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CEPC Vertex detector requirements \*ﬂye/

The Circular Electron Positron Collider (CEPC) is a large international
scientific facility proposed by the Chinese particle physics community in 2012.

= Efficient tagging of heavy quarks (b/c) and tleptons

=>» Excellent impact parameter resolution,

Baseline design parameters
for CEPC VTX

R (mm) |z| (mm) |cosf| o(um)

Layer 1 16 65 097 28>

Layer2 18 62.5 0.96 6
Layer 3 37 125.0 0.96 4
Layer4 39 1250 095 4
Layer 5 58 125.0 091 4
Layer 6 60 125.0 0.90 4
Running constraints Sensor specifications
sp ~e M >  Small pixel ~16 um
Material budget--9:1-5-%2(011-33’-61--------------------------------------> Thinningto 50 um
SR > Aircooling----------———-—-—- > lowpower 50 mW/cm?2
r of Inqer most layer Jlomm > beam-related background ----> fast readout ~1 us
oo mmmmmmeemmemomeoo oo oooo > radiation damage------------ >  radiation tolerance
< 3.4 Mrad/ year
Ref: CEPC Conceptual Design Report, Volume Il - Physics & Detector < 6.2x10"°n,/ (cm?year)
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CEF
Overview of pixel sensors in China for CEPC VTX ‘“’5#6

= Development of pixel sensors for CEPC VTX supported by
» Ministry of Science and Technology of China (MOST)
» National Natural Science Foundation of China (NSFC)
> IHEP fund for innovation

2015 2017 2019 2020 2021
Fﬁ:ﬁrﬂﬁ ﬂl "iri'l i =
L = l m-u e N | e T e s e e
JadePix-1 JadePix-2/MIC4 Jadfliix_-&/MI\CS

180nm CIS process ] - i
TalchuP|x 1 TalchuPlx\Z TaIChUPIX fuLLécaIe

~

w200nmM SOI process __ . -~ ThIS talk

PV

Ref: “Status report on MAPS in China”, 2021 CEPC workshop, Yunpeng Lu

Pixel sensor prototypes for CEPC VTX 3



F
Main specifications of the full-scale chip \Cﬁﬁe/

Hit Density vs. VXD Radius

= Bunch spacing

% &) Pair P.roduction.Bkg
> Higgs: 680 ns; W: 210 ns; Z: 25 ns o - O fs= 91 Gev
0 & fs= 160 GeV
> Max. bunch rate: 40 M/s @ O ¥ 240 Gev
. . E O [
= Hit density 10 - ALY
> 2.5 hits/bunch/cm? for Higgs/W; 0.2 i .
hits/bunch/cm? for Z c - £]
= Cluster size: ~3 pixels/hit :
> Epi-layer thickness: ~18 ym o e
> Pixel size: 25 pm x 25 ym ! 2 ’ ‘ VXD Radius [om]

Ref: CEPC Conceptual Design Report, Volume II

For Vertex | Specs For High rate | Specs. For Ladder | Specs.
Vertex Prototype

Pixel pitch <25um Hitrate 120 MHz/chip Pixel array 512 row x 1024 col
TID >1 Mrad Data rate 3.84 Gbps Power < 200 mW/cm?
--triggerless Density (air cooling)
~110 Mbps
--trigger
Dead time <500 ns Chip size ~1.4 x 2.56 cm?
--for 98% efficiency

TaichuPix chips for CEPC VTX 4



TaichuPix prototypes overview

= Motivation: a large-size & full functionality pixel sensor for the first 6-layer

vertex detector prototype
= Major challenges for design

> Small pixel size = high resolution (3-5 pm)

> High readout speed (dead time < 500 ns @ 40 MHz ) - for CEPC Z pole

> Radiation tolerance (per year): 1 Mrad TID

= Completed 3 rounds of sensor prototyping in a 180 nm CMOS process

> Two MPW chips (5 mm x5 mm)

e TaichuPix-1: 2019; TaichuPix-2: 2020 - feasibility and functionality verification

> 1stengineering run

o Full-scale chip: TaichuPix-3, received in July 2022 & March 2023

CMOSCircuit
NMOS FET PMOS FET
- . - .

Diode
NMOS FET N well

P well P well R N Well |

- Deep P Well CMOS

S
~

i._____ monolithic
pixel sensor

P- Epitaxial Layer

P e e e I A T N

I |
080 AU AR IR LA DK U L

TaichuPix-3
(15.9 X 25.7 mm?)

TR

TaichuPix chips for CEPC VTX



Pixel architecture — Analog cerl

D. Kim et al. DOI 10 108?341748 T 150

0221/11/02/C02042 AmaVDDcatlon Discrimination v —6— analog power = 140 mWicm>
VA PIX IN 1251 w — B ~analog power = 96 mW/cm?
— E. ﬁ?\ —¥-~analog power = 50 mW/cm?
\/ e I
IBIAS_| [4— |oB 't M7 £ '
—|— M1 —I Out_D _ > 75 I EHSK
ITHR_I': M . |: t % :
PIX_IN T vA z I
D—[ m ve SNZ_”: - OUT_A § 501 |
] VCASN _|': y f \ threshold = :
25 .
VCASP_| — —”:Mlo 3 time walk J
] > I~ |
oft A t 0 ' ' ' '
= ”: M9 VA 200 400 600 800 1000 1200
our_D Injected charge [g]
ma :“— Delay time of FASTOR with respect to the pulse
injection vs. injected charge. The delay time was
1 o measured by the timestamp of a step of 25 ns.

m Digital-in-Pixel scheme: in pixel discrimination & register

= Pixel analog is derived from ALPIDE (and benefit from MIC4 for MOST1)
% As most of ATLAS-MAPS sensors’ scheme

= Biasing current has to be increased, for a peaking time of ~25ns
v, for 4A0MHz BX @ Z pole

= Consequence:
% Power dissipation increased

%, Faster CIS process has to be used
»  With faster charge collection time, otherwise only fast electronics is of no meaning




‘ TaichuPix sensor architecture

Pixel Matrix (512 x 1024) Block x4
————————————————————— N——"7"1——"1
| Group 1 ><32|: Gr.2 |: Gr.3 |: Gr.4
| = |
I I I I
: 512 pixels 512 pixels I T I I
‘ ! Ly 0 I I
: Pixel Pixel : | 1 1 |
| [ Sensor ||« \Ml | : :: : : :
| FE FE I I I |
| I AP A A AALI A 44
[——— | P I ——— S I R
10bit @40 MHzZ =
32 2 32 2
DACs Double col. Reader Dcol. Reader ||| Dcol. Reader ||| Dcol. Reader
trigger and match & FIFO1 -& FIFO1 & FIFO1 & FIFO1
| [20@ ® | i
Bandgap Group Readput Unit 1 Group Region Region
Data driven & Readout Readout Readout
Add ress IPriotitv Unit 2 Unit 3 Unit 4
Pixel - .
config | Hierarchical ﬁlta MUX 2:1 |
| FIFO2 (256*32bit) | i
Slow U L “
control Hlerarchlcal data MUX|
T T T 5 MHz @ trigger
120 MHz @ triggerless
CLK 40 MH
5 bl Clock Serializer Periphery

generator

~

cepl,

Pixel 25 pm x 25 ym

» Continuously active front-end, in-pixel
discrimination
> Fast-readout digital, with masking & testing

config. logic
Column-drain readout for pixel matrix
> Priority based data-driven readout
» Time stamp added at end of column (EOC)
> Readout time: 50 ns for each pixel
2-level FIFO scheme

> L1 FIFO: de-randomize the injecting charge

> L2 FIFO: match the in/out data rate between
core and interface

Trigger-less & Trigger mode compatible
> Trigger-less: 3.84 Gbps data interface

» Trigger: data coincidence by time stamp, only
matched event will be readout

Features standalone operation

» On-chip bias generation, LDO, slow control, etc.

TaichuPix chips for CEPC VTX
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Full size sensor TaichuPix-3 \‘h”ﬂye/

= 12 TaichuPix-3 wafers produced from two rounds

» Wafers thinned down to 150 ym and diced

8-inch wafer Wafer after thinning and dicing Thickness after thinning

> Wafers tested on probe-station - chip selecting & yield evaluation

Wafer T212141-02E3

Probe card for wafer test An example of wafer test result (yield ~67%)

TaichuPix chips for CEPC VTX 8



Number of Pixels

Threshold and noise of TaichuPix-3

= Pixel threshold and noise were measured with selected pixels

> Average threshold ~215 e-, threshold dispersion ~43 e-, temporal noise ~12 e- @
nominal bias setting
» S-curve method was used to test and extract the noise and the threshold

Noise distribution, W9RS5, Entries = 1919

Threshold distribution, W9RS5, Entries = 1919

300 300
I 14=01983V, 7 =00397 V| [ 1u=00110V, 7 =0.0025V]|

250 f 1 250 f
[%2]

200 = 200
X
o
G

150 C 150
ik}
L
§

100 Z 100

50| measured | 50| measured
D i I i =" i I D —1 i —r1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.01 0.02 0.03 0.04 0.05
Threshold voltage [V] Noise Voltage [V]

= Power dissipation of 89 ~ 164 mW/cm? tested @ 40MHz clk with different
biasing condition

TaichuPix chips for CEPC VTX 9




- . o=
TaichuPix-3 telescope ‘h-'f-’*ﬂe

= The 6-layer of TaichuPix-3 telescope built
> Each layer consists of a TaichuPix-3 bonding board anqb% ﬁrF:GA readout board

257 mm

An open window
with size of 1.2 cm x0.9 cm

i e T A open WlndOW on PCB
under TC3 chip to
reduce multi-scattering

Lokl G0 1 R (PR GV FR0 GULER) B9 <89 60

TaichuPix-3
telescope

= Setup in the DESY testbeam

» TaichuPix-3 telescope in the middle

> Beam energy: 4 GeV mainly used
> Tests performed for different DUT
(Detector Under Test)

TaichuPix chips for CEPC VTX 10



Spatial resolution at DUT [um]

TaichuPix-3 beam test result

Spatial resolution i"
» Gets better when decrease the pixel threshold, due ::
to the increased cluster size “

» Aresolution <5 um achieved, best resolution is “
4.78 ym "

Detector efficiency 10

» Decreases with increasing the threshold, detection !

efficiency >99.5% at threshold with best resolution

~

10°
Y [ T e e
. L meees Data o
Spatial Resolution =
~4.78 um : ]
G, =4.78x0.0I(star.) un_]

[I]Il]llIlll]llllTllITlllllrll

L

AR TP v

IlII\lllIIlIIIlIIiIII\Il

O[TTTT

5

-0.04 -0.03 -0.02

i B B
-0.01 0 0.01 002 0.03 0.04 0.05
residual(x - X, ) [mm]

Distribution of residual X

- : : : I I IE O I B B ! ! 5 .
T i4GeVe | g —%— X-direction ] . - i n 3 .
6.5— é : : ' ' ] ) B f [ C
: : ‘5 98__ .................. m ..................................................................... .,__
o 4 & | 4ceve R
- - w 96—y S SOt SRRt SURPTSRRTSRRPSTRORSSRRTPPOOS: AR ]
B - - DUT, ]
5 - i .
- ] 92 -
45— : : - B f ]
- . Prelimingry 3 - Preliminary! ]
4__—— ........................................................................................ ................................. .................... _____ 90? " '7 oo oo _i
353 o7 218 260 295 342 367 88 ts—47 518 560 595

Threshold &_ [e]

Spatial resolution vs. pixel threshold

TaichuPix chips for CEPC VTX

342 367
Threshold &B [e]

Detection efficiency vs. pixel threshold
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Ladder readout design \ ’;’pe/

= Detector module (ladder) = 10 sensors + readout board + support structure +
control board
» Sensors are glued and wire bonded to the flexible PCB, supported by carbon fiber support
» Signal, clock, control, power, ground will be handled by control board through flexible PCB
= Challenges
> Long flex cable - hard to assemble & some issue with power distribution and delay
> Limited space for power and ground placement - bad isolation between signals
= Solutions

> Read out from both ends, readout system composes of three parts, careful design on
power placement and low noise
553 mm

e mmmreemeeeeeeee e _ e ———— ——— e m e —————————————— =
] 1

Readout board Ladder

I
|1l2[3l‘41h lt’:llT’lRl‘)llU

Interposer Interposer

10 U9 us u7v lf(uulIS U4 U3 U2 U1
Ladder

Readout board

FPGA board FPGA board

Ladder readout system

TaichuPix chips for CEPC VTX 12



CEE
‘ Laser test result of ladder — J’e

Full ladder readout _
Fundamental readout unit Fundamental readout unit

: 5 chips on ladder
' | FPGA |« InterposeLr uio| uo | us | uz
1

Laser tests on 5 Taichupix chip on a full ladder
("CEPCV” pattern by scanning laser on different chips on ladder)

m A full ladder includes two identical fundamental readout units

> Each contains 5 TaichuPix chips, a interposer board, a FPGA readout board

= Functionality of a full ladder fundamental readout unit was verified
» Configuring 5 chips in the same unit

» Scanning a laser spot on the different chips with a step of 50 um, clear and correct letter
imaging observed

»> Demonstrating 5 chips working together = one ladder readout unit working

TaichuPix chips for CEPC VTX 13



VTX mechanical concept

Sensor chip : 16.8* x 25.6 mm (2* mm margin at one side for wire bonding)

Ladder: support + sensors + FPCs, sensors and FPCs on doubled sides of the ladder.

The double sided Ladder (17.4 *x 272.9 mm)

0.1mm gap between chips

\ W N \ R
\ oY my
SRR
\\\\ N Y= " ?’

<\.\\:< O\\»\\SQ\ Z/ ) /) // ‘ / IJU

TaichuPix chips for CEPC VTX
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. CEP
Ladder support design gﬁ
With the FEA assistance, compared different optional designs, optimized and finalized

the details of the official design.

Material: CFRP.
Size:272.9x17.4x2mm (LxW x H ).

ladder support structure
N\ N,
Ladder support FPC Sensor ‘Wire bond
A-A
FEA results of static deformation of ladder support A ’
- [ Deformation (jun) it
. N Weight of the support fube-
Laminate thickness. (gram). Ladder. Laclder support.
(under sell-weight) {under full load). . N
Fabrication process test
| 120 jm 2.0 49 6.8

Aiming to reduce material, the CFRP laminate need to be very thin, to make the
structure with such a length and small section by the thin laminate is challenging.

TaichuPix chips for CEPC VTX 15



‘ Tooling design for ladder assembly C"S?e

To assemble the double-sided ladder is a complex and delicate work.

® Assembly scheme and procedures were fully considered. | Sensor pickup tool

® Tooling for specific process were designed.

Tooling for mounting module
- on the reverse side of a ladder
R PESER 7 T

\

Ladder support FPC Sensor Wire bond

2023/6/19

TaichuPix chips for CEPC VTX



Ladder vibration test

Tested the CFRP ladder support under different estimated air flow rate, and

analyzed the result :
* the vibration spectrum (sample as below)
* statistic analysis of the results (Gaussian distribution)

[— a6 am
126 sim
170 alm

~ Vibration spectrum (partial) of ladder 4-1 -outlet open
10 ( sampling interval 20us)

Vibration test platform

Amplitudefum)
2
LRLALL

Air distributer Laser interferometer

1077 )=

10 | | | I-hM{uh~ ; [l“
j— N ;' : HI

. i l
107° = | ik
—

|

\‘ "
| [

107 ¢4 gy ' Ly [y gyl g PR A LS ' 4o
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Frequency(Hz)

Intermadiors block Opening adjusting baffle S ————
Constant 1.111e+04
The max vibration amplitude is 1.9 pm, —
which is much smaller than the detector s
resolution. The result shows the ladder o
support has enough rigidity under :
estimated air flow.
-0.01 -OOOSAxhnm .

2023/6/19
TaichuPix chips for CEPC VTX 17




. . =
‘ Ladder fixation on barrel ‘_,;,ﬂe

Sides constraint/alignment + screw tighten Side ring

Outer barrel

=
o’

_(,

=Xk \ﬂ,

Y

o

* The barrel is a tight structure with very small gap between ladders, assembly is challenging.
* All support parts need high accuracy to assemble a precise barrel and the VTXD that has
three barrels coaxially mounted.

2023/6/19 10

TaichuPix chips for CEPC VTX



. . =
Barrels fixation on the brackets ‘“’ffﬂe

The convex ring
provide a transition
region for flex routing.

Glue adjacent flex to enable
routing and for protection.

Barrels (side ring) = o [
locating on the main | ™ ]
bracket: ring + pin

Slot holes on the bracket: pass flex
through bracket in order, ventilation

Main Bracket

ladder

. . : ——— T
The metal material used for the support brackets and side rings of the prototype is not
necessary for the detector, it is only for the beam testing and transportation.

2023/6/19 11
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: T L
Overall structure design of the VTXD prototype \,‘“"ﬂﬂe/

VTXD box (vent, vibration-isolation, protection)

|__VTXD assembly

Peripheral structure

TaichuPix chips for CEPC VTX 20



Prototype cooling

The cooling for prototype were designed based on

the sensor power dissipation:
® air cooling (fan selected)
® ventilation and cooling ducts design

® cooling simulation
Temperature of the chips was monitored during the

beam test. Verified: .
» reasonable cooling design (real temperature is ==

within the simulation)
» good vibration isolation - Vibration induced by cooling

does not affect the detector resolution, benefiting from Chip temperature under
the non-contact independent assembly design. C°°"”iﬂd“”2"§§§gm st
ax .

Prototype cooling simulation: Max 33.3”

TaichuPix chips for CEPC VTX 21



Detector prototype w

= 6 double-sided layers assembled on the detector prototype
» 12 flex boards with two TaichuPix-3 chips bonded on each flex
» Readout boards on one side of the detector

10°_

= Resolution -~ Data

of- — Fit =
of 493 ym Vo seonan w2 Preliminary offline

4 results indicate a good
< performance for the

< vertex detector

< prototype.

§i05 504505007 60T 0001 005608 .04
12-13 | L3-L4 | L4-L5 S Sl

37.46

- L0-L1 | L1-L2
L(mm) 21.2 .
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CDR

TDR

From CDR towards Ref-TDR — Preliminary Calculation C?Ef’P_j

Higgs

Higgs

Hit
density
(Hits/c
m?2/BX)

24
2.3

0.25

0.81
0.81

0.45

Bunch
spacin
g

(ns)
680
210

25

501
257

23

Hit rate
M
Hits/cm?)

3.53
10.95

10

1.37

3.16

19.6

Hit Pix rate
(M Px/cm?)

10.59
32.86

30

411
9.45

58.7

Hit
rate/chip
(MHz)

34.62
107.44

98.1

13.44

30.90

191.9

Data Pixel/b
rate@trig unch
gerless

(Gbps)

11 235
3.4 22.6
€5 2.4
0.43 7.96
0.98 7.96
5.9 4.4

Trigger latency: 3us(LO fast trigger expected), Error window: 7 bins
FIFO-depth-@3us*hit ratefchip

Data rate=pixel/bunch*trigger rate*32bit*error window

FIFO
Depth

@3us rg
latency

103.9
322.3

294.3

40.4
92.8

575

TDR raw hit density: Higgs 0.54, Z 0.3; Safety factor: TDR 1.5, CDR 10;
Cluster size: 3pixels/hit (@Twjz 180nm, EPI 18~25um)
Area: 1.28cm*2.56cm=3.27cm? (@pixel size 25um*25um)
Word length: 32bit/event (@Taichu’s scale, 512*1024 array)
Trigger rate: 20kHz@CDR, 120kHz@Z, 10Hz@HIiggs, 2kHz@W TDR

Data
rate@trigger
(Mbps)

105.28
101.248

53.76

0.017

3.6

118
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Y -
Towards the CEPC Detector Ref-TDR (Prellmlnaryug
| Very Long | |
: N
Taichu  Taichu  Taichu Flex 11 DO 87 <
l ! , 9 S FPGA

| ) 2 ST T8

Taichu Vertex Prototype @MOST?2 | Vertex Vertex ~ Not rad-hard

Bracket

—————

new-Px

new-Px

Flex /

»

" Data Aggr.

»

»

\

DC-DC <«—— Pwr Cable

Data Link 47'—:> Fiber to BEE
|

CEPC Vertex Electronics on Ref-TDR

= Q: height & area & power limit for power &
optical module

= Q:trying to be also triggerless readout

= Q: stitching technology is proposed to be
the baseline scheme

TaichuPix chips for CEPC VTX 24



From R&D towards the Ref-TDR cepll,

Matrix Periphery DataTrans. DACs Total Power
X H 304 mwW 135 mw 206 mW 10 mw 655 mwW
@ triggerless (CDR)
65nm 1 60 mW 80 mW 36 mwW 10 mW 186 mW

@ 1 Gbps/chip

(TDR LowLumi) T
25.7 mm T
Pixel Matrix: 25.6 mm x 12.8 mm I
£
€
a
3 ’ rby s PIXELS | rby s PIXELS | rby s PIXELS |
!
3rby 2s PIXELS I
A(0.03, 2.30)
s B(0.03, 1.05) rby s PIXELS | rby s PIXELS | rby s PIXELS
Periphery Readout : 25.6 mm x 1.1 mm
T IDACs: 1.5 mm x 0.5 mm F DataTrans: 1.3 mm x 0.6 mm N ) 2 ;

0(0 0) D(0.43,0.57) C(13.52°0.40)

= 65nm will be the baseline technology (smaller pixel = spatlal resolution)
% Power saved by 1/3: 1.8V -> 1.2V
= Critical change: needs to propose a full scheme for the stitching
technology

25



ie =
W oy
Summary w

= The full-scale and high granularity pixel prototype, TaichuPix-3, has been
designed and tested for CEPC VTX R&D
> Spatial resolution of 4.78/4.85 ym measured with 4 GeV electron beam in DESY
> Total ionization dose (TID) > 3 Mrad

m Readout electronics for the sensor test and the ladder readout were
developed

> Performed the sensor characterization in the lab successfully

> Completed beam tests for the pixel sensor prototype and the vertex detector mechanical
prototype

Concept (2016) 15t Vertex detector prototype (2023)

TaichuPix chips for CEPC VTX 26



Thank you very much for your attention !
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TaichuPix-3 specification & performance

Spatial resolution* 3~5 um

TID* > 1 Mrad

Pixel pitch <25um

Chip size ~1.4 x 2.56 cm?
Dead time <500 ns

Data rate 110 Mbps (trigger)

3.84 Gbps (triggerless)
Power density < 200 mW/cm?

*project indicator

19 June 2023, Sensor and electronics design and tests

4.8 um (best)

> 3 Mrad

25 um

1.59 x 2.57 cm?
~ 300 ns

Not tested
Currently 160 Mbps tested

89 — 164 mW/cm?

28



column

‘ Functionality of complete signal chain \& iT’Pe/

= Functionality of the complete signal chain (including sensor, analog front-end,
in-pixel logic readout, matrix periphery readout and data transmission unit)

was firstly proved with X-ray, electron and laser sources.

Transient Fri Oct 23 09:06:09 2020 1

piame. |vis o | |

o 700.07

Simulated with o ;|v|*e21§u ed by
'\ different injected Q Y ray source

620.0

540.0

Measured results
consistent with
simulations in term
of shape, amplitude

V (mV)

460.0
380.01

300.0

22004
T

T b L
400.0 600.0 85(
time (ns)

0.7

06

Hit counts

Pixel analog output [V]
o
>

=}
w
T

o
o

Hit map of the TaichuPix-2 under X-ray :
from the X-tube for 5 min. Analog output of one pixel under 90Sy exposure

Time [s]
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Hitmap under B radioactive source before beam test

Hitmap -

450
400
350

wn
8 300
©

® 250

8 200
150
100

100 200 300 400 500 600 700 800 900

Caliimn addraoce

5 T
a2 | 4GeVe
| our,
W0 g =265¢
r Eff. =99.68%
g ™ o - P :
g 2 3 3 300-
3 o t
.- 5 250)-
B 200
128 oy F
N N 150
e =
% 256 12
@ o
G
450 500

Figure 12: (a) The hitmap of one example DUT under 4 GeV electron beam. The pixels inside

the red box are used to calculate the average efficiency of every 10 x 10 pixels. (b) (c) The

TaichuPix chips for C efficiency map of DUT 4 and DUT g at the minimum threshold.
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‘ Cluster size

g b 3 T T T T T L} T E 8 ¥ T T L T L T L T T T T =
E 09F 4Geve — 2D direction E 09F 4Geve — 2D direction
woF E w 3
3 0.8F- DUT, ---- x-direction —; 3 0.8F- DUT, ---- x-direction _;
% 0.7F- - -~ y-direction _.u._ 0.7 -~ y-direction 3
o GE P Mean value: | 06 Mean value: E
S R o ho2
0.5 g, =13 = 05 p, =161 3
o =125 R = 1L.55 R
0.4 % = 0.4 % =
03f- E 03 =
02f 3 02 E
0.1f- K 0.1 3
ok I I L ! L — 0 1 L 1 —

0 6 7 8 9 10 11 1 0 8 9 10 11 12
Cluster Size Cluster Size

(a) (b)

Figure 6: The cluster size distribution for DUT 4 with £4 = 265¢~ (a) and DUTpg with
& = 175e¢~ (b), shown in the 2D detector plane direction and 1D projections along the z-
direction (row direction of the sensor) and y-direction (column direction of the sensor).

N

-3
g
o

_—w- 2D direction
« x-direction i
e difeetion

N

»
N
>

N
N

N
()

Cluster Size
Cluster Size

nN
»N

1.8

1.8}
L T S

1.2

432 1 295 342
Threshold éA e] Threshold é' [e]

(a) (b)

Figure 7: Average cluster size of DUT 4 (a) and DUT g (b) as a function of threshold &, shown

— in the 2D detector plane and 1D projections along z-direction and y-direction.
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Test beam @ DESY for detector prototype

- Six double-side ladders installed on the vertex detector prototype for DESY testbeam
- 12 flex PCB, 24 Taichupix chips installed on detector prototype Ddloctor biototine I testbeam
- Beam spot (~2x2cm) is visible on detector hit map '

. Record about one billion tracks in two weeks

Hit maps of all layers taichupix on prototype

Hitmap

Layer number Layer number

Eﬂ /Left

: 2 3 LO/Right
£ W -L4/ Left

E W 3 Li/might R M Lamight
s?%@%yLeft I B ] L5/|Left

f B ] Lamight I ] L5/Right
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Pixel analog front-end

m Based on ALPIDE* front-end scheme

» modified for faster response

> ‘FASTOR’ signal delivered to the EOC
(end of column) when a pixel fired,
timestamps of hit recorded at pos. edge
of ‘FASTOR’

AVDD
Vi

PIX_IN

oo wr \/ _

M Out_D
ITHR_I I: M5 —D t

PIX_IN A

B — VCASNZ_I Vg OUT_A
threshold

VCASN_II: Ve
VCASP_I pa- ‘Il:“"m

Out_A \— t
I ) OUT_D

IBIAS_I -

v

M3

wa ]

Ll t

Schematic of pixel front-end

*Ref: D. Kim et al. DOI 10.1088/1748-0221/11/02/C02042

_ Pulse injection” '«

Pixel analog output”

—_

" pulselengh

*,.

‘FASTOR” at EOC,

delay ki?re

T{E derived from pixel

Aivital + +
dlgital outputl

150

—©—analog power = 140 mWicm?

v
\
125 w — & ~analog power = 96 mW/cm? ||

—¥-~analog power = 50 mW/cm?

100

Mean delay time [ns]
h =l
= [}

[}
(%3]
T

time walk

200 400 600 800 1000

Injected charge [g]

1200

Delay time of FASTOR with respect to the pulse
injection vs. injected charge. The delay time was
measured by the timestamp of a step of 25 ns.
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