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Introduction Left-side Array Design

To address the requirements of CEPC inner-tracker, the COFFEE3 chip was developed using

Ch i p OverVieW Ana|og Front-end In-Pixel readout |OgiC TOKENin
an advanced 55 nm High Voltage CMOS (HV-CMOS) process for high spatial and time resolution . = B
/ . . . _f\_"_ g i — Edge — Readout
and low power consumption,COFFEE3 is designed to validate two distinct readout architectures Chip Size: 4000 um x 3000 um pis T g | Comoler

v’ Core Array: 48 (Rows) x 12 (Columns)
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integrated on a single chip, focusing on verifying circuit functionality and core performance.

Detector Hit_flag Controll
— n o | =
Th o= 3 (3|8 &
N = Q.
=51z TEE
in TSte<0:1> =
- . XX

Coares-Fine

This poster presents the preliminary test results for the left-side array, which features a more v Pixel Pitch: 40 ym (Column) x 145 pm (Row) : S O il =—— T
complex in-pixel design incorporating a full CMOS-based CSA, discriminator, TDC, and priority- Pixel Array | 1 HNL
based readout, targeting higher hit-rate environments. Bench tests utilizing laser and radiation ® Analog Front-End peripheral
sources successfully demonstrate the basic functionality of the in-pixel circuits and the full v 4 Types of Charge-Sensitive Amplifiers (CSA) Fig 2 Functional schematic of the in-pixel circuitry
readout chaln at dlgltal perlpheral WhICh also mcluderlal l. tI:ISCEIveI'S v CMOS Discriminator with Threshold Adjustment TDAC
® Readout Circuit & In-pixel Memory
& | v Time-to-Digital Converter (TDC) a4 =n
- | v In-Pixel RAM & Address ROM
CMOSMamX ;E Innovative CSA E
| E | A unique "Double-Column" unit groups pixels for testing four CSA |
E— | variants side-by-side: E __
| E v Double-Column 1: Cascode CSA } ﬁ
E v Double-Column 2-3: Sensor-Isolated Cascode CSA Eﬂ |
v Double-Column 4: Folded Cascode CSA E =
= v Double-Column 5-6: Sensor-Isolated Folded Cascode CSA )
Fig 1 Layout of COFFEES3 chip for the left-side array Fig 3 Left-side CMOS pixel array layout
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Test Setup
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E " m Control and Readout (CaR) board E Pixel Matrix Test System Lower S“ppi-
- Pl | | Gebed  Feature escription I 3
i Dm Ft Dpt E Test platform is based on Caribou system EF m“”“tf_p.
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k Fig 4 Caribou test system architecture & feature of CaR board Fig 5 Photograph of the implemented test setup /

Test Results

Pixel Matrix Test System
® | ow-Voltage Differential Signaling (LVDS)

In-pixel Analog Test

® Charge Injection Test

At 640 MHz supporting to 1.28 Gbps high speed data transmission, to reduce common mode noise. v Four types of CSA demonstrated correct functionality through direct charge injection.

Serializer TX ; . . . . .

D - o o= OUTP_ TX v' Clear linear response to injected charge confirms predictable analog chain performance.
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® Delay-Locked Loop (DLL) Fig 6 LVDS Overview & Functional Verification B1 0.93 0.930 ( range: 0.7-1.2) | | o b e _
g P B2 0.80  0.547 (range: 0.1-0.8 ) | | N N NN e
The phase difference matches expectations, to achieve a finer binning in time (~4 ns) B3 075 0.746 ( range: 0.6-1.2 ) R Y PR
than the main clock (23 ns). B4 0.60  0.500 ( range: 0.1-0.7 ) | IECENE. e i i s o]
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CO o Qus uP Y our— Fig 10 Peripheral digital circuit readout for charge injection test
O: | Lockeircuit Lod PFD DOWN CP 1 VCDL :83:23 ® [aser Test
ou - I;dk DOWNN 1 o Pixel can response to laser signal, CSA and comparator work as expected and typical time
Q ) t* over threshold (TOT) of laser signal is consistent with simulation.
C.
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Fig 7 DLL Overview & Functional Verification § 0_92; T, |\ threshold oo
® Empty Packet Test - ¥ | )
The expected Empty Packet was successfully read out. 0,88 . 57
® Pixel Mask Test st ] £ 0so-
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v Successfully verified by enabling only a single pixel. : © ; . HHLEQHON
0.82— ® =227
v Data stream correctly switched between Empty Packet and oaf- g
Valid Hit Packet, confirming proper self-triggered readout S N S I S 'T'n‘T"‘(' 0.80 02 o4 os Tﬂwc;t)s 10 12 14
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logic and per-pixel control. - . . Fig 11 TOT of laser signal is consistent with simulation
J PErp Fig 8 Empty Packet Output ® 55Fe Radioactive Source Test
Only one Valld hit Pixel can also response to 55Fe signal (x-ray).
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Flg 9 FuII readout chain works well with laser test (Only unmask pixel column 0, row 1) Fig 12 55Fe Radioactive Source test results
® Summary ® Outlook

COFFEES left-side array preliminary testing results validates the basic functional design: Future work will focus on detailed performance characterization and design optimization:

v Full Chain Operational: In-pixel circuits (CSA, discriminator, TDC) and peripheral logic are correct. v Perform energy spectrum analysis on the collected %5Fe data to quantify the energy resolution.

v Performance Verified: Achieved Gbps LVDS output, precise DLL clocking. v Conduct beam tests with high-energy particles to evaluate spatial resolution, detection efficiency.

L v’ Detection Confirmed: Clear response to charge injection, laser, and 55Fe source demonstrated. v" Utilize the feedback from these tests to inform the optimization of the next-generation chip design.
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