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COOLING STRUCTURE STS metrics:

>1 790 000 channels

>14 000 ASICs

1752 FEBs

600 ROBs, 78 DPB s

MUCH
STS

double–sided, micro-strip, 1024 

channels per side, 7.5◦stereo angle, 

58 µm pitch, lengths 20 - 120 mm, 

300 µm thickness,



STS Detector Module

SMX2.2 chip

Parameter Value

Process 180 nm CMOS 

MM/RF

Chip area 10.0 mm  6.75 mm

Channel number 128 + 2 test

ADC bits 5

Input charge 

frequency
max. 500 kHz

Power 

Consumption:

Uninitialized

Initialized

0.6 – 1.2 W/chip

1.023 W/chip @ Id=2 

mA

8 mW/channel

Offset spread

of fast channel

1.12 mV rms / 0.015 

fC rms

(after correction)

Offset spread

of ADC [fC]

0.09 (before 

correction) [39] 

0.02 (after correction)

Gain

Fast shaper (STS)

Slow shaper (STS)

73 mV/fC

32.7 mV/fC

Gain spread: 

Fast shaper

Slow shaper

0.8 %

0.5 % (after 

calibration)

Slow shaper peaking 

time [ns]
90 / 180 / 262 / 332

Yield

>91% 

(146 ASICs tested on 

PCBs)



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-XYTER2.1 was fabricated on 2018 MPW run and thoroughly tested (LAB, mini-STS, 

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

to test different protection approaches. Improved layout SEU/TID. VREFT improved resolution. 

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

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

- STS-XYTER2.2 Was fabricated and delivered Sept 2020. Full Reticle Engineering run. 

Thoroughly tested (system-level, irradiation).

Changes:
- Diagnostic: more potentials added for on-chip monitoring (all VDDs)

- 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

History



128 channels - time (3.125 ns) & amplitude digitization (5-bit) SMX 2.2 Chip architecture

Back-end:

- control via synthesized reg & AFE DICE cells

- 9.41 – 47 Mhit/s/ASIC data BW

- dedicated protocol

- throttling, diagnostic features

- link loopback (multi-level)

- 64-bit e-fuse for traceability

0-12 fC electrons & holes (STS)

gain switching & trimming

250 khit/s rate (pulsed reset)

80-280 ns shaping time (slow path)

time-walk corrected offline

continuous-time ADC + peak det.

P=8.5-10 mW/channel (incl. logic)

0

0

Vss Vsu b



GSI MPW Dedicated Maskset for SMX (2020)



Single Photon Counting modeIntegration mode

Trends:

1. High count rate
2. Small pixel area
3. Low noise 
4. Energy measurements
5. Continous readout
6. Large area detector

Noise are integrated together with signal Noise are cut from signals. Photons can be 
selected vs energy. Weak point – count rate

Two different types of readout IC for pixel detectors



PXD18k chip  – AGH, UST Krakow

PXD18k  chip

192 x 96 = 18.432   pixels (100x100 µm2) 

CMOS 180 nm, chip size 9.64x20 mm2

P. Maj, P. Grybos, R. Szczygiel, M. Zoladz, T. 

Sakumura, Y. Tsuji "18k Channels single 

photon counting readout circuit for hybrid pixel 

detector", NIM A, vol. 697, 2013, pp. 32-39.
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AGH chip PXD18k is used in by Rigaku Corporation, Japan



Rigaku detectors based on PXD18k ASIC

www.rigaku.com
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Single channel idea.

The idea was to build a chip composed of a CSA and an ADC in a single pixel.
The single pixel should store in counters based memory pulses’ amplitudes.

SPECTRUM 1k – Integrated Circuit for Medical Imaging Designed in CMOS 40 nm 
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IC overview , single pixel’s architecture details, and bonded chip photo.

Main IC parameters: 

1. Input charge: electrons/holes, range: 2200 e- - 32 000 e-

2. Noise: 100 eRMS

3. CSA output pulse time width controlled in 100 ns – 1 µs range.
4. ADC architecture: 6 – bit SAR .
5. Counters based memory: word length = 12 bit, words number = 64.
6. Pixel digital part synchronous with common global clock (100 MHz).
7. LVDS based readout system.

P. Kmon, R. Szczygieł, R. Kłeczek, D. Górni, G. Węgrzyn, A. Niedzielska, K. Sitko, P. Drwal 



SMX_mini

• Area: mini@sic 180nm CMOS size, 1.5x1.5 mm
• 8 channels (4x single-ended, 4x pseudo-differential)
• Channel area: 

• single-ended: 0.057 mm2

• pseudo-differential: 0.144 mm2

• External analog references
• Dissipated power - 88mW:

• single-ended: ∼ 4.62mW/ch, 
• pseudo-differential: ∼ 12.31mW/ch

• Measured noise level (ENC)  ~300 e- rms

Channel type Single-ended Differential 

Input charge Electrons Holes  Electrons Holes  

CSA feedback type 

MOS 

resistor 

✓  ✓  

Krummena

cher 

For negative leakage    

For positive leakage 

Slow Shaper 

architecture 

CR-RC2 
✓  ✓  

CCP 3rd 

order 

✓  ✓  

Polarity selection 

Polarity 

Selection 

Circuit: ON 

Polarity 

Selection 

Circuit: OFF 

   
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Channel type Single-ended (mean ± sigma) Differential (mean ± sigma) 

CSA gain (mV/fC) 8.813 ± 0.383 9.425 ± 0.263 

CSA peaking time (ns) 55.5 ± 2.976 57 ± 5.291 

Slow Shaper gain (mV/fC) 33.75 ± 1.909 33.81 ± 1.28 

Slow Shaper peaking time (ns) 94.25 ± 3.284 93 ± 2.582 

 

Single-ended channel:
• Charge sensitive amplifier – CSA

with configurable feedback: 
MOS transistor working as 
resistor or Krummenacher
circuit

• Configurable shaping amplifier
architecture

Differential channel:
• CSA and 1:1 scaled CSA replica, 

for power supply induced
interference reduction

• Differential shaping amplifier
• Configurable shaping amplifier

architecture



PRINCSA

• 180nm CMOS mini@sic
• Area:  1.5x1.5 mm
• 6 channles (3x single-ended, 3x pseudo-

differential)
• Intergrated DACs for references
• Integrated calibration circuit
• ENC: ~350 e- rms @ 5 pF input capacitance

PRINCSA (all-Programmable Read-out with Improved Noise-performance Charge Sensitive Amplifier)

Channel type Single-ended Pseudo-differential 

 Electrons Holes  Electrons Holes  

CSA 

feedback 

type 

MOS resistor ✓  ✓  

Krummenacher 
For negative leakage    

For positive leakage 

Fast Shaper ✓  ✓  

Slow 

Shaper 

architecture 

CR-RC2 
✓  ✓  

CCP 3rd order 
✓  ✓  

Polarity selection 

Slow shaper 

– Vref  low  

Fast shaper - 

Vref   high 

Slow shaper – 

Vref   high 

Fast shaper - 

Vref   low 

Slow shaper -  switch at the 

shaper input  

Fast shaper - switch between 1st 

and 2nd shaper stage 

Slow Shaper peaking time 

(ns) 

90 / 180 / 250 ns 90 ns 

Fast shaper peaking time (ns) 40 ns 40 ns 

Shaper core GBW 1.51GHz 1.91 GHz 

Internal CSA bias filtering ✓  ✓  

Calibration 

External calibration pulse via pad 

Internal calibration pulse – both charge polarities (square wave) 

Internal calibration pulse – pseudo-single charge polarity (slow 

discharge) 

Area 0,093µm2 0.146 µm2 

Power consumption 8.7 mW 13.7 mW 

ENC ( clean PS, internal 

filtering, no input 

capacitance) 

278.2 e- rms 275.9 e- rms 309 e- rms 327.6 e- rms 

VDDM-to-output gain 

(postlayout for e-) 

@ 50 Hz 

@ 100 Hz 

@ 10 kHz 

@ 100 kHz 

 

 

-108.30 dB 

-100.40 dB 

-23.68 dB 

6.40 dB 

 

 

-132.70 dB 

-120.70 dB 

-40.87 dB 

-8.88 dB 

 

Core amplifier architecture in SE and DIFF channels almost identical for ENC level comparison taking into account power
dissipation. 18



15

Radiation-Hardened PLL for Rx/Tx PMAs

• 28 nm CMOS
• Area: 920 μm x 440 μm (without pads: 650 μm x 

101 μm)
• Output frequency: 3.2 GHz (reference frequency

50 MHz)

Selected techniques of radiation-hardening in: 
- Phase/Frequency Detector and frequency

divider - D flip-flops based on DICE 
architecture with C Muller elements,

- Charge Pump -„drain-swtiched” architecture
- Voltage-Controlled Oscillator - „unbalanced

current starved” architecture

@fref = 50 MHz, divider 1/64. Fout (postlayout) = 
3.198 GHz vs Fout (schematic) = 3.2 GHz. 

 Schematic Postlayout 

Output frequency 3.200 GHz 3.198 GHz 

Period jitter p-p 1 ps 2.2 ps 

rms period jitter p-p 0.5 ps 0.4 ps 

Peak-minimum jitter 0.5 ps 0.9 ps 

 



TDCLK

8 × 4-pixel Prototype miniASIC with ToA/ToT Measurement in 28 nm CMOS

Chip layout Pixel layout

Ring oscillator layout

Prototype ROIC dedicated to the measurement of time-
of-arrival (ToA) and time-over-threshold (ToT) with high
resolution (expected ToA resolution on the order of tens
of picoseconds).

• 28 nm CMOS technology
• 50 μm × 50 μm pixel size, 8 × 4 pixel matrix
• Each pixel includes inverter-based analog front-end with

Zimmerman feedback, discriminator and Vernier time-to-
digital converter (TDC) with two ring oscillators

• Pixel may operate either in time measurement mode
(ToA/ToT), single photon counting (SPC) mode or oscillator
calibration mode (reconfigurable 37-bit long counter/data
shift register module per pixel)

• 60-bit pixel configuration register
• Oscillator calibration is performed using two global 8-bit

DACs as well as in-pixel per-oscillator capacitance bank and
6-bit DAC

Expected measurement parameters



TECH-SMAUG-ND-1
TEst CHip - Signal MeAsurements UsinG Noise Distribution

• CMOS 28nm
• 25 pixels, 100um pitch
• 6 comparators in each pixel
• Improving energy resolution providing 

"threshold scan" on a single pulse

Signal measurements using noise distribution:

1. Use multiple, close-spaced thresholds
2. Count when noise cross the thresholds
3. Fit the distribution curve to the collected data

http://pe.org.pl/articles/2021/10/34.pdf

Thresholds spacing: ~σnoise

http://pe.org.pl/articles/2021/10/34.pdf


2-chip module with TSV with Si detector

TSV & backside RDL 



AGH 2018

University of Lodz

Jagiellonian University 

in Cracow

In vivo

brain

hippocampus

In vitro

64/16 channel system for In Vivo experiements256/64 channel system for In Vitro experiements

Neurobiology systems developed by our group



AGH 2018

Neurobiological tests 

cooperation with Jagiellonian University 



And more


