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An ASIC Design for Photon Pulse Counting Particle Detection
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Abstract

The purpose of this paper is to explore an ASIC design for estimating sizes and concentrations of airborne
micro—particles by the means of integrating, amplifying and digitizing electric charge signals generated by photo-sensors
as it receives scattered photons by the presence of micro—particles, consisting of a pre—amplifier that detects and
amplifies voltage or current signal from photo-sensor that generates charges (hole-electron pairs) when exposed to
visible rays, infrared rays, ultraviolet rays, etc. according to the intensity of rays; a shaper for shaping the amplified
signal to a semi—gaussian waveform; two discriminators and binary counters for outputting digital signals by comparing
the magnitude of the shaped signal with an arbitrary reference voltages.

The ASIC with the proposed architecture and functional blocks in this study was designed with a 0.18um standard
CMOS technology from Global Foundries and the operation and performances of the ASIC has been verified by the
silicons fabricated by using the process.

B ATE A, A9, A4 Fol ] Fo BEAe] o)s) Abehsle MG wobd WAk ASHA% - A
E A Zusl, 224 159 S semi-ganssian % BAHE Y
o A% Z7)o] WE WAE 25 DAY A5 FAY)E vl )
of #3

ol A Ak & B 7% B2S 2k ASICE Global Foundries®] 0.18um standard CMOS 34 W45 AF&-3}o]
Kol

| ME AFH 5 ok
B odTE BN Bl ols) us
Ao A5A BAAE A7) F MAdAe] 2 QAEE RFADS Wobd Wl Ayl upE @
Aok BE Aol MAE G ol Palel we  AANE A/AEE W U FZsje] ey
A7t AW Jonll, 2] AR Y =] W B s A A A7) R FEE
(BN R, A5A, dRel o AA4 97 5) AT F dE AHe) W& Aes YA L 7
o Alofel g AQA, 8, FAFAL wo] el wF Aok,

* Corresponding author, Dept. of Electronics Engineering, Kunsan National University

#*% Luxen Technologies, Inc

* Corresponding author

E-mail : jmjung@kunsan.ac.kr, Tel : +82-63-469-4710

Manuscript received Sep. 4, 2019; revised Sep. 24, 2019; accepted Sep. 26, 2019.

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

(947)



198

, YUk ¥ Eto] 2 = APD(Avalanche Photo
SiPM(Silicon Photo diode Multiplier) %
22 zZpA o] M AztS-3) 3] 2o A Ay S}

el 4e ol & tweld £4

=
ol
-
£

Q‘L

g o> o M

> for 2
ng_“

[ U ox reb

oo & N o

T
&

9 =
!

i1
ﬂ

2

a2

Global Foundries®] 0.18um standard
WHEE ALESlo] AA 9 S A28}

AR xﬂﬂah 1% Fa AR Aol

CMOS +4
o,

Z 7] (Charge Sensitive Amplifier)
AR BE daEg = Aske <o
]—4 dEHe, I E, AYE
THEF B2 deh) 2 F
of
o] —4 3 Wkt EEr}o]
749 = fA(femto-Ampere)oll 4] SiPM(Silicon
ultiplier) 2] 7d-$-¢} #-o] 4= uA(micro-Ampere)
FAEE 8t 5 A =9 AEA
A7F WS et b

= AASEE A=

3z
=

ﬂ[‘lfo

ki3

|

I’J—/\

2 Q) ulA o]

= 71w

Phy

-

oto-m
Xd

a7
F 9

n@

Ao s dibE gl FEHO| Q=0 A v
T pA(pico-Ampere)ol| 4] =4 pA ]9
TS HAS L o5 AR Wk
x%g].ﬂ.g_ﬁi AR =
A &k Act

Ea fC(femto Coulomb)9] wlA A7} A
i]%‘?ﬁ‘ﬂ of 4H=E o5 FH A3k 4 uV(micro-

Z 7](Charge Sensitive

e
=
o 9
E
@
=

Volt)e] Ada sz wslsla, oS Tdtho]a] A
g 753 22 9 mV(milli-Volt) 2159 =
7|2 FE

(948)

j.inst.Korean.electr.electron.eng.Vol.23,No.3,947 ~953,September 2019

I 12 AXFZ7](CSA : Charge Sen- sitive
Amplifier)] &% =o|th 14 s} Qi7f WS+
Zlof I = AGAY B a=w Aqgow A
CSA9] 9jg o= Q7txa, QI7FE Hshes vj=w
AMAE Cfell FA o] T dste] =7]el ]
#ali= AMCSA0) ez &9

[t
o

Rf
Wy
Ccf

IS
I/

Fig. 1. Charge Sensitive Amplifier.
a2 1, MX|EZE7|(Charge Sensitive Amplifier)

b=3 e}

=

'?W HCSAQ)e] A7) = A As S 1

‘?i 2 Uis #QI/CHez YedA 4
AR v = AFAH o] 2 H @3}%
dﬁ}?’ﬂ H, A3 AGAHE 49 2H 9
A (t1=RfxCf) 7} 71 4 A 9} (Baseline Voltage)2.
2 RS ESE dAA AT weba CSAS o] 5(H
A/t = AGAE Ci7t S5 A4
gk ] A3} Rfe] ZL7]ol wep = CSA
9 A=) ZIAASE HAARE
(Return—to-Baseline Time)o] @&t & Lo
e TETo|o =9 gurA el md[4]d ulz} A€
As CSAC Q17tste] Y Al&dolAds &3t
o] CSA 3|25 HAslsta w45 5 ot

=

=

A

g

lﬂ Sy

S )

l
ES

2. 3P RA7 (Shaper)

AXFZ 7oA 28y = A FF S A4
A 7FH(Rising Time)©| J]E‘ﬂ,‘ AGAE 2 z=ul
Agre] A7e] Wt 4~ Y Z(nano-second)
el A7= 7%14 A 9478k A1 2H(Falling Time
T 71 -3 A AlZHReturn-to-Baseline Time)
2 4 vlolaZE Z(micro-second) =& zHA #

o olel@ AgmEe g A% wEss o
NER R EEoR
sAelel AFHA gon], m

d S semi-gaussian FEj ] 33 o

QA7 A3, ng Bl 24

)

Kl



An ASIC Design for Photon Pulse Counting Particle Detection

2 XA (Shaping) & Z&7} vt 9d wAge 71
@3¢k CR-RC(n)[6] —?Hﬂ = glom, w3 Aoy
E](Low Pass Filten) & 338& 243 4 g}
2 Aol A= 19 29 o] o5& Zk= I
= AF83}o] semi-gaussian FH 2 B3-S B A}
ATt
VI +A SHO

Rz

MW

1l

[

11

> R1

Fig. 2. Shaper.

a8 2. oy 2 XM 7|(Shaper)

a9 2004 A7) o] SSHOND) =
RZ/RI olv, "Ee] A4+ 12 = R2+C17} ek,

3. H]227](DISC : Discriminator)

Aol 4 dE AAA B e s
2 ANZZ oM YA AYNEE Waks
AERADGE AH A7EE 5o 278 9
o] 7lEAGH Hluste] dxm ST = 3=
rEolt,

Fig. 3. Discriminator.
J&l 3. "] 2|(Discriminator)

Hla 7]l A9 Heo] Azle Hldste A4 FF
o] 9 Ak A9 Ve A vjaste] &
22 WA H

At on Aa PAFEA PE7)ol A E

(949)

199
A A (Photo—diode, CdTe, SiPM, APD %)+ 3
A ZFA A A slo] Exo] 2[3], AASEHE 5 3
Mo HdE R AsAYFY EYA xolx, d43s

ol Azek FHE vl g webA
Alal7]= 29 4(a)9h ol Pz A7]9h e
o] 7|FANTE vuste] 8 | Hae 5ot &

5o ARt = A E‘E}
olgdt TAE ¢I}stE W o R | aH A~

EAS 72t varE }%3} Al EHH[7], & Aol
A 29 4(b)et #Zo] Trip VoltageE (+/-)45mV
Zb= a7 E AdAste] R A JRE A&
F A=E AASA .

1 ’{\Uﬂ'\‘fﬁ\j\“ﬁ Wy A f\jﬂu’ﬁ\f\ﬂt !

] LA VAR

=T Wiy,

N MO

A ﬂH - '\J'% - - 1/\1’ _hl A

4l - y \N

nvnl f \V Y\ ﬂu.fv\\l fl JU : JW\ j’\ \;ﬂ‘ N

; { |

=== = E =
(b)

Fig. 4. Input/Output Waveform of Discriminator
(a) General Discriminator Waveform
(b) Discriminator with VTRP (+/-)44.5mV Hysteresis

T2 4 8|wo] o of EHOH@Ye 5l wy| £ uty
(b) VTRP (+/-)445mVe| B|AHZIAAE 2= H|WY|

5 ny

4. A 4E A3 A

Hm7lo) A FeE Wl BeNtY ARE A

T ¢ Q=S 16hit AlFvlE A B s
om (9 5), o5 Fal Yol F HATF e Al



200

ol 2 A7 dEEE A L+ QU
TFoll Az 270 9] i)k AF71E AHE
2o HA F7)0) Il ARE AL

A A

g},
}od

<
T

alt FFI

off
dt ofN 2

g
s i

3

~

S|

. AlE28olM & gt

ato] AAS

Sk glojob B S 19 5 yE
A (a)= AFE ASICS] A
olv, (b= ASICe =W
ASIC Global Foundries 0.18um
A8
A

il

E] O]Z]— 74

=ViE=

R
R

=] —
E‘%‘_J_

x5 Yehde
Holi vt &
standard CMOS & 4olA A& ¥ PDKE
of e AlEdlAS st o, Az
2 64pin QFP typel = Packagings} i t}. T3k
A5E719] dEde] EETO] Q=S thildho]
g H2HGVDE A48 ASAE Ciell Q17bekad
aL, ojuf = %S Qi = Vi * Ci7t f
weka e HepE 20 AV]|E Thdcte] AlEE
oldE W EHASTE d=EA ga AgE e

1™ %2 W (Input Dynamic Range)E <& 4+ ¢

N

Eal

L
R

b ) ASIC E4|0|OF7:
. An ASIC Architecture for Photon Pulse Counting

Particle Detector.
. EASEA

JE

2 7=

£7] (Charge Sensitive Amplifier)
of AFEE A ANFE|:

1o

78dBelH, f-3dB F3t4= 1.41MHz,

7] i
44,

(950)

j.inst.Korean.electr.electron.eng.Vol.23,No.3,947 ~953,September 2019

GBP(Gain Bandwidth Product)+
xS 75.34%
& AAste] A&t

w3k Cfi= 7fF, Rf= PMOS E#HAHE ALE
stof w9 A FH(~100MQ)S ¥
AAEF o™, PMOS E#MA| ~EH Q] AolE
2 A grs WAste] A FHdE %
A 1l Weoll st s AAskA T g A
T 11 FAA e T A7)l wet Ee
ow E HA M= lus ot HEE PMOS
AolE e AAstu AsYstydt).

ool wial theF e dsrE A EL7](O 180mV)

144.6MHz, 9173

g 2 EdsAYE S ANFEY)

=

R

S 20mV 9912 WsiA7IHA 8PS o CSA
=90 Oist AFH AlEd oA éﬂ% a9 6%
2},
fEEE S
/ 16(5.167us, 1.108V) ™ \

(5. 162us, 1,052V)
i

1465. 154us, QGV\
\ M mv)
X7

1

Fig. 6. CSA Outputs on Various Input Step Pulses.
a2l 6, cleksh 124 MetEA 37|of w2 CSA &3 Tl

2. 33 B A 7] (Shaper)
st B A 7)o A8 A3 R19 #2 5kQ, R2&

500kQ=A o] 52 <¢F 40dB, Cl1a= 05pF= A&
o] A A 128 0.25us7) HEE AAEA.

3. ¥l 7] (Discriminator)

2 m=Eo A AAS var]E A s 2E A &
(V+TRP : Positive Trip Point Voltage) ¥ -
H A~ zH(V-TRP : Negative Trip Point Voltage)
S 445mVE A3t

V+TRP9} V-TRPE Y& A dAstd 3] ~He
BA7F HoiA ), HestA AAstH vlar] o] s
ol oA BR ALgete FAlA G EETO| 9 =9
rolz Z7] B 54 A sl A ojok gt

ak

3~



An ASIC Design for Photon Pulse Counting Particle Detection 201

e i ASIC 37h= 19 99} Zo] ¥ ASICS %7t
7] 8l At Brireer AAFF7], PR
7] R eAHdmAAIZS ARGSte] st
@@Tvi a9 10S Y ebol] 200mVe] A H (8]
: g | o E o9& st 72t 55 5(CSA =4, Shaper
i_/fjf%’/’/’/ =9, DISC =¥ DO)9| &85 LURAIELS A}
ST ocass g3to] =43 Axfoltt. CSA &9 o] 500mV A%
o A7l2M YHI~ o CSA &9 Agel A7)
H = 2580 7F =W AlEdlo] A gk 2.288] Xt} 10%
T AE A v drh
Fig. 7. Simulation Results of Discriminator with Hysteresis. o] = A Al ASIC Holl 7tH = A4 29 A5
O3 7. S|AHZIAAE Zb= H|wY| Aol ATt A7 2 H 30 =2)7F Al B o)A A ClztE o]
4R AdE eke] Aole IRl HoR F4
4. ASIC A Ed ] A (ASIC Simulation) Ht}

af 82 & AellA AAF H(ASIC) HA
3t AT Algdeld AdzA, 4 dgds

o2 | ; I
o 2= AEAL 08VelH 50mV F7]E el —" by e e

sho] CSA %%, Shaper ¥ % DISC £3& & i W J'(\'\/'
183t
' ~

I
3 VTEST ‘

CSA_OUT

Fig. 10. ASIC Test Resultst.
1% 10. ASIC HIAE Z3H

= = == ] )
- / \\// \ = g ASICY #HF =<l BINI % BIN2 9 =
=~ == d39e 19 119 wolw Yk,

|

Fig. 8. éimulation F;asults of ASIC '« A g

2 8. ASICOl thet HFEE Alg2olM ZHot ==y .
5. ASIC =% % 7HASIC Test) STy W iy -

00110001000010071

Fig. 11. ASIC Test Result2.
T2 11, ASIC EH|IAE Z12

_ ASICS] #F %22 DISCS %# BINIZ BIN2
e 3 o, 1%l 119 o] ARSTIR 27} 8448 &

Fig. 9. ASIC Test Evaluation Board and Test Environment. Feo) F7] FHo =Z=tl 16bit binary #H<
12 9 ASIC HIIEE 2 HAE A BIN1e] 1001 0000 1000 1010 271+ ko= A

(951)



202

=32 BIN2E 1001 0000 1000 11005 thebyich,
ol9} Zo] A AIZF Fok gXE e A, Ao

-1, -
235 FES FAA A48 W] T =24

== g
Iv. Z8

2 A+ Global Foundries®] 0.18um standard
CMOS &4 WaE Ab&sto JATH2 &89
2 HE71¢ JA3) 2 ASICS A 2 A =#eke o
w ASIC 9] Hes SAst Hrtstdoh

ASIC 3 H7bAa3el AFH AR A A= 10%
Ag Bt ol 3ALY PVT ¥
shol] hulgk A mpxle] RHo R

L& goldt

o

How Aze e
DRSEE

ol &
=

e A~

9
3

==

THOE Q

R

o

% L

4, . rﬂ

oft o Ao o T{YE £
>

[ o

olr
-

oxl off

2 2 o

N

Y

fo
B
N
£}

oN xo g
JE el
2

b

ol o

tlo oo 1

ot -

Sk mlaLr] e 7]
AAfell 48] 7hgshet.
W] mE wo

AAE St AS=E

olr
-

kv
o2
>y

o

1] o

°H T =

o
e
offl
»
e
i do
e et

o
b o

0, of

S
ot
o%

o [
N
>

References

[1] Dong Chun Shin, “Health Effects of Ambient
Particulate Matter,” J Korean Med Assoc, vol.50,
no,2, pp.175-182, 2007.

[2] An-Soo Jang, “Impact of particulate matter
on health,” J Korean Med Assoc. vol.57, no.9,
pp.763-768, 2014.

[3] Hyun-Sang Park, “Gaussian Noise Estimation
Using White Noise Test,” The Journal of Korean
Institute of Information Technology, Vol.16, No.4,
pp.51-56, 2018.

[4] Rafael Ballabriga Sufi¢, “The Design and
Implementation in 0.13um CMOS of an Algorithm

(952)

j.inst.Korean.electr.electron.eng.Vol.23,No.3,947 ~953,September 2019

Permitting Spectroscopic Imaging with High
Spatial Resolution for Hybrid Pixel Detectors,”
CERN-THESIS-2010-055, p.100, 59069740 Universitat
Rgtre. Fund.
Generalitat de Catalunya ntm. 472 (28-02-90),
2000.

[5] Manuel de Medeiros Silva, Life Senior Member,
IEEE, and Luis B. Oliveira, Member, IEEE,
“Regulated Common-Gate Transimpedance Amplifier
Designed to Operate With a Silicon Photo—
Multiplier at the Input,” IEEE, vol.6l, no.3,
pp.725-735, 2014. DOI: 10.1109/TCSI1.2013.2283992
[6] Glenn F. Knoll, “Radiation Detection and
Measurement,” 4th ed., John Wiley & Sons, Inc,
pp. 625-633, 2010.

[7] Phillip E. Allen, Douglas R. Holberg, “CMOS
3th ed, OXFORD
UNIVERSITY PRESS, pp.471-480, 2011.

— BIOGRAPHY ———

Jun-Mo Jung (Member)

1987 : BS degree in Electronics
Engineering, Hanyang University.
1989 : MS degree in Electronics
Engineering, Hanyang University.
2004 : PhD degree in Electronics
Engineering, Hanyang University.

Ramon Lull Fundacié Privada.

Analog Circuit Design,”

1989~1996 : Research Engineer, Samsung Electronics.
1996~2004 : Kimpo University, Professor

1994~2004 : Hanyang Cyber Univ., Professor

2005~ : Kunsan National University Professor

Myung -Jin Soh (Member)

2001 : MS, Sloan School of
Management, MIT.

1984 : MS, Electrical Engineering,
Seoul National University.

1982 : BS, Electrical Engineering,
Seoul National University.

b
N

2006~ - CEQO, Luxen Technologies, Inc.

2001~2005 : Director, Synopsys, Inc(Virage Logic, Inc.)

1984~2001 : Chief Research Engineer, LG Electronics Inc.



An ASIC Design for Photon Pulse Counting Particle Detection

Hyo-Sook Kim (Member)

2015 : BS, Electronics Engineering,
Kunsan National University.

2014~ : Research Engineer, Luxen
Technologies, Inc.

AReum Han (Member)

1987 : BS, Electronics Engineering,
Korea Polytechnics.

2006~ : Research Engineer,
Luxen Technologies, Inc.

Seul-Yi Soh (Member)

2018 : HBSc, Statistics and Physics,
University of Toronto.

2006~ : Research Engineer,
Luxen Technologies, Inc.

(953)

203



