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FPCCD Vertex detector

FPCCD VTX can realize the good resolution
and low pixel occupancy.

———————————————————————————————————————————————————

'> Pixel size : 5 um X5 pm
-> Sensitive thickness :15um(Full-depleted)
- '\ » Multi-channel CCD sensor (32ch)
» Total number of channel : 6080
» 20000 X 128 pix/ch
— Total number of pixel ~1010

S [y S ———— 1 module
128 pixel ASIC

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

We have to develop the multi-channel middle-speed readout ASIC
with low power consumption.

Challenging requirements for ASIC
® Readout speed > 10 MHz

~1ms ~200ms ~1ms
< ) >«

000000000 0000000008

1 train ~ 2650 bunch

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.



5

DeveIoEment of Readout ASIC

We have to develop the multi-channel middle-speed readout ASIC
with low power consumption.

Challenging requirements for ASIC

® Readout speed > 10 MHz
@ Noise level < 30 electrons

Particle

1pixel

15um

Sum

Signal level
~1500e

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.

Signal level ~ 500e
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DeveIoEment of Readout ASIC

We have to develop the multi-channel middle-speed readout ASIC
with low power consumption.

Challenging requirements for ASIC

® Readout speed > 10 MHz
@ Noise level < 30 electron
@ Power Consumption <6 mW/ch

Particle

We designed the ASIC satisfied about these requirements.

- dignal level ~ buve
~1500e

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.




Design of Readout ASIC

ASIC design (1ch)

Charge sharing ADC

%[ Pre-amplifier LPF CDS
Input

o J
Y

Noise suppression

ADC

5MHz X2
= 10MHz

i\

ADC

Output
s
LVDS

driver
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Design of Readout ASIC

ASIC design (1ch)

Charge sharing ADC

Pre-amplifier

ADC

5MHz X2
= 10MHz

J

Noise suppression

9{ ADC

\

Output
s
LVDS

J

driver

» The parameters of Pre-amplifier and Low-pass filter (LPF) can be

set along the command by PC.
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Design of Readout ASIC

ASIC design (1ch)

%[ Pre-amplifier
Input

Charge sharing ADC

Noise suppression

» The parameters of Pre-amplifier and Low-pass filter (LPF) can be
set along the command by PC.

» Correlated Double Sampling (CDS) works effectively to suppress
the noise on CCD.

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.
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Design of Readout ASIC

ASIC design (1ch)

%[ Pre-amplifier
Input

5MHz X2
= 10MHz

: Output
LVDS

driver

Charge sharing ADC |

Noise suppression

» The parameters of Pre-amplifier and Low-pass filter (LPF) can be
set along the command by PC.

» Correlated Double Sampling (CDS) works effectively to suppress
the noise on CCD.

» Charge sharing ADC has low power consumption.

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.
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Charge sharing ADC

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

Vo

= 5 P' i .
cp(0) | Vi Ve
Csp = ! fo 4
r F B seee >—
c. L | s Comparator
VQI\/Ii cn(0)
TS
Capacitance corresponding —. —
 to bit-weight i Z
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Charge sharing ADC
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Charge sharing ADC : Low power consumption
A/D conversion by the charge operation between capacitance array

@ Input signal is accumulated at Cy, and C,, and the comparator
compares Vp and Vg, . — decision on the highest-bit

__to bit weight

Cp(O) I Vref

A

)

>

I Vref
> oo

T.,72 J I
| -IVQM Cl](O)
Capacitance corresponamg' '

2N-1C

Comparator
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Charge sharing ADC

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

@ Input signal is accumulated at Cy, and C,, and the comparator
compares Vp and Vg, . — decision on the highest-bit
@ Switch cp or cn (depend on the result of (D) is connected.
— compare Vqp and Vg, — decision on second-bit

O = VQP
c i l ,Qp(@)-{\\(ref » -‘[ VrEf
sp ! [~ Ls
. ‘ L X N ]
vl ¢ (\ ,l o C>_
c. 4+ LN [~ omparator
| Vow 'Cﬁ'(gﬁ‘ﬁ\ !
[inm ) ° o \
Capacitance correspon&mg \ —
to bit weight 2VC, 2776
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ASIC readout system

Output (7bit) Output
_ m (Ethernet by 100 Mbps SITCP)

£ »* ‘ i ..:.

Working Sial )

Setting signal

Component

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

The performance of ASIC was tested by the developed system.
Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.




Performance test of 1st prototype ASIC

The results on the performance test are summarized.

Result Goal Status

“LLack of current to ADC at
Readout speed 1.5 MHz 10 MHz  high speed readout
- Effect on the stray capacitances

-1ADC count=40e <« too big

Noise level 40e S0¢ -Some ADC counts are missing

Power 13 mW/ch

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

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.



Performance test of 1st prototype ASIC
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ADC count

20

10

60 |
50 b
40 |

30 |

01

Linearity measurement e test are summarized.
// Lack of current to ADC at
fff high speed readout
/s - Effect on the stray capacitances
@ -1ADC count=40e <« too big

:_ /@/ -Some ADC counts are missing

Analog and digital parts are same

0 20 40 60 80 100 120

Input voltage (mV)
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Performance test of 1st prototype ASIC

The results on the performance test are summarized.

Result Goal Status

|_ack of current to ADC at

Readout speed 1.5 MHz 10 MHz  high speed readout
- Effect on the stray capacitances

-1ADC count=40e <« too big

Noise level 40e S0¢ -Some ADC counts are missing

Power 13 mW/ch

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

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

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.



FPCCD readout
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FPCCD readout system

The readout test of FPCCD was performed by the developed system.
Output (Ethernet by 100Mbps SiTCP)

S Output (7Dbit)

2 4 g L
= AL v e
A O On On On Ow On  om —
et i O O HOF WO, SO MOR. s et obi b
Ox3 Ot O Grekised
o
wO 4

s21e
ooooo

T J N Setting signal
Setting signal

FPCCD prototype (by Hamamatsu)

> Pixel size : 12 umX12 um
» Number of channel : 4

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.



FPCCD readout test

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

120
100
80
60
40
20

40
30

= Uniform

10

° distribution

j)

0 100 200 300 400 500

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.



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

120 40

100 30 ]

o o = Uniform
« ,»  distribution
0

-10
0 100 200 300 400 500

Photomask LED irradiation test

Success in reading “ILC”
The developed readout system works normally.

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.
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Readout noise on total system

The pedestals on each pixels are checked to estimate the total noise
(Requirement : 50e).

Measured pixel (CCDl1ch)

T Pedestal on plxel@é_
*"Room -

200 - : r_ A 128
1sof temperalnu re 1503 4() (/ 90
: b e0
T 1 o 30
50/ 5 50: i S
i - N 0 130 250 380 512

60 40 -20 O 20 40 60 60 240 -20 0 20 40 6OADC count

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.
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Readout noise on total system

The pedestals on each pixels are checked to estimate the total noise
(Requirement : 50e).

Pedestal on pixel ®

* ROOM | Tl | R Measured pixel (CCDlch)
150_tempera|nure [t I
: | 'IOO; " g 60
: 30
50 -
: 0 130 250 380 512

6040 20 0 20 40 60 -60 -40 20 0 20 46'60ADC count
Noise on each pixel (electron)
Pixel ® @ 3 @ &® ® @ @ Ave
Room temperature 100 72 96 92 100 100 96 68 92 01
-40°C 38 30 44 48 48 40 40 34 40 40

> The noises at -40C
» equal to that of only ASIC.

» are satisfied with the requirement (50 electrons).
Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.




Development of 2nd prototype ASIC

Problems on the 1st prototype ASIC

(D Slow readout speed

@ Big jumps on ADC count output by the stray capacitances
3 Large power consumption

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.



Development of 2nd prototype ASIC
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| Goal . 10 MHz readout speed and solution to ADC count jumps |

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.



Development of 2nd prototype ASIC
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| Goal . 10 MHz readout speed and solution to ADC count jumps |

Main modification
@ Readout speed : The number of pins is increased, 80 — 100.

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.



Development of 2nd prototype ASIC
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| Goal . 10 MHz readout speed and solution to ADC count jumps I

Main modification
@ Readout speed : The number of pins is increased, 80 — 100.
® Some jumps of ADC counts

» Addition the offset adjustment circuit to the comparator.

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.
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Development of 2nd prototype ASIC

| Goal . 10 MHz readout speed and solution to ADC count jumps |

Main modification
@ Readout speed : The number of pins is increased, 80 — 100.
® Some jumps of ADC counts
> Addition the offset adjustment circuit to the comparator.
» Change of the ADC design for the suppression of the effect on
the stray gqpacitance

V4
[inp )—4os ) 1
) JER 4 ',aN\‘ ”~
Switch = \\ :'» /’
N\
N
1

"‘;>-j{ Comparator
Measures against the § |~ ‘ e S _
stray capacitances ‘!’,_ﬁ | o 1 I—e, |—> Bit- weight capacitance
(O LD
-~q Y- \N_/

The capacitance iIs divided
. , and the bases are connected
| Inm o—=" .—I
\ ) to the earth.
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Performance test

bz Post Iaxout simulation

The layout is designed by Digian Technology.
= Performance test by the post layout simulation

(simulation by the data from layout) | -
Linearity measurement

100 — | @ (1OM HZ)

%
(N

< | (=}
Vo o e Tl

)o4

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 Iaxout simulation

The layout is designed by Digian Technology.

Linearity measurement
100 — @ (1OM HZ) moi—

s
LY
.

No stray capacitance

u
(=]
T T

%,

S,

ADC count
ADCHZ>/ b+
ADC count

1
Ul
o

T
1
L%l
<

100 |

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

Some ADC counts are still missing because of the stray capacitance

In the comparator.

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.




Development of 2nd ASIC @

More modification
@ ADC count jump : Change on the design of the comparator
* Suppress the effect on the stray capacitance

New comparator circuit in ADC
/ Input .. \
e}
Offset G
adjustment —=sdpys—abl
circuit L
i =

o 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
b H H E A H
INEE
- ] * ’ e

K Total design is changed to the symmetry one /

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.
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Performance test @ by Post layout simulation

The layout added more changes was also designed by Digian Technology.
= Performance test by the post layout simulation

Linearity measurement
100} (10MH2)

> count
electron

ADC count .

Input voltage(mV)
The design of the second ASIC works normally at 10 MHz

The 2nd prototype ASIC arrived at the end of Feb.
Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.
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2nd prototype of ASIC

2nd prototype ASIC

> Produced by TSMC

> Process . 0.35um CMOS

> Number of channel < 8

> Chip area size « 4.3 mmX4.3 mm

Test board for 2nd prototype

2nd prototype ASIC packaged
R

S H L L
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@

-

]
Ex
- -
et
o =
e
- e
- aw
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- -
- -
- —
e
Lk
- -
o
-
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Parameter setting

34

The behaviors of the shift registers for setting the parameter
(gain, filter, offset) are investigated.

Behawor of the shift register in the case that “101010...” is written

B
(NI O R A NE A N B N A A A N R N R B A

+

1wh,~,\\\~.’\ VEANENNNNNN \.’\'\u'\,—-m

Status value on shlft reglster

+j|:|5’=’€

% &l The output corresponds

R R VR VR VR \ER IR\ LSNPS With the command.
10101010101010101010 BIRsER
Ch1 1.00 V¥ f\"]1.00j.15 A Chl o 640mv ra Y
TRERTIES

DC AC & 1MQ/ 500 il

S
The parameter is set correctly by order of the PC.

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.
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Summary and Plan

The 2nd prototype was developed to solve the problems on 1st ASIC.

Second prototype of ASIC
» can be satisfied with the requirements on the readout speed
and noise level in the post layout simulation.
» Power consumption [Simulation] : 27 mW/ch
(requirement: 6 m\W/ch)
> We received at the end of Feb. and has been tested the performance.
- Parameter set - OK
* ADC check. _
- Readout test with 6 pym X 6 um FPCCD Thickness

1 90 um

Tomoyuki Saito (Tohoku), ALCPG11 @ Oregon Univ.
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Correlated Double Sampling (CDS)

Reset sampling

Reset noise
Signal level
cCD output == * ..........................

el

T Signal sampling

SR I ) N

sampling

1N T

sampling

The noise can be suppressed by sampling the difference between
the reset and signal level



Measures against stray capacitance In switch

switch

i<

Elelh

+—1

T

L
.

g

I Stray capacitance

Suppress the effect on the stray capacitance
By tuning the M value which is correspondec

to bit-weighted




1st prototype of ASIC
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1st prototype ASIC
> Layout by Digian technology
> Produced by TSMC ASIC Layout
> Process + 0.35um CMOS o PR T
> Number of channel < 8 iy e
» Size < 2.85 mm X 2.85 mm Rl - W
Packaged ASIC

006T

00GT-

Tomoyuki Saito (Tohoku), ILC detector yearly workshop



Performance check ~Readout speed~
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The readout speed was checked by the pedestal distributions

Number of A/D conversion

25000 |
20000 f
15000 i
10000 f

5000 -

Pedestal distribution (ADC count)

]5 MHz 30000 —10-MHZ (req es ed)
I 25000f
777777777777 200005
15000 A D CONVETSTON S
"""""" 10000 - gpnormal.
oK :
- 5000:
NI N | MR I D P B D
‘60 40  -20 0 20 40 60 60 40 20 0 20

40 60
ADC count

» In case of 10MHz : X — = Short of current to the comparator

« Stray capacitance

»Upper limit on readout speed ~ 1.5 MHz
From now on, readout speed = 1.5 MHz

Tomoyuki Saito (Tohoku), ILC detector yearly workshop
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Performance check ~Readout noise~

The readout noise is estimated by the pedestal distribution.

Pedestal distribution Dependence of noise
at room temperature on the temperature
2 :_ E trleis 67{;40 _ 60¢
C B Mean -9.985 /N E
% 25000: al T S 50: Al
q>) 20000 [ -||_ § 40_‘ 6 Y | ‘ |
S RMS=10 g . .
O 5000k s ~ 30-
SO: ~40 S I 28e
8 10000 - e 20_
5000 L
> . 2 10
Qz_d‘l1é'l1é‘-‘14'l12‘-‘1d' % 6 4 2 0 Q bbb b e
ADC count -40 -30 -20-10 0 10 20

. _ . Temperature (C)
> Noise level = 40 electron (Requirement. 30 electron)

« 1ADC count =40 electron — Bad resolution to estimate the noise
> Small dependence on temperature (Cryostat : -50°C)

Tomoyuki Saito (Tohoku), ILC detector yearly workshop



Performance check ~Linearity~
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The source of the big jumps on the output was examined by simulation.

Simulation

The ratio of the capacitance-array in
the ADC Is changed.

corresponding to bit

c
2
@)
()" — 5
3
L :
7 2D XD
T 1 |2¥MC+a,| {2V2C,+a,
[T )—® I A— ’

ADC count and input voltage

(W]

0F
40 [
3of—
203—

10 |

* Data
- Simulation

The simulation
agrees with the dat

d.

0 20 40 60 80 100 120

Input voltage (V)
Source of the big jumps on the output = Stray capacitance in ADC

Tomoyuki Saito (Tohoku), ILC detector yearly workshop



