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UNIVERSITAT CONTENTS

1. Base level testing

-  Punch through depletion
— DEPFET IV-curves

- Transconductance

2. Full module testing
- Transconductance
- Charge gain

- Energy calibration
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UNIVERSITAT MINI MATRIX PCB

* Test board for low-level tests by supplying voltages
directly to the matrix

* Different rows and columns of pixels can be
activated and steered

* Working point: single active pixel has a current of
about 100pA

Matrix selection
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UNIVERSITAT

* Depletion of bulk via punch through
e HV-contact on top, p+ back side

* Depletion builds up as follows:
- Applying negative voltage at HV contact (1)
- Depletion reaches the back side (2)
- Depletion region grows towards front side (3)
- Depletion region reaches front side

— Punch-through reaches front side (4)
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UNIVERSITAT

bulk hv I-V-Curve

HV-IV CURVE OF PXD9 MINI MATRIX
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UNIVERSITAT MINI MATRIX PCB - UNBIASED SOUJ

* Activate the FET by applying a gate Gate eﬁﬁ put. Gate
voltage

* Drainimplant set to 5V in reference to \
source >V D

unbiased

* Measure drain current 0.0000 |

Ip = 1UCo ¥ (Ugate — Upn)?

—0.0005 A

—0.0010 -

No clear voltage applied ~0.0015 {
§ —0.0020

— Current higher than nominal value 00025 ]
since the internal gate is full

—0.0035 A

—0.0040 -
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UNIVERSITAT MINI MATRIX PCB - BIASED TESTS

* Clear voltage applied to empty the
internal gate

- Lower current

* High voltage applied to deplete the
sensitive volume

- Lower threshold voltage

* Bulk voltage stops electrons entering
from outside the sensitive volume

- Reduced signal distortion

biased Vcjear = 19V Viyy = — 70V Vpu = 10V

0.0000 +

—0.0002 ~

—0.0004 ~
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Iprain
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—0.0014 -
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unversiATENE — MINI MATRIX PCB - TRANSISTOR PROPERTIES

Transconductance of matrix 3 drain 1

IV-curve used to determine 1
0.00 - -
1. transconductance
—0.02 1
=_% —62.958uS
gm aVGate ) IJ
—0.06 4
2. threshold voltage E:r;
£ gm = 62.958+0.132uS
- Indicates FET in on-state —0.08 +
- Vthreshold= '09048V —0.10 - Vthreshmd = —0.9048V
—_— Curve
—0.12 4 —
—+— Linear Region
_014 E T T T T T T T T T
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UNIVERSITAT HYBRIDS

SWITCHERS

* Activate pixel with gate voltage
e Clear pixels with clear voltage
DCD

e Digitize drain currents

« amplifies signal (DCD gain)
DHP

e Data handling and ASIC control

* Important for mapping and clustering

- AFULLSYSTEM DEMONSTRATOR

DHP AVOD ©
.,"',I H ©
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UNIVERSITAT EIINIYIH HYBRID5 TEST SETUP IN BONN

Primary Power Supplies PXD Power Supply Hybrid5 Board

DHE (Data Handling Engine) 14m Power Cable
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HYBRID5 MEASUREMENTS -
UNIVERSITAT EIINIYIH TRANSCONDUCTANCE

vV

DEPFET

IV-Curve for Pixel at row 5 and column 4 (unmapped) ‘
R <

Individual VnSubln data points Median over individual VnSubin data points

* As before: variation of gate
voltage and determination of
drain current

e This time: drain current from
DCD in ADU

e Possibility to vary additional
voltage to stay in dynamic range
of DCD (different colors) and
combine the results

000000000000000000000000000000000000000000000
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HYBRID5 MEASUREMENTS -
UNIVERSITAT EIINIYIH TRANSCONDUCTANCE

e Conversion of ADU to A by
performing DCD calibration

vV

* Applied to every pixel yields a
Gaussian distribution

- Mean value: g,,=-63.10 pS

Matches expectations from the 5
previous test results

- g,=-62.958 pS

Also visible: dead drain line

column

1| std = 5.29 pav

median = -62.48 pA/V
mean = -63.10 pA/V

B

-90 -80 -70 -60 -50 -40 -30
gm [UANV
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UNIVERSITAT EIINIYIH HYBRID5 SOURCE MEASUREMENTS

* measure base current Of the pIXE| pixel row = 60, column = 35 with cluster size = 1

* Install source and measure current of the 401 1 2 aee Al  38.48 £ 0.07, 0 = 0,92 £ 0.08
piXEl 35 — data
- Amplitude of the current is equivalent to 30
charge deposited in internal gate 55
3 201
Clear pulse |
E A b) ' S ”
;:: 10_
3
(]
signal & pedestal IUM ; J
Q [l
signal | T8 1 20 30 40 s0 e 70 80
> charge /ADU
sample
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UNIVERSITAT ELI HYBRID5 SOURCE MEASUREMENTS

* Charge gain g, from known parameters

800

i
"h 175 median = 744,19 pAfelect|
mean = 735.20 pA/electrol
Wit 1 (E ) =, std = 69.33 pAlelectron »
= . — 700
gq EE.;HOQ DCD gain eh 1“
b 1 1" ol il

_ADU . nA _eV _nA Ilr-'l...'..

(9] =" 700 = ==

row
w
o
o

gq / pAlelectron

e Calculated for every pixel yields Gaussian
distribution g 400

- Mean value: gq=735.20pA/e- o

e Value higher than expected
(~500pA/e-)

- 200 0-
column 400 500 600 700 800 900

gq / pAfelectron

12.05.2025 Paula Scholz on behalf of Erik Blichau



" ENERGY CALIBRATION
UNIVERSITAT OF HYBRIDS5

500

* Perform source measurements with different
radiative sources

500

* Fit (double-) Gauss peak to histogram

A0

* ADU values per frame

led

= max: 43

double_gauss:
Al 14282.09
Al_err 4446.23
A2 41367.76
A2 err 6691.52
chi2_red 15.55
meanl 38.57
meanl_err 1.94
mean2 43.59
mean2_err 0.08
sigmal 5.56
sigmal_err 0.58
sigma2 4.02
sigma2_err 0.13
e fitted points

Bl cluster charge

300

200

100

20 40 60 80 100 120
ADU
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UNIVERSITAT ENERGY CALIBRATION OF HYBRYID5S

e Assign measured ADU values to energy values Energy calibration H5026

e Gate voltage adjusted for / =100 pA/Pixel y= (1.9092 +/- 0.0004) ADU/keV *E + (0.765 +/- 0.004) ADU =

Source

- Hybrid5 and gate voltage specific energy calibration 100 -
80 -
ot
< 60 A
X ypy = (1.9092 +£0.0004) = X E 401

+(0.765 + 0.004) ADU

20 1

10 20 30 40 50 60
E/keV
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Transconductance of matrix 3 drain 1
" -
—0.02

UNIVERSITAT SUMMARY

—0.04

E_ —0.06 4
* \Validated measurement of transconductance i Om = 62.958£0.132015
with the full module with a single pixel Vorresrats = — 0.8048Y
measurement — e
— fit
—— Linear Region
- g,=62.958uS compared to g,,=63.10uS el
Vgate/V
* Measurement of g,=735.20pA/e-
* Next step: Characterize mini matrices of new
DEPFET PXD13 technology
* Test of the charge gain and matching with the “
expectations Gate :
Drain Source »
Alexander Bahr, HLL T T T
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UNIVERSITAT EIINYIN

THANK YOU!
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UNIVERSITAT EIINYIN

BACKUP
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UNIVERSITAT DEPFET WORKING PRINCIPLE

* DEpleted n-doped silicon bulk with P-
channel FET

* Small highly doped n-implant below the
p-channel (internal gate)

* Created electrons drift to the internal
gate
* Changes in potential in p-channel

- Transistor channel current depends on
charge deposited in the internal gate

- Excellent signal-to-noise ratio of about 40

A
y

external Gate

Si0, Source - Drain

i)

internal gate YRNHN <

.
}\; . .

n-doped bulk

p" implant

=Y
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UNIVERSITAT PXD13 TECHNOLOGY
Gate Gate
Drain Drain Source
e Standard HALO implant .
* About 500pA/e- Lightly doped area
expected around implants .

lllustraions: Alexander Bahr, HLL

Smoother field
configuration .
Higher charge gain

(10%)

MAX PLANCK ¢
SEMICONDUCTOR '\
LABORATORY Y

Gate
Drain Source

Deep-n implant on
source side

Localized internal gate
to part of the channel

Expected charge gain of
about 1.3nA/e-
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UNIVERSITAT I

* Clear implant allows for emptying of the internal gate

e Switchers turn the clear process on and off, a p-well

shields the clear implant

* Drift field guides the electrons to the internal gate

810,

A external Gate ClearGate
y . Clear
— .
width A\

internal gate--.___
.

S

@

'
Y

77777777
deep p-well

n-doped bulk

50 pm

p’ implant

/((']];H'U,('il particle

NY

DEPFET WORKING PRINCIPLE

A a)

current

signal & pedestal

Clear pulse

signal |

pedestal

sample

Four pixels sha

=
time
sample

re the implants

ClearGate
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UNIVERSITAT SUPERKEKB AND BELLE Il

Belle 11 . .
i Electromagnetic Calorimeter (ECL)

KL and Muon Detector (KLM)

Aerogel Ring-Imaging
Cherenkov counters (ARICH)

SUPERKEKB

 Asymmetric e*-e” collider

7.1m

%

* Peak luminosity L =4.7 x 1034 cms!
*  E,=10.58GeV

rift Chamber (CDC)

Vertex Detector (VXD):
DEPFET pixels (PXD)
B E LLE I I Double-sided strip detectors (SVD)

~~.
~.
~~.
~.
~.
~.
'~

Time-of-Propagation counter (TOP)

e Reconstruction of B-Meson decays
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UNIVERSITAT PXD

* Ring structure with overlap allows 3D-

* Material budget about 0.2%X, per ladder

Most inner detector (14mm and 22mm
to interaction point)

Angular acceptance 17° to 150°

Consists of 8 inner and 12 outer ladders

Each module combines a forward and a
backward module

track-reconstruction for vertexing

— Silicon only 0.05%X,, per ladder

12.05.2025 Paula Scholz on behalf of Erik Blichau
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UNIVERSITAT ELI I\V-CURVE DEPFET

* Full formula with influence of internal gate:

ID — IJCox,_ (UGate C - Uth)z(l +AUD)

12.05.2025
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UNIVERSITAT
Transconductance in ADU/V ”
directly from the IV-curve ol
Calibration of DCD to get ADU to A

vV

DETERMINATION OF TRANSCONDUCTANCE
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unversraironnm DETERMINATION OF TRANSCONDUCTANCE

ADC Curve Histogram

* Calibration of DCD to get ADU to A /

fit_chi2 = 104.93

Output Cod
ADU freq cy

uuuuuuuuuuuuuuuuuuuuuuuuu
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DETERMINATION OF INTERNAL
UNIVERSITAT ELI AMPLIFICATION

e

Average energy for the creation

of an electron hole pair
Hiit 1

Known source energy 8q =E§dlm "DCD gain (Een)

Calibrated DCD to convert ADU _ADU nA eV _nA
=" ApU "

into A © e e

ADU value from spectrum fit
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UNIVERSITAT Gy MEASURED FOR DIFFERENT MODULES

e Different results for different modules

_ median 648.55 pA/e tron
2 1 V 3500

* All measurements performed with V. =

- No adjustment of Source current per pixel (working point)
3000

- Results should be taken with caution

2500

2000

gq / pA/electron
counts

1500
Larissa v. Jasienicki

W67_IB | W57_IB | W60_OF1 1000
median g, / pA/electron || 517.40 | 648.55 743.91
std(g,)/ pA/electron 49.96 59.52 62.35 290

Table 8.5: Median internal amplification g, for different modules.

400 500 600 700 800
gq / pA/electron
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UNIVERSITAT I

SUPER GQ

Potential distribution
Standard SuperGq
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