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Heat shield: 100+400 pm
(copper)

PCB: 1200 pm
(with FE embedded)

glue: 75 pm
wafer: 325 ym

Kapton? film: 100 pm

Alveolar
structure
Fastening

Detector
SLAB

20-30)=
RNZE1.4-1.8m

4 x9x5x30x
8 x5=216000
(max.)
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Sensor studies

To avoid ring events from guard
rings, we tested several guard-ring
structures using 3x3 or 4x4 pixels
baby sensors and infrared laser

(Floating) guard ring structures

EE B/

Sensor w/ 5.5 x 5.5 mm? cells No GR 1 GR Sp||t GR (2/4 GR)

'“
!

I-l : 12.5944 % 24.2138 %

Ring crosstalk seen only with GR

0 GR big sensor produced, will be tested
Leakage current 0 GR Taikan Suehara, 19 Mar. 2017 page 4
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Ring crosstalk with laser seen only with GR
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I/V curve at the edge pixels

|-V curve (0 guardring Edge)

—=— 320um B2
—=— 320um CH1
—x— 500um BE
—#— 500um C7

Current[A]

Cutsize B

Cut size C

1350um

e T T TTTTITI

—t
=
w0

500
Voltage[V]

Cut size B is preferred; 500 um is OK with cut size B
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Compared with lower R sensor

I-V curve (0 guardring Edge)

—=— 320um B2
—=— 320um CA1

iwoumﬂﬁ _ Old Sensor
= < & with lower resistivity

CurrentA]

200 300

200 300 400 500

Slightly lower leakage current seen in new sensor
(breakdown voltage lower, but this has sample dependence)
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|/V curve at the center pixels

[-V curve (O guardring Balk)

Current[A]

500, C 500, B

'""""5':::'_ """""" %ﬁ: Cut size B
JH{@ T Cutsize C

—=— 320um BA

';;;;;;%;;;;;;;;;;;;;;;;; ------ 3208 %

—=— 320um C1
—+— 500um B&
—+#— 500um C7 | ‘

|
400 500
Voltage[V]

500 um have ~3 times higher current, no difference on B/C
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Statistics

Dark current comparison at 120V

x107°
5008 E500,C

current [A]
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Neutrqn irradiation tests

' Kobe tandem accelerator .
H d (3MeV) + Be - B +n (Q = 4.36 MeV) : 08 11/ G2

' fter irradiati
neutron energies up to 7.8 MeV after irradiation
: i

o
B 2 3322 £ 22258 LA

Dark cur}ent[A]

(0 Bap) aunjesadwa]

0
0 100 200 300 400 500 600 700 800 I

operation Bias voltage[V]
voltage

samples

Irradiation of neutrons on baby sensor
Increase on dark current is acceptable
considering ILC-1 TeV 10 year
radiation dose estimation

o

=]

20 nA | pixel

o

@ 500 pm
20 °C thickness

10 years ILC-1000 (endcap ring)

current increase / volume [ pA/ cm?]
ALV [pA/em

OmmmE: = -e - - .- -
& 10 years ILC-1000 (bgrrel)

10el0 10ell 10el2 10e13
1 MeV eq. neutron flux [cm]

=




Gamma irradiation: Setup

 Facility & source
- Gamma from 60Co, 82.3 TBqg, Kyushu University

« Sensor: 500 um, 4 GR, 3 x 3 baby

* Irradiation (too big for ILC detectors)
- 1.1 kGy, no voltage applied during irradiation
- 10.2 kGy, no voltage

- 10.2 kGy, 100 V applied during irradiation
(4 hours)




Dark current

" 1.1 kGy
10.2 kGy
S S e A 10.2 kGy @ 100V
| i | | 1.1 kGy before irrad.
10.2 kGy before irrad.
~ (two lines overlapped)

Current [nA]

Leeme e mecemmemmeedemmmee mmemmm e e e ————————

[EPSPRRREPRRY MR R .. Sy RSy SRR U S ppmpmpepy ettty T I

Current during irradiation
(including current from

gamma energy deposit) k 0030 B el Messurement Time

Dark current after irradiation

* No big difference on voltage
« Damage not proportional? (maybe sample dependence)
« 10 kGy damage almost consistent with displacement
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C/V characteristics

B6-1 before irradiation
B5-2 before irradiation

100
Violtage [V]

10°
Voltage [V]

No big difference in capacitance
Strange shape seen =~ 10 V after irradiation
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Detector module

W LAl
l' S Coper sheet Cover

W/ KYUSHU UNIVERSITY for cooling (EMI shielding)

Power pulsing
circuitry

. (400 mF)

1024 chn.
16x SKIROC2

Detector
Interface (DIF)

Si PIN diodes
Front-end, DAQ,
TFC
Not shown

HV kapton A “short SLAB”

Stiffener, Absorber FCC Interconnects

Carbon fiber + W

Single layer, ‘U’ stiffener

Taikan Suehara, 19 Mar. 2017 page 14



SKIROC2

12 bit-TDC Ramp

12 bit-ADC Bamp

Slow Sh. G1
El=4k Cl=45pF
i e—i|
ra
Cf -
rin

4001 Bve, 1 sp, 3.2pE 5 ouf_ssh_GT
out_ssh_G10

Slow Sh. G10
El=II%x ({l=8pF
(Gain_sefaction

Anne—| - Ty {> _i b

D-I,‘J.-"ﬂ'.l-|5
é

Vih_gs
IROL, 2001, 30 or #A04F
A TDC _on ?
Fast Sh {slow controd)
5p,10p, 1-.; or MipF
__n"".l' ‘l"—
. _,-"f‘ Auto Gain ?
/ & bit-Detay Box: | Forced Gain ?
100ns fo S00ns {slow controd)

. . FLAG_TDC
10-bit DAC (from Digital ASIC)

Diagram of analog part of SKIROC?2
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SKIROC2

12 bit-ADC Bamp

M ° 64 ch/chip
| + 15 analog memories / ch
o [ with 12 bit BX counting

REi=4k C
—Anae—]

by BX clock

i 12 bit ADC

- (G1and G10)

m ° Internal trigger
(1BX shift seen)

* Power pulsing

« TDC (large noise)
within one BX

« External trigger

— (not working)

Diagram of analog part of SKIROC?2
Taikan Suehara, 19 Mar. 2017 page 16




SKIROCZ/2A testboard

DEREEERDAG

Connector
for detector
connection

- ontrol
+ PP/TDC etc.

: BGA400 socket

2] G0

SKIROC2/2A

DIF interface

Taikan Suehara, 19 Mar. 2017 pége 17



Readout and DAQ

ixed Test: S-Curve (Threshold) all Ch. Analogue Test: DAC Analogue Test: DC External ADC Internal ADC calib Hold scan w. DAQ Digital ASIC Debug / DAQ . [
o Slow Control 1 ] Slow Control2 | Probe, SCARead | FPGA Configuration E Infopcb10111/0 | Infopcb1011Test | Mixed Test: S-Curve (Threshold) + + O rl g I n a
External C Enable

T gl ||| ssestpmiena [ o « Based on labview DAQ
- ° i Trig Bxt e EN:OCTrig Out  EN:OC ChipSat . .
Q @ St e e (snip of source diagram)

@ A EN:OCi’mlsmitOnl EN: OC Dout1
Reset Slow Control File -> Load Slow Control % o TransmitOnlb t

(_») ( ») e T « DIF-compatible output
@ Tororneser crus S , (rawZ2root process-able)

(A @ Power pulsing (A/D
Slow Shaper Gain1  Slow Shaper Gain 10
Feedback Capacit. C Capacif nable power on | @ Powerpulsing (A) @ Power pulsing (A)
PreAmps| 6.0pF o e | r Fast Shaper Bandgap
able @ Power pulsing (A @ Power pulsing (DAC
CWpID__ Fast Shaper (time) T_me[l??"i 4-bit DAC 4-bit DAC 10-bit dual DAC
.‘; 11111111 30ns X ‘ i 112 Enable power on nable power on Power pulsing (A Power pulsing (DAC
. . g o oo . o ASIC reset
DACO: Trigger DACL:Gain Select SCAselection SCA bias Enable power on nable power on Dowe ng (A Power pulsing (A)
e Gain Select Discri i i

Chip Global

Enable power on

AR BOWEr 6h Power puls 'u,rw_i E) Power pulsing (ADC
:{hannelﬁu TOCRamp o e ion i Sta I’t va .

Analogue Probe 0 ScA -

Ot R3¢ m o e o e L (200 ms wait)
Out_Ramp_TDC

Out.PA OMEGA labview software

Out 551 (ported to Linux)
Initialization Wait readout

Stop acq.
Start readout

Out_5510

Out FsB Slow control (wait till bit on)
Threshold Analog probe Obtain # bytes

Obtain data

No Analogue Probe (Hi Z)
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Power pulsnng in testboard

1

aogws 2 ZDDJ’ 31004/

3.001% 1.000%/ Trig'd

3ms
<

i
i I

>

Slow shaper oyt=——

Power_on_A 7|

T
»

Slow clock

2_;»2

—

o

aooss 2 200% 3 100

3.002% 2.000s¢ 1k

Slow shaper out

iy

Kl

Slow clock

A

nnnnnnnnnnnnnnnnnnnnnnnnnn

5 MHz

-------------------------

Power Pulsing Management
// \A
[/ PowerONA Power ON DAC

‘ ON ‘ ON

Power ON ADC Power OND

\ ¢ o ¢ on

One of power lines can be
controlled from outside
(this time Analog is tested)

Slow clock will be provided
Problem: readout also
depends on the clock:

slow down due to inactive
99.5% of time

Start of slow clock delayed
several ms from power_on_a

Taikan Suehara, 21 Mar. 2017 page 19



Delay vs. gain

1 &00%/ v2 0w/ 1.00%/¢ awf . 2.000% a00.0s/f Trig'd

1ms delay ~ 3ms delay

W, WA
1" —

i
e e
_____________________________________________________ pedestal

2+2_—"“"|

~ 3 ms delay is needed
to ensure typical gain in PP

Next BX is affected
(triggered & negative shift)

Taikan Suehara, 21 Mar. 2017 page 20



Fast shaper & triggering @SKIROC2,2A

S-curve

50 % efficiency

S-curve

L 1MIP

2 M

1P

Gain : DAC count of
1-2 MIP (50% point)

. * Test pulseinchl0

* Preamp of all ch active

- * Trigger of all ch active

.  Dependence on gain by feedback capacitance
e Socket version of testboard is used

: SKIROC2&2A Gain SKIROC2&2A S/N ratio
120 — 20;

= [ Gain (DAC / MIP) 15 S/N

» 100 c

" i gté 16

ggol 141 » X >§<% R oK
g I % 212F %{%% ¥ K

2 60F x % Z10- e

o | X =

E‘ L ﬁé v g

] 40? ¥ 65

L)

N i Red:SKIROC2A
.| 2 Black:SKIROC2
" %57010203040506070800 1 971072030 40 50 60 7080 90 100
n 1/feedback capacitance [1/pFl gain [ADC counts]

: S/N=13~14, no difference

- seen between SKIROC2/A
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Fast shaper@SKIROC2,2A

Soldered version (SKIROC2A)

All 64ch s-curve @SKIROC2A

86.12 5.46 15.76
39 87.58 5.29 16.58
63 86.79 5.64 15.38

& 700

=
)

sof  ~7DAC
°{ variation on ch

007 | 1 1 ] ] ]
250 255 260 265 270 275 2580
DAL code

feedback capacitance: 1.2 pF
compensation capacitance: 6 pF

Slightly better than socket version
(result should be confirmed)

SKIROC2A ch10&ch39&ch63 threshold

Individual trigger threshold
is checked: dynamic range of 13 DAC

2905 * ch10
285} > ch39
E % ch63
280
§275:_ .* %
e
§27OE o o
5265;—* """ % 3
260
5 12.75 global DAC
=% /15 ch-by-ch DAC
o500l Lo i

0 2 4 6 8

90 12 14 1
DAC G22



Slow shaper @ SKIROC2A

Test pulse(100 kHz,1-100 MIP)
power pulsing: 3 ms delay

Testboard 2

ADC count

SKIROC2A Slow shaper mean

1?n Jected cha rge [I\;]?P]

1400
12001 gg Gain: 55 counts /MIP
1000[~
i Gain: 54 counts /MIP
800
600; % >K
400 :
200 [/
% Gam 11 cou nts /MIP
711"{"'1‘ 1111 H 1T
% 70

Black: 1.2 pF fb. cap.

Blue: 6.0 pF fb. cap.

Red: 1.2 pF fb. cap. with power pulsing
SKIROC2A Slow shaper width

3,

25
¢

2:* : ¢
15

: ¢ ¢

iy

| Opeg ™ 1.9 with 1.2 pF
0.5 ~ 2.1 with 1.2 pF PP

- | Oped "‘11W|th60pF
% 0 10 .20, 30 40 .5Q. 60 70

InJected chargeo[Mﬁg]

Gain ~ 55 counts / MIP, 6,
Gain ~ 54 counts / MIP, 6.4
Gain ~ 11 counts / MIP, 6.

~1.9,S/N~29 with 1.2 pF
~2.1,S/N~26 with 1.2 pF
~1.1,S/N~ 10 with 6.0 pF




Time measurement with TDC on SKIROC2A

4 1002 20008/ HE

Testboard 1 : : feedback capacitance: 1.2pF
I Time difference scanned
th ble del Compensation capacitance: 6.0pF
with variable dela
y SKIROC2A TDC mean
2200
2150 ;— * .
EEEEEEENFEEEEER .E 21002_
§ 20502— *
O 2000:—
TDC ramp voltage at test @l 2 %
pulse is hold and treated 1990
as TDC input oo 10 count / ns

sl 14 ns resolution *

Blue: Test pulse ‘8091:6'"_'si".'c')""é"_' '1'0""1'5""25""2'5"'5'(3"'3'5"'210
(1MHz,10MIP) time difference[ns]
Red: Clock for TDC 10 count / ns TDC slope
(1MHz,1.0V) .

Yellow: TDC ramp voltage 1.4 ns resolution @SKIROC2A
e 2.5MHz clock
» fast trigger: 30 ns shaping time




Packaging & PCB

M LAl
Ll ~ T Coper sheet Cover
,' KYUSHU UNIVERSITY for cooling (EMI shielding) I n th e SeCO nd

Power pulsing tech. prototype, we
PeB <y {400 ) used BGA400

1024 chn.
16x SKIROC2 - . for pacC ka ge
,_ et ; :' = \ L= Detector

, . > < interface (DIF) « Smaller footprint
Si PIN diodes = > cront-and, DAQL . Ava”ab'“ty of
: TFC

NSl thinner package
IS better

HV kapton A “short SLAB”

Stiffanar Absorbar FCC Interconnects

Carbon fiber + W

4 sensors/ 16 ASICs / PCB




Another form: Chip On Board

b = f Non-packaged chips with
K direct wire-bonding to PCBs

Much thinner than packaged PCB
More fragile / sensitive to outside noise

o0 ° -
o%a o
. ?

=

.' \
C N
e 4
[ A

S-Curve with 5 MIP charge injection

BN N |y ) Y

Better flathess needed to glue sensors
Taikan Suehara, 19 Mar. 2017 page 26



Assembly

Gluing robot was developed
for room-temperature
conductive glue

between sensors and PCBs
(to avoid bending by heat)

It &

\ €\

Assembly procedure of
the slabs is prepared

Taikan Suehara, 19 Mar. 2017 page 27



Readout Electronics

SKIROC2

060000600

be" - ) ] ‘ g o
- . - e
,, L E \ — J £ F
.,_ - < S, A2 . = v S
y e S~ S
¢ , . - : = >
: - 5 = Q . “ -
- o // P~ - - - 9
F RN e =
\ el ? e e
- - : s “ 2
! R —— )~ A 1 P
———s / T, WS AR . g A
“’v s AR L A !
y . "= izt Btd \ - E
¥y oS ’!M_, e bl |\
cr s » g S s e Bl N =5 " N
. R > s .
Si DIFs cEl [ A\ . AR .
S-S
YL LR A :
N
—~ £
= i
=

|HDMI.

GDCC/LDA — Si CCC

Clock
ethernet Acquisition cycle

PC (calicoes) Start/stop acquisition
Run number
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Second Tech. Prototype

e 2 X2 sensor/unit, 16 BGA ASICs
 Assembled from 2015

* New version of readout hardware (GDCC)
and software (new CALICOES)

Going to test beam...
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Test beam at CERN SPS 2015

Three layers of second
tech. prototype was

on CERN SPS and
tested with 10-150 GeV
electrons, pions, and
muons

Temporary connection
between sensor PCB
and adapter to DAQ

.....

Hitmap
4 masked
i channel:
~2.2%

, 19 Mar. 2017 page 30



Signal-to-noise ratio

2 hours muon runs, all pedestals with >=100 events H Ig her Qain Wlth
1.2 pF feedback cap.

(nominal: 6.0pF)

5, same night

Llf?f 24 short spill S/N 15_20 Obtalned
on most of channels

OK for 0.5 MIP threshold
with practically no noise

~~
c
=
—
+
<
Q1
0p]
X
Q
(o=
[
©
e
(&)
+
0O 10!
e
(&)
+
=
=)
N
—
Q
o
[2)
— 5
©
=
0
Q
o
()
o
Z

20
S/N = 60 / RMS(pedestal)

Analysis is still ongoing, more to come...
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1Sf tes
of 2"d tech. proto.
Nov. 2015

Shifted Retrigger
pedestal and pedestal

shift seen

MIP peak in 15t TB

(not affected)

Square event
seenin 15t TB
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Position Sensntlve Detector

| EAR AT RF

ﬁp+ :
L8
n substrate)
INA T AEMR INA T AEMR
KB AFED /N RIC PSD B : P+ [CEW e BRIA D EIE N
BRHNEFT S EEDELH S BAMEA DS
Multiple electrodes in one cell
to obtain particle position | R Al

Popular technique in laser optics

First PSDs arrived
Measurement will be done with
testboard readout within FY2016 First PSD sample in Kyushu

- Linearity / Stability (laser) meshed (left) and unmeshed

- Position resolution (cosmic?) s

L
-‘-S‘i -
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PSDFRIMRL— 1 RIE

1064 nm /NJLAYAGL—H

PSDREAE pream’i:’JtI(“
L—F ASTHEDO+FIYREHY

Two types of PSD

’ 7.0mm X 7.0 mm

common specifications:

L AREEERT

Normal PSD

Mesh
(P+ BOIEHAIBZZ)

‘ J4XR
HBOEHE | R
B3

9 Mar. 2017 AMK-EBRXBRI—F127
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—'U’Lckéh. @b\ﬁlﬂui

recx:recy

realx:realy

1000 2000 3000 4000 5000 6000 7000
realy

Ay 1HYDEER
BHEIRXLTEAZTRLST
WENDHD
BAFIVIL O NERRE
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- avalanchelZHifF v, 1 LD R
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Summary

* Sensor study
- REa5R
- ARRE Y
- 84 F1E?
* Electronics
- ASIC/PCB® [&] jEfi# iR
- [E Wt:ﬁa&ﬁ
- TILL A4V (20~30B)E — LK ER
« PSD
- FINSOIT A FE RO —DT AR
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