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Upper circuitLower circuit

Connection by bump

SOFIST4：
・Pixel size is reduced to 20um2 by 3D circuit stacking 
・The signal is transmitted from Lower to Upper circuit

through three micro bumps in each pixel

As a result of operation test using beta rays,
・ Beta rays were imaged as a 3D stacked sensor
・ From the number of hits per pixel, the connection yield of micro bumps is 99.9%
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Readout multi memories：
SOFIST3 is implemented multi memories that enable to store multi-hits. 
For test of multi memory readout, inject IR laser 3 times in 1 store period (1 ms). 

＜Result＞
・ 3 timestamp memories were confirmed to provide similar time information 

corresponding to the laser injection.
・ Equivalent charge information was obtained from 3 analog signal memories.
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SOFIST(SOi sensor for Fine measurement of Space and Time)：
Each pixel is implemented 3 timestamp memories to hold time information 
and 3 analog signal memories to hold charge information. 

BeamTest＠FermiLab：
Period: February 17 to March 8, 2019
Beam: 120 GeV proton beam
Spill structure (4 seconds per minute)
<Purpose>
・ Evaluation of time resolution
・ Evaluation of position resolution

Simultaneity of hits in shared clusters：
In order to check the intrinsic time resolution, time difference of 2 pixels in the 2-hit  
clusters was studied.

From the histograms, the intrinsic time resolution within one sensor is
IP11: ⁄1.90 2 = 1.34 us
IP15: ⁄2.19 2 = 1.55 us

Time resolution：
After alignment, plot the time difference between the two sensors that the beam 
passed through is ⁄𝜎 2

＜Result＞
IP11_IP15: ⁄2.67 2 = 1.87 us

(* In SOFIST ver2, the time 
resolution was 1.55 us)

ILC vertex detector：
＜Requirements＞
・Position resolution: < 3 um
・Material budget: 100 um/layer
・Power consumption: 50 mW/cm2

・Radiation hardness: TID < 100 krad/year
・Beam bunch (554 ns) identification is preferred 

to reduce occupancy 

Hit time is stored and read out in between trains 
→ Developing SOFIST that can measure space and time

SOI(Silicon On Insulator)：
Technology to implement MOSFETs on oxide layer(SiO2)
＜Advantages＞Monolithic
Reduction of stray capacitance, Low power consumption, 
Low material, Radiation hardness

Comparator

Analog signal memory Timestamp memory

Ramp

Shift-register

Introduction

SOFIST3: Evaluation by using 120 GeV proton beam 

Conclusion

Residual of hit time

ILC  beam 
train

~1300 beam bunches (every 554 ns)

200 ms

• SOFIST3:
・From the analysis in the beam test, the time resolution was estimated to be 

1.87us (including calibration error). Intrinsic is 1.34 us〜1.55 us.
・Multi memory read-out, first in SOFIST3, was evaluated successfully.

• SOFIST4:
・Beta rays imaged as a 3D stacked sensor.
・The connection yield of micro bumps was 99.9%.

Plans：
• Evaluate position resolution of SOFIST3.
• Performance evaluation in beam test of SOFIST4.

The work is supported by JSPS Grant-in-Aid for Scientific Research on Innovative Areas (No. 25109006) and KEK Detector 
Technology Project. The beam test was performed at FNAL FTBF , US with the support of the Japan/US Cooperation Program. The 
authors also acknowledge the advice and work of the personnel of LAPIS Semiconductor Co., Ltd. 

Parameter Value
Wafer Thickness 300 um, 75um

Chip size 6.0×6.0 mm2

Pixel size 30×30 um2

Pixel array 128×128
Wafer resistivity 4.25~6.75 kΩ∙cm

Wafer Double-SOI P-type

Design value of SOFIST3

• Timestamp memory:
The voltage is increased with 
time (Ramp voltage), and the 
voltage value at the time 
when the signal exceeding the 
threshold is held.

SOFIST3 on pixel circuit

Setup in beam test

Ver.1: Implementation of pixel circuit for charge information only
Ver.2: Implementation of timestamp pixel circuit only
Ver.3: Integration of both circuits for charge and timestamp 
Ver.4: 3D stacked same circuit as ver.3

HSTD12＠Hiroshima 12/14/2019〜12/18/2019

SOFIST4: Operation test

Output of analog signal of beta ray Number of hits per pixel

SOFIST3: Multi memory readout test
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Charge share simultaneity
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Correlation of IP11-IP15
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↑ Bump in 1 pixel

← SOFIST4 circuit

Output from each Analog signal memory (laser hit only)

Output from each Timestamp memory (laser hit only)

Yellow: Store signal (1 ms) 
Blue: Trigger of laser (2.6 kHz=385 us)

DAQ output

ADC ADC ADC

Time [us] Time [us] Time [us]

Analog signal 
memory1

Time stamp 
memory1

Analog signal 
memory2

Time stamp 
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Analog signal 
memory3

Time stamp 
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Example of cluster size = 2

Find the difference 
between the hit 
times of two pixels
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*Double-SOI structure:
Suppress radiation damage due to TID effect 
by applying voltage to middle Si. 


