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Belle Pixel Detector

* DEPFET

K, and muon detector:
Resistive Plate Counter (barrel outer layers)
»Scintillator + WLSF + Mg[’C (end-caps, inner 2 barrel layers) |

J

EM Calorimeter:

Csl(Tl), waveform samp \.:. » 4 | 7,
L (opt.) Pure Csl for end-c J , A '
- % = | Pt Identification |
\ pagation counter (barrel)
- ng Aerogel RICH (fwd)
electron (7GeV) ok : : _
( : ; p™ ; =i W
Beryllium beam pipe ,, [~
| 2cm diameter il 7 | -
Vertex Detector // S — S
2 layers DEPFET + 4 |ayeg : . : /

7z Positon <) T T

o1, s Trigger/DAQ | témm z2mm
° S b Fast electronics for high rate EStIL 55 x 50 pm? 70 x 50 um?
lever arm, fast electronics . N
Computing HAX 60 x 50 pm? 85 x 50 um?
' 9
SRS B 75 um (0.18X,) 75 um
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DEPFET(DEPleted Field Effective Transistor)

s EEZHEBERDEINSUDRA
— PFYURILDFET
— N+ Z/N)LIIZHEY gate D TFIZERAE
FA5ELI(ZL., POV REI—TERETIEE
» g~=400pA/e dopletea
- EHELABROS-LEFEYVITTS
- E2tILY AL X 20um
e 800M pixel in total
— O—) T vyi—EAHHL
« =B 50ns/row, 50us/frame
« 4B 250ns/row , 250ush/frame

— TRETERWTE >1Mrad, 10%2 n, /cm?
— Belle | EERTH A
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Belle I1@) Pixel Detector

e DEPFET Pixel detector geometry

Bumps 0,002_C! 0-007 Belle Il module: 0.21 %X,

— Rolling shutter 20usec

— Occupancy a few %

I
- Distance from IP (cm) 1.4 22
_ 2-10™ 1 MeV Neq PET year Sensitive thickness (um) 75 75
| Framefme | 20 pixelsimodue remxas0 768250
~ 70 MeV - few GeV Total no. of pixels 3.072x108 4.608x108
0 _ 41E50 Pixel size (pm2) 55x50 70x50 Larger pixels
Angular acceptance 17°-155 T S in fwd region
Material budget 0.21% X, per layer Frame/row rate 50kHz/10MHz  50kHz/10MHz

15 pm (5075 pm?) Total sensitive Area (cm?) 89.6 176.9 4
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Performance

Efficiency 98~99% (95% for some cell?)

~10um resolution
— 8bit ADC, 92ns sampling

PXD performance at beam test
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efficiency

Threshold:
~ 1200 electrons

Hit efficiency ~ 98-99%
..AAﬁ‘AAiédlhiﬁAAéé“‘
uCell Sezﬁt()

r2.1.2
Imasa

PXD performance: Residuals

From PXD standalone beam test with EUDET telescope

0° tilt: perp. incidence
D Simulation 12.0um

_5_.0-025; —} Beam Test 11.7um EL 0.05;
2 0.02F 2 0.04F
3 3
S0.015- 0=11.7 pm & o.03f
o [ °
% 001 % 0.02
0.005- 0.01F
%0 30" o 50 100 %6 50

Ishikawa

30° tilt: many 2 pixel clusters

l:| Simulation 8.7um
_|_ Beam Test 9.1um

0=9.1 pm

residual u [um]

0 50 100

residual u [um]

* Expectation for single pixel readout: RMS=50um/v12 =~14.5um

Matrix tilted along column: multi-column clusters
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ROI

e Data reduction factor >10

— i+ LEFREI(20us) A 1/10 72 IE ROI Z{E S B (N
* Rolling shutter (G BENSLT—FEMN LB

PXD online data reduction

SVD track reconstruction, extrapolation to PXD and Regions-of-interest finding
performed by High Level Trigger (software) and DATCON (FPGA)

DESY 2017 beam test

* Data reduction performance:
20181030 ROI efficiency above 97% (small RQlsi25x2|5himd)Sfor data reduction factor > 10
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Cooling

* Sensitive area [& air cooling
* Forward backward @ acceptance M¥MZFEAH LZELVYTCO2 cooling

Mechanical design umversitgtbmnl

Kapton flex

CO, inlets

Positioning screw

Support ring

» Low material budget cooling
* Massive structures outside the acceptance to cool down the readout chips

20181030 * The center of the ladder relyen-coldhaisa



Summary of DEPFET

DEPFET

Occupancy a few %
Rolling shutter 20us

« Suffers from beam injection noise in every 10us
Efficiency 98~99% (95% for some cell?)

~10um resolution
 DCBA : 8bit ADC?? 92ns sampling, 10Mrad

2.5x2.5mm?2 ROl to reduce data transfer rate

e Data reduction factor >10

Air cooling for sensitive area
* Massive cooling structure outside acceptance (FW, BW)

Complicated in house production
* low yield?
* No improvement on process rule?



H 12
e &L\ detector

— Occupancy Z FIF1=L) (0(104) < BLVETTRIF=LY)

— ROUIEUL=KTEW, T FILDEYREIETHRIEEED H S,
s FFHOJTHEHLGIEEILAL

— Pixel Z&IZ binary e HL

— BGYOAIEELTYNENDITT
* DEPFET#2E O resolution

— 10um =>» 35umAA M pixel (35um/sqrt(12) ~ 10um)

« Occupancy ZE2ETIFoNNIX IP DELIZERE FIHEE (radiation tolerance (&
DEPFET &YMiEY BLMET)

« IPIZ3EIFHIE low momentum @ position resolution (X B<%:%
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* Silicon-on-Insulator (Si-SiO2-SiD Y KA v FHE1E)
- BEHRVAVE (Y —E)
— ZE&1E )3 E (Insulator: #E#%A)
— YaviE(mEgE)
o AlJyhk
- E®/UYY
o LUY—LEIBENCTROTAUOT T HLEMNEN
- FERE-VEE- l:’]t)lﬂf»rx HEBEOMNPIW O, 8IRILE—

ERDBRRRHABFEL TR
T —
T - — e LSI Circuit A
40nm + I _ PMOS[INMOS/ T I & T
200nm —= BOX(Buried Oxide) /
)/ ..
BPW =
(Buried p-Well)
50~500um

Si Sensor
(High Resistivity
Substrate)

Backside Implant,

20181030 Laser Annealing, Cha@@@?@@il‘ﬁlﬂﬂl@wa
Al deposit (X-ray, Electron, Alpha, ...)
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s BEDMEBMFNIIVEBATSHEL)AVHIZEFER—ILRT
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— 8000 F7R—JLR7/100um (1/X7 /3.64eV)
o HRBHIBLEEKRIKOL00)BEFAAURT/cm (1T /0(100)eV)

o« A IZEBF(HNATR)EM T, EREN=EFELH—ILHIEE
[ZRM->TRYDRSES

. BENLEF FILERET S,
. ETEBTHRIELHHHT
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nJL&H:II L/O)/ /rj")—Pier *ﬁHj%% pr%'.mi;tlnivcr h:;f ‘nrxplﬁh h“yrf“;‘/ﬁ'r ’

input | s COVihN
77‘ M 7 o | &> A g {
e Amp-shaper-discri [ pixel D H 4-bit DAC

(CSR ; Control and Status Register)

— PixelTUHJLEL (0(100)nsLL T D EERE1E
EHAFEZ S, Occu $91/40LLTF)

* Hit {F#% pixel M memory (1 bitx 2) [ZT=8 5, |7 e e | Time stamp
e Hit LIRSV T —IZEBRIFT-05, ™ : . output

- BROENEHEFR |:i“~ Register
e 1us (beam abort gap) [Z—[EIEZEAH L, - L_gircuit |

— &% ADC T digital {b L CHREEHRZENS

— Plxelﬁrt)gﬂ/;ﬁéz (500”50)H%IEIEﬁ'IEéEﬂQ9 memory
Occu $91/100) | b

+ pixel AIZ 1 bit memory & 16 B HLNEE, HHHA
FEYNRBHBEALZ4(500nsZ &, 8us latencyE Txt . =
) ZHRIELTEY. trigger BARFHZFDAAZ e
T DAREZEHHT,

20181030 Akimasa Ishikawa

Vth

.

o | z



U —DKES

« EUYHZT layerl (r=14mm) ZB1ELT S
- EURBEEHOKXESS
— Row : 35um x 384ch = 13.44mm
EYHZTr=14mm 8 DNSH —T&ES
— Column : 35um x 2304ch = 80.6mm
R=14mm % 17~ 150 F TEIZIX 70.004mm HE

— [E&50um
* Super Pixel 5+ LI column D i a few m

e T AHALVD T Stitching NIAE,
— Column AMIZ%ZE| 768ch x 3 > 26.8mm %3

« HEFEROA—KR)T 806+amm

A few mm? {
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Summary

e Pixel Detector @) Upgrade & Z 58O FELT=,

e SOIFflTZ{EoT-fRHeEmEE A TLVETS
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