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A Study on the Design of a Beta Ray Sensor Reducing Digital
Switching Noise
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Abstract Since the analog circuit of the beta ray sensor circuit for the true random number generator
and the power and ground line used in the comparator circuit are shared with each other, the power
generated by the digital switching of the comparator circuit and the voltage drop at the ground line was
the cause of the decreasein the output signal voltage drop at the analog circuit including CSA (Charge
Sensitive Amplifier). Therefore, in this paper, the output signal voltage of the analog circuit including
the CSAcircuit is reduced by separating the power and ground line used in the comparator circuit,
which is the source of digital switching noise, from the power and ground line of the analog circuit. In
addition, in the voltage-to-voltage converter circuit that converts VREF (=1.195V) voltage to VREF_VCOM
and VREF_VTHR voltage, there was a problem that the VREF_VCOM and VREF_VTHR voltages decrease
because the driving current flowing through each current mirror varies due to  channel length
modulation effect at a high voltage VDD of 5.5V when the drain voltage of the PMOS current mirror is
different when driving the IREF through the PMOS current mirror. Therefore, in this paper, since the
PMOS diode is added to the PMOS current mirror of the voltage-to-voltage converter circuit, the
voltages of VREF_VCOM and VREF_VTHR do not go down at a high voltage of 5.5V.

Key Words : beta ray sensor, Charge Sensitive Amplifier, Digital Switching Noise, true random
number generator, Voltage-to-Voltage Converter
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A3 (true random number)= 25 11
T35 Y= & WA= 7Pg BREo]
g 2 HOewE, IAEAEES  89ske
IoT(Internet of Things) X Hsecurity) o]
A AT HoAHY Gl @ol ARREI ot
(11021

3HH Ni-63 HEFA Y2 PIN tho]=ojA A4
¥ EHP(Electron-Hole Pair)oll 23t A=
CSA(Charge Sensitive Amplifier) 3Z& o]&
g Hgd AlA FRojA  FEo] 7hsThH,
CMOS 34< o]t AZE wteA o=
Fo] 7Hs 3Ol

CMOS Hetd AAl 2= CSA 3IJ=E,
voltage follower, "]&7] 3|2, HE7| =2}
Hn7] 3= 528 =0 A9l CMOS
et A4 3=9 mEVIeE HEV] FE=
pulse shaper 932 511, H|w7] J|2= HE
719] &8 4159} VTHR (Threshold Voltage)
AYF} Hlwsto] PIN tho] o] HeRAo] Eof
A AAROI

qkoF HlEbd AlA 32 HAY  (power
supply voltage)®} I2Re= Q1S ofdzl
Fget gxd IJRE FEISA F FRoA
VDD®} VSSRE ARgsh= A9 fAE 32Ql H|
7] J2O YR Ltso] AT w HAE
29% ko|x7) ofdR 1 IR HeRl VDD
o VSS =RlS F5f dEw Hol CSA 3|=9
9 Al8% CSA_OUTY AlSHY (signal
voltage)’t €0150] wo|= Ht} A =W H
B AA Y AgBEo] HolRl= EAVE Sl

% Sl

a9 719 HeAd A4 FRo Agd-HY
37| 32 BGR(Bandgap Reference) 3|&
o]-8-5lo] VREF(Reference Voltage) A=
A s F, AG-AF WE7] SR04 VREF
IREF(Reference Current) AF= HIFAIZ
Ad-AF W] J=oA IREF AF7H A

2871l 32A =W VREF_OUT,
VREF_VCOM} VREF_VTHR ¢S WA
ot olgA 3sE=E  VREF <IF
VREF_VCOM, VREF_VTHR¥ VREF_OUT #
o= wWgtE . VREF_VCOMI+ VREF_VTHR
2 VCOM(Common Voltage) AY F53]|=2}t
VTHR(Threshold Voltage) A 5329 7]
% ZF<oltt. ojff vCOMIt VTHR 3lz2&
voltage follower =& AH-&-5to]
VREF_VCOMY¥} VREF_VTHR #%g wH
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HERAd AlA 32+ 0358 CMOS 34< ol&
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Z3} post-layout simulation2 F3] CSA 3
2, 7&7] 32t Hi7] Ee; T2 ofdE
3R9 &9 AI7t FUkke AS Zelsklth
ESE M- WEy] S22 PMOS current
mirror®] PMOS tho]eEE 7I5IHE 5.5V
AL VREF_VCOM} VREF_VTHRE] A
ol downHA| LE= SFAH
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CMOS HletA AA 3204 PIN tho] =0
HIEFA YRl Ni-63E B Hletdo] Eojew
EHP As}7t jHAygtct. CSA 3|20 93 #sts
AEst] CSA &3l CSA_OUT] Als#edel
AVsE ZZ3HH9]. Pulse shaper 7]%5& 3k
2= vE7] 32} JE7]| 27 AHEEE=T
pulse shaper? &% 43¢ INT_OUT 4l&¢%}t
VTHR A4S vlwste] INT_OUT Aol
VITHR ©olst= HEojA|H Hlwr] &0
COMP_OUT Al high €25 &%t 1
g4 12 FsFTE7IE ol&e H
OPAMP 3% o]&3 Hlw7| 325 HojF
At 1" 1(@9 AsTE7E ARERE Bl
320N AEFTE7] £ DIF_OUTY &9
A9 AY W= VIHR - Va4 VDD -
[Vpsarmez 012, 1% 1(b)9] OPAMPE AHE&gH
B 7] 3|24 OPAMP9] =Nl
OPAMP_OUTS &% A% AL Vpsarwns+

CIRE AQE wOIRE ZAAZ! HEH MM 84 405

Vosatan7®14 VDD - | Vpsatme2l = | Vosarvpsl
ott. 1A OPAMPY &Y A9 AU A&
SE7] €9 A9 AYHEY ¢ 382 B =570
Ae Byl 29 JYd 2R folded
cascode CMOS OPAMP 3|2& AR&otirt.

VDD VDD VDD

MP3 MP4 MP5
COMP_OUT

VSS VSS VSS
MN3 MN4 MN5

VSS Vss—3]F—VTHR  VSSD % Vss
MN2

Vi

VDD VDD DD
MPS MP6 MP7
COMP_OUT
[MNg IMNg MNTO
Vs VSS s

%

O 1. Hw| 32 (a) ASEE7IE 018 42 (b) folded
cascode CMOS OPAMPZ 0|23 AL

Fig. 1. Comparator circuit: (a) in case of using
differential amplifier and (b) in case of using folded
cascode CMOS OPAMP.
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Ay AIE  VDD=5V, typical model
parameter, Temp.=25°CollA] H|w§E Holt}.
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7tk Ae gRlstlth. 1A A" 3=
Ql Hlm7] 3|29 i LtEo| A= 4
¢ dAE A9 o|z7} ofdRI 3R T}
et vss #elE &3 HEW =o] CSA Fz9
£9 4159 CSA_OUTY AlzHY AVs7t E0f
T A2 gostgon, B =FdAe 193
oA Hizmpel Zo] vy F2o] AHgEHE A
g I RIS ofdEI IR
VDD/VSS 21zt £ejsto] fzd 9ot 12t
2E21 VIO/VSSD #Rlog Ap-gsheirt.

CSA_OUT235
234 46.3mV

2 3}
Eim]

25}

248

245
DIFF_OUT?244
wat:

150mV

2]
INT_OUT 5.1
2
1s] 0.661V
L8
4oa 2904 2920 2994 296u 2980 2604 262y 294
@
hin)
2.39]
2.38]
CsA_OuUT 237
2.36] 25.8mv
2.35
25y -
y 109mV
DIFF_OUT
2.2
fin}
2.6
2.57
INT_ouT %]
2.3
221 ] 0.414V
.15

T T T T T T T T T
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(b)
I3 2. J8 19 Hlw7| S2E AMESt HIEK MiAf 8|29
DOIMS Z} (a) pre-layout (b) post-layout.
Fig. 2. Simulation results of beta-ray sensor circuit
using the comparator circuit of Fig. 1(b): (a)
pre-layout and (b) post-layout.
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Fig. 3. Comparator circuit with digital power and ground
VIO/VSSD lines.

Hebd AlA 3]Z2o] H|wr] 3]2& BGR 32
£ o|§3t VREF ¥4 329} Heh-Het gy
sl27t ggdEn. AS-AY ®E] dEs=
VREF AYS IREF ARFE #HIA7]E ALG-A
F  HE] 29 IREFE  °|&o}
VREF_OUT, VREF_VCOM3} VREF_VTHR A
As A= AY Fuiy] J2E ZFIIch
I% 4= npn BJTE AHESH BGR 325 Ho]
1 9Jow, 1.195Ve] VREF HYES whEolE
th. O%™ 49 BGR 3204 EHEHSL Zo]
vertical npn BJT EEHZ]/\HCﬂ Q1 : Q2 :
Q39 ofw|E W3 HlE= 1 1 N(E=8) @ 1otk 1
23 BGR 329 VREF Al (DA B=uet
”0111 A (D9 A HA P2 2= §hF st

= ol T AR P2 2o v T

VPBIAS

O3 4. npn BJTE AESH BGR 3I=2=[10][11].
Fig. 4. BGR circuit diagram using npn BJT[10][11].

VREF= Vpp + z; VN (1)
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£ Hie} Zo] AHEFE7](MP1, MP2, MNI1,
MN2#t MN3), 38 &4 FF7](MP39F MP4)
9 AF RIlol ZE= VREF_FB  HYY
negative TEW FZo s FAFFEiNA=
VREF_FB %ol VREF A4y A "t olg
Al =W MP3 ERAAHE Bof 52&= AF+=
VREF/R1Q 2.540]9, MP39} MP4%: current
mirror @Ejo]Il multiplier’} 60|22 MP4E
3] 2% [REFE 15p0]t

VDD \ﬁp vDD VDD
MP1 MP2 | MP3 MP4

VREF_F8
VREF—{[ MN1 MN2 —

434l

VREF—|[_ MN3 R1

VSS VSS VSS

O3 5. 7[ES| M-S Hel| 3|2(12].
Fig. 5. Conventional voltage-to-current converter circuit
[12].

MP1 MP&
| 5

2

o
- VREF_VCOM
thEF_VTHR
ai %VREF_OUT

(a) channel length modulation effect’t 2 AL

VREF_FB

Y v
A VWSS VSS

dINODT43Y

VREF—|[C MN3

CIRE AQE wOIXE ZAAZ HEM MN 874 407

dNOD 434l

VREF—{[_ MN3

\Y% Vv
VssS VSS  VSS

(b) channel length modulation effect7t X2 AL

J8 6. Mx-H
3|2,

Fig. 6. Voltage—to-voltage converter circuit designed
using current-to-voltage converter: (a) when the
channel length modulation effect is large and (b)
when the channel length modulation effect is small.
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Fig. 7. Simulation result of the output voltage designed
using the voltage—to—voltage converter circuit of Fig.
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Fig. 8. Post-layout simulation results of a beta ray
sensor circuit using a digital power and ground
VIO/VSSD lines in a comparator (a) conventional
circuit (b) proposed circuit.
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Fig. 9. Simulation results of adding a PMOS diode to
the PMOS current mirror of the voltage-to-voltage
converter circuit: (a) VREF_OUT, (b) VREF_VTHR,
and (c) VREF_VCOM.

4. 28

PIN tjo]eToj H[etio] Eoi=Al HAAIst
& CMOS Hebd A4 gzt bAd g=zel vl
7] Fzo YWi ktEo] AfASte B¢ Y
8 A9H wolzr}p ofgd@ 3|Zo] mge}
VSS #RlE &3 FE=H sof CSA j29) &9
4159l CSA_OUTY signal voltage7} 46.3mV
oA 25.8mVE ZEolt: EA7} Qlth 1A
2 =EoAe HEA A4 FRoA ofdEI



410 s=xumtsAr|ass=2k H13H M55

329 VDD/VSS 2Rl &2 AR8ot= ti4l
Hn7] JRoMe= "AE =it JEtql
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= AAst. 183 0.350 CMOS &4 °]
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