B e = ‘ I F = I I L
0 5 10 15 20 25 30 0-50 30 15 30 35 30 10.0 Current [ADU]
Column Column
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Strontium Measurement: Drift vs. High Voltage

un iversltétbonn\

Drift [V]: Hit Rate [1e4 x Hits/# Triggers]

Clear-On: 20 V, Clear-Off: 3V
Gate-On: -2.5 V, Gate-Off: 3V

Source: 7V, CCG: -1V, Bulk: 10V

Guard: 5V

60F
-7 50
40
30
20
10}.

Row
R
w0

(1}
il !
e
b A gl R T

-5 0

60
50F -,
40 1.
30
-3 20 -8

10

0

Row

60
50
405
30} TRy
20F: ==
10F=. =

Row
|'ii?! frke s :
:n.l.-l-m.'.flﬂi'l-'l.. !

|
s

TTLIAHE
i

Column Column Column Column Column Column Column Column Column

HV[vV]: -80 -78 -76 -74 -72 -70 -68 -66 -64

. . ~ 1.8 M Triggers per measurement point
paschen@physik.uni-bonn.de
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Strontium Measurement

universitatbonn

CCG [V]:

-2.0

-1.5

-1.0

0.0
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Row
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Hit Rate
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sof T TR B P =
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40t
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-
= 30
s
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: 125
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SrRRTR I 10

Column

Column

~ 1.8 M Triggers per measurement point
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2 1

Clear-On: 20V,

Gate-On: -2.5 V, Gate-Off: 3V
Source: 7 V, Bulk: 10 V, Guard: 5V
HV: -70 V, Drift: -5 V



Rings in the matrix universititbonn

Rings of different hit efficiency are visible for certain working points
 Seem t 0 be concentric with the wafer
« Current explanation: Doping variation inside the wafer introduced during crystal growth

eixAY

E 5 8 8 8 8 8 8 8 8 U 8

oar
oor
02

cojnuu
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W35_OB1
at DESY

|
¥
® “Hit efficiency measurement” with 4 GeV electrons
‘oM at DESY:
HV 8% / Drift 5V HV 70V / Drift 5V HV 75V / Drift -5V HV 80V / Drift 5V
(best)
2 3 £ 3 2 3
5 0% 5
- 5 H
5 oo 2 2
00
64 % 2 64
column column column column

8

Number of hits



Even/0Odd Effect univers'tétﬂ

For certain working points even and odd rows show differences in hit rates and drain currents
* Not understood yet
» Drain current histogram does not look homogeneous anymore

Row

Hit rate Row projection of hit rate
Bildauslesen: 17843788 HV: -70 V, Drift: -7 V
' i Clear-On: 20 V, Clear-Off: 3V
575 Gate-On: -2.5 'V, Gate-Off: 3V
' Source: 7V, CCG: -1V,
Bulk: 10 V, Guard: 5V
2.50 50
2.25 ] .
20 Signal histogram
1200 20000 . = - - - - .
3 B multi pixel
{175 BB single pixel
5 5% 15000 g'e pixel |
o [
{150 2
l_
**
125 2 20 10000 i
I
1.00
10 5000
0.75
pf = EEm muE _m'm =m 0.50 | 0 | ||
0 5 10 15 20 25 30 > 0 2000 4000 6000 8000 1000012000 14000 0 20 40 60 80 100 120

Column Entries
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Even/odd effect

un iversitétbonn\

Hitratio even/odd rows

1.6 ,
#’ ® - Drift: -7 V, Clear-Aus: 3 V
15l ; ® @ Drift: -5V, Clear-Aus: 3 V||
' N ® @ Drift: -3V, Clear-Aus: 3V
0 // @ @ Drift: -5V, Clear-Aus: 5V
% 1.4f ; © © Drift: -3V, Clear-Aus: 5 V|1
-
§e; /
U 137 ’.I l!\
@] o l
~—~ 3 /! X I
-
CIC) 1.2f RO~ n )
/ \ 10
> D / \ / O\ " d
o / e\ / \ & A f
| \ / A ~ k j
() 1.1 // ; , i ’ £ Ny
-; . .~l~ \ // // \. - \i .
© :f’-“\ SS>2 0 T~ |, / LD
— ] = N | RN Y [ ] L
+ 10f T w “m
I \
0.9 :
~80 -60
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Signal even/odd rows

12000

12000

10000}

= gerade Zeilen
[ ungerade Zeilen
1 kombiniert

10000

8000

6000

4000

2000

-------------
o LG AL A AT DA 4 el e
2n n

Drain current [ADU]

0

Signal even/odd rows

4 gerade Zeilen
[ ungerade Zeilen

[ kombiniert

« Behavior changes
quickly within steps of
2 V of high voltage

« Magnitude of change
depends on drift voltage

10



Laser measurements universitétbonnl

o Red laser with DUT on motor stage

e 3um laser spot

e Spacially resolved measurement

E l
16.8

. . . . positi.on along rows [mm]
l Light source

]‘ Optical fiber
N~ ~

Lense optics (

Microskope
* DUT Laser diode
W Motor stage

paschen@physik.uni-bonn.de 11



unive rsitétbonnl

First measurements_Rows (vertical) >

suwn|oD

HV =-70 V
Drift=-5V Matrix readout time: 2.05 ps

50x55 pm?
steps

29.8

0 Laser:

E 7w - from backside

E‘ 204 -

E

g ® - ~20 injections per
£ 20 - frame

§ s " - 800 frames per

& 28.6

, point of measurement

hit freq map _ common mode value of hit

29.8
18.0

. 29.6

£

E 17.5

=294 -

£ .

5202

o 16.5

[®)

£ 29.0 Y

5 V\

S 28.8 15.5 )

-

: .., (almost) full matrix

2 28.6 .

.5 One bin per pixel

284

i il N p "Il | v | W |
paSCh( 9.0 9.5 10.0 10.5 11.0 115 12.0 ! : 10.5 11.0 3 12

position along rows [mm] position along rows [mm]



unive rsitétbonnl

First measurements_Rows (vertical) >

suwn|oD

HV =-70 V
Drift=-5V Matrix readout time: 2.05 ps

50x55 pm?
steps

29.8

0 Laser:

£ 7w - from backside
gzg.r; ..‘"i 3 ‘ | gy ; »

ém i g | i ! | 1 - ~20 injections per
g 200F - R . N =y 2 i

: H‘;d L T R S “ frame

ém o y I ¢ o et e e . - 800 frames per
2 28.6

, point of measurement

hit freq map _ commcm mode value of hlt

29.8
18.0

. 29.6

£

E 17.5

=294 -

£ .

5202

o 16.5

[®)

£ 29.0 Y

5 V\

S 28.8 15.5 )

-

: .., (almost) full matrix

2 28.6 .

.5 One bin per pixel

284

i il N p 1 "Il | v | W |
paSCh( 9.0 9.5 10.0 10.5 11.0 115 12.0 i : : 10.5 11.0 115 3 13

position along rows [mm] position along rows [mm]



First measurements_Rows (vertical) >

suwn|o)

pasche

position along columns [mm]

position along columns [mm]

HV = -70 V

unive rsitétbonnl

Drift=-5V
2
4x4 pm
steps

29.3

29.2

29.1}

29.0 9 |

28.9 -

555 hit freq map
700

29.2 600-‘-.—.-—_.——':_~—' -
500) '

| ———

29.1 400]’_ = "“__:_'__-_.. —Sia== _—'___*-.—
300 e

29.0 200 = .
100 i

28.9 N A e 3

9.65 9,70 9.75 9.80 : 9.60 9.65 9.70

position along rows [mm]

position along rows [mm]

NOBs O

17.5

17.0

1165

16.0
15.5

15.0

1145

14.0
13.5

13.0

Matrix readout time: 2.05 ps

Laser:
- from backside

- ~20 injections per
frame
- 800 frames per
point of measurement

(almost) full matrix
One bin per pixel
14



Ri HV = -80 V "
INgs : L Drift =-5V  universititbonn

Rows (vertical shutter direction)
80
70

seed signal

29.8 T -|.
i

29.6

O
o —_
c £ 29.4 _
| ¢ | .
n C
S 292 1 - 50
] Full matrix
h 40 2
£ 9.0 50x55 pm
T I steps
S b 30
T 28.8
2
20
28.6
! I | 10
28.4 10N 11 I 0
9.0 10.0 10.5 11.0 11.5 12.0

position along rows [mm]
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Rings HV = -80 V "
Rows (vertical shutter direction) ~ Pt=-5V  universititbonn

seed signal

29.8

[ |
80
|
29.6
70
@)
o —_
c £ 204 .
3 = 60
: e
n £
£ 292 I 50
S I I Full matrix
h 4':' 2
£ 20.0 N 50x55 pm
T I I I steps
o
O I 8 30
= 28.8
8
20
28.6
| I I I )
28.4 | I 110N 0

9.0 9.5 10.0 10.5 11.0 11.5 12.0

position along rows [mm]
paschen@physik.uni-bonn.de 16



10x10 pm? HV = -80 V -
Rings steps o N "
8 ows (vertical shutter direction) Drift =-5V universitatbonn

cluster map

: 90
29.2

80 80

L]
Ao W
29.1
g i 370 70
Lo |
g) “é 29.0 60 60
— 5 N
5 5 2894 50 | 50
m |
2 %23.3 40 40
= . [ 30 30
5 28.7 L4 -al ll: by bl [ _ s .
0 3 - —r—— 4
8—286 Jllsl 'I'l' il ‘." 3| : |
Jerlap_ ap an LIAC LICLAE B 10

K !i 4 4p @n

28.5

position along columns [mm]

paschen@physik. ufitbbnn.de 11-2 11.4 11.6 11.8 11.0 11.2 N 11.4 11.6 11.8 17
position along rows [mm] position along rows [mm]



10x10 |Jm2 HV = -80 V '

universitatbonn

Rings steps it = .
& Rows (vertical shutter direction) Drift =-5V

cluster _map

90
20.2
80
‘291
E 70
Of 2 200 160
@)
=15
% S 28.9 50
n
7 0 & 288 . ¥
o 30
= ‘_
S 28.7
2 20
2 28.6
10
28.5 : .
I 18
202 &=
_ 16
£ 29.1 ,
£ 14
()]
: 20.0 -
oot |
S 28.9 10
2
G 28.8 18
1%}
£ 16
S 28.7
5 i
2 286
2
28.5 e — - _ .,
paschen@physik urtitbbnn.de 11-2 11.4 11.6 11.8 11.0 11.2 11.4 11.6 11.8 7

position along rows [mm] position along rows [mm]



HVY =-80V '
:]) Drift =-5V  universititbonn

56

48

40

32

24

position along columns [mm]

cluster map

position along columns [mm]

on along columns [mm]

1 0
11.00 11.05 11.10 11.15 11.20 11.25 11.00 11.05 11,10

position alondows [mm] osition als
ROls

5x5 ym?

steps

t

28.52

posi

16.8
16.4
16.0

15.6

position along columns [mm]

inefficiencies!

11.55  11.60  11.65 11.70  11.75  11.80 1155 11.60 11.65 1170 1175  11.80

position along rows [mm]) position along rows [mm]
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Irradiation of DHPT1.1 and
DCDB4pp at KIT
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Hybrid 5 laboratory tests

universitatbonn

DUT: Hybrid5.0.05 with DHPT1.1, DCDpp and SwitcherBG

signal pathes:
HS link JTAG link

DHE
1m Infiniband  RJ45 cable
JTBB
1m Infiniband
Probeadapter  5m Infiniband
5m Infiniband
Hybrid 5

wirebonds:

material Al with 1% Si
max current for 10 mm 400 mA

max currentfor 1 mm 1A

specific resistivity 0.03 Ohm mm2/m

paschen@physik.uni-bonn.de 21



Hybrid 5 laboratory tests umversitétm

Timeline of the DHPT1.1 and DCDpp Irradiation Campaign at KIT in March 2016

Day DEPFET Monday 3/7/2016

LAB CRRSC

Silizium Labor Bonn

Time
Irradiation

Measurements

Progress

Tuesday 3/8/2016
Time ’ 5 5 5 5 6 L7 8 9 510

Irradiation

Measurements == .=ll==l ==II II II N II II IIIIEEI

Prgress :ll L 0 0, 0 000 00,00 00000 0000000 10001000
18 19 120 121

Iadiation Ill a ; é é 225M Il :Ill

Measurements H HE HNEEEEEE 3EE B ]
Progress ‘ ‘

Wednesday 3/9/2016
0 L1

Time

Irradiation

5 5 s | i 7 | | 10 11

| E 4oom
Measurements . ....
rogers . JTIMIN ll ll llll llllll

Time
Irradiation
Measurements
Progress
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Current [mA]
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DHPT1.1 Highspeed Link
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DHPT1.1 Highspeed Link umvergitgtm
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DHPT1.1 Highspeed Link

universitatbonn

¥ Woltage Heighi1: Eye Diagram A Time

250mY

P S—

15&11\1’

~almV

~100mY ;'

-150m\ I

=200mV » .-‘_---,:.1:_ -

Otfset 0.0024
-250mY | | ReS000 3053 | Total 43530-H 3707

Y Woltage Height1: Eye Diagram A Time

-250mY | | %e'6000 30529, Total 53527:305243
£00ps ~400ps -200ps Os H0ps A00p= E00ps

4 MRad
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DHPT1.1 Highspeed Link umverg;tétm

Extractions of eye diagram measurement

800 - 200
_ trendlines shown
| € Jitter Cyc2eyc NO fits -
| i > ; T :
'al 7 S — — 3 F — ! - & B S Jmm— . -; -180
2 600 T I - 1 - ] I : 4
(D) -170
e 500
= < [ = 1 = | faso
| 1L + ) _J_____.J(————if— — | ] | 150
300 4—— e | X | X ¥ Eye openning stays constant -
T | | ' Vertical eye -
200 openning
130
Position of zero
100 <& crossing (Edge jitter) 45
| ' | I ] [ % & % I
0% |
bt T T T T b Tadopm
-100- -
TID [kRad]
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DCD © DHP communication
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0 MRad Delay scan - H5_0_05 - asicpair: 1

LSB 1 ADU 8 ADU 16 ADU 32 ADU
bit 00 bit 03 bit 04
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bit error



1 MRad

LSB 1 ADU
bit 00

2 ADU
bit 01

4 ADU

Delay scan - H5 0 05 - asicpair: 1
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2 MRad Delay scan - H5 0 05 - asicpair: 1

LSB 1 ADU 2 ADU 4 ADU
bit 00 bit 02

16 ADU 32 ADU 64 ADU
o0 bit 01 III|II bit 05 bi

bit 04 . it 06
Tl [ T T T | T T T

27

[l
ONPARACON P

™

ch0-31

24

e
ONPRNON
L]

ch32-63

21

bit 23

e
ONPARNOONP
I

ch64-95

|
=
o

bit 31

[l
ON-PRANON P
[
L1111 (o]
LI II

bit 37 bit 38 bit 39

[
ONBARNOONP

Global Delays

ch224-255 chl192-223 chl60-191 chl128-159 ch96-127
N |

bit 41

[l
ONPBARABON P
Il

bit 54

[
ONPAAGONP

bit 56
T T T

bit 62 bit 63
TT 111 Tm

[ ]
]

ONPBANON &
[ |

0246 8101214 02468101214 0246 8101214 0246 8101214 02468101214 02468101214 0246 8101214 0246 8101214

bit error



3 MRad
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4 MRad Delay scan - H5 0 05 - asicpair: 1
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4 MRad in Bonn Delay scan - H5_0_05 - asicpair: 1
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DCD optimization
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DCD optimization

un ivers%tétbonn\

DCD is the part of the electronics directly
connected to the matrix.

It is responsible for digitizing the signal
current generated in the matrix.

Optimize DCD for:

- range of curve

- linearity

- missing codes/bit errors
- noise

hoenig@ physik.uni-bonn.de
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DCD and its parameters
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single DCD channel
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Wrl = Sync(1:0)==0
Wrl = Syne(1:0)==1
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Wr3 = Sync{1:0)==3
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5 most important parameters for
opimization:
- Refin, - AmpLow, - VPSource,
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DCD optimal working point
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channel Goet -oasn weeinhbed .Sllrnrn.':r:r'

‘ L

Z0n  sall 2OR 05C 1Aco LSO 116060 110 1360

(B P R |

Unirradiated
Optimal:

AmpLow = 300 mV
Refln = 900 mV

/AmpLow - Refin scan |
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chionnel Goetk -zon v.'r;_i|_'|hh:'r_l 5|,|rnrnr.r:|.'

O5C 1MGC IME0 11600 1150 1Z00
Tkt i ]

1000 kRad
Optimal:

AmpLow = 250 mV
Refln = 900 mV

crdnnel Gaellingerweaighile: Sunsriz

=3

S0 1308 1us0 1108 1150 120
oo relr Ly

2000 kRad

Optimal:

AmpLow = 600 mV

Refln = 1000 mV
(determined by program)
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DCD optimal working point umversjtgtﬂ

nannel Caetiane s walckead Eudseimand
1l
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a E = ; A
& Hat YT .Ill'ilr-M i Wil o#s0 BeA A3 100 W
dod rne [ cod-refin Imi]

3000 kRad 4000 kRad After irradiation back in Bonn
Optimal: Optimal: Optimal:
AmpLow = 250 mV AmpLow = 200 mV AmpLow =250 mV
Refln = 900 mV Refln = 900 mV Refln = 900 mV

(determined by program)

/AmpLow - Refin scan
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DCD optimal working point umversjtgtm

el Guellinger veeighle:s Sune ria

canrne et a

S nary

T3 s
_ - -
ﬁrl bl .'_

A :

z H o
45 !

doclpaa ez [ B
Unirradiated 1000 kRad 2000 kRad
Optimal: Optimal: Optimal:
Ipsource = 110 mV Ipsource = 100 mV Ipsource = 100 mV
Ipsource 2 =110 mV Ipsource 2 =95 mV Ipsource 2 =95 mV

— Scans done with different number of channels some use 12
channels some use 87.
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DCD optimal working point

SR R RS ww oszoFLoEmo MIE HMOLH N THE LN LS
dazlpsad ez [

3000 kRad
Optimal:

Ipsource = 95 mV
Ipsource 2 =90 mV

lpsourcesscan
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EHIIETR SO T

szoFLoEm MIDoEMOLH LN THE DN LS
dazlpsad ez [

4000 kRad

Optimal:

Ipsource = 110 mV
Ipsource 2 =100 mV

CaCIpLEL rYe e

i
q
£

unive rsita’tbonnl

coArinel Goellinger vsighle:s Suneria

7L HO 2L OLC UT 100 TCI 116 115 13C
CoCasourac? Ly

After irradiation
Optimal:

Ipsource = 105 mV
Ipsource 2 =95 mV

Scans done with different number of channels some use 12

channels some use 87.
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DCD channel map universﬁtétbonn\

250 kRad 1250 kRad

Missing code
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DCD channel map universﬁtétbonn\

2250 kRad 3000 kRad

Noise Missing code
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DCD channel map universﬁtétbonn\

4000 kRad Back in Bonn

Noise Missing code
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DCD channel map universitétbonnl

250 kRad 4000 kRad

double column stops

working

hoenig@ physik.uni-bonn.de 45



Continuous measurement
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Continous measurement during 1 MRad step
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Continous measurement during 1 MRad step
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Summary univers'tétbonn\

 First characterization of small PXD9 matrix with Strontium source and laser light
at laboratory

* Ring effect likely due to doping vatiations

« Odd/even effect not understood
— more detailed measurements necessary

» Good working point could be found
- lab tests with full matrix necessary
* Irradiation of DHPT1.1 and DCDB4pp with X-ray source
« High speed links stable against radiation up to 4 Mrad
« Optimal working point of DCD stable

« Degradation of DCD <-> DHP data transmission (maybe bad asicpair)
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Next steps univers'tétbonn\

Hybrid 5 remains major test vehicle for new components

Received 6 fresh Hybrid 5 boards in Seeon
» Populated with SMD components at HLL

Received 7 wirebond adapters with DCD4.1/2 + DHPT1.1 from HLL
« Assembly onto 7 Hybrid 5 boards in bonn
 Distributed characterization in Goettingen and Bonn

e _ urgently need new DHE software for new DCD JTAG handling

As soon as hybrids work and bonded Switchers are available:

« Add Switchers and small PXD9 matrices to some hybrids for more characterization

Irradiation campaign? Parasitic test at future PXD exclusive beam test?
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Thank you
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