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I Outlook

* Testboard measurements B19, 30
- sharing
- TDC performances

* Pixel detector simulation model study
- to know the spatial resolution under different ADC-bit
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I Experimental setup

Sensor and the ASIC are in the dark box
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I IV curve of B19 and 30

* The I-V curve comparison between [JClab and BNL

* The difference between IJClab and BNL comes from the experimental setup.
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Channel sharing of B19

Probe the injected channel
turn off the other 24 channels
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I Channel sharing of B19

pixels sharing when inject at CH.01

pixels sharing when inject at CH.02

pixels sharing when inject at CH.06
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The sharing diagram when inject @ ch01

Charge injected in
one channel
[yellow background]

The sharing diagram when inject @ ch18
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pixels sharing when inject at CH.07
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The sharing diagram when inject @ ch02
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The sharing diagram when inject @ ch19
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The sharing diagram when inject @ ch06

The sharing diagram when inject @ ch21

The sharing diagram when inject @ ch07

0.91

The sharing diagram when inject @ ch24




Preamp: VPA
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Channel sharing of B30

Probe the injected channel
turn off the other 24 channels
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I Pixel

HV: -160V
I: ~68nA
DAC pulser: 10[~8fC]

DAC-bit[threshold]: 400

The high ratio at ch24

in the ch2 sharing would
be caused from forgot to
switch the probe.
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sharing of B30

pixels sharing when inject at CH.00

pixels sharing when inject at CH.01

pixels sharing when inject at CH.02

pixels sharing when inject at CH.12
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Sharing between connected and non-
connected sensor

* Except for sensor connection, B12 is same as B19

* Inject charge ~8fC into ch.07, then probing others.
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I TDC measurements (B19)

« 2TDC=>TOA & TOT
* Discriminator: const. threshold value type.

* To know the time-walk effect, jitter and determine the TOA
LSB.

- Threshold scan
- Determine TOA LSB by Delay scan
- Charge scan => time walk and jitter in different charge.
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TDC measurements (B19)

* Threshold scan
Q =3 (2.5fC) for 8 channels

*  Know the proper threshold value for each channels

B19 Ch.1 threshold scan: 350 B19 Ch.2 threshold scan: 355 B19 Ch.6 threshold scan: 375 B19 Ch.7 threshold scan: 350
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mean TOA
[Yaxis]

mean TOA
[Yaxis]

* Delay scan

Q = 30[25f(C] for all channels
each delay bit[10ps], using slope and delay bit to determine TOA LSB

B19 Ch.1 delay scan, mean TOA

g [

g’wzo— %
; L

s I
2 100}
8o
60|
a0

20

| | | L |
ﬁﬂ 10 20 30 40 50 60 70 80 90 1
Delay

=

B19 Ch.18 delay scan, mean TOA

z
g I
g’wzo—
s L
2 100}
8o
60|
40l

20

ﬁﬂ 10 20 30 40 50 60 70 80 90 1
Delay

=

B19 Ch.2 delay scan, mean TOA

B19 Ch.19 delay scan, mean TOA
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I TDC measurements (B19)

B19 Ch.7 delay scan, mean TOA
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I TDC measurements (B19)

Charge scan

B19 Ch.1 Q scan, mean TOA B19 Ch.2 Q scan, mean TOA B19 Ch.6 Q scan, mean TOA B19 Ch.7 Q scan, mean TOA
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I TDC measurement (B19)

Charge scan

B19 Ch.1 Q scan, jitter, LSB: 28.59ps B1g Ch.2 Q scan, jitter, LSB: 29.79ps B19 Ch.6 Q scan, jitter, LSB: 30.02ps B19 Ch.7 Q scan, jitter, LSB: 28.65ps
o F
= 8ofo o o §
r o
F o o) [
sof- ® o 140F
E %O o/ 120F
40 140 % e E ©
3 E o 100f
£ 120 o) F
sor 100F sof- Pt
[ E N o
[ E o)
207%0 E s sor °
| RRR e maame
o %o "% @Q?S’ R
. [ o5
[ & ;
jitter[ps] v.s. Q i .
0 10 20 30 40 50 60 70 0 16 20 30 40 0 60 70 56 60 7 0 10 20 30 40 50 60 70
Q DAC[0-63] Q DAC[0-63] Q DAC[0-63] Q DAC[0-63]
H Itter, 15 20 S B1g Ch.18 G scan, jitter, LSB: 28.98ps B19 Ch.19 Q scan, jitter, LSB: 29.90ps B1g Ch.21 Q scan, jitter, LSB: 30.32ps B1g Ch.24 Q scan, jitter, LSB: 26.32ps
~
J ) p g o g f o g fo & f o
E 140f L F o]
alculiated irom &0 i s sof-
. 70F 1200 F [
determined LSB[~30ps] : :
8o 100f- F F o
sof 30: 40:_ 40
a0l a0 s
E sof F Y
30fFo [ F & F
o o o F oo ) 20 © %o 20 o 95
E 401 N o I o oL O o %
2 oo Mm% ) ) b oo%o O@%%m : 2o M @0
F @o 20l O@mﬁ%@w B 10f G o & e &
e o & F Oc% E [ o
ol Lo b s L s s by [ SRR A EEEE AR TN F TR R RN EEE ool Lo Lo Lo biaa e plona e b v Lo biaaalai
10 20 30 40 50 _ 60 70 0 10 20 30 40 50 _ 60 70 10 20 30 40 50 _ 60 70 0 10 20 30 40 50 _ 60 70
Q DAC[0~63] Q DAC[0~63] Q DAC[0-~63] Q DAC[0~63]

14/ 34



conclusion

* The determined LSB value for each TDC is ~30ps.
* Most channel have saturated issue, as Q>21, shown in the charge scan

* The average jitter for each channel is 15~20ps. All these 8 TDC performance
are uniform

* Measure the signal by TOA & TOT
* B30 has problem on TOA measurements, still investigated.

* Beta source and infrared laser measurement will conducted in future.
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I Simulation of pixel sensor

Maxime build a electronics model about 5x6 pixel sensor

Simulate the preamp(TZ) output with different inject points

To know the spatial resolution difference between ADC 8 & 10 bit
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I Simulation of pixel sensor

* 30 pixels in single pad
* Extract the data(voltage) from excel(Maxime) and draw them in 2D plot

* Each pixel connect each other with resistor
Rsheet: 100Q, 1kQ, 2kQ, 5kQ, 10kQ

* Einjection point between y pos
i 0> totaly on 14 > | 2412526127 | 2829
ratio: 1 -> totally on 15 19 _20__21_ 22 (|23
ratio: 0~1 -> between 14 & 15 3 1211314115 16 |17
2 16| 7(8]9|10(11
1 112|345

1 2 3 4 5 6 X pos

We only consider these 12 channels (3x4 region)
when we reconstruct the injected point 17734



Simulation
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Y pos
vailags mitp Flabeat:vo08, Raskea oo ) . waitage ity Aahwat 1000, Raglea 2t . waitags ity Aahwat: 000, Ratea 20 . vaitags ity Aahwat: 000, Rasla. 18 . . vailage ity Aabwat; v00L0, Rlaska:n.00 5 24 25 26 27 28 29
4118(19|20|21|22|23
311211314 /15|16 |17
Rsheet: 100Q >[6|7]89]10[11
11012345

1 2 3 4 5 B xpos

. seitage o Rsbenet-400 3, b0 . wetage ot sbet-1000.3, Pt . ©etage ot s 10003, b5 . et s Fshet: 30013, ke 74 ‘ . et ok Fshet: 3003, Pk, 06 DraW MaXIme Slmulatlon data
followed above map

o=

I S T I

FRE) + B © ) (3 3 3 B d

laggs ok el 2000 1, a2 001 elaggs ok Fishasl 2000 1, Pla b 28 welaga ok Fishasl 20001, Pla bz 60 et o Fsbhest 20001, Plabec veitaga i Ashhest 20001, Plabzr .00

weitag s et S0001 1, a0 elag s et S0001.1, Pl bz 2 eitaga g et S000.1, Pl bz 60 veitaga g Asbvest S0, bzt T veitaga g Ashest S000.1, bz .00

vt ga s Flshasf:0000.0, i 0.7 Vet ga g e st 00000, Pl 038 veitaga s Fshast: 00000, Pl £ 57 weilaggs s Rshast: 0000.0, Alatin 14 etags s a1 00000, Fatin] 00

Rsheet: 10kQ 18/ 34




Linearity vs ratio

Pixel 14 voltage vary with ratio
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Total Energy of single pad
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I Simulation

Reconstruct inject position:
Z(Posi *V) / ZVi

3 differet cases for Maxime data:

- Reconstruct with all pixels without subtraction
- Reconstruct with all pixels with subtraction

- Reconstruct with 3x4 pixels with subtraction

—

Ratio
0 0.25 | 0.5 | 0.75 1
0.116 0.301 0.503 0.707 0.888 100
0.103 0.3 0.5 0.7 0.897
0.0962 0.285 0.5 0.715 0.904
0.0941 0.289 0.5 0.711 0.906
0.0934 0.296 0.5 0.704 0.907 10000
-0.0271 | 0.226 0.504 0.785 1.03 100
0.00177 | 0.249 0.5 0.751 0.998
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Reconstructed ratio
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I Simulation

o, [RMS]

* Add noise to each pixel independently.
* noise: Gaus(mean: omv, width: 1, 2, 4mv)
X(Pos * (V. + noise)) / (V. + noise,), V.. Maxime data after the zero subtraction
When Rsheet=100Q2 & 10009, X(Pos, * (scale * V_+ noise)) / Z(scale * V. + noise,), scale 1.6 & 1.1
* The reconstruction only consider 3x4 region
reconstruct resolution @1mV noise reconstruct resolution @2mV noise reconstruct resolution @4mV noise
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I Simulation

* Smear the injection energy with Landau

*  Multiply each pixel voltage with value from Landau distribution
Lan = Landau(1., 0.3), noise, = Gaus(0, TmV)

Z(Posi *(V,* Lan + noise,)) / Z(Vi * Lan + noise), V.: Maxime data after the zero subtraction

When Rsheet=100Q2 & 10002, Z(Posi * (scale * V_* Lan + noise,)) / X(scale * V. * Lan + noise)),
scale 1.6 & 1.1

* The reconstruction only consider 3x4 region

* The position resolution will calculated by FWHM and RMS.
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I Simulation

oy [FWHM]

o, [RMS]

reconstruct resolution @1mV noise and Lan(1, 0.3)

0.14
0.12F
0 1; B Rsheet: 100.0
r 4 Rsheet: 1000.0
+ ¥ Rsheet: 2000.0
0.08 O Rsheet: 5000.0
B Rsheet: 10000.0
0.08—
0.04—
0.02—
3 I o o L
07 L L L | L L L ‘ 1 L L ‘ L L L ‘ L L L ‘ L
0 0.2 0.4 0.6 0.8 1
Ratio
reconstruct resolution @1mV noise and Lan(1, 0.3)
0.14
: B Rsheet: 100.0
0-12f A Rsheet: 1000.0
: ¥ Rsheet: 2000.0
0.1— O Rsheet: 5000.0
L Rsheet: 10000.0
0.08—
0.06/
0.04—
) n n n u
z 3 i I i
0.02—
Gi L 1 ‘ L L ‘ L 1 L ‘ L L ‘ L L ‘ 1
0 0.2 0.4 0.6 0.8 1
Ratio

Lan(1, 0.3), noise: 1mV

o, [FWHM]

oy [RMS]

reconstruct resolution @2mV noise and Lan(1, 0.3)

0.14
0'1277 B Rsheet: 100.0
L A Rsheet: 1000.0
0.1~ Rsheet: 2000.0
r Rsheet: 5000.0
0.08 ; Rsheet: 10000.0
0.06—
0.04—
0.02 u u u “
0 L L L ‘ L L | L L ‘ L L ‘ 1 L ‘ L
0 0.2 0.4 0.6 0.8 1
Ratio
reconstruct resolution @2mV noise and Lan(1, 0.3)
0.14
L B Rsheet: 100.0
0.12— 4 Rsheet: 1000.0
= ¥ Rsheet: 2000.0
0_1; C  Rsheet: 5000.0
L Rsheet: 10000.0
0.081-
0.06% . . .
¥ ol ] z i
0.04—
0.021
G L L L ‘ L 1 L ‘ L L ‘ L L | L L ‘ L
0 0.2 0.4 0.6 0.8 1
Ratio

Lan(1, 0.3), noise: 2mV

Gy [FWHM]

o, [RMS]

Y-axis in same scale

reconstruct resolution @4mV noise and Lan(1, 0.3)
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I ADC

« Randomly choose the inject ratio from Uniform(0, 1): R, (ratio uniform), pixel 14 - 15

* Dynamic range: 1000mV

* Noise scale: 1 and 4 mV, Smear with Lan(1, 0.3)
* LSB: Dynamic range / 2"t

 ADChbit: 4,6,8,10,12

* The reconstruction only consider 3x4 region

« Calculate the amplitude of pixel:

Amp, analog = [Vio + (V,, - Vo) xRjIx Lan(1, 0.3) + Gaus(0, 1), Rsheet100, 1000 need to be scaled
AMP, i = Ceill(Amp, -+ 5x 1mV)/ LSB] (non saturated case)
AMp, .. = Ceil[1000 / LSB] (saturated case)

* Reconstruct the position:
Z(Posi X Amp )/ 2(Amp

i, digital i@@m)
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I Simulation

¢ Saturation means the amplitude > dynamic range[1000mV] and,

Satu.[%] = #saturated / TM S ——m__

* The analog and digital map comparison

Rsheet 100 1000 2000 5000 10000

Sawr[%] | 1.3% | 3.4% | 3.9% | 43% | 4.7%

Lan(1, 0.3), noise level: 4mV

Amap rsheet:100 ratio:0.48 Amap rsheet: 1000 ratio:0.67 Amap rsheet:2000 ratio:0.35 Amap rsheet:5000 ratio:0.43 Amap rsheet:10000 ratio:0.84

127.00

] 1

Dmap 6-bit rsheet:1000 ratio:0.67

6-bit

1 LSB for 6-bit = 15.625mV
And there is 5-sigma shift(5*4mV = 20mV) for the pedestal
the digital noise would around 2bits.



I Simulation ADC

6 [FWHM]
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I Simulation ADC

6 [FWHM]
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Pos Reso[FWHM] @ N-bit and different Rsheet
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N-bit

No significant difference between 1mV and 4mV noise level @ 4-bit case.
Since the LSB for 4-bit case is 62.5mV is much larger than change of noise.
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Pos Reso[Stdv' @ N-bit and different Rsheet

B 4 Rsheet: 100

s ¥ Rsheet: 1000

B O Rsheet: 2000

C O Rsheet: 5000

B Rsheet: 10000

B A

L @ .

L o A A A

B W )] 5]

_III|III\|IIII‘IIII|\II\|IIII‘II\I|\II\|IIII‘III
4 5 6 7 8 9 10 11 12

N-bit



I Conclusion

* The smaller noise and higher ADC-bit give the better resolution
- 8 & 10 bit has 10% difference between noise @ TmV and 4mV for [RMS]
- 8 & 10 bit has 25% difference between noise @ TmV and 4mV for [FWHM]

* The resolution[FWHM] difference between 10 and 8-bit is ~ 5% pixel width.

* The small Rsheet value(100) have too much sharing to reconstruct well.
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I Backup

reconstruct resolution @4mV noise
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reconstruct resolution @4mV noise
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I Backup
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I Backup - Testboard

TOALSB: 30ps  TOT LSB: 160ps

Signal shape by TOA and TOT
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I Backup - simulation p22 & 26
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Backup - Simulation specific
small ratio

* compare with p22 ratio[0, 0.25, 0.5, 0.75, 1]

reconstruct resolution @1mV noise and Lan(1, 0.3) reconstruct resolution @1mV noise and Lan(1, 0.3)
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