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- Technologies represented during Workshop
« LFoundry 150 nm HC-CMOS 2 talks

« SMIC 55 nm HV-CMOS 1 talk
» Tower 180 nm 2 talks
« TPSCo 65 nm 3 talks
« Open source 1 talk
« Integration into modules 2 talks
« Simulation (WG4) 2 talks
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— COFFEE2: focusing on exploring and verifying the process characteristics;

— COFFEES3: focusing on verifying readout circuit structures and core performances;
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Several MPW:s to reach the full-size full-function sensor

2025.1

COFFEE3

4 JE4% — COFFEE3 ¥ iiss

CEPC

PRI TR

2027

Time line

V4 of the full size

RS 2025.6.27



Design overview of COFFEE2

Three independent regions in COFFEE2:

1. Passive diode arrays:
study
 Various sensing structures: DNW h@ﬁ'ﬂﬁfﬁfc‘e% w1th/w1thout P-stop ;

v
2. An active pixel matrix including 3 variations of pixel design:

* To quantitatively evaluate the “cross- talk" ifsufﬁ)gﬂ‘\ééjmﬁglxel
sensor technolQ g]ﬂﬂ@(ﬁew\’plfgc&s and guide the overall design of
Yor Qﬁg“fﬁglre detector chip

3. An active pixel matrix with a new readout architecture:

*  Very small pixel size 25 X 25um? (for a @/ﬁmﬁgl‘gﬂsor)
0CesS
* New matrlx reaéiciﬁ ﬁlﬁ&tgre

For new a]‘)'gghttl peripheral data processing included;

The COFFEE2 design includes three independent regions.

Published paper: NIMA Volume 1069 P169905 (2024)
https://doi.org/10.1016/j.nima.2024.169905
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Brief results from COFFEE2

Feasibility study of a commercial S5Snm HVCMOS process for future R&D

Leakage [nA]

For the sensor: breakdown voltage ~ -70V for regular resistivity wafer (10 QQ-cm)
For electronics: the in-pixel amplifier & comparators work as the simulation predicts
For the sensing diode + in-pixel amplifiers: clear response to laser/ >>Fe / °°Sr sources

Leakage current increase from ~10pA/pixel to ~1nA /pixel after irradiation of 10'* n, /em?.

...... The testing and validation of COFFEE?2 are still in progress.
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Firry-FIvE nm prOCESS

COFFEE?2, the ﬁrst prototype in 55nm HV-

CMOS process
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(a) Convert hit pulse to digital signal by (b) Read out digital signal to EoC (c) Capture leading and tailing edge comparator and store time stamp in pixel to EoC in priority order
comparator parallelly in EoC
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Some key performances from design simulation
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> {BEIS 10uWipixel > BEES:
o FRILATER AT 111 uW/pixelF19 uW/pixel;

o BTN RINFE: 29 20 mW/cm?;
e Fine-TDC: W7EARTHH MG = TAE;
o P FRMRAIZNEINFE: B AREMTEY;

XN SE R TEALG A, REX AR TG ZhAE: ~138mW/em?;
FEAISN B DI RERLEEIAR . ThAE (T HAE

S 1] 471 ] A [AIAA S That

B / 40 Mhz ~ 40 mW/cm?

PLL 360X 360 um2 | 160/320/640 Mhz 0.98/1.76/2.66 mW
LVDS#: i 4% 70X 140 um2 | 40/160/320/640 Mhz/ 1.13/1.58/2.18/3.38 mW
LVDSKI%E %% 112X250um2 | 40/160/320/640 Mhz 4.87/5.04/5.27/5.73 mW
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20

Leverage the potential of advanced process nodes

- Benefiting from the 55nm process, the area of the same function

digital circuit is ~1/10 of that in the 180 nm process.



L HTZT AR wirassoeses

Architecture 1: Pixel Hit Parallel Transmission to Array Bottom

Pixel Column Pixel Column Pixel Column

0
Address 0 Bus 0 Bus Bus
Hits 1 1
Hit E P L 2 2
3 3 IL 3
4 —| 4 —| ‘ 4 —I
EoC (End of Column) EoC (End of Column) EoC (End of Column)
Package?2 [TS2, Address2]
TS TS s
@ @ ® Package3 [TS3, Address3]
(a) Convert hit pulse to digital signal by (b) Read out digital signal to EoC (c) Capture leading and tailing edge
comparator parallelly in EoC
Each column shares an EoC module
1 2 3 4 6 7 8
CLK

TS 1 M 2 X 3 M 4 X 5 X B8 X T X 8

Pixel 1
ol 2 TOT last 100ns -1.6us
@ Can not provide independent time stamp
“counter for each pixel at EoC
LE 8 N4
TE L

» This concept with 1 EoC for each column, while hit density increase, the
timestamp information maybe inaccurate.

2| J84# —— COFFEE3¥:it CEPC

ZHR KA G~ N2 F M
g, YanthGnALT
gkt ez Ao

Pixel Column

One pixel column architecture in COFFEE3.

» COFFEE3 divides each column of pixels into 4 groups, which are input
into 4 EoC modules. Each EoC also includes additional FSMs to handle
higher hit rates. The area of the peripheral digital circuits does not

significantly increase (less than 10% of the whole sensor).

BN 2025.6.27
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#) 42 /{i ,ﬁ. /I\{% :%- f).] e F ;}j- | ey f]u‘ . g . INPIXELREADOUT LOGIC IN PIXEL MEMORY

Analog Front-end Hiitln [mm——mmm—m— |
= iprevie.: pleel] | |
Lav : A oy Luesant | 3 | e [ ol
) i _ Camparator AL e o gt o g
Pixel Column Pixel Column Pixel Column J T . I a |t 5 |
L e S L€ Bk 2
2 |
o[ mOm I, o[ nOm . L v M :
sensor il Gl I £ ooy
bt ! 5@ reo[ ] t s @ reo[ ] —L p Edge 7 i st 2l e Addr-ROM g
~s Injec. an ATDACIn | [T etector ' | |
Hit 2 2 s @ Reg 2 s ® Regl:l enable u TRAT L | 6 bils, —1— |
S R = D l Package3 [TS3, Address3] e I | _| |
3 3 75 (® Reg[Ts3 3 75 (@® Reg P Mas< | — :
el Contig
4 4 TS Re 4 IHOLY ! !
@ gEl ® QD ]Packagez [TS2, Address2] RERD T T TTTTTT - -
FREEZE
| EoC (End of Column) | | EoC (End of Column) | | EoC (End of Column) |
TSLE_p [6-h)
(a) Convert hit pulse to digital signal by (b) Capture leading and tailing edge (c) Read out package(time stamp and address) T T T T T —
comparator and store time stamp in pixel to EoC in priority order
RAM RAM RAM RAN RAM R4 M
LE_Flag TE_Flag
WrlE_p
CLK
cL_Toe _,| generation - Dolay
[20MHz} & Syne | I
circuit
WTE_p
' PIXEL TSTE_p {2-h) '
Time-to-Digital Converter ]

IX3MEEME, %1 R 440145 pm? r o o o o P e

LK (40MHz)

B AT R LEBER . R ADAC. RAEZIRIMEH . PSS . IDCENTTRBAERRMBRTRA, H—PRI THV-MAPSERhit density
R AR PR RBE T T E B HRET
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> SEA T 55nm HV-CMOSTE H L2 B — IR+ A COFFEES;

> BT LTZMAENE, 5807 PIRASE B3 A R 07 %6

> [T REEE LML HARX e R DI SR RS (160103 D, B ALH R B (R AR
TR, BOHET R H SR TR AR ZEK

> COFFEE3 ()t 45 S 56k e v JE ot A0 Fa B R E

> [A5 0 T A4k 7 T S 7 45 T COFFEESIR S IR —ik2, 55 N —HRRCOFFEE4 ¥ it I AL

PADTEST — Dcol0 Dcoll Dcol2 Dcol3 Dcold4 Dcol5

48 row 1 umn

X col
X 40 pm X 145 pm

PRITE - iy Som gmom

: 40pm X 100pm

31 30 29 18 17 10 9 1 0 Cofiee digital2 Serialier packet format
bout ani it onit 200 i shi 4hi
| header LE timestamp TE timestamp address | parity |
(no 64b/66b) ‘ CHIP_TS | LE_coarse ’ TE_coarse \ LE_Fine ’ TE_Fine ’ ADDR_ROW ‘ ADDR_DCOL ‘
2 bit 12 bit 8 bit 8 bit 1 bit
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