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Features:

STS Detector Module

~45 c¢cm microcables

Si sensor

Parameter
Process

Chip area
Channel number
ADC bits
Input charge
frequency
Power
Consumption:
Uninitialized
Initialized

SMX2.2 chip

Low power, self-triggering ASIC

Offset spread

128 channels + 2 test channels of fast channel

Offset spread

Time resolufion ~ 5 ns of ADC [fC]
Gain

Fast shaper (STS)

Slow shaper (STS)
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Value
180 nm CMOS
MM/RF
10.0 mm x 6.75 mm
128 + 2 test
5

max. 500 kHz

0.6 — 1.2 W/chip
1.023 W/chip @ 14=2
mA
8 mW/channel
1.12 mV rms / 0.015
fCrms
(after correction)
0.09 (before
correction) [39]
0.02 (after correction)

73 mV/fC
32.7 mV/fC

0.8 %
0.5 % (after
calibration)

90 /180 /262 / 332

>91%
(146 ASICs tested on
PCBs)
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STS-XYTER 1.0 First full-size prototype. CBM-net compatible.

STS-XYTER 2.0 Key changes: back-end re-design for GBTx, multiple functional improvements.
Added VREFT (common ADC threshold). STS/MUCH gain switching. Pogo-prober suport.

STS-XYTERZ2.1 was fabricated on 2018 MPW run and thoroughly tested (LAB, mini-STS, ;/ e
@E y 7

irradiation sessions). Key changes: Removed MOS-based ESD protection, external ESD-TEST IC Eﬁiﬂ@

to test different protection approaches. Improved layout SEU/TID. VREFT improved resolution. ) @ﬁf%ggﬁ

Noise improvements (e.g, reduced series R on-chip). Biasing Improvements '%Ha'
e

(even/odd discrepancies). STS/MUCH calibration support. Added on-chip diagnostic ADC.

Thoroughly tested (system-level, irradiation).

Changes:

- Diagnostic: more potentials added for on-chip monitoring (all VDDSs)
- Layout: reduce risk of short during bonding of digital power

- Analog: implement diode-based ESD protection of the inputs

- Analog: reset timing modification

- Digital: fix read-back of 5 registers

www.agh.edu.pl



STSIMUCH-XYTERZ ASIC 128 channels - time (3.125 ns) & amplitude digitization (5-bit)
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SELF-TRIGGERED MODE

SMX 2.2 Chip architecture




Front-end of the STS/MUCH-XYTER2.2

A G H Charge Sensitive Amplifier:

¢ based on the direct cascode architecture:
e input branch current range 0 - 3.9 mA (def. 2 mA),
e cascode branch current range 0 - 70 pA (def. 30 pA)
e parameters for default settings: voltage gain ky, = 4.8 kV/V, GBW = 9.1 GHz, power
dissipation Pcga = 2.7 mW,

e charge gain: k; = 9.4 mV/fC for STS mode and k, = 1.67 mV/fC for MUCH mode,

Pulsed Reset Circuit

e CSA feedback: capacitances Crg sts, Crg trimiz2 (9ain trimming), Ceg mych, resistance Rg = 10 MQ and
reset circuit,

resb res

o features:
e double polarities operation,
espark protection,
I — 1 o fail-safe operation (C. failure)
e I —— e fast recovery from overload,

-lP v e crosstalk-proof.
vV, Vi fed

MR1 MR2

Polarity Selection Circuit:

¢ based on differential pair architecture.
¢ single ended voltage gain ky, = 1 V/V,
e power dissipation Ppsc = 0.5 mW
Cre_trimiez = 20 fF
.
0—| l—o\.—
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The input stage architecture details: Charge Sensitive Amplifier (CSA) + Polarity Selection Circuit (PSC).
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Measurements: selectable peaking times

MJ and fast reset ® O O ¢

ENC vs Input Capacitance
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Measurements — in-channel 5-bit ADC

AGH
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Back-end, data path [/ JU—
ADC input moment
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Hit data throughput: 9.41 Mhit/s/link
(Up to 47 Mhit/s/ASIC ; 320 Mbps/link)
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» STS-XYTER series was thoroughly tested during recent years.

= Production candidate, SMX2.2 (2020) has implemented mostly
cosmetic changes.

= Key features:
= Switchable gain to support silicon and GEM sensors
= Continuous-Time 5-bit ADC with digital peak detector
* Triggerless Read-out with custom protocol
» Baseline restoration using pulsed reset
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Front-end of the STS/MUCH-XYTER2.2 . ' ‘ '

A G H Main application requirements: Readout front-end architecture:
¢ input stage: Charge Sensitive Amplifier + Polarity Selection Circuit,
e multichannel self-triggerred architecture (50 pm pitch), e detector capacitance at the order of tens pF, « fast path:
e optimized to determine the input charge arrival time with the
o ) resolution of the order of few ns,
e average rate of input pulses 250 kHz/channel, e limited power consumption < 10 mW/channel e built of: CR-RC shaper with tp = 40 ns, discriminator, time-stamp
latch, pulse stretcher,

¢ deposited charge time and energy measurements, ¢ low noise ENC ~ 1000 e~ rms in STS system,

e input charge in the range (electrons and holes): * good uniformity of analog parameters between

channel, e slow path:
* 0.5fC - 15fC for the STS mode, « optimized for accurate energy measurement:
e radiation-hardness property. e built of: CR-(RC)? based shaper with switchable tp = 80, 150,

e 1 fC - 100 fC for the MUCH mode,
220, 280 ns, 5-bit flash ADC, digital peak detector.

FAST PATH for TIME MEASUREMENT
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SLOW PATH for ENERGY MEASUREMENT
The simplified architecture of the single readout channel implemented in the STS/MUCH-XYTER2.2 ASIC.
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