CBC2 wafer testing results

4 (of 8) wafers now probed

1st wafer - March 2013 -> 2CBC2 hybrids
2nd - September 2013 -> 8CBC2flex hybrids
3rd & 4th - August 2014 -> new 8CBC2flex hybrids

will describe evolution of test procedures
& show some analysis of results

Mark Raymond, systems meeting, 30t September, 2014.









wafer test development

1st wafer, AAPNFAH
no 12C registers contain stuck bits (write & read back all 1’s and all 0’s)
all channels respond to test pulse
power consumption and some biases swept

2nd wafer, ADPNF1H, some additional tests
basic offset tuning
all pipeline locations accessed looking for stuck cells

3rd & 4th wafers, A7PNF7H & AVPNC3H, further refinements
implemented recommended offset tuning procedure
s-curves for pedestals & s-curves with test pulse acquired
fully automated procedure - takes ~ 5 mins per chip



wafer results maps
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LabView front panel for individual chip test

latest version used for wafers 3 and 4
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analysis of data from wafers 3 and 4 follows



histograms

data from all chips from both
latest wafers
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S-curves for each channel subtract pedestal from test pulse
(s-curve mid-points)

edestal s-curves :
P -> gain for each channel
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=--W----=-%ME

do this for all chips on the wafer and histogram
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comparing wafers
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not much difference in average gain for these two wafers

but relies on test pulse charge injection capacitors matching




bias current sweeps vooo ar
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bias voltage sweeps

AVPNC3H A7PNF7H

VYoltage biases VYoltage biases

0 50 100 150 200 260 0 50 100 150 200 260
12C value [2C value

all voltage biases (VPC,VPLUS,VCTH,VPAFB) for all chips



AVPNC3H chip#1 - small problem

file path

C:{Users|dmr ay\DesktopitransFer_downstairs|CBC2_wafer_test_datal|aWPHC3H |
appended path

output message

pedestals s-curve

10~ .

LDG output

1.073

B3 waltage

0.595

% C:iUsers\drrayiDesktopitransfer_downstairs\CBC2_wafer_test_datalaPNCaH] chip_1

vDDD

"1.229

one ar more channels nat 1000 hits (random trig)
everything ok

chip number

stop

v v 1 1 1 |
50.0 100.0 150.0 200.0 250.0 300.0

1 I bias currents bias voltages
<
(_VDDD current  milleconds to wait T
4 33.0 groide o s | VPLUS
oL ]
. ¢ start VCTH level ® .
select fixed chip # 0 jource 109 O ; ]
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8
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250
o
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i
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1 [ [ F 1 I [ [ [ ] 1 I ] ] I i i k & 2 150 200
110 120 130 140 150 160 170 180 190 200 200 220 230 240 250 260 Y Y e G Y S D WED G R ey i S 2E 12C value
channel number VT et

fixed trigger test pulse data

H000)
7000+
6000

o 5000

=

£ 4000+

5

< 3000
2000

1000

95 100 105 140 145 150 1S5 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 A7

sample

1o 115 120 125 130 135

Anpltude
2
2
=
i
1

95 100

110 145 150 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235

140
sample

105 115 120 125 130 135 240 245 250 255 260 265 270 275 280 287

1 bit in pipeline stuck high

12C value

Artay corkaining chips to skip
7 ]
d |
g
-
o
o
T
o




AVPNC3H chip#85 - big problem

file path output message

edestals s-curves
4\ Users\dmyay\Deskiopitransfer_downstairs|\CBC2_wafer_tast_data\AVPNC3H | p BG voliage LB output
appended path 10-,
& CjUsers|dmray|Deskopitransfer_downstalrs\CBC2_wafer_test_data|AVPNC3H|chip_85 one or more channels not 1000 hits 1 1 7 4 1 2 1 8
VDDD chip mumber one or more channels not 1000 hits (random trig) . "
d 1 229 - everything ok 3
. 8 5 2 bias currents bias voltages
£
'VDDD current  milleconds to wat widb e
¢ alzidnt gl status status code VPLUS
5 2 vl start YCTH level ° o — 194
lect fized chip # 70 FOUree)
S/EELIXE = E‘D 90 100 110 120 130 140 150 160 170 180 190 200 210 ZZ‘EI
w€0p  LONy?  ERROR DURING VBIASSCAN  Guo? stop YCTH level WVCTH value
220 |
g test pulse s-curves
ERROR DURING BG READ e
] 2
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250 '
3
200 | E
£ 150-] =
2
E 100
[} i i ] ] ] ] 1 1 i ] [ ] I [l i I [l ! ] 200
1200 130 140 150 160 170 180 190 200 210 220 230 240 250 260 80 90 100 110 120 130 140 150 160 1700 180 150 200 210 220 12¢ val
channel number WCTH value value

fixed trigger test pulse data

8000

7000
6000 -]
SEIEIEI’
“wuw
‘auuuf
2000
1000-|
o5 100 105 tio 15 160 185 170 175 180

120 125 130 135 140 145 150 1S
sample

185 190 195 200 205 2io 215 220 235 20 235 240 245 250 285 240 s oM 275 2n 2w

random frigger test pulse data

10000 -}

mnﬂ‘il“ ‘ “‘ ‘II‘I‘I“H I‘I‘l‘ “Hl‘l‘ ““I‘I“l “I‘ “Ill‘
0 5 10 15 20 25 i 3 40 45 50 55 60 65 70 75 &0 &5 90 100 105 1o 15 10 125 1o 10 185 170 175 180

135 140 145 150 155
sample

Amplitude

185 10 195 200 205 zin 215 20 295 280 235 240 245 250 255 240 25 o7 275 oE0 287

I 1 I 1 1 |
S0.0 1000 1500 200.0 250.0 300.0

12C value
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-
:
: -
: o
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A7PNF7H chip#4

file path outpLt message
i \Wsers\dmrayiDeskiopitransfer_downstairs\CBCZ_wafer_test_datala7PNF7H |
appended path .
% CiUsersidmrayiDesktopitransfer_downstairs\CBC2_wafer_test_data\ATPNF7Hchip_4 one or more channels not 1000 hits
VDDD - one or more channels not 1000 hits (random trig)

stp everything ok

"1.230

VDDD current

4

milliseconds to wait

; a errar oUt
¢ 33.8 kil g0 s [EEOES VPLUS
oa b
. ¥ stark YCTH level E—
select fixed chip # 70 BEE 9 2
selct i
w0? .0 y? ERROR DURING VBIAS SCAN LS stop YCTH level
@ 9 220 =
ERROR DURING BG READ
)
offsets
250+
200 -
@
E 150-]
£ 100+

AP popte i P PN P S A A e L e U S Y ol e

v ' v o I U T o ! ! ! ! o o I ' |
100 10 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
channel number

fixed trigger test pulse data

: ‘ I
! I o " | |
s 10 15 20 25 a0

random trigger test pulse data

10000 -

7000-|
&000-|

5000~

ud

2 4000~

£

¥ 3000
2000~
1000~

0 ! !
0

1000+

Amplituds

| o ' o ' o o I ' ' o 1 ' ! I ! ! v o
95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195

" ' o ! o o v o
0 s 95 100 105 110 115 120 125 130 135

pedestals s-curves

Amplitude

05 o i e B | s i 85 e |
70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
—
=)

test pulse s-curves

10~

Ampltude

VCTH value

sample

o v o !
195 200 205 210

I ]
140 145 150 155 180 165 170 175 180 185 190
sample

! o ' ! o
200 205 zl0 215 220

' o o
215 220 225

LDO qutput

1.090

BG voltage

0.601

bias currents

100 150 200 250

12C value

o ! ' ! | ' ' ! ! I N
225 230 235 240 245 250 255 260 285 270 280

! ' ' I ! ' ! ! ! ' |
230 235 240 245 250 255 260 265 270 287

bias voltages

50.0 100.0 150.0 200.0 250.0 300.0
I2C value

Array eantaining chips to sk
T
C -
-
dez__|
da
C -
o

0

o
o
0

4EI

o
o
0
o




A7PNF7H chip#39

file path R edestals s-curves
A Wi aviDeskiapliraner_downstarsiCBCE wwafer test_dabalydPRETH | P ARl et
appended path
% C\Usersidmray|Desktopltransfer_downstairs\CBC2_wafer_test_datalA7PNFTH|chip_39 one or more channels not 1000 hIS 0 594 1 0 86
VYDDD thip rumber one ar moare channels not 1000 hits (random trig) . .
9 1 227 w5 everything ok g
=
. 3 9 i bias currents bias voltages
£
'VDDD current llseconds o woi - |
9 st 10 e (S VPLUS
33.2 £ PRI &
select fixed chip # 70 i 8 7
e ;r. v?  ERRORDURMIGVELSSCAN stop ¥CTH level
) 220 =
. test pulse s-curves —
ERROR DURING BG READ 104 < SO
E s n
offsets T8 K}
= 35
250 N § 30,
200 E
5 I
4 150 <
2
g ‘““'
50
U TR ; % 140 150 160 170 180 190 200 2i0 20 2o 240 o8 ; U;E 80 o0 100 10 120 130 140 150 160 170 180 180 z00 210 220 50z a0 s80 1060 o 200 o w0
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
channel number VCTH value I2C value 12C value

fixed trigger test pulse data
8000 )
7000, Array containing chips to skip
6000 -| an .

oA

’Z] 51

’:J 62

oflot

s

95 100 105 U100 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 130 185 200 205 210 215 220 225 230 235 240 245 250 255 20 265 Z70 275 280 267 ',qu
sample o

random trigger test pulse data

10000+

1000

1007 |I 0 ! ! !
0 5 10 15 20 25 30

Amplitude

T |
287

n v T T ! ! U v n " ! ! ! ! T T ! D v 0 T T T ! ! ! ! v T T ! U ! ! v ' v
95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 280 265 270 275 280
sample




A7PNF7H chip#49

file path output message pedestals s-curves R s 00 autput

Ci{Users\dmr av\DeskiopltransFer_downstairs\CBC2_wafer_test_datal4PPHF7H |

10-)
a:F:r\‘S::r:\a;r:ray\Dasktup\transFar_dnwnstairs\cECZ_Wafer_tesl_data\»\?PNF?H\[hiij one or more channels not 1000 hits 0 599 1 0 9 1

VDDD thip e one or mare channels nat 1000 hits (random trig) L] O
] stop everything ok N

1 . 228 49 i bias currents bias voltages
VDDD current millsconds to wait s "
v st = w0 - VPLUS

3 1 . 6 g stark VCTH level ° I —

select Fixed chip 70 jsaurce; 1 12 e e .‘ l 59550 i e s |
- 70 80 S0 100 110 120 130 140 150 160 170 180 180 200 210 220
xem  X.OnY?  ERRORDURINGVELASSCan  CUlod? stop VCTH level YCTH value
L ] ° J 220 I

test pulse s-curves

10+

ERROR DURING BG READ

offsets

250

200+

Amplitude

150}

Amplitude

T T T
0 1 0 I I T I I T T G T T T G T i o0 150 200 250 SO0 1000 1500 2000 250.0 300.0
0 10 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260

channel number WCTH value I2C value I12C value

fixed trigger test pulse data

8000
7000
6000 -]
5000}
-
5
£ 4000~
5
= 3000
2000
1000~
L ul\ i
5 1 15 20 25 30 35 40 45

Array containing chips to skip
OO T
5 .
o
: -
T
de |

0y T I 1 [ ) ) [ 1 I ] 0 ] ] T 0 ] ) [ ) ] ) 1 I ) [ [ ) I ] I I ] 1 ! ) ) O f. ’lw_
0 105 110 115 1200 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 .
sample o
random ftrigger test pulse data Jo
10000 -) i, 0
0
{1]
o
3 o
E‘ 1000 - | .
< S 0
0
{1]
o
100- I [ 0 I [ I I [ I I I I 1 I T 0 I T 1 i I 1 I I [ I I 0 I T 0 I I 1 I T 0 I I I 1 T I 1 I [ 0
o el 1 15 20 ) 30 35 40 45 105 110 115 120 125 130 135 140 145 150 1S5 160 165 170 175 180 185 190 195 200 205 210 215 2200 225 230 235 240 245 250 255 200 265 2700 275

sample

one bias current not working




A7PNF7H chip#51

file path Ut message edestals s-curves
BIC:\Usersidmray\Deskhop\iransfer_downstairs\CBC2_wafer_test_datalAZPNF7H | p - BG voltage LDO output
appended path ; 10
% Co\Users\dmray|Desktopransfer _downstairs\CBC2_wafer_test_data\A7PNF7H|chin_S1 one or more channels not 1000 hits 0 60 O 1 0 89
vDDD chip rumber one ar more channels not 1000 hits (random trig) . .
d 1 229 - everything ok s
. 5 1 H bias currents bias voltages
E

0.9+

milliseconds to wait

2 error out

edahp g1 status catus  code VPLUS

=J51 E

¥ start VCTH level ° - —

select Fixed chip # 7 FOrEE, 89 (e o e )

(™ 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
o POR DURING YBLAS SCAN @ s skop VCTH level VCTH value
L ] ° 220 I

>
test pulse s-curves
10q)

ERROR DURING BG READ

Amplitude:

0.2 ! ! ! v L |
00 500 1000 150.0 2000 250.0 300.0

L

W 1l
70 &0 90 100 110 120 130 140 150 160 170 180 190 200 210 220

IS‘U
VCTH value I2C value 12C value

10 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
channel number

#rray contairing chips to skip
9" @
-
C Ea—.
de |
:
: -
:

e e e A e e e e 7
100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 208
sampla

255 260 265 270 275 280 287

210 215 220 225 230 235 240 245 250

random frigger test pulse data

10000 -

| ||IHJJJ L iy 8

i T T v T ! ! 0 ! ! ! ! D T U ! D ! 0 !
95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 Z20 225 230 235 240 245 250 255 260 265 270 275 260
sample

cfofopopo

Amplitude
ofofofopo

IPRE1 not working




A7PNF7H chip#62

file path output message
C:{Users\dmrayiDesktopitransfer_downstarsiCBC2_wafer_test_dabaia7PHF7H |
appended path
% Ct\Users|dmray|Desktopitransfer_downstairs\CBC2_wafer_test_datald7PNF7H|chin_62 one or more channels not 1000 hits
VvDDD thip e one or more channels not 1000 hits {random trig)
g s everything ok
1.229 62
 millseconds 9 st s
ghsleey g status stabs  code VYPLUS
W start YCTH level o—
select fixed chip # 70 jpaulce. 9 6
R DRmG Bt scan (D stop YCTH level |
4 220 =

ERROR DURING BG READ
offsets

250

200

! ! I ! v v ! ! T n ! ! ! ! i
120 130 140 150 160 170 160 190 =200 210 220 230 240 250 260
channel rumber

! v !
125 130 135

random trigger test pulse data

10000 -

Amplitude
g8
=}

100 105 110 115 120 125 130 135

pedestals s-curves

BG voltage

0.606

bias currents

LDC output

1.103

bias voltages

Amplitude:

s 1 I )
70 80 90 100 110 120 130 140 150 160 170 180 190 200 Zlo 220
WCTH value

test pulse s-curves —
T < 50.0-

Amplitude

Wy ! |
70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
VCTH value

v ! v ! |
100 150 200 250 300

12C value

n T ! U ! ! v ' ! D T ! T 0 ! ' ! v U T ! " U ! D ! I ! N ol
140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 267

sample

140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 287

sample.

IPRE1 not working

12C value

Array containing chips to skip
§o
e
-
de |
o
;
C

0

g EEE gl s




A7PNF7H chip#81

file path outpt message
%1\ UsersidmrayiDeskiopitransfer_downstairs\CECZ_wafer_test_datalA7PHF7H |
ppended path
% Ci\UsersldmrayiDesktopitransfer_downstairs|CBC2_wafer_test_datald7PHFTHichip_81 ane or moare channels not 1000 hits (ra ndom tl’lg)
VvDDD chip number everything ok
¢ stop
1 = 8 1
VDDD current  millseconds to wait SRR
J M LRy g status status code VYPLUS
3 3 . 1 ge! start VCTH lovel ® o —
select fixed chip # 70 2ONEC 89
Y e X.ony?  ERRORDURING VBIASSCAN ‘e stop VCTH evel ‘
° L] J 220 =

ERROR DURING BG READ

offsets

250~

200~

150~}
m
50-]

0= [ 0 % i 0 v 0 I B

0 10 20 30 40 S0 60 70 80 90

Ampltuds

10 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
channel numbey

100

fixed trigger test pulse data

: | I
U I 1 | | |
s 1 15 2 25 a0

random trigger test pulse data

10000

7000~
6000~
5000
2
£ 4000
< 3000
2000-
1000

o
0

! o o v '
110 115 120 125 130 135

1000

Amplitude

| v n !
5 10 15 20

1007 1 i ] ] ] ]
[ 10 115 120 125 130 135

0
105

pedestals s-curves

B% vaktage

0.599

bias currents

LD output

1.082

bias voltages
0.9+

Amplitude

e )
70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
WCTH value

test pulse s-curves

10+

Amplitude

e, ! T el
70 &0 90 100 110 120 130 140 150 160 170 180 190 200 210 220
YCTH value

100 150 200
I2C value

I T P Y P B B e Sy S S IR M ]
140 145 150 1S5 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 287
sample

! D v ! ! ! ! ! ! 0 v D T T ! ! ! 0 0 0 0 D U U ! ! ! ! 0 ol
140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 267

sample

1 bit in pipeline stuck low

I2C value

Array containing chips ko skip
CLINC
: -
:
de__|
da |
. o
o]
{1




A7PNF7H chip#88

file path GUERUE Tessage

B Cr\Userstdmray|Deskeopltransfer_downstairsiCBC2_wafer_test_datala7PNF7H | pedeStals s-curves BG voltage LDO output
appended path . 10
& CiUsers|dmvay|Desktop|transfer_downstairsiCBC2_wafer_test_detal7PNF7Hichip_88 one or more channels not 1000 hits 0 6 1 1 1 1 1 1
VDDD hip rumber one or mare channels not 1000 hits (random trig) . .
3 1 229 w5 everything ok 8
]
. 88 s bias currents bias voltages
£
VDDD current millsaconds to wait A
4 T chip # oo tatis e VPLUS
34.8 o P 5

select Fixed chip # 0 source 1 1 9
ssiecth
x<Qr  X.OonyT ERRORDLRINGEIASScan P - ’ﬁ
° A . 220 =]

test pulse s-curves
ERROR DURING BG READ

= |
70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
WCTH value

Amplitude

150 200

50,0 1000 150.0 2000 250.0 300.0

o 2o 10 o im0 180 170 A 0 2o 2o 20 2d0 0 2 0 1 0
channel number VCTH value 12C value 12C value

fixed trigger test pulse data

8000~ ‘
7000-] Array cantaining chips to skip
5000~ A »
v° g
5000
. o
2 om0 =
E ';} 51
3000-] ;
ez
2000 g
st
1000 v,
I — |
5 i) 15 20 25 30 &

e
0y [ ] ) 1 I ] ) ) ) I I ] ] ] 1 T ] ) [ ) 1 I I I ] ] ) ) ) T - },4?_
0 35 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 230 235 240 245 250 255 260 265 270 275 280 287 V.
sarple 0
random frigger test pulse data 4o
10000 4o
0
0
a
N 4
g 0
3 4
=1 s i
o
o
o
110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 287 J o

sample

1 channel output stuck high




summary

wafer yields to date

1st | 4 rejects (balls damaged)

2n 5 rejects

3rd 3 re!ects | ]. more rigorous test procedure for last 2
4th_ 7 rejects (one rejected by eye)

test takes ~5 mins per chip

faster 12C would help - present interface runs at 100 kHz



extra
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blade probe card for CBC2

same card as used for
single die test setup

(don’t have to use big clunky
edge-connector) 4



Wafer Test Probe Station

will re-use some of APV probe-card interface hardware

ancient PC now replaced and probe-station controlling software checked ok

Micromanipulator
8 inch semi—automatic
probe station

VME based
ADC (8 bits)
RAL SeqSi
: 40 MHz CK/T1
)_,ﬁ%ﬁ%r"","y’v -~ = ) ' e ' CERN VI2C I/F

PC controls both
DAQ (VME)
& probe-station (RS232)

200 mm probe station,
using custom-designed
probe card (see inset)

25



probe card signals

«—+2.5

«<—DC-DC GND

-
floating capacitor 27 altogether
«—

<«— DC-DC ck 160 MHz signals left out

«— GND can try and use DC-DC and LDO
+—— DC-DC out but unlikely to work well
«—— VDDD necessary associated capacitors

a long way away from pads
«<——GND

<+ T1 trigger
<+— fast reset
<+— test pulse

<+— |12C refresh
4—

«— } 40MHzdiffck
<+—clock
<+«——data 12C
4+— reset
<«— trig’d data out
<+— stub shift reg. O/P
<+—— trigger O/P

<+— analog mux out
+<—GND

<— VDDA

<—VLDOO
<—VLDOI

«<—GND
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a
O
a
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a
O
O
O
a
O
a
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a
O
a
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O
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