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Measurements

LabView testing SW : Digital & Analogue probing & 9 mins per ASIC (optim) © S. Callier

Powering .
DAC Scan with probe:
Fine Thr Adjust /ch >, : PR — _ autogsin (GS)
— Global Thr.

VDC Pre-Amp /ch — -

TDC Delay scan /ch
Analog Readout/ch
VDC Fast Shaper s AutoTrigger delayed by FPGA

~— HG:0,10, 30, 100 fC
> ‘

S

VDC Slow-Shaper /ch

- LG:700fC

- G1,G10 AutoGain efficiency

— Probe & SCA (SCA 0-14) Qinj = 700fC

DAC Thr scan / ch 4 “ Eff. per Ch. vs Gain code

ADC (SCA0-14)/ch

— Pedestal @ | Qinj = 700fC
MWM | | |l _7_] ‘\@

— MIP (4fC) e = HG, LG, TDC(SCAD0)



Retrieved data file: Chip # FRA 738-159
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Test_SK2A_BGA_FRA 738-159.data
Slow_Control_Register 0K
SCA_Read_Register 0K
Probe_Register 0K
I_3v3 V_BG V_TH V_GS
0,0937976  2,4989200 1,3079803 1,9394339
VDC_FS
[} 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
1,2161662 1,2186568 1,2211954 1,2211390 1,2201431 1,2180445 1,2150118 1,2218660 1,2199741 1,2147174 1,2182692 1,2210182
VDC_SS10
[} 1 2 3 4 5 6 7 8 9 106 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
1,0028281 1,0049861 1,0061333 1,0052725 1,0049275 1,0038300 1,0038774 1,0053356 1,0045272 1,0041886 1,0052986 1,0039053
VDC_SS1
[} 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
1,0049201 1,0042521 1,0060671 1,0047835 1,0035045 1,0028111 1,0046542 1,0024921 1,0047438 1,0031069 1,0049574 1,0038115
VDC_PA
e 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
1,9249406 1,9312833 1,8951288 1,9088952 1,9294705 1,9108778 1,8721739 1,9158122 1,9111444 1,8988010 1,8742716 1,9141055
VDC_SCAl10
e 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
0,9991411 1,0001048 0,9995381 0,9989773 0,9967898 1,0012201 0,9964449 1,0015977 1,0000934 ©0,9974055 1,0004141 1,0032151
VDC_SCA1
e 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 3@ 31 32 33 34 35
0,9994429 0,9994854 0,9999536 1,0002390 0,9980254 0,9991362 0,9994906 0,9953494 0,9975675 0,9957655 1,0008029 0,9987904
DAC linearity V_TH
[} 1 2 4 8 16 32 64 128 256 512
0,8154298 0,8176452 0,8198520 0,8241404 0,8326749 0,8507235 0,8876501 0,9597801 1,1026122 1,3905303 1,9663821
DAC linearity V_AG
[} 1 2 4 8 16 32 64 128 256 512
0,8276091 0,8297366 0,8318541 0,8365022 0,8451735 0,8619108 0,8989854 0,9687146 1,1116212 1,3978217 1,9652133




Channel Scans:
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Channel Scans: Output csv files: stats and outliers

’ Slngle measurements from 64 channels value_range = {'VDC_FS':[0.9,1.7], 'VDC_SS1e':[e.5,1.5], 'VvDC_SS1':[@.5,1.51,

. Find mean and standard deviation | 'VDC_PA':[1.6,2.4],'VDC_SCAl1@':[0.5,1.5], 'VDC_SCA1':[0.5,1.5]}

* Fit to Gaussian by MLE method, extract fitted mean and std

ASIC number of valid channels mean  std fitted mean fitted std ASIC number of valid channels mean  std fitted mean fitted std

738-159 64 1.2177 0.002220 1.2177 0.002203 738-202 62 1.1851 0.001506 1.1851 0.001454

* Oultliers (outside 3 std from the mean)

ASEG || Hennel | istancs ASIC channel distance  Djstance = (value - mean)/std
738-261 34 3.4829 2127-251 34 -3.4044



Channel Scans: Summary VDC_PA

» Filter by standard deviation std_range = {'VDC_FS':[0,0.003], 'VDC_SS1@':[0,0.002], 'VDC_SS1':[0,0.02],
'VDC_PA':[@, 0.02],'VDC_SCA10':[0,0.004], 'VDC_SCA1':[0,math.infl}

VDC_PA real means VDC_PAreal stds —————>  VDC_PA real stds_filtered
207 it 1 Raw data If 3 total
[ Filtered 60 - 157 = 738
15 4 i 2127
« Total no. of ASICs: 156 g " 2
+  valid ASICs: 152 .
i | J
1] I:E! 0 T T T EB 0 DI 0 —LI T e T 57 0
ASICS of filtered std outliers: 1.875 1900 1.925 1950 1975 2.000 001 002 003 004 005 0.06 0.012 0.014 0.016 0.018
ASIC std Real means Real stds Real stds
VDC_PA fitted means VDC_PA fitted stds ~————————>y  VDC_PA fitted stds _ filtered
e =R -
- : == Filtered 0 )
61 2127=178 B.031462 15 i 12.57
143 2127-264 B.060818 g i . 1 10.0+ .
total no. of ASICs: 156 g1 3 3 751
number of excluded ASICs: 4 s | 20 4 5.0 -
number of wvalid ASICs: 152 l 2.5 :
EE! =l T T U EB 0 I:I| 0 T e T T T 0.0 I:h;l T I T I:|
1.875 1900 1.925 1950 1975 2.000 001 002 003 004 005 006 0.012 0.014 0.016 0.018

Fitted means Fitted stds Fitted stds



Channel Scans: Summary VDC_SS1

» Filter by standard deviation std_range = {'VDC_FS':[0,0.003], 'VDC_SS1@':[0,0.002], 'VDC_SS1':[0,0.02],
'VDC_PA':[@, 0.02],'VDC_SCA10':[0,0.004], 'VDC_SCA1':[0,math.infl}

VDC_SS1 real means VDC_SS1 real stds ————————>  VDC_SS1 real stds_filtered
[ Raw data B 1501 § [ total
+ Total no. of ASICs: 155 204 = Filtered 125 15 1 == 738
I 2127
« valid ASICs: 151 2] 2 1% 210
3 104 2 754 3
ASICS of filtered std outliers: °© | =
ASIC std 5 . >
26 738=-167 ©.095356 |
0 ID IED T T .I T 0 T T T T T T T 0_
87 2127-415 0.093840 0.97 0.98 0.99 1.00 1.01 1.02 0.00 002 004 006 008 010 0.12 0.0008 0.0009 0.00100.0011 0.0012 0.0013
114 2127-39@ @.118829 Real means Real stds Real stds
158 2127-391 ©.865169 VDC S51 fitted means VDC _SS1 fitted stds ————5  VDC_SS1 fitted stds _ filtered
total no. of ASICs: 155 BB Raw data B 150 -
number of excluded ASICs: 4 20 == Filtered 125 | 4575 _ -
number of walid ASICs: 151
w 157 w 100 1 w
£ - - £
8 10 - 5] 5]
50 5 |
5 4
25 1
R — . . : 0L ; ; . . . . oL, . : : ) —
0.97 0.98 0.99 1.00 1.01 1.02 0.00 002 004 006 008 010 012 0.0008 0.00090.00100.0011 0.0012 0.0013

Fitted means Fitted stds Fitted stds



Channel Scans: Summary VDC_SS10

» Filter by standard deviation std_range = {'VDC_FS':[0,0.003], 'VDC_SS1@':[0,0.002], 'VDC_SS1':[0,0.02],
'VDC_PA':[@, 0.02],'VDC_SCA10':[0,0.004], 'VDC_SCA1':[0,math.infl}

VDC S510 real means VDC S510 real stds EEE— VDC _S510 real stds _filtered
1501 =3 Rawdata ] 150 | ] 3 total
12.5 [ Fltered | M T 125 - 12.5 1 mEm 738
oo O [H 4 100 1 Em 2127
* Total no. of ASICs: 156 W illlls 1 100 1 ’
% 7.5 § 75 § 7.5 1
« valid ASICs: 153 ¥ o S
5.0 1 50 :
ASICS of filtered std outliers: 254 25 4 2.5
ASIC std 0.0 [.] T T 0 0 - T T T 0.0 - = T :
1 738-282 B.209274 0.99 l.OOR | 1.01 1.02 0.00 0.02 ceal ;04 0.06 0.0008 0.0009 Ii.'!.(.’!?Zl::}CI(.'i.OlIrl1 0.0012 0.0013
eal means eal stds eal stds
- P, Roluiaat VDC 5510 fitted VDC S510 fitted std VDC 5510 fitted stds _filtered
e itted means | itted stds ————————> e itted stds _ filtere
Cotsl . of MSen 6 50 [ ran o 0 -
: % 12.5 4 3 Hiltered - F B 125 4 12.5 B
number of excluded ASICs: 3 alpiii
number of valid ASICs: 153 o 1007 il i 1001 o 1007
c c (=
g 757 g 71 g 751
5.0 1 50 A 5.0
2.5 25 2.5
0.0 H | ; 0 01+ . ; . 0.0 L ] . |
0.99 1.00 1.01 1.02 0.00 0.02 0.04 0.06 0.0008 0.0009 0.0010 0.0011 0.0012 0.0013

Fitted means Fitted stds Fitted stds



Channel Scans: dependence on packaging VDC_FS

* Particular VDC_FS
39 ASICs “outside” the

VDC FS real means VDC FS real stds VDC FS real stds filtered
. . g 150
Gaussian in filtered std 201/ Raw data o e 3 total
. . [ Filtered 125 A 15 B 738
» Different packaging 15 1 1 100 . 2127
n 0 @
+ Total no. of ASICs: 155 = % o &
. 5
« valid ASICs: 144 25
0 DI 0 T T T T D T 0 T T T T T = — 0
ASICS of filtered std outliers: 118 119 120 121 122 123 124 0.00 0.01 002 003 004 005 006 0.00100.00129.0015@.00179.0020®.00225
ASIC std Real means Real stds Real stds
34 2127-254_chn62off ©.883949 VDC_FS fitted means VDC _FS fitted stds VDC FS fitted stds _ filtered
37 2127-264_chndloff ©.945919 P T = 150 — =
43 2127-282 0.085898 — 5. i
63 738-264 ©.016618 i d - 15 - _
70 2127-129 ©.857848 i 100 i
g8 2127-254 ©.003949 £ 2 2
2 10 4 5 75 A 5 10
85 2127-177 0.084183 3 3 3
94 2127-264 ©.046293 50
183  2127-129 chnBoff ©.857476 5 51
117 2127-262 ©.030707 237 I-H-Iﬂ'm |'| |'|
149 2127-256 @.0e6103 ol 00O ] ] ] [ : 014 : . ; —— = 0 ] . : : :
total no. of ASICs: 155 118 119 120 121 122 123 124 0.00 001 002 003 004 0.05 0.06 0.00079.0010@.00129.0015®.00179.00200.00225
Fitted means Fitted stds Fitted stds

number of excluded ASICs: 11
number of valid ASICs: 144



Channel Scans: 2 groups of mean data SCA'l

* Notch of data that is “outside” Gaussian in mean and filtered std as in red circle
 Total no. of ASICs: 155

+ valid ASICs: 155

« Scatter plots show correlation between mean and std.

VDC_SCAL real means VDC_SCAL real stds VDC_SCAL real stds _filtered
301 i [ Raw data ii 3 total
25 [ Fltered 15 i 15 - [ 738
2127
- - 2] 8 8
a) VDC_SCA1L: Scatter fitted mean vs. std (filtered) ¢ s € 101 £
o ] o o
é-. e real * ® e
° 10 4
0.0025 - : ,  fitted 57
5 4
. G\' ik,
) 0 0 [III { 0
3 0.0020 ‘ ® .‘ 1.00 102 104 T06 0.00125.00150.00175.00200.00228.00250.00275 0.00125.00150.00178.00200.00225.00250.00275
[ ] Real means Real stds Real stds
[ ] ] A ; i :
o = VDC SCAL fitted means VDC SCAL fitted stds VDC SCAL fitted stds _filtered
0.0015 e o 6 = = = =
: .. e 1 L [ Raw data i B
® ® 25 [ Filtered 15 4 . 15 -
T T T T
1.00 1.02 1.04 1.06 204
[} (5] (U]
Mean € € 10 € 10 4
3 15 4 =] =]
8 8 3
10 A
5 4 5 -
5 .
. il L JAHILmW L oiHL mm
1.00 1.02 1.04 1.06 0.00125.00150.00176.00200.00226.00250.00275 0.00125.00150.00175.00200.00225.00250.00275

Fitted means Fitted stds Fitted stds



Channel Scans: 2 groups of mean data SCA10

* Notch of data that is “outside” Gaussian in mean and filtered std as in red circle
 Total no. of ASICs: 156

« valid ASICs: 155

« Scatter plots show correlation between mean and std.

VDC_SCALO real means VDC_SCA10 real stds VDC_SCA1O real stds_filtered
H [ Raw data e 3 total
253 = Filtered 15 1 738
201 60 2127
2 ] 3
ta) VDC _SCA10: Scatter fitted mean vs. std (filtered) § 15 - § 40 - §
o L) L]
¢ o real 10
20 A
0.0025 4 @G0 fitted s{ | (-\ H_
0 T [ T 0 T T T T T
- o 1.00 1.02 1.0 - 0.002 0.004 0.006 0.008 0.010 0.012 - 0.0020 0.0025
i @ L] Real means Real stds Real stds
®9 ; : ; 3
& L " e VDC_SCA1O fitted means VDC_SCALDO fitted stds VDC_SCALO fitted stds _ filtered
0.0015 | e o = 804 =
L ] . ‘ L [ Raw data T
% 251 [ Fltered F
; : : . i 60 12.5 ] B
1.00 1.02 1.04 1.06 20
0 o w 10.0
Mesdin E 15 1 § 40 E
S S 3 737
10 - G
20 4 ’
5 |'| |-[ 2.5 1
0 T L T 0 T T T T T 0.0 T T 0
1.00 1.02 1.04 106 0.002 0.004 0.006 0.008 0.010 0.012 0.0015 0.0020 0.0025

Fitted means Fitted stds Fitted stds



Parameter Scans:

Pedestal ; MB of Hit bits
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DAC Scan with probe:
— auto-gain (GS)
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Parameter scan: retrieved data file

DAC linearity V_TH
A1 24 8 16 32 64 128 256 512

0,8185536 | 0,8209090 0,8229595 @,8273524 0,8362206 0,8543637 @,8898767 0,9599614 1,1015056 0@ 1,9504651

* Linear fit with y-intercept = voltage value at DAC =0 738-166: DAClinV TH
2.0 -

» excluding zeros (if VO = 0, extrapolate) S Origined Dats
« Extract slope — Linear Fit

738-166: DAClinV_TH

Equation of the linear fit:
Voltage = 0.0022108238079647283 * DAC +|0.8185536

Voltage

0 100 200 300 400 500
DAC_bits



Parameter scan: Analysis of a single chip

» Ratio = residual/slope: how well the fit is
* Plot residual vs. log2 of DAC » slope = smallest step of voltage when changing
» residual = data - fit DAC value

738-166: DACIinV_TH: Residual vs. log2(DAC_bits) 738-166: DACIinV_TH: Residual/Slope vs. log2(DAC bits)

0.0006 4
® @ Data 0.25 - ® @ ratio
0.0005 +
& 0.20 &
0.0004 4 v
&
= G 0.15-
- 0.0003 A =
o =
*_E 0.0002 - 5 0.101
< ® = ®
0.0001 = 0.05 A
0.0000 0.00
@ & & &
=] ® L e & L]
i ] i @
0.0001 T T T T T —0.05 - T T T T T
0 2 4 6 8 0 . 4 6 8

log2(DAC_bits) log2(DAC_bits)



Parameter scan: output file

ASIC VO!=0 Fitted slope Max abs. residual/slope ratio VO(intercept)
738-159 TRUE  0.002247538 0.327114922 0.8154298

« Steps of voltage to reconstruct scan

Step: VI-VO  Step: V2-VO  Step: V3-VO  Step: V4-VO  Step: V5-VO |
0.0022154 0.0044222 0.0087106 0.0172451 0.0352937

Step: V6-VO  Step: VI-VO  Step: V8-VO  Step: V9-VO  Step: V10-V0
0.0722203 0.1443503 0.2871824 0.5751005 1.1509523



Parameter scan: Summary analysis of DACIlinV_AG

DACIinV_AG: Fitted slope DACIinV_AG: Max abs. residual/slope ratio DACIlinV_AG: VO
120 | 120 1
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Parameter scan: Summary analysis of DACIinV_AG

DACIinV_AG: Fitted slope_filtered(ratio<2)

12 A

10

Counts

1

1

0.00218 0.00220 0.00222 0.00224 0.00226 0.00228

Slope

Filtered ratio < 2

total number of ASICs:

154

number of excluded ASICs: 25

number of valid ASICs:

129

DACIlinV_AG: Max abs. residual/slope ratio_filtered(ratio<2)
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10 A

Slope
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Parameter scan: Problem shoot (738-161: DACIlinV_AG)

extremely small slope ——> large ratio

DAC linearity V_AG
@ 1 2 4 8
2,8640459  2,0663909

16 32 64 128 256 512
2,0673200 2,0680968

738-161: DACIinV_AG

® Original Data
— Linear Fit
2.072 1
®
2.070 1
@
o
2
£ 2.068
2.066
2.064
T T T T T T
0 100 200 300 400 500

738-161: DAClinV_AG
Equation of the linear fit:
Voltage = 1.7842507510690275e-05 * DAC + 2.0640459

2,08685892

Voltage - fit

738-161: DAClinV_AG: Residual vs. log2(DAC bits)

2,0689519

2,B8692666

2,8606222
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0.004 4
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@ Data
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738-161: DACIinV_AG: Residual/Slope vs. log2(DAC_bits)
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—100 A
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Parameter scan: Summary analysis of DACIlinV_TH

DACIinV_TH: Fitted slope
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Parameter scan: Summary analysis of DACIlinV_TH

Counts

DACIinV_TH: Fitted slope filtered(ratio<2)

14 -

10 4

ol

Slope

Filtered ratio < 2

excluded ASICs: (ratio =>=2):

T T T
0.00218 0.00220 0.00222 0.00224 0.00226 0.00228

ASIC Max abs. residual/slope ratio

3 738-251
23 2127-487
74 2127-483

131 2127-274

total number of ASICs: 154
number of excluded ASICs: 4
number of valid ASICs: 158
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Conclusion:

« Data analysized from 158 chips
« Channel Scans (single measurement by external device from 64 channels)
* Non Gaussian distribution of std in VDC_FS,
» Fast shaper ------ > packaging 738 twice the std of 2127
« VDC_SC1 and VDC_SC10: two groups of mean and std ------ > correlations
« Parameter scan

« Auto-gain: measurements completely off (values almost the same)



