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II. History of Sensor R&D
2003 2005

DC-coupled

Single/Double-sided strip sensor

2002

DC-coupled 4x4 pads sensor

CREAM SCD sensor

2007

DC/AC-coupled strip sensor

tracker, University of Maryland

2009 2011

AC-coupled

Single/Double-sided strip sensor

2012

Large area photodiode

for ISS-CREAM experiment

2015

DC/AC-coupled

Single/Double-sided photo sensor

2014

AC-coupled

Single-sided strip sensor

2017

JFET pixel array sensor for 
imaging

~�2019

PIN photodiode sensor for

 X-ray detection
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III. Sensor R&D

“TCAD” ➟ Technology CAD

High Cost ➝ limit of number of times

Hard to try various parameters 

No limit of number of times

Can simulate under various conditions

i. TCAD Simulation
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III. Sensor R&D

generate sensor 
structure

apply bias voltage

DeckBuild code example for making .str file. Simulation result example of TonyPlot.

• DeckBuild simulation for building sensor structure and setting mesh properties.


• DeckBuild allows users to build, debug Silvaco TCAD simulation.


• TonyPlot allows visualization of all outputted TCAD simulation results.

Silvaco TCAD
i. TCAD Simulation
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III. Sensor R&D

Synopsys TCAD Sentaurus TCAD

Sentaurus Workbench

SDevice

- Process simulator

- Structure generation

- Mask-based process 

simulation

SDESProcess

SVisual

- Process simulator

- GUI framework

- Ion implantation 

concentration

- Device simulator

- Apply characteristic measurement conditions

- GUI framework

- Visualize device simulation results

Example of sensor structure draw with SDE.

SDE

SDevice
Apply bias voltage or measurement conditions

i. TCAD Simulation



i. TCAD Simulation
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III. Sensor R&D

Device simulation results viewed with SVisual. Example of IV characteristics plot visualized using SVisual.



10

• Draw concept structure with a schematic view of the target sensor.


• Ex) PIN photodiode, strip sensor, JFET pixel sensor, etc …

A cross-sectional view of the PIN photodiode. A cross sectional view of the AC coupled double sided strip sensor.

III. Sensor R&D
ii. Design
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iii. Photomask Design

III. Sensor R&D

• Draw the photomask using design rule of the sensor.


• Use ‘Cadence virtuoso’ as a mask design tool.

P-side photomask view. N-side photomask view.

Ohmic side metal
Field shaper

Guard-ring

Junction side metal

Length of the field shaper

Size of the metal pad
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iii. Photomask Design

III. Sensor R&D

MAT MATMAT MAT

PAD4_B PAD4_A PAD4_C

PAD9_A PAD9_C

PAD9_APAD9_B

PAD4_BPAD4_APAD4_C

MAT MATMAT MAT

PAD1_1 PAD1_2

PAD1_4PAD1_3

PAD1_1 PAD1_2

PAD1_4PAD1_3

PAD1_1

PAD1_4PAD1_3

PAD1_2

photomask_design.gds.

*Mask manufacture : PKL (Photomask Manufacture Institute, Cheonan in Korea)

Photomask design view.
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iv. Fabrication

III. Sensor R&D

*Sensor manufacture : ETRI (Electronics and Telecommunications Research Institute, Daejeon in Korea)
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iv. Fabrication

III. Sensor R&D

*Sensor manufacture : ETRI (Electronics and Telecommunications Research Institute, Daejeon in Korea)

The example fabrication process flow of the PIN photodiode.
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III. Sensor R&D

*Sensor manufacture : ETRI (Electronics and Telecommunications Research Institute, Daejeon in Korea)

P-side view of the manufactured wafer. N-side view of the manufactured wafer.

iv. Fabrication
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v. Modularization (Dicing)

III. Sensor R&D

• Dicing is one of the post-process processes of 

switching sensors from wafers to chips.


Example picture of dicing request.

Dicing line

Photo of sensors after laser dicing.
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v. Modularization (PCB - Printed Circuit Board)

III. Sensor R&D

• After dicing, sensors can be bonded to PCBs and used for performance tests.


• You can do PCB design using the Altium designer program


• Altium requires additional license.

*PCB manufacture : HANSAEM DIGITEC (https://www.hsdgt.com)

Design example for PCB manufacture using Altium designer. Manufactured PCB example.
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v. Modularization (Gluing)

III. Sensor R&D

Epoxy used for gluing. Photograph of gluing machine.

• It is recommended to use epoxy for more stable bonding in the process of bonding sensors to PCB.

Example of gluing a sensor.
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v. Modularization (Wire Bonding)

III. Sensor R&D

Photograph of wire bonding machine. Example of wire bonding to sensor.

• Wire bonding machines typically have 'wedge' type and 'ball' type, and our lab used 'wedge' type.
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vi. Performance Test (Electrical Characteristics)

III. Sensor R&D

•Probe station is used to measure characteristics of wafer or chip status sensors before modularization.

•Various measurements can be attempted by increasing the number of probe arms in the probe station as 

needed.

Electrical characteristics measurement view.

probe arm
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vi. Performance Test (Electrical Characteristics)

III. Sensor R&D

Saturation region
150 V

•Leakage current per unit area as a function of the reverse bias voltage shows the diode performance, simply

•The depletion voltage was determined from the capacitance measurement and an operation voltage was set 

well above the depletion voltage

Set Operation Voltage



Inside view of the darkbox.
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vi. Performance Test (SNR)

III. Sensor R&D

Signal & Trigger Sensor

Signal Preamp.

Trigger Preamp.

Trigger sensor

Signal sensor

90Sr

Darkbox

HV
Preamp. 1

Amp

FADC

Preamp. 2

PC

Discriminator

Gate generator

Amp

analog signal 
input

Trigger signal 
input

Measurement setup diagram for the source test.

•Shaping the trigger signal using the trigger sensor located vertically is 
used for signal analysis.


•For signal shaping, ‘discriminator’ and ‘gate generator’ are used.
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vi. Performance Test (SNR)

III. Sensor R&D

Pedestal distribution example of the 90Sr measurement. Landau fitting example of the 90Sr measurement.

Entries  3000
Mean    117.2
Std Dev      9.12

 / ndf 2r  169.5 / 40
Constant  7.6± 319.1 
Mean      0.2± 116.5 
Sigma     0.104± 7.077 
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peak

Entries  3000
Mean      683
Std Dev     329.9

 / ndf 2r  85.39 / 53
Constant  64.7±  2027 
MPV       2.2± 516.7 
Sigma     1.33± 52.16 
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peak

SNR: 56.4

Pedestal 

mean: 116.5 [ADC]

sigma: 7.1 [ADC]

Signal

MPV: 516.7 [ADC]
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vi. Performance Test (Quantum Efficiency)

III. Sensor R&D

*Quantum efficiency measurement: KRISS (Korea Research Institute of Standards and Science, Daejeon in Korea)

• Spectral responsivity of reference detector 


• 


• 


• 


• QE : 

sRef(λ) =
ARef

Wlamp
= [A/W]

ratio =
APAL−PD

ARef

sPAL−PD(λ) = ratio ⋅ sRef(λ)

η(λ) =
hc
eλ

s(λ)PD
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vi. Performance Test (Quantum Efficiency)

III. Sensor R&D

*Quantum efficiency measurement: KRISS (Korea Research Institute of Standards and Science, Daejeon in Korea)

Photosensitivity of the manufactured photodiode as a 
function of the wavelength of light

Quantum efficiency of the manufactured photodiode as a 
function of the wavelength of light

Optimized to the 
CsI(Tl) scintillation light
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vi. Performance Test (Beam-test)

III. Sensor R&D

*PAL-XFEL Beam-test: PAL (Pohang Accelerator Laboratory, Pohang in Korea)

Experimental setup for PAL-XFEL beam test.
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Beam test result of the PIN photodiode with the reference photodiode. 

Comparable with the HPK-PD
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• Reference sensor (HPK-PD): hamamatsu PIN photodiode (S3590-09)



“Backup” 



IV. Equipments
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Single-side probe station Double-side probe station IV, CV measurement

Wire bonder Desiccator Signal Readout Electronics

DAQ Board V2

Hybrid Board V1

Hybrid Board V2.1, V2.2

VATA Board

NIM module



IV. Equipments
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Gluing machine & pump Discriminator & gate generator

Charge integrator

FADC


