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ISR =R

RSB (Hybrid) B8 (Monolithic)
= ATLASFICMSSCIG A% = ALICEFISTARSCZIG 9fFE
= I%Sensora]%APlanar, 3DFf1Diamond s IZTE0]9"ICMOS, DEPFETFOSOI
n FEER n FEEFR
o HiniEEEMAE, TID~O(100) Mrad, o REMIEE (0.15%IF8HEE)
NIEL~O(10") neq / cm? o KNEFYERA (FIULCMOSLES?)
e Time stamp per bunch, 25 ns . EEAME
" RRETII o ALICE-ITS3: 65nmTE ~O(100) cm? BHEE
o HL-LHC: #uigRRtEgefNtrigger ratei2E> 1013 e ATLASHICLIC tracker: ¥iigBiEaE~O(1015)
o YIERIE (X-ray): SiTEER~0(107) Hz / pixel Ny / CM?2

FE =R ~O(1086) Frame / sec




n BB ERIRNESREE B E A RIRYSEIS =K
o XAMMEHMAIA: CMOSFISOI
o HNFEERHITHRECHANKRIT

Charm: 2-5 GeV —> Bottom: ~10.58 GeV——>  Higgs: 240-250 GeV

BESIII upgrade/super-tC BELLE Il upgrade CEPC/ILC
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JadePix3igE=ic R 2B =

= REEERAATIIESE, (S8 EIERRE FXIET BRI R BB AT )

» £XJHigh magnetic fiel dERNIZSHESAVIEIRERKIZIT B S dtecioscanopes
o tHEJETFFull silicon trackerizMISEHE<:
» YIENESAHRNESRY LS

Low
magnetic
High
magnetic field P
(2 Tesla)

IDEA Concept

same vertex
R&D activities of this presentation
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Physics Detector Performance RSt N
Measurands . Calorimeter |
process subsystem requirement e g
ZH. Z e, T u.0(ZH A(l =
‘ :}i RRLAN S m 7 N )_ Tracker _,( /pT}OOM
H—pp BR(H — " p™) 2x 107° & P(GeV) sin®/2 8
H — bb/ci/gg BR(H — bb/ci/gq) Vertex J;‘é’ -
H & 575 (m)
p(GeV)xsin?/2 4
ECAL A E =
H—q WW*, ZZ* BR(H — qq, WW*, ZZ*) E /
HCAL 3 ~ 4% at 100 GeV
AE/E = —
H — vy BR(H — ) ECAL 0.20 /

\/ﬁ 4 0.01
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= Material budget, Spatial resolution, Radius of the inner most layer
e Br(H-> cc) WTRRFRNRSHEENR, RUREEEXREE

e Br (H -> bb) XWTuARNEE S AU

0.15¢
6y VS+B [1 [s+B 1 e
oc = = oC A 0.14F —— material budget
w -
H \) \) \) VE- P 0.13E - resolution

B oé —— inner radius
Table 3. Maximum e - p value comparison for the Br(H — ¢¢) measurement. '1";_
0.11F
Scenario A Scenario B Scenario C 0 l:—
e-p 0.133 +£0.002 0.095 £+ 0.001 0.078 £ 0.001 é
41% -22% e 3
0.08F
Table 4. Maximum € - p value comparison for the Br(H — bb) measurement. 0.07 C

- Performance vs. parameters
Scenario A Scenario B Scenario C 0-065‘
6'[) 0.92510.()01 0.9‘410.001 0.900-*_-0.0‘:)1 005:IIlIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
- . ’ 04 06 08 1 12 14 16 1.8 2
1% -1.5% relative scanned parameter
€-p= 0.095(1 = 0. 14A-\'material )(1 — O.O9A-\'resolution (1 —0.23 A-"radius )
Xmaterial Xresolution Xradius

ZG Wu, optimization on silicon
detectors at CEPC, CEPC workshop,
Nov. 2019

ZG Wu, MQ Ruan et al., Study of
vertex optimization at the CEPC, 2018
JINST 13 T09002




Impact parameter resolution

10 L
p(GeV)sin*? 6

0,5 =MD

Vertex detector specs Pixel sensor specs

Side A
Osp. ~ 2.8um --------7-------------------—>~=----> §mall pixel ~mg

Material budget ~ 0.15% X,/layer ---{--=——-- >Thinning to ~ 5UTmM~
B RRRECEEEN e ow power ~ 50mW /cm?~]
—-----> fast readout ~ 1us—
Bradiation tolerance ~
<3.4 Mrad/ year
<6.2x10%?n,/ (cm?year)

r of Inner most layer ~ 16mm ----------3

L Side

= FUEHAME1: Double-Sided ladder

e Side A: /Mg&Z=, KIHiE (JadePix3iZitB#xR)
e Side B: HZH, {KINFE (JadePix4ZikF=xR)
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o HANIELEN, MREYIRE
o BEOHUENEILZ L3I
e 3ZDouble-sided 552 mEMEEIRY
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s TUEAAR2: Fi1LZ (FRNgsARERR)
e 65 NnmMLLT CMOSTIZ
e Ty#180 nm 3D-SOITZ ([Eip. =EHRE)
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JadePDIEEZITIEIR (SALPIDEG /YD)

" FEDHERE—TIRS

o FREEMEFINALPIDERS—3
o M EImETime stamp granularity

s EHEEREEITALPIDERIK
o BFREAV/\, BRMMINEBEEUSII—E
s PUARRRRE I ERIFALPIDERYKE

ALICE-ITS / ALPIDE JadePix3
TEDHER (m) 5 3
SRS (Mm) 50 Btx: 50
SEIFTHFE(MW/cm?2) <50 <100
Time stamp granularity 10 <100
(Ms)
uiERg TID 1 Mrad/ year, Bfr: 1 Mrad/ year,
NIEL 1012 n,,/ (cm?year)) | 1012n,,/ (cm?year))

o E—1CMOSIZ, %Té%ﬁﬂﬂ’]ﬁi%ﬁ@iﬁiﬁﬁ
o (BEXIERIRAHLH RIREFIL IR TFEELR




Sensing Diode

o %ﬁﬁ%—ﬁﬂgl\ﬁg (EPI) EII‘JCMOS |maging SensorTZ NMOSFET  ‘Nuwer . NMOS FET

e Small fill factor: Diodef¥5&=mFEA91/10, BEUv (J1UfF)
o EREMARE: B TFIEEPIPRY EZEElectrode, JLF100%WE
o MIPsHIESH a~1000e, EESIEmMIAES

= BEDMYFL—: IIFSEEHFLEL (BFFEFESRLT)

2 e g s e
P oI i a = 2 in strong inversion | Spacing
Footprint

PMOS FET

Q) / C a=1in weak inversion Electrode

. . . | spacing
Fixing the S/N for a given bandwidth -

" Z:T:JadePix1 %&7)11@)?#5"]1?51{ Schematic cross section of a CIS pixel
o EIectrode size = 4 pm2 Footprlnt = 36 pmzﬁﬁﬂzJadePMB
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= BEPYIFLEZ: ETFERICRESHIBCCFANER BB S P e
: o mmk

o BAIRIAZSENAD mV/e =' ET oL ot O [V
Inputs ' E ﬂ Ws
o HE—HMEY, AFEDACHERIE -gmm S R I AN
o HRZGMEER, ~107MOSE, BRIFEIMIMER D{wg ’ I —
A M;} % — N \ /

s EBEHENRINEEIZITER: IR BE=~150e", REDMmo=~4e, ESIER=~4e
HTALPIDEAFF AR ER

48 T FPNESIRITTUARE >R Nayout i, S8IMRERYT  (Ehie () A () SRENRIEENRRY
{EINFE (20nA) RRAEEERIT (41: 200e; T&: 2000e’)

7000 5 7ho.0 :

BUE (60nA) BRAFITHURIEIILSS Cia £\
> o000 OUT_AMP > OUT AMP

(EAEE TR MOS B T E SR SR ATHER 2 L) 4
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> > Fa
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EES L

s HITEhEE®IT: FoRhsE 3R AAGERIZEE
o D-Flipflop, XERFISSMHITAHAGNR:, BAFEEEY (FME) jﬁ»t
o D-latch, XERBISEIHAVEEEEUR, FATFAAIES ﬁ SO

= £ (Global shutter) : SCHIFF T/FEZ = Q
o BT EEENE (GURETRIZRN) =0
o WX, BMERAT: SMEEEY (GEHEHEaAE) AT |
Noise hit rate o ﬂ%&L

s WERIR/IMEAYSTATHAE: o -
o MiRBKIHFmAEERE » i}E I
o Test PulseitlIFF: SMEEPIESIMIREA Sa—
o Pixel MaskiZHIFF%: arE¥cAgEsgEE 00000 s

" 3MMRAREEREMIBE (digital front-end) | ol

OO V00 3 ST P == = S




= Rolling Shutter (iF1T3348, 1LFIHEBHIHLE)
e Matrix readout time:
192ns/row * 512 rows = 98.3 us/frame

512 row * 192 col.

row address decoder

o MEUMRISEGREESISN. B THREEY AR,

IKEB RN pm
» End-of-ColumnZE[E4E

o {JU5EimtEss (Priority Encoder)

Priority Encoder Pr|0r|ty Encoder

d Addr([5:0]

Level 1 buffer

o LUTIHERIT6MEIE (12ns) ERIARITTFHIHITHNE
o BNEEENREFERIIEA8S, HIUNHITRR

= EUEERIERR
o 8-bitF TR (ERTECHIEEL)
o EiERSTHHRO (ERTZCHEEL)

Serializer & LVDS

Periphery data processing




IEZ= 57 HIRI EE

6.1 mm . m REMI51217, 1925
= EHAM (@7M) XREZART

e 16 ym * 512 rows = 8.2 mm

o THABIEIN (miAfEETEIEE)
= KM (z751R) EJESectori] &

o 48%l/sector, 4/ sector

o IRV RAYFEF I NEFIER

o HFI80MByte/sHIEIEEHI T

10.4mm

Minimal pixel footprint: 16 pm* 23.11 pm
1: Sensing diode

2: Analog frontend

3: digital frontend

| Sector | _Diode | _Analog | _Digital | _Pixel layout

2 + 2 pum FE_VO DGT_VO 16%x26 pm?2
2 + 2 pum FE_VO DGT_V1 16x 26 um?
2+2pum  FE_VO DGT_V2  16x 23.11 pm?
2 + 2 pum FE_V1 DGT_VO 16%x26 pm?2

-
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Test system

=  General-purpose FPGA platform, KC705 = |PBUS protocol

e Reliable high-performance control link for
particle physics electronics

e 700Mbps per TCP/IP link with JUMBO PACKAGE
feature

e Can be easily deployed and reused

FIFO_READ_EN

JadePix3 _.ntema.gn_.? KC705 PC

— Ring buffer recorder Archive

BLK_SELECT==—

Counters  Status

v Vv

- Multiplexer DATAT 0 DATA[31:0]




Chip-board assembly and test setup

m 7 boards assembled with the Jadepix3 chips Dang SUN, Yunpeng LU

e All passed functional tests
e Counter measure of ESD proved effective

m Test setup deployment

e IHEP, CCNU, JLU |
e To be deployed in USTC Wire bonding on the JadePix3 chip
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Test setup in IHEP Tést setup in CCNU



Functional verification

All module functions verified

e Configuration of matrix registers
Configuration of Global DAC
Pulse test

Analog output waveform

Data readout

e PLL clock

e Serializer output pattern

Response to the radiation as expected

e Radiative source >>Fe
e Cosmic ray
e Pulsed laser beam

Low power frontend

Radiation-enhanced frontend

APULSE=1

Output pattern of serializer @ 1Gbps
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Threshold and Noise (Electrical pulse test)

Pulse amplitude scan and S-curve* fit @ nominal threshold

Probability
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Noise hit rate

= Well below 10-¢ hits / pixel per frame (98.3 pus)

e Rolling shutter (Continuous readout mode) shows noise hit rate as low as
the global shutter (Triggered readout mode)
e No pixel masked

Noise Hit Rate vs Threshold Noise Pixel Number vs Threshold

= E - - —

g E —&- Rolling Shutter _8 5 -8 Rolling Shutter
% i —*~ Global Shutter :E! 3 \ —#- Global Shutter
£ i c

£ qp6L i

SR LN, 8 29

o C w —

= i e -

: | —

]

@2 107 E - +

2 18

AN |
| N 1
w | &bﬁ

I |200‘ — I250I — I300I — I350I — |400| I I450 180 200 220 240 260 280 300 320 340 360
ITHR[pA] ITHR[pA]




Charge sharing and spatial resolution

= Binary readout with charge sharing
cluster size: number of fired pixels

p/2 _ * _ . . .
® Oposition = i3 When s = p/2 (namely average cluster size* = 1.5) associated with one track hit
Signals in two adjacent pixels as function of the impact position x
Pixel O Pixel 0 Pixel 0
| - R T
X o X b X
—>* s +— charge|sharing —» s <+—
Pixel 1 1 Pixel 1 | iPixel 1
: — — —
X X
0 p/2 p 0 p/2 p 0 p/2 p
Binary readout without Binary readout with Analog readout
charge sharing charge sharing
S
Oposition — o7
posmon p/\/_ O-position = S/\/EI L postt S/N
inside the s region inside the s region
Oposition = (p—5s) /\/ﬁl O-POSitiOT} = (p —s) /\/E,
outside the s region outside the s region




Charged particle beam

Pulsed laser beam

= Random hit position on the full matrix = Well controlled scan of laser position on a
e One hit per particle single pixel
e Reconstructed reference position by beam e One hit per laser pulse

telescope °
e 0o of residual = measured - reference
e Cluster size can be adjusted by threshold tuning o
o
FERN=8DUT

N\ 74

RRETH (SE555)

Reference position given by the 3-D motion
stage

o of residual = measured - reference

Cluster size can be adjusted by threshold tuning

and laser power tuning 4, 1 vty s e
@R
G 58

DOREFH

O=%®IFta
50 @RI 28

@©X P — Sy I




Laser beam characteristics

= Laser beam characterization = Laser power tune and coarse calibration

e Wavelength: 1064 nm

e Beam waist wy ~ 1.7 pm

e Rayleigh range z; ~ 8.5 ym

e Divergence Angle @ = ~ 11°
e Laser pulse duration ~100 ps

0% : maximum power; 100% : minimum power

For final results, use 92.7%, 92.9%, 93.3%, 93.5%, 93.7%
92.7% ~ 4 x threshold (threshold set to ~220 e-)
93.7% ~ 2 x threshold




= Threshold set to 220e-, tune the laser power to vary cluster size

= Theoretical minimum value can be approached on both sides
Residual vs Laser power tune

e While cluster size approaching 1.5

Ly | L T | T T T | T T T | T T T I T T T I T T T ]
e 3.34 uym @ signal = 880e" in X S o vadepixs * ASorRescualx =
' 3 - _ ]
. . — —#— RMS of Residual ¥ —
e 231 um @ signal = 440e" in Y g O el ;
o 5 avg. cluster si =
o 4.5F =
= E
Residual |n X (23 11 pm side) Residual in Y (16 pm side) 35§ -
% 25(](]__II TT I TTTT | TTT I| IIIIIIIIIIIIIIII LI‘;I-PI‘“;-.II-“II.;:HI_?;II__ % 25{](]__I T T | LI | LI | LI | L | LI IL;“!-IP“IIHI-TI'".IB:;?_I?;I__ - E E
o - JadePix3 4 2 - JadePix3 i 3 avg. cluste 3
m — — LASET POWEr Tune=92.9% — m — — LASET POWEr Tune=92.9% : - ‘ E
2000 Lassr Power Tune=93.3% —| 2000 Laser Power Tune=83.5% —| 25 =
- ] - . - Cluster size increased =
. ’ . ’ 0926 0928 003 0032 0034 0936 0938
1500 - 15001 -
B ] i ] Laser Power Tune
: : : : | ] ] ] ]
1000:— . 1000:— . 4 e 3 y 5
C i N i Signal / Threshold
500 - 5001 -
_I L1l I L1l III|IIII 1111 11 1 IIIIII|IIII_ B L1 1 | Ll L |_l a =
%550 15 10 -5 0 5 10 15 20 2 %o "5 o 20

Residual X [um] Residual Y [um]



Power consumption

= Average power consumption with present chip size

o (62.44-14.38-31.54 mA)*1.8V/(1.04*0.61 cm?)=46.9 mW/cm?
e PLL and Serializer not included (single chip readout)

= Extrapolated to a full size chip of 1 cm*2.56 cm

e Sensitive area 0.819 cm*2.56 cm
e PLL and Serializer included (multi-chip readout) Extrapolation of average power consumption

512%192 512*1024
(JadePix3) (Full-sized chip)

e Average power 91.44 mW/cm?
= Could be cut off further > 15 mA

Matrix 3.15 mA 16.79 mA
e Analog buffer (1.8mA) Zero suppression 12.47 mA 66.47 mA
e LVDS receiver (1.74mA) and data buffering
e PLL test output (11.5mA) Shared modules 46.82 mA 46.82 mA

Sum 62.44 mA 130.08 mA




Rolling Shutter Readout

® Frame period (Integration time) m Stability test
e Eventinterval: 10 s e Hit number per event: 2048
e Count the frame numbers between 2 events e Eventinterval: 110 ps
e Frame period: 98.315 ps e Data throughout: 595.8 Mbps * 39.3 s
x10° lea' : ]
400:_ —8— FIFO overflow
= 254~ Data
350/ Fit Slope: 101713.43828 I g BT puartion
= RS Period: 98.315426 2.0
g8k
E 2505— E L5
2 o
o - 1.0
L 150—
1005— 0.5
s .1....1.5....2....2.5....3-...3!5....)4.. 0.0 - =
Event index . . . . . . . . . e
0 50000 100000 150000 200000 250000 300000 350000 400000 < '8

Frame Index




Summary

= JadePix3 is designed for the double-sided structure in line with the CDR study

e Optimized for high resolution, low power and modest readout speed
= Performance consistent with the design targets

e Low threshold and noise Microscopic view of JadePix3
(Top-left corner)

e Single point resolution 3 ~ 5 um
e Low power < 100 mW/cm? BRREBIIDEDLT

e Integration time < 100 s

m A success of collaboration and teamwork

e Now working on the design of JadePix4
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