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FPCCD Vertex detector

FPCCD VTX can realizéhe good resolution
andlow pixel occupancy

------------------------------------------------
/ s

'QPler Size: 5mMm¥ 5mm 3
OSensitive thicknesd 5nm(Full-depleted)

OMulti-channel CCD sens¢82ch)
OTotal number of channel6080
e 20000¢ 128 pixkth
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K Total number of pixel 101

\~~----------—--—-“@ ----------------- 1 mOdUIe
128 pixel
8 pixe ASIC

It is important to establish # , ] o
the readout system .
20000 pixel 32ch output
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DeveIoEment of Readout ASIC |

We have to develogine multi-channel middlespeed readoutASIC
with low power consumption

Challenging requirements for ASI
2 Readout speed > 10 MHz

~1ms ~200ms ~1ms
< ) >«

000000000 0000000008

1 train ~ 2650 bunch
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DeveIoEment of Readout ASIC |

We have to develogine multi-channel middlespeed readoutASIC
with low power consumption

Challenging requirements for ASI

2 Readout speed > 10 MHz
2 Noise levek 30 electrons

Particle

1pixel

15um

Sum

Signal level
~1500e

TomoyukiSaito (Tohoku), ALCPG11 @ Oregon Univ.

Signal level ~ 500e




Develogment of Readout ASIC |

We have to develogine multi-channel middlespeed readoutASIC
with low power consumption

Challenging requirements for ASI

2 Readout speed > 10 MHz
2 Noise levek 30 electron
2 Power Consumption &€mW/ch

Particle

We designed the ASIC satisfied about these requirements.

- Signal level ~ 5uve
~1500e

TomoyukiSaito (Tohoku), ALCPG11 @ Oregon Univ.




Design of Readout ASIC

ASIC design (1ch)

Charge sharing AD 5MHz 2
= 10MHz
ADC —
) Output
%[ Preamplifier LPF CDS >r
N ) driver

Noise suppression
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Design of Readout ASIC

ASIC design (1ch)

bMHz 2
= 10MHz

ADC |
) Output
S
) LVDS

ADC
e{ ) driver

Charge sharing AD

Noise suppression

OThe parametersof Preamplifier and Lowpass filter (LPF}an be
set along the command by PC.
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Design of Readout ASIC

ASIC design (1ch)
SMHz 2
= 10MHz

Charge sharing ADC

n Output
%[ Preamplifier >r
|npUt L] LVDS
driver

Noise suppression

OThe parametersof Preamplifier and Lowpass filter (LPF}an be
set along the command by PC.

OCorrelated Double Sampling (CDS) works effectively to suppres
the noise on CCD
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Design of Readout ASIC

ASIC design (1ch)

%[ Preamplifier
Input

5MHz 2
= 10MHz

: Output
LVDS

driver

Charge sharing ADG,

Noise suppression

OThe parametersof Preamplifier and Lowpass filter (LPF}an be
set along the command by PC.

OCorrelated Double Sampling (CDS) works effectively to suppres
the noise on CCD

OCharge sharing ADC haslow power consumption.
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Charge sharing ADC

Charge sharing ADC Low power consumption
A/D conversion by the charge operation between capacitance ari

Vo

: P
in 5 ® '
Csp L T Cp(O) VrefL{ Vref
r- F — esee >—
C,, = . o Comparator
qui cn(0)
inm y—o5
Capacitance correspenging

\
' to bitweight 26, 26,
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Charge sharing ADC

12

Charge sharing ADC Low power consumption
A/D conversion by the charge operation between capacitance ari

U Input signal is accumulated @, andCy,, and the comparator
compares/,, andV,, . Y decision on the highesbit

Cp(O)I efL{ I ref

4\

|

>

__to bit weight

& T\ o
| %-IVQM‘ (0)
Capamtance corresp

N 1Cu

Comparator
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Charge sharing ADC

Charge sharing ADC Low power consumption
A/D conversion by the charge operation between capacitance ari

U Input signal is accumulated @, andCy,, and the comparator
compares/,, andV,, . Y decision on the highesbit
0 Switchcporcn(depend on the result df ) is connected.
Y compareV,p andV,, Y decision on secondbit

. ) Vap
C_ = l /emm{\ ref I
sp /T '_o,
o S B >
C, 7. o\ b Comparator
- Vom n(e-) I
[inm )—o ©
Capacitance corresponding Né
to bit weight 2'\"1(_‘U 2N-2C,
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ASIC readout system

Output
m (Ethernet by 100 MbpSIiTCP
; i,

‘ Y “ A4l
) . SRmE

' -1 5. = ..

W | ¥ ‘

Setting sigha

Component

O Board for ASIC
O Readout board(equipped for the main FPGA)
Y Clock production, Sending the working signal
O GNV-250 (VME) Y Setting of the parameter (Gain, LPF)
O PC Y Software process (DAMiddleware)

The performance of ASIC was tested by the developed system
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Performance test of 1st prototype ASIC

The results on the performance test are summarized.

Result Goal Status

Lack of current to ADC at

Readoutspeec 1.5MHz 10MHz  highspeed readout
Effecton thestray capacitances

1ADC count=40eY too big

Noiselevel 40e 30e Some ADC counts are missing

Power 13 mW/ch

consumption  (Simulation) 6 mW/ch Analogand digital parts are same

TomoyukiSaito (Tohoku), ALCPG11 @ Oregon Univ.



Performance test of 1st prototype ASIC

ADC count

60 |
50|
40|
30?
20
0|

01

Linearity measurement

Input voltage (mV)

ance test are summarized.

Lack of current to ADC at
high speed readout
Effecton thestray capacitances

1ADC count=40eY too big
Some ADC counts are missing

Analogand digital parts are same
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Performance test of 1st prototype ASIC

The results on the performance test are summarized.

Result Goal Status

Lack of current to ADC at

Readoutspeec 1.5MHz 10MHz  highspeed readout
Effecton thestray capacitances

1ADC count=40eY too big

Noiselevel 40e 30e Some ADC counts are missing

Power 13 mW/ch

consumption  (Simulation) 6 mW/ch Analogand digital parts are same

We have to address these issues in next prototype of ASIC.
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FPCCD readout
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FPCCD readout system

The readout test of FPCCD was performed by the developed sys
Output (Ethernet by 100Mb&TCP

AN Output (7Dbit)

' oy, on
Om Om Om

2 o 4 - —
sery 4
ooooo

| ﬁr I Readout board
T | Working Signaﬂ

Setting signalJ

FPCCD prototype(by Hamamatsu)

(i)Pier size: mm mm
ONumber of channel 4
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FPCCD readout test

The signal which was sent from FPCCD to the PC is investigates
Pedestal distribution (ADC count)
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FPCCD readout test

The signal which was sent from FPCCD to the PC is investigates
Pedestal distribution (ADC count)

120 40
100 30 .
° » K Uniform
“ »  distribution
0 -10

0] 100 200 300 400 500

Photomask LED irradiation test

Success I n readi

The developed readout system works normally.
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Readout noise on total system

250

150

The pedestals on each pixels are checked to estimate the total no

1l

ure

N
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" temper

100

soj

........

§ 200:
; :_4‘
| 150+
1002

SOI

T Pedestal on pixel
"Room |

00

128
90

- 60
30

0

604020 0 20 40 60 -60-40-20 0 20 40 GOADC count

(Requirement : 5Qe
Measuredpixel (CCD1ch)

\

130 250 380 512

TomoyukiSaito (Tohoku), ALCPG11 @ Oregon Univ.



23

Readout noise on total system

The pedestals on each pixels are checked to estimate the total no
(Requirement : 5Qe

- Pedestal on pixel | _
»-RO0M | T Measuredpixel (CCD1ch)
200[- : : 200:_ ‘ 128
- tempel EltUI’e 150? 44% " 90 \

g | 100 e 60
‘IOOE 1 f ; 30

50 -
: 0 130 250 380 512

'60-40-20 0 20 40 60 -60-40-20 0 20 40 60ADC count
Noise on each pixel (electron)
Pixel

Room temperature 100 72 96 92 100 100 96 68 92 91

-400 38 30 44 48 48 40 40 34 40 40

O The noises a#400
equal to that of only ASIC.
are satisfied with the requirement (50 electrons).
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Development of 2nd prototype ASI(

Problems on the 1st prototype ASIC
U Slow readout speed
0 Big jumps on ADC count output by the stray capacitance

A4

U Large power consumption
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Development of 2nd prototype ASIC

| Goal 10 MHz readout spearhdsolution to ADC count jumps |
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Development of 2nd prototype ASIC

| Goal 10 MHz readout spearhdsolution to ADC count jumps |

Main modification
2 Readout speedThe number of pins is increased, 80100.
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Development of 2nd prototype ASIC

| Goal 10 MHz readout spearhdsolution to ADC count jumps I

Main modification
2 Readout speedThe number of pins is increased, 80100.
2 Some jumps of ADC counts

O Addition the offset adjustment circud the comparator.
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Development of 2nd prototype ASIC

| Goal 10 MHz readout speathdsolution to ADC count jumps

Main modification
2 Readout speedThe number of pins is increased, 80100.
2 Some jumps of ADC counts
O Addition the offset adjustment circuit to the comparator.
O Change of the ADC design ftdre suppression of the effect or
the stray’c_iapacitance

g y—tos—t— | .
SR P
Switch £ W3 "‘;>1 Comparator
Measures against the | o= e TS
) I . _ . .
stray capacitances 6;\ . I_éy |_> Bit Yvelght capacitance
=g / E The capacitance is divided
V4
= 2] S il A and the bases are connecte
| A to the earth.
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Performance test

bz Post Iazout simulatio

The layout is designed yigian Technology.

(simulation by the data from layo
Linearity measurement

wl @ (1OMHz)

s
LY

S

ADC count
ADCAH 7>/

o
o
—

100 |

-25 20 -15 10 -5 0 5 10 15 20 25

Input voItage(mV)
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Performance test

bz Post Iazout simulatio

The layout is designed yigian Technology.

(simulation by the data from layo
Linearity measurement

or =) (10MHz) oF No stray capacitance
E 50 -..". E 50 -
> ! 2
35 &) 3

D

QR Of " Q o
AR a
<< | <

-0 50 F

-100 :_ -100 _

B I LI [ NN [N A RS T T
Input voltage(mV) Input voltage(mV)

Some ADC counts are still missing becaus#efstray capacitance

In the comparator.
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Development of 2nd ASIQ

More modification
2 ADC count jump Change on the design of the comparator
e Suppress the effect on the stray capacitanc

New comparator circuit in ADC
/ Input ... \
e}
Offset G -
adjustment—=—s4er—legpl
circuit J L
i =

1T OUTN OUT OUT
w=1.2u W=1.2u W=1.Zu w=1. 2u w=1.2u w=1.2u
L=0.4u I=0.4u L=0.4u L=0. 4 L=0. 4u L=0.4u L=0.4
- H H E A H
INEE
- ] * ’ e

K Total design is changed to the symmetry one /
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Performance test by Post layout simulation

The layout added more changes was also designBigmn Technology
K Performance test by the post layout simulation

Layout Linearity measurement
’ (10MH2z)
= ADC count
2 7 electron
<
Input voltage(mV)

The design of the second ASIC works normally at 10 MHz

The 2ndprototype ASIC arrived at the end of Feb.
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