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Infroduction Main Results

To meet the increasingly demanding requirements Passive sensor diode results
of future tracking detectors for the LHCb Upgrade II |iaeis :| IV test: breakdown at =70 V (Fig4.a)
and CEPC, advanced detector technologies with IS CV test: single pixel ~50 1F at -70 V due to depletion (Fig4.b)
enhanced hit density processing capabilities and - — Leakage current increased from 0.01 nA to ~1 nA after 10'* nyy/cm?* radiation
superior radiation tolerance are essential. To study | b 15 _. Laser and a response observed (Fig4.d,e) (Fig.c)
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chip called COFFEE2, which is the first prototype for process and circuit
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module in a 55 nm High-voltage technology is designed and tested. The
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"passive sensor diode" is designed to verify the characteristics of sensors with

32 pixels with 3 variations of pixel design. Preliminary test results are

provided in the following session.

Leakage [nA]

Process Features

Dnwell-Psub junction as collection electrode

Triple-well process: N-well/P-well/Deep n-well

P-type substrate resistivity: 10 Q-cm (c) " 10 ragtonfuxl§ fom
Figd. IV test result (a) and CV test result before irradiation (b); test leakage current with irradiation (c);
sensor responses to a laser (d) and AM-241 source (e) have been observed

Substrate breakdown Voltage > 50V with frontside HV bias Main array circuit results

More design details: Z. Chen et al., Feasibility study of CMOS sensors in  « Charge injection test: Amplifier works well, response curve consistent with

55 nm process for tracking, Nuclear Instruments and Methods in Physics pre-simulation.
Research A 1069 (2024) 169905. | CSA_Calibration Waveform

Guard ring: one inner N-well ring, with two P-well outer rings

HVbias 1y p-well outer rings N-well Guard ring  P-stop

o

w
@
e
[=]

Amplifier output [mV]

Amp output (mV)
o
o
=)
|

> ) i pre-simulation
i Charge collection node |
[

Output Voltage [V]

P-type substrate §< One pixel :E

o
)
1

]
Top view of single pixel E

1 i | | | | | | | | | 0: 0.2. ! .0?4| L IO.|6| L IO?SI 1 ‘ll 1 |1-I2| I |1-I4| I |1!6| III1.|8| L 0.|;)' """" 0|2 """ 0|4 """ 0|6 """ 0|8 """ 1|0 """ 1|2 """ 1|4 """ 1|6 """ 1|8 """ ;.|0
P-well .00 (a3.25 0.50 0.75 Timj:;)o[us] 125 1.50 175 2.00 (b) Injectlon [fC] (C) Injection (fC)
N-WE" . . . . . . [}
Fig5. CSA output with charge injection (a); response curve test (b) and simulation (c)

Sensor test: red laser, beta ray from °°Sr and X-ray from °°Fe test sensor of

COFFEE2 TeSi SYSiem pixel. The signal of red laser and beta ray are clear. The characteristic peak of

X-ray from °°Fe is also clear.
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References: < Figb. red laser (a); beta ray (b) and X-ray (c)

32x voltage _:_._a Detector | i . . .
Ll ] Sxiclinerid Iy ; * Comparator test: NMOS and CMOS comparator and its’ amplifier output in

synthesis

Memory
controller

DDR RAM = 17X LvDS 1 Bx GTx " red laser. CMOS comparator causes amplifier disturbance when on. This
abric Adj. level :

Detector-specific Sl disturbance is caused by the absence of the deep p-well isolation layer in the

firmware Trigger Logic

Unit . . .
fe : 3 triple-well process. However, through future process improvements in
Common firmware : (Optional)

blocks : : :

9 collaboration with the foundry, this effect is expected to be mitigated.
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Fig2. Caribou test system architecture

Control and Readout (CaR) board
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aditstabin EperoUpRlies SHDIE0:0m s DVISA RS S T T matn e Fig7. NMOS comparator (a), CMOS comparator (b), PMOS cross talk (c)
Adjustable Voltage References 32 units, 0 -4V coB, BEe Bernd meni s . A Ux

Adjustable Current References 8 units, 0 — 1 mA Lt .- o

Voltage Inputs to Slow ADC 8 channels, 50 kSPS, 12-bit, 0 — 4 V 5 ey it L e S & O tl k

Analog Inputs to Fast ADC 16 channels, 65 MSPS, 14-bit, 0 — 1 V gl A i U m mary U OO

Programmable Injection Pulsers 4 units o gl ph Ve C . e T

Full-Duplex High-Speed GTx Links 8 links, <12 Gbps el Ll o .. . . .. . . .

LVDS Links 17 bidirectional links ) e jﬁ;ﬂvs‘ar:s G s Preliminary measurements were carried out using injection circuits and
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radioactive sources. Results are in agreement with predictions. COFFEE2

SEARAY Interface to Detector Chip 320-pin connector , o ot [1 I (FEE
| o o g T e refine process capabilities, including optimizing substrate resistivity to enhance
Resources for various target applications : Sl

Fig3. Control and Readout board B P charge collection and introducing a deep P-well for pixel isolation. Sensor

H. Liu et al., Development of a modular test system for the silicon sensor R&D of the ATLAS Upgrade, prototype with full readout functionality including i].’l—piXCl TDC are being

Journal of Instrumentation 12 (2017) PO1008. designed with the same Process.
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