DCDE Measurement Results




OVERVIEW

SMALL MATRIX TEST SYSTEM
TRANSFER CURVES

DCDE Transfer Curves: dynamic ranges
Matrix Transfer Curves: shape

SINGLE PIXEL LASER SCANS
Spillover region = dynamic DCDE range

2-bit DAC
IPDAC current
Impact on pixel gain

COMMON MODE
SAMPLING POINT CURVE
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SMALL MATRIX TEST SYSTEM

Starting with the functional BELLE Il chain all components are stepwise replaced and tested

Matrix Size:

12x7 mm
128 x 64 physical pixels
32 x 256 electrical
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E1 Hybrid Board

'DHP | DCDE =i

Data Handling Engine
data reader, framing,
data buffering, steering
DHP, JTAG master,
Aurora/UDP connection

DCD:

Switcher:

Drain Current Digitizer — ADC pipeline
256 analogue channels connected to drain lines
digital outputs: 8bit wide from 8 column pairs

Data Handling Processor — reduce data rate (factor 13)

offset correction, zero suppression, triggered frame
selection, 8b/10b encoding, steering Switcher
64 input pads, 1 differential output pair (CML)

Controls 32 rows of Depfet Matrix (Gate, Clear)
high voltage CMOS technology supporting up to 20V
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DCDE TRANSFER CURVE

ADC-TRANSFER CURVE for different GAINS @

N
E1_l_04 PPS-Testing (Summer 2018) I/ /

¢:
.'l\

Transfer Curve DCD-E Channel = 48, Gain = 1.7 times lowest gain
dcd-amplow-0300

SN I S S S R—" DHE current source 248uA, 65k DAC steps
2o} 4 - strengthen switch for higher currents
D150 ...............................................
2 .........................................

F1.1)] SOSRSRPRRRRNUPOY FTROIPPPIN: SOPPRUONS ST o/ NOPPPOPIUONT SOOI SOOI S g Transfer Curve DCD-E Channel = 48, Gain = 33.0 times lowest gain

dcd-amplow-0300

50

%.0 30.5 61.0 91.6 122.1 152.6 183.1 213.7 244.2

Current DAC from DHE source [pAl

Gain 200ADU
33.0 13pA
1.7 240pA

%.0 3?8 756 11.4 1;.3 19.1 2;.9 26i.7 30.5
Current DAC from DHE source [pA]
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En30 En60 En90 En120 Gain
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Times ADC Transfer Curves for different gain settings [200 ADU]
lowest
Gain 250
0.061 1.0 25 R.: En30 =30k
0.063 1.0 En60 = 3k
0.065 1.1 200 En90 = 1.5k
L] L En120 = 15k
——
0.095 1.6 g 150 Gain=RIls /RLf
0.100 1.7 é 125
0.154 2.5
0.167 2.8 1001 — Gain1
0.182 75 Gain 1.5
0.200 —— Gain 3
. — oy
1.000 0- ‘ ‘ ‘ ‘ . , .
2 33 0.0 37.5 75.0 1125 150.0 187.5 225.0 262.5 300.0 337.5 375.0
current source [uA] (with relative offsets)
Gain 200ADUs current/ADU | ADU/current |to lowest Gain| from Resistor
EnAll 410 (est.) 2.05 0.49 1.0 1.0
En90 240 1.2 0.83 1.71 1.7
En30,60,120 165 0.825 1.21 2.48 2.5
En30,120 126 0.63 1.59 3.25 3.3
En30,120 39 0.195 5.13 10.5 11.0
En30 13 0.065 15.4 31.5 33.0




MATRIX TRANSFER CURVE

MPG)

Pixel Transfer Curve — Expectation vs Measurement D g

Qe
Comparison of one Pixel Transfer Curve with two different Systems

250

—— SPIX Transfer Curve

200 +

150+

Current [pA]

100

50

1 2 3 : s
Voltage [V]

© Mitja Predikaka
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MATRIX TRANSFER CURVE

PGl
Pixel Transfer Curve — Expectation vs Measurement oy
L[

Comparison of one Pixel Transfer Curve with two different Systems

400 . . . . 450
—  SPIX [Ihs] —— Source Current [rhs]
350| 1400
1350
300}
4300
250}
E 250
) —
200} c
3 o
E {200 5
5] 5]
150}
{150
100}
4100
50} 150
0 1 1 1 1 0
-1 -2 -3 -4 -5 -6

Gate On Voltage [V]
© wiitja Predikaka
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MATRIX TRANSFER CURVE

Pixel Transfer Curve — Expectation vs Measurement (WP @

Comparison of one Pixel Transfer Curve with two different Systems

400 Ll Ll Ll T 300
— SPIX [Ihs] — Edet Hybrid Board [rhs]
350}
4250
300}
4200
250}
E <
€ 200} {150 €
g z
5 =
(@] @)
150
4100
100+
450
50F
0 L L L 1 0
-1 -2 -3 -4 -5 -6

Gate On Voltage [V]

© wiitja Predikaka
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MATRIX TRANSFER CURVE

TRANSFER CURVE 1.7 x lowest Gain

ADC Transfer Curve on Pixel R31/C44, Gain = 1.7 x lowest Gain

30050Urce (green), median value(red) of 1000frames, highest/lowest value (blue), 20mV steps

450

expect same curve shape as
with source current

250
4350

200

w
o
[S]
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w
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Source Current [pA]

]
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100

[
u
o

[
o
]

ADC Transfer Curve on Pixel R31/C44, Gain = 1.7 x lowest Gain
501 source (green), median value(red) of 1000frames, highest/lowest value (blue), 20mV steps

250 400

450

4350

91.0 -15 -2.0 =25 -3.0 =35 -4.0 -4.5 -5.0 —5.05

gate-onl Voltage [V] 1300

N
1%
o

N
o
o
Source Current [pA]

Potential Problem Areas:

ADU

High currents at once
Edet Hybrid Board
DCDE settings

pixel position
readout speed

-
%
o

4100

450

. o]
-5.0 -5.5

gate-onl Voltage [V]

March 12th 2019 Eduard Prinker, Ringberg DEPFET Workshop 9



MPG(
MATRIX CALIBRATION - APPROACH (@),

High gain mode: determine pixel specific gain
factor using Cd'® source — Statistics!

Measure laser pulse ADU in high gain mode

#electrons per pulse=6000+Pulse
ADU/Gain Factor

Step-increase of pulse count within one readout
period in order to measure:

“kink”-position & secondary g,
discrete gain curve
explore complete dynamic range of the pixel



SINGLE PIXEL LASER SCANS

Pixel Capacity

Increasing frequency of laser pulses explores full dynamic range of device

¢:
.'l\

MPG;
7/

Laser Scan neighbour Pixels (R31/C44), Gain = 1.7, ClearOff=1000.0mV, CCG=-500.0m"

200 - median value of 10000 frames, frequency increased b_y 123 x 0.245 MHz steps
J . . Seed : .-....lﬁiﬂl"? esencncnee -’-oooc';
. |eft Spi”over '..............E....::"............? esenetores sssseney
: * right N RTTLLL '"".f. .t A
|+« top »
150 _ * bottom S ..-'..v.' ............ DO PN ST PP PPN
- : . .
Q) 100 [ovevememmememes e & Eoe g
< :
50 - ......... .f...,oveﬁﬂow ............... .......... 70 NSRRI S T T
ols i i i H i J
0 5 10 15 20 25 30
. . . ‘ . . . frequency [MHz]
0 823 1,645 2,467 3,290 4,112 4,934 5,756 6,579 7,401 8,223

number of electrons

bottom pixel (gain 20) shows higher plateau current than central pixel (gain 19)
Overflow ~ 100k electrons
Spillover ~ 2.3mio electrons or 160 ADUs (70 ADUs for 1mio electrons)—=>3 times higher gain 5.1 (assumption: 50ADU offset width)
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2-BIT DAC

Input Current
Input Current

| <
2
0
c
=4
e

Dynamic input range

Channels Channels

2 step process:

1. different channel spreads are corrected by individual
additions of IPDAC

2. channels are collectively pulled into the dynamic range
by VNSublin + IPAddIn
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2-bit DAC principle (l)

2-bit-DAC on Edet Matrix (128 x 64)

Total Offsets

120 FF

100

)
0 20 40 60

120
100
80
60F 5
. L

40E.

20

ADU
240

210
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2-BIT DAC

2-bit DAC principle (ll)

Sweep IPDAC values for Gain = 33.0

median values of 100 frames
e 2-bit-DAC=3
o 2-bit-DAC=2
o 2-bit-DAC=1
e 2-bit-DAC=0

250 i .................................

300

200

2-bit-DAC=3 | 2-bit-DAC=2 2-bit-DAC=1 2-bit-DAC=0

2 ipdacO 37 98 157 208
D 150 kel L SR ——— izdgzl — — T Ehn
ipdac2 255 246 224 209
1007 o ...................................
SO /o ................................... High Gain: can only use 1 out of 127

IPDAC values for offset adjustment

IPDAC
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2-BIT DAC

300

250

200

3 150
<T

100

50,

March 12th 2019

2-bit DAC principle (ll)

Sweep IPDAC values for first Quarter & Gain = 33.0

median values of 100 frames
—e 2-bit-DAC=1] ! : : : :
+—e 2-bit-DAC=2|:
o 2-bit-DAC=3| !

/pdac=1=
@43
444D~
44x13u4/
2-bit-DAC=1 2-bit-DAC=2 2-bit-DAC=3
ipdacl 36.0 37.0 39.0
ipdacl 82.0 133.0 175.0
ipdac2 131.0 210.0 255.0
ipdac3 169.0 255.0 255.0
ipdacéd 202.0 255.0 255.0
ipdacs 223.0 255.0 255.0
ipdach 247.0 . 255.0
ipdac/ 255.0 255.0 255.0 |
ipdacs 255.0 255.0 255.0
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2-BIT DAC

2-bit DAC principle (IV)

Smoothing Edet Matrix offset distribution with 2-bit DAC values

Original Edet Small Matrlx Offset Map 2-bit DAC offset Map 2o

- L : 2.7

2.4

IPDAC = 1 2.1

IPADDIN = 0 18
VNSUBIN = 17 .

orig. spread = 254 1.5

adj. spread = 194 1.2

0.9

0.6

0.3

0.0

0 )
0 20 40 60
Offset distributions

L] T T T T

250 H original A
[ 2-bit-DAC adj.

200 F 8

150+ 8

Counts

100+ E
range could be larger

//
0 50 100 150 200 250
ADU

50
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2-BIT DAC

2-bit DAC principle 1.7 gain (l)

Sweep IPDAC values for Gain = 1.7

2-bit-DAC=1 2-bit-DAC=2 2-bit-DAC=3

300 median values of 100 frames Tpdaco 16.0 16.0
I T T T ipdacl 19.0 21.0 24.0
—e 2-bit-DAC=1 : : : Tpdac2 21.0 27.0 34.0
hitDAC< : : : ipdac3 24.0 34.0 33.0
*—= 2-bitDAC=2] : : : ipdacd 27.0 310 51.0
e 2-bit-DAC=3| : : ipdacs 20.0 46.0 57.0
- : : : ipdach 33.0 51.0 61.0
ipdac? 36.0 55.0 6.0 lpdd( = 1 =~ ¢\l1 0
250 Tpdace 39.0 2_7.0 71.0
Tpdaca a1.0 0.0 75.0
Tpdacio 33.0 3.0 79.0 2 . 8140”% 2 . 8
Tpdacil 37.0 66.0 33.0
ipdacl2 39.0 70.0 87.0
ipdaci3 51.0 73.0 89.0 X 2 4‘ OﬂA/Z O O
ipdacld 52.0 75.0 91.0
Tpdacis 54.0 77.0 94.0
200 Tpdacl6 7.0 52.0 100.0 =~ 3 4’/[14
Tpdacl? 58.0 85.0 103.0
ipdacls 50.0 87.0 07.0
ipdac19 50.0 89.0 10.0
ipdac20 61.0 50.0 15.0
ipdac2l 62.0 92.0 119.0
Tpdac22 54.0 94.0 124.0
) Tpdac23 5.0 96.0 131.0
o 150 Tpdac2a 56.0 98.0 142.0
< ipdac2s 67.0 99.0 152.0
ipdac26 8.0 103.0 160.0
ipdac27 69.0 105.0 166.0
ipdac28 71.0 107.0 172.0
Tpdac29 72.0 110.0 178.0
Tpdac30 74.0 113.0 187.0
Tpdac3l 75.0 115.0 193.0
100 Tpdac3z 75.0 17.0 197.0
ipdac33 76.0 20.0 205.0
ipdac34 77.0 23.0 214.0
ipdac3s 79.0 127.0 221.0
Tpdac36 810 133.0 227.0
Tpdac3? 310 131.0 231.0
Tpdac3g 83.0 149.0 235.0
50 pdac39 34.0 154.0 237.0
ipdacd0 85.0 158.0 239.0
ipdacdl 86.0 162.0 241.0
ipdaca2 g_g.o 167.0 242.0
ipdac43 .0 171.0 243.0
Tpdacad 89.0 175.0 244.0
pdacds 89.0 179.0 245.0 |
: : : : ipdacd6 30.0 184.0 247.0
0 i L A ] ipdacd’ 1.0 188.0 249.0
ipdacds 33.0 98.0 252.0
0 10 20 30 40 50 ipdacdd 3.0 203.0 254.0

IPDAC
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2-BIT DAC

2-bit DAC principle 1.7 gain (ll)

Smoothing Edet Matrix offset distribution with 2-bit DAC values

Original Edet Small Matrix Offset Map 2-bit DAC Offset Map 3.0
120 240 120 pagraki s o ey
.i‘ ‘F:*. |.: ‘..'.E\:::,: 3 2.7
100 210 100 Fatiy 2.4
50 180 (jppac=3 50 2.1
IPADDIN = 0
150  |VNSUBIN = 48 : 1.8
60 120 |orig. spread = 42 60 ki 1.5
adj. spread = 32 1.2
40 90 40 E 0.9
60
20 20 0.6
30 0.3
0 0 0 S T 0.0
0 20 40 60 0 20 40 60
2-bit DAC adjusted Offset Map Offset distributions
120 240 ) original i ' ' I
210 1000 [ 2-bit-DAC adj.
100 [
180 800+ - E
80
150
£ 600} r 1
60 120 3 I
&)
400 I .
40 90
00 200
20 i i
30 —‘
0 0 ol— .
0 20 40 60 30 40 50 60 70
ADU
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SOURCE CALIBRATION

Cd109 SOURCE high gain

MPG):

Offsets, Intensity Map, Gain Map and Masks for Cd109-Source Measurements

Net Intensity: Noise Mask above 3ADU

Edet Offs intensity-threshold = 5000 hits
1600
1400
#frames = 26,524,020 s g
Total Hits = 64,432,459 80F ' 1200
o e e 1000
Remove noisy Pixels: g AT .
#masked Pixels = 156 60 [risa i 9o gt 5o 800 ISSUES:
hammOCk _effect? Filtered Hits = 10,973,975 s : , & offset
Apply Cuts: 600 dispersion
Pure Seeds = 7,428,757
400 consumes
200 full dynamic
0 0 range due to
. 0 20 _ 40 60 high gain
Mask Noise(red) & Intensity(blue) & Pre-Mask{(green)
pure noise = 0, pure occ = 109, pre_maskgd =47 mode
1.28 120 - T : v
1.20 ' . gain map &
1001 1 B2 offset map
1.12 - . ti
80 L ; - - an I' .
1.04 T I correlation
- B 1
0.96 60 e .2‘ LI -. .
0.88 40F ¢ 4
..... , - : 0
0.80 20+f A
0.72 0 . . . -1
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SOURCE CALIBRATION

MPG]
Cd109 SOURCE high gain %
L/

2-bit DAC adjustment, 100 mio frames

Offsets, Intensity Map, Gain Map and Masks for Cd109-Source Measurements

Net Intensity: Noise Mask above 3ADU

Edet Offset Matrix 128rows x 64 columns intensity-threshold = 5000 hits
120 : 240 2000
100 210 1750
o0 oo [T R 1500
1 1 otal Hits =
still substgnt|al CM 150 e 1250
121elo CMdata delivered by DHPT 60 F 120 |Clusters Raw = 11781658 1000
1 Applying Cuts:
Lof M . 40k 90 | ters Filtered = 792099 750
0.8} 1 - ) 20 60 / 500
30 . 2
osl - SR thermal noise? {2, >0
0 3 e 8. e I ol o . 0
0al ] 0 20 40 60 - cooling 0 20 40 60
’ Mask Noise(red) & Intensity(blue)
0.2 pure noise = 13, pure occ = 723, pre_masfedi =4
' HH i 120F 1 1.28 120k T
0-0—% == 15 20 25 b 1L 1.20
ADU 100 pits 1.12 100:.
so| sol. 0.5
TE e 1.04
605 i B 0.96 60 f
a0f A 0.88 a0k -0.5
' i
20+ 0.80 20f. -
T
0.72 0k -1.0
0 20
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COMMON MODE

COMMON MODE - high gain

CM & Noise Distributions - E1_| 06, gain: 33.0, frequency: 128ns, shift: 22bits

25000 C'M calcul'ated fror'n Raw O'ffset dat'a 1400 . Raw Nc'nse Dustr'nbutnon i %
MPV,,,=0.00 1200 \‘)
20000 + Hem=1.19 . \{Q
0.,=0.16
1000 & ?)
“ 10000} 1 & 600 i %
Board effects? 200 | )
5000 Cooling? \
200 § \ >>
0! \ 0 . ‘ 5
-4 -2 0 2 4 0 1 2 3 4 5 b
. e . ADU ) o ADU
CM Noise Distribution (row-wise) 3500 Pure Noise Distribution (CM corrected)
25} 1 3000 MPV,,..=0.70 | |
. Ioise=0.80
c Croise=0.25
-3 2.0k i 2500+ L
o
] 9 2000+ §
g 1.5¢ 15 -
£ S 1500+ .
210
5 1000 - -
(V2]
0.5 500 - | 1
0.0 0 A 1 1
0 5 10 15 20 25 30 0 1 2 3 4 5
row number ADU
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COMMON MODE

COMMON MODE - 1.7 gain

CM & Noise Distributions - E1_| 06, gain: 1.7, frequency: 100ns, shift: 19bits

25000 C.M calcul'ated fror'n Raw Offset dat'a 1600 i Raw Ngnse DIStI:IbUtlon ' %
MPV,,=0.10 1400+ ‘2 ?
20000 Ben=1-17 =\
0n=0.17 1200 F ?)
& 15000 o 10007 . XO
— [
5 § 800+ g A
10000 600 - . \%
400+ 4
5000 \§
200+ g e
LS
0 ‘ 0 1 L U‘_
-4 -2 0 2 4 0 1 2 3 4 5
. . . - . ADU . . - - ADU
30 CM Noise Distribution (row-wise) 4000 Pure Noise Distribution (CM corrected)
3500F [ 'MPV,,..=0.60
25¢F . Inoise=0.71
5 3000 F Croise=0.29 b
8201 1 2500t -
[ g
o c
b 5 2000F |1 -
§ “ 1500 F L
€ 1.0
» 1000 F -
0.5 o0l J |
o.o 0 | IJ l')-.‘-_ A i 1
0 5 10 15 20 25 30 0 1 2 3 4
row number ADU
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2-BIT DAC

4, €l

g5
O

Sampling Point Curve P(31,44), gain 1.7, 128ns HZ

Sample Point Curve - E1-1-06 - Pixel(31,44), gain: 1.7, frequency 128ns

— offset mean
§ § : : am std
250k i Y T T . -
: : : : B min/max
substantial swings: |

200k high Voltage differenceS? .................................................................................. -

8-shift sampling period?

150 b rovoeeee e S rersesssssssessssesssssssfasssssssssasssssnsssssenns e sseseessssssessssasns
=] : : : : . :
[a) ' ' : : : '
=< :

100

50

0 1 ) A ; 1 1
0 5 10 15 20 25 30
Bit shifts
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2-BIT DAC

Sampling Point Curves w different matrix settin@l

Sample Point Curves E1-1-06 - Plxel(31 44), galn 1.7, frequency 128ns

[ — Ciow=1, Crign=16, Goi=-2.25, Gon—5
: 5 | — Ciow=1, Crign=16, Go=-2.25, Gop=2
L0 S | —  Ciow=6, Crign=16, Go=-2.25, Gon=2 ]
| —  Ciow=11, Chign=16, Goy=-2.25, Gon=2

120 F .......................... | — Ciow=16, Cyigh=16, Goy=-2.25, Gon=2

160

100

2 80
<
60 :
40 H §
20 :
0 1 L 1 ; 1 L
0 5 10 15 20 25 30
Bit shifts
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2-BIT DAC

Laser on Pixel(31,44), gain 1.7, 128ns

pulse charge
offset mean
total |
std
min/max

1]

N S AR S S A

200 ..................... SUUUPRIR WP o8 .................... ..................... _

150k Lol ...................... L ..................... ? SO _

ADU

wol -y AN/ | OO SO Ao S S S

; Cleafl= 4 ticKs i ' :
-1 0 )| ETTTYTTTY SO FRpppe R W Y 2 I A S . .................. e _

0 5 10 15 20 25 30 35
Bit shifts
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Summary HZ

Gain, IPDAC

Gap between 3.3 and 11.0 times lowest gain

IPDAC = 1 corresponds to z3,&[14

100 prim. electrons = 56 ADU (800k sec. e-) at gain 1.7
Precision vs Radiation Hardness

nnnnn marmdioan)
abandonment of 150 ADU (50 ADU offset G current 200ADUs [LA]
Poisson Noise no issue 1.0 410 (est.)
_ 1.7 240
IPDAC potential unused 25 165
i s 3.3 126
4-bit DAC possible: e =
rad. damage: sustain pixel spread> 400pA|_33.0 13

No explanation for odd shape of matrix transfer
curve, h|gh Samp“ng poinf curve chifte & hich

Poisson Noise

Common Mode




@

THANK YOU FOR YOUR ATTENTION
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MATRIX TRANSFER CURVE

ADC-TRANSFER CURVE 1.7 x lowest Gain

E1_I_04 PSP-Testing (Aug 2018)

W09 FOT m01, col 0, px 0, All Gate 2V, All Clear 15V, CG 5V
0 N _—
_lm -
-«
=
= —200 -
v
- <
—
5 ]
—300 ~
= <
.-
m -
— 4
a ]
—~400 -
] e Vg = 500 mV
_ 4 o Vg = 3000 mV
500 1 — Vg = 5000 mV
1 T ] T T T T I T T T T ] T T T T ] T T T T ‘ T T T T ' T T T I T
-5 —4 -3 -2

-1 0 1 2
Gate Voltage [V]

© Mitja Predikaka
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MATRIX TRANSFER CURVE

Gain Calculation Sheet

En30 En60 En90 En120 Gain Times lowest Gain Rank
Rs 30 3 1.5 15 Rf=15
1 1 1 1 0.061 1.0 1
0 1 1 1 0.063 1.0 2
1 1 1 0 0.065 1.1 3
0 1 1 0 0.067 1.1 4
1 0 1 1 0.087 14 5
0 0 1 1 0.091 1.5 6
1 0 1 0 0.095 1.6 7
0 0 1 0 0.100 1.7 8
1 1 0 1 0.154 2.5 9
0 1 0 1 0.167 2.8 10
1 1 0 0 0.182 3.0 11
0 1 0 0 0.200 3.3 12
1 0 0 1 0.667 11.0 13
0 0 0 1 1.000 16.5 14
1 0 0 0 2.000 33.0 15
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MATRIX TRANSFER CURVE

&
"l\

. MPG]
TRANSFER CURVE 3.3 x lowest Gain L/

ADC Transfer Curve on Pixel R69/C11, Gain = 3.3 x lowest Gain

300, S0Urce (green), median value(red) of 100frames, highest/lowest value (blue), 20mV steps

180
Readout speed: 104ns
160
250 Dynamic range 97pA
{140
200 120 —
<
100 E
3 130 £
< 5]
80 o
o
5
o
100 60 U
20 Source Current vs DCDE-ADUs on Pixel R69/C11, Gain = 3.3 x lowest Gain
50 300
[Dynamic Range DCOE (200A0U) = 97,4] |
%AO -0.5 —i.O =15 =2.0 —2% 250

gate-onl Voltage [V]

200}

Problem:

different shapes due to: 3 150
sampling point shift
DCDE settings (AmpLow) oo

pixel position
readout speed

50

0 20 40 60 80 100 120 140 160 180
Source Current [pA]
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MATRIX TRANSFER CURVE

TRANSFER CURVE 1.7 x lowest Gain various Pixe@ 4

ADC Transfer Curves on a full column C19

R96, C19 R97, C19 R98, C19 R99, C19
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SINGLE PIXEL LASER SCANS

Pixel Capacity

Increasing frequency of laser pulses explores full dynamic range of device

Laser Scan neighbour Pixels (R31/C44), Gain = 1.7, ClearOff=1000.0mV, CCG=-500.0mV

200 median_value of 100_00 frames, frgquency increased by 141A x 0.245 MHz_ steps
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MPG[7:

Edet Matrix W09 — A07 Pixel (R31/C44) (@),




SINGLE PIXEL LASER SCANS

Sensor Rows

sensor thickness
wavelength
Frequency

time per frame

Epnoton

absorption coefficient
P
Pulse length

Pulse energy (eV)

# photons

p+layer thickness
Reflectivity free Silicon
Coupling Losses (FC/PC)
Silicon density
Absorption

p+ Implant survival factor
# electrons gen.

average

March 12th 2019

32
50 pm

635/nm

62.5 MHz
4.096 ps
1.952506975 eV
3270.00 a/cm
1.000 MW
4,096 Us
25,565,224 eV
13,093,538
3.00 um
0%
0%
2.329 g/cm?
100.0000%
0.37
4,909,238

Power [nW]

Optical Power Meter Measurements
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200
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Calculation: Pulse Energy divided
by photon energy & survival factor

Reflectivity & Coupling losses
assumed similar

=> in accordance with
measurements

Laser Pulses

e
-

—®|aser Pulses

Frequency [MHz]




2-BIT DAC

2-bit DAC principle 1.7 gain (lll)

2-bit DAC Base + Differences, Gain = 1.7

2-bit-DAC=1 2-bit-DAC=1 2-bit-DAC=1 2-bit-DAC=1 2-bit-DAC=1 2-bit-DAC=1 2-bit-DAC=1 2-bit-DAC=1
IPDAC=0 IPDAC=1 IPDAC=2 IPDAC=3 IPDAC=4 IPDAC=5 IPDAC=6 IPDAC=7

HN W s 0N o

O O © N W & & W

2-bit-DAC=2 2-bit-DAC=2 2-bit-DAC=2 2-bit-DAC=2 2-bit-DAC=2 2-bit-DAC=2 2-bit-DAC=2 2-bit-DAC=2
IPDAC=0 IPDAC=1 1or |PDAC=2 IPDAC=3 IPDAC=4 ,_IPDAC=5 IPDAC=6 IPDAC=7
120 . =
100 8
2 7
80 .
60 s
4
40 s F
20 f ?
h 1
0 0
2-bit-DAC=3 2-bit-DAC=3 2-bit-DAC=3 2-bit-DAC=3 2-bit-DAC=3 2-bit-DAC=3 2-bit-DAC=3 2-bit-DAC=3

IPDAC=0 IPDAC=1 IPDAC=2 IPDAC=3 IPDAC=4 IPDAC=5 IPDAC=6 IPDAC=7
120 T : ! : 2R 5

100
80
60
40
20}

S el
0 sy
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60

O W B O N 0 e

March 12th 2019 Eduard Prinker, Ringberg DEPFET W




#hits

Cd109 SOURCE on 300 Mio Frames
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SOURCE CALIBRATION

Individual Pixel Gain R(0-31)/C(32-63)
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SOURCE CALIBRATION

Cd109 SOURCE on 300 Mio Frames (3)

Cd-109 Raw Single Seeds, Mask Filters, Cuts & Calibrated Spectrum
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