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High precision design

Extending the Sensitivity Range
by Charge Sharing

Proof of Principle
with an APV FE system

Hans Henschel, DESY Zeuthen
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SRS - APV F/E System il

Hzgh preczszon design

Components

FE Board ADC Board
XILINX Virtex FPGA 16x 12-bit ADCs, 40MHz
Fibre or Ethernet cable to PC 8 HDMI connectors to frontend
Power Connector

Clock & Trigger (N'M FEC Board ADC Board APV25

APV25 Board Supply ‘\\. ‘. h
‘//;;cable with

128 channels
PreAmp
micro connector

e

* PC optical | optical
1/0 card?

alternative:

50ns Shaper GBIC,

; . 1000Base-SFP
Analog p|pe||ne Adapter to

PC Ethernet

192 slots = 4.8us I »

R/O by HDMI cable NIM

Trigger Pulse

up to 2 APV per cable
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SRS - APV F/E System Jeail...

[sfipreassion desigh

Setup Zeuthen
FEC + ADC Boards MANY THANKS TO YAN & MENY
Readout PC for sending the modules to Zeuthen!

ATX Power Supply
+ DIY Voltage Converter 2.0V

o ~ T FEC E_ard
Device Under Test (APV25) E _] ‘.
with charge injection circuit bl T
NIM Pulser
for Trigger
TTL Pulser (synchronized)
with Attenuator & Delay
for charge injection
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Collaboration

SRS - APV F/E System

Charge Sharing Proposal
Basic Idea (Sasha, Yan): Share charge between neighboring channels by insertion of
two coupling capacitors of different value
Use existing coupling capacitors of the APV board

Refined Idea (Wolfgang):
(and change their value) = no adapter board needed!
APV modified

Cc2

APV
B 100pF IpF ﬁOPF

lmeg 1
g
m
low sensitivity

S0

JWI0T

R1

Detector & Pulse Source Bias APV Detector & Pulse Source APV original
=3 05k c4 drain c2 =2 0.l c4 | c2
NEmN 3.1pf [ >>100pf 100pF 3. 1pf pF 100pF
| | == 1 4
. ‘ v
e \ 1meg L “ ) - 1meg L
S Uiz < R3 R1 ===y )= £pI: R1 —t
T cd ~ Tmeg = ‘ cd ~1meg =
‘ \ ‘ zl optional ‘ =l
2 = high sensitivity
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SRS - APV F/E System il

High precision design

APV Board Modifications (1)

exchange coupling capacitors in 4 groups of channels (8-16-24-32 & 105-106-107-108)
standard: 4x100pF
new: 100pF - 22pF - 10pF - 4.7pF remark: channel 24 (10pF) 1
inject input charge (1V step function) attenuated from -44dB to -26dB (3 ... 35mV)

APV Frontend Circuit

j3...35 mv 100pF 22pF 10pF 4.7pF
—o0 o ’ - T
: !- —————— O - * ---I | o2 2
! I1c0er
| o . . | |cion
| 100F

E
[ 0 P, — A—Ti}; 2

100PF
NUP41l14UPXVETLG

” IOl IO
9 o n = ) o 3 102 104 &
- - - -
el vy
- - - -
o "
v g vas vee

Various Bias Drain Resistors Protection drcuitry Coupling Capacitors PreAmps
Input couplings
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SRS - APV F/E System il

High precision design

APV Board Modifications (2)

electronic circuit data not available!

— reverse engineering of the pcb layout
exchange 6 SMD capacitors

solder 8 injection wires

Capacitors \
exchanged &

MY THANKS TO WOLFGANG
for discussions and suggestions!
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~ Collaboration
High precision design

Data Taking

un type —Control ———Save Options I 1l Exit

Pliysics & Run ™ Write File ¥ Monitor
Pedestal: Comments saved to lo

S
[E=="
use Testbeam 20 1 5 DAQ System 438 Raw Frame | Raw Strip | Event 1D Event 3D | Hit Map 2D | Statistics | Internals | Pedestals | Options |

AV mi7 hist_q
W 1:4Pw Entries 441
Meanx  68.87
Mean y 11.15
RMSx  50.48
AMSy  6.427

write nTuples Root files
confine the analysis to modified channels

Events Received 441847 Processed 441847, Rate ¢ [ Running. [ Queue in 2 | bad events: #frames=0 #th=0 empty=16 skippec=0 A
Signal_Chip0_Channel8_GaussFit Signal_Chip0_Channel32_GaussFit
RAPE—— EpS——
F Entries 2232 g0 Enties 2083
701 C
F Mean 1248 r Mean 504
H . StdDev 2547 80 : StdDev 21.23
60
50 o
[ Ik
i
r I
40 y A
N |
30
20 1
L o
compare the mean values F %Y
[ 3 ;
10 R
[ it 3
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Re S u | t S Collaboration

High precision design
. APV response to input charge and
C harge S har| ng coupling capacitance
" Yy =460,17x + 27,061
500
vs. Input Amplitude
400 o
3
300 £
sharing between different coupling v = 43.5% + 14,977 200 §
capacitors is quite linear over a wide —_— '
H T T 0
range of mpUt Charge 160,0% 110,0% 60,0% 10,0%
100% 2 -32dB input charge
100pF (stancargd) —=—4.7pF (modfieg)
APV response to input charge and APV response to input charge and
coupling capacitance coupling capacitance
y = 323,42x + 5,2762
500 500
y = 3\3;,49;: + 27,345
400 . 400 .
n n
jon ¥ 1pp ¥
vy = 149,96x + 12,998 E y = 77,027x + 13,717 E
200 9@ 200 W
— (a] (o]
= 100 € — 100 <
: : : —— 1o : —" 10
%0,0%  70,0%  50,0%  30,0%  10,0% 160,0% 110,0% 60,0% 10,0%
input charge input charge
100pF (standard) —=— 22pF (modfieg) 22pF (modified) —=—4.7pF (modfied)
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Results

Charge Sharing vs. Coupling Capacitor (1)

Calculation gives a linear dependence,

Fraction of
charge

100pF
100pF + 22pF 82%
100pF + 4.7pF  95.5%

22pF + 4.7pF

~ Collaboration
High precision design
even if different parasitic capacitances are assumed = slope!
Coupling Capacitor
22pF 4.7pF
Calculated Charge Sharing, different parasitic Capacitance
1 8% 90%
80%
o
4.5% e Vi
82.4% 17.6%
g 50% 0
fg 40% *TEZF
-g 30% 0
E ———5pF
20% 10pF
10%
0% . .
50 100 150
Coupling Capacitance [pF]
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Results

~ Collaboration
High precision design

Charge Sharing vs. Coupling Capacitor (2)
measured dependencies differ from calculated ones
while amplitude related sharing is rather linear, capacitance related isn't
— more values needed (10pF, 47pF)

Shared Fraction vs. Input Amplitude

ADC mean

- -

Input Charge

100pF
——22pF
47pF

ADC mean

Shared Fraction vs. Coupling Capacitance

—e—-26dB
-32d8

) —e— 3848
— -444B
5048

Coupling Capacitance [pF]
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Thank you for your attention.

.......................................
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Ba C k u p S I i d e S Collaboration

High precision design

Charge Sharing vs. Coupling Capacitor (3)
check with 4 adjacent channels
— more values needed (10pF, 47pF)

100

90

80

70

60

100
90
80
70
60
50
40
30
20
10

ADC mean

0%

50%

Shared Fraction vs. Input Amplitude

50

ADC mean

40

30

o 100pF 20

100% 150%
Input Charge

10

200% 0
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Shared Fraction vs. Coupling Capacitance

——-26dB
*—-32dB
——-38dB

-44dB

40 60 80 100

Coupling Capacitance [pF]
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