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Introduction
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Belle II vertex detector
PXD
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= Double-sided Silicon Strip Detector (DSSD)

= Micron Semiconductor (UK) % s | Readoutstrip pitch
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Prototype front-end ASIC
(SNAP128A)
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1. shaper H 77D /%)L A11E < 100 ns
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Select a Send 1000 # hat fi = Fit Error Function
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Shaper output @ oscilloscope Pulse height VS. detector capacitance
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Noise VS. detector capacitance
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After comparator

Before comparator
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TFP-DSSD 1M4EBEZTA : PrototypetR i ZS D4H
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Belle II/SuperKEKB operation schedule
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Simulated @ Luminosity BG
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Belle II vertex detector upgrade project

= Motivation of vertex detector upgrade
= Better vertex & momentum resolution
= Especially for K¢ & low momentum tracks
= Higher beam background tolerance
= Eating up safety factors according to simulation
= Increasing depletion voltage due to NIEL

= Higher hit rate tolerance
= Avoid possible signal pile-up at target luminosity

= Thin/fine-pitch SVD (TFP-SVD) project is an
upgrade plan of SVD (Silicon strip detector)

2022/11/07

SVD Beam background status @ target luminosity

Expected at . Safety
g Limits
target luminosity factor
Layer-3 ~30 ~30 1
occupancy
NIEL 7x10%2 cm2 ~ 1013 cm™ ~1

*: Large uncertainty due to injection background and collimator setting difference
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Comparator simulation

= Software: cadence virtuoso IC617

= Simulate the behavior of each transistor in the

Comparator
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Schematic of Comparator

Signal
(Vin)

Block diagram of Comparator

Threshold
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AVDD 4 =m = °
o 10
& php 3
| php'
v I 4 |l A
I=1u
1
NENB
» Y U P
"lphp' php!! '
pene I = =1 E’w:mm E‘w: n
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J
. [
l M@
1gha WPV (TTTTE—
mv=6u
e s Aty =
ll /DD 1=402n
1~ w=6,M
resno NHP_DNW" |
i nhp_dnW NP DN
W=10u
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Simulation of Comparator reaction

Simulation environment:
cadence virtuoso [IC617

200
175
— 150
>
£ 125 /
@ 100 X
g ;5| Threshold
S . Offset = 100 mV
2 2 Shaper
8‘ o output v
8 logic 1
= Comparator
CE | m
glogico
= 20 40 60 80 0 20 40 60 80 100
O Time [ns] Time [ns] ,,
T Waveform reconstruction by threshold scanning
100 —e— offset =0 mV' '
—e— offset = 100 mV . . .
8 = Direct reason of saturation: no logic 0 output from
5 © comparator when shaper output is over threshold
£ a0
~ 20 = With offset, saturation reproduced in simulation
0
0 20 40 60 80
Time [ns]
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Mechanism of saturation and solutions

[
o
S

Block diagram of Comparator
J NG 1.8V 1.8V

20 40 60 80
Time [ns]

Voltage [mV]
w1
o

o

o

Signal Binary output

Threshold

2000
S 1750
c 1500
g 1250
21000
750
500
250

0

FET ou

/" FET threshold

—— offset = 0 mV

0

200 400 600 800 1000 1200 1400 1600 1800
FET input [mV]
(=Amplifier output)

= Comparator outputs 0 when amplifier output > FET threshold

= Maximum amplifier output is too close to FET threshold:

= Maximum amplifier output didn’t reach 1.8 V
= FET threshold is too high (0.9 V is preferred)
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Mechanism of saturation and solutions

2000

100 . o
: Block diagram of Comparator — 1750 o
B e | 18V 1.8V £ 1500 g
v e ow g = 1250 5
Sional Binary output 2 1000 =
s 3 750 i
Threshold o 500 offset =0-mV N
w 259/ —— offset = 100 mV
% 200 400 600 800 1000 1200 1400 1600 1800
FET input [mV]
(=Amplifier output)
= Problems: = Solutions:
= Maximum amplifier output didn’t reach 1.8 V = Raise amplification factor of the amplifier
= FET threshold is too high (0.9 V is preferred) = Reduce the FET threshold to 0.9 V
= Larger offset results in smaller amplification in the
amplifier
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Mechanism of signal saturation

No saturation

With saturation

Comparator output > Comparator output 1 %
% 100 ~ 1 é: E 100 /\ %
g 50 0 § & 50 _ 0 5
£ A =|designwalue| & 5 . A = designwalue g
-0 .2 ' : ‘ , : -1 ¢
0 20 40 60 80 ‘e 0 20 40 60 80 S
Time [ns] “  Threshold Time [ns}
Voltage [mV] “S-curve Voltage [mV]
+ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Threshold
‘ S-curve
1 j 1/ 1 1 1. N1 1 1
Rats 3 %%M%
00 0 | Rates
== ) > *}\7/* X T
one Time [ns] one Time [ns]
frame frame
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