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07 x2Ipsg

_ 0.72Vpg
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0.7x2Igp

__0.72Vgp
Isp

olu, Vst NMOSS =

S
PMOS9] A2~ =20 AFY 4 v},

ACIE 57t Akgk=el 7,

A<
d 4 Q.

(e}
y T
o= AT §A48 (8.854x10 ~ (-12) F / m¥ 4 9t}

2 A%k, Vo= PMOSe] 42 =89l Aok, I NMOSe] =29 A

EPSROXE H 3ol th3h

= L
78_"'[’ ’ ISD—C

EL, JIME ZTolM, Ige] Hadd & Fab 7|3k 1] Fatat Tdsky §-8F &3] $dE 2 H EY

(e} — 2=~
& AFolaL, Vg + Vo = Vppd 5 Ak,

e, A7) 4514 5
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[s=<k4 7]
Ips =
Ipso X NF v, AV, AV AV,
B x[1+ XIn(—2-)]x(1+—")x(1+ —=)x(1+—2)
Rpe X 1 C v v v, Vv,
1+ _D‘f_ES_Q clm Asat ADIBL ADITS ADSCBE
DSeff

oluf, NF= tufelz FA F(I1EF D, Re =8 22 57F AE, Ve B8 22 & AY, Coe
A Aol Wz AFY & At

W, 37 S 79 Ly 7] £84 82 BdE 5 A,

Vbsers
Werr X Heps X Coxers X Vosters (1 — Apue X 2 X (V frt2X Vn{)) X Vpsers
gste

IDSD VDS
g
Lopr X [1+ 52520 — Lm]

sat

ol A}7] =ghal 7 L F=8k2] 8o thokdl wisiW4=, X. Xi et al., "BSIM4.3.0 MOSFET Model User's
Manual," University of California, Berkeley, pp. 5.1-5.20, 2003¢14] AAIE wi7/fHsd 4 98 B0
=

olglo| M= WHElE MEE L2 YEAIANAM SHY FHrS vlgor 22 X3t Wi tiste] AHA
3] A Eo),

Z-o}2l9rEFSl B ¥ (Bose-Einstein distribution) oA 3= AlgHe %o we} HIS =z
olty, &, A X Abgke] Frtste] A7t o A5 SESka, gl FEo] SIS wek, AlE
% kK =

Ao Yol o, &k W3l wE Jiglo] o]FA
T

W(T) = W(To) X ()PEx
0

olf, p (DE =% TolAe Alglo] olsA, n (THe AL (27C)aA Y Algo] oA, BEXE ol% 2% A
FRA, B So] -1.59¢ F AUr}.

(3

% 7o Boune] o Axdd e Aol o B4 x oEy T AHes] AT oA =old,

TAHCR, & 72 7] FEA 9o High azeA, VtRHE 25, ARF oleAdE HEIt = 7o &
Al g oHke} o], o] CIAT AAZA 288 = sl

k!
0
o
(o
fit
rlo
H
o
i
e
2L
Q
<0}
N
4
Lo
1>
=
2
i
o,

T
2 A AGE =l Ui =4S 7HA
_]

o 9 ANl Wi QA A L% oEy FHL ARy AT oA =old,

TAACR, = 8o =AE T, dFAFEH A7 2E7F 54T, 27T, 0T A9 oA Hdte] wsts
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yebdict, waba, oA deke = thE CTAT 842 A= 4= ).
Apdor, A7) S 3 WA £ 108 ngom, Fagel dak exe wiE 3] FEk 112 e
Fold. olm, FEH 10& 34 119 1B TaHoE RAR A0 T F gL TR
(5314 11]
s v (TyBex
f 0.72x0.7 Vpp NCigad (Tf") (12)

olsfol A=, % 9 UA % 125 o] g3t B el W AEHcld AnE Ay

%9t 2wyl o AAde] mE 10fF 3k ANAE Y oS AME HNZEE APs] A A mol
o

% 9o] EAIE whel o], ® whge] wE AlFaolMel A F¥ o3 Fah AnAGAT 107 AME} A}
ST, the, B owgeld AgHE QWEE T FRY S AL BEL, dgd F7 Avigel
S Fohe-m Pge] 458 £ e BEen

TAHCR, & 10a ¥ T 10bE = 39 AEY @ YEYI FRAAMY 8 33E TG Aot ou =
10a¥ -50CoA 9 =9 38S, & 10bE 150CS YeRATH

i

T 10a ¥ = 10bE5 FHZ3hH, 229 Wsle ule} Furl Wils AL e 4= k. ol 84 12404
Byt -1.5 21 & Olnﬂ Hup FAFo 2 g8k golA o] o] F A2 CTAT A=A, Al2lo] 25
A7 BZ, FEA 11004 [xE #Z2aAZ = vk, vhE, $282] 100149 dA A2 T v (TAT 84
=2 AFste [sE =74 F Ut

O
=
o
~
R
Hu

sk A Age ddew (af) #F4aT & Aok, webA] A
)

f= ps X (l)Bsx
0.72X0.7XNCjpnd Vpp X @ .

W, o A 2 UENAS] 99 AHL F A B3, e nkek Zol, I 7] s 7ellA =
A=

e A Al wE, T AG(Hdd A Az)ol el A, a= 0.9622 AL 3.
A

A 3, ATH., 2 W mE AJE ]
b (V)= “T. Matsuda, R. Minami, A. Kanamori, H. Iwata, T. Ohzone, S. Yamamoto, T. Ihara, S.

~

AuH o, o WAL\ FAe FF AY WE WP

4

2
R
rr
2}
{0
2

i=1

Nakajima, "A VDD and temperature independent CMOS voltage reference circuit", Proc. IEEE Asia-South
Pacific Des. Autom. Conf., pp. 559-560, 2004.” o] X% =37 CMOS A<t 7|& I EE AL 4 rt.

T3 g A A= B4 4§, “T. Matsuda, R. Minami, A. Kanamori, H. Iwata, T. Ohzone, S.

Yamamoto, T. Ihara, S. Nakajima, "A VDD and temperature independent CMOS voltage reference circuit",

_13_



[0152]

[0153]

[0154]

[0155]
[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

ZIHSd 10-2021-0112700

o

Proc. IEEE Asia-South Pacific Des. Autom. Conf., pp. 559-560, 2004.” oA @A = 5pV /CY HH 2%
AGE 78k A5, 200C =% Wl (50T ~ 150C) HL A, Vp7t ImV #Hs}st 2SS o de 4 9l

=

11 B wwe] 8 AAde] BE 50wl FE Akl me Age] WA EGA) Fii wsE A

LR 11 AEY 9 VEDe) WV Vy Wil BE Fobe s =A@ Tt s E 1

& 200C 2% W (-50T~150C) el A 9] Fuk4= 55 Yehdl Zojt}k, -50TelA ImV V+ A/ ZER o] £0.08
% Tk WEo] FAEAeH £0.08 %] Tk WEe] AU gl FAT 5 od

F 1
-0.5mV | 1v-0.25mv | 1V | 1v+0.25mV]  1v+0.5mV
-50°C 604.36 | 604.59 |604.82| 605.06 605.29
(0.08%) | (0.04%) (0.04%) (0.08%)
0C  |523.86(0.0| 5-24.06 |524.26| 524.46 524.67
8%) (0.04%) (0.04%) (0.08%)
50C  |458.19(0.0] 458.37 |458.55| 458.73 458.90
8%) (0.04%) (0.04%) (0.08%)
100 404.33(0.0| 404.49 |404.64| 404.80 404.95
8%) (0.04%) (0.04%) (0.08%)
150 359.55 | 359.69 |359.82| 359.96 360. 10
(0.08%) | (0.04%) (0.04%) (0.08%)
AFrequency 100)
AVpp

Frequency sensitivity over Supply voltage (

£ 12E ¥ w9 Ao wE AEeeld &2 Fuiest RAYHANS wwets] e oA sl

TAHSR, & 12¥ -50C ~ 150TC HYA 7714 98 HAEe]| gt a2 2E vepiet. &, o =1 2 A5
AEHA At (AAEo g Aol B4 WA (54 X FAZE = A7 Eoll Hi= Aozt gl whd
a = 0.962 (FALEold= A A B4 BAA (] 1) A9 543 Ayt Jepde g1 5 9l
o},

TAHeR, 57 & 20 EAIE upe} o], AlE#H oA A WAL Fapgo] vae & 12049 9Y 2E
of wE X} B4 WA wE AdE Yepditt, ) E 29 9, a = 0.962 Aol2=7F a = 1 A9
2wt AEdold Azt ¥ Hgtes @18 4= uh. AEd uiel o], Y] WY HEHE, TF Agde] W
Q) g mE Foly, FF o] WA, VEAS 3 WAE 5 J5S 2ot

* 2
Temperature Simulation Equation Equation
T 1
el r[eMS; ]t (%=1) ( ©=0.962)
’ [MHz] [MHz]
=50 604 .82 579.86 602.76
0 524 .26 504.92 524 .87
50 458.55 441.72 459.17
100 404.64 388.96 404.32
150 359.82 344.81 358.43

Comparison of simulation frequency and analytical equation frequencies with two different fitting
factors

dedor, Hd3 v9 HAEE AMEte] 340 ~ 610MHze] 3}

4 HelE AAshs g 23 vada 7
o] 2% AAM= AEY ol Aol 0.39 %9 22 WellA &

A=
2 #AEH, 99.1 %9 €% FFES B}

3

e =

kn
il
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E 32 2 ougel me PR A% B MEAD /e e A4S BE eR AAE e 45 mud
Aol

A: P. Chen, T.-K. Chen, Y.-S. Wang, and C.-C. Chen, “A time-domain sub-micro Watt temperature sensor
with digital set-point programing,” IEEE Sens. J., vol. 9, no. 12, pp. 1639-1646, Dec. 2009.

B: S. S. Chouhan and K. Halonen, “Design and implementation of micro-power temperature to duty cycle
converter using differential temperature sensing,” Microelectronics J., vol. 46, no. 6, pp. 482-489,
June 2015.

C: B. Wang, M.-K. Law, A. Bermak, and H. C. Luong, “A passive RFID tag embedded temperature sensor
with improved process spreads immunity for a 30° C to 60° C sensing range,” IEEE Trans. Circuits
Syst. I, Reg. Papers, vol. 61, no. 2, pp. 337-346, Feb. 2014.

D: J. Yin et al., “A system—on-chip EPC Gen-2 passive UHF RFID tag with embedded temperature sensor,
" IEEE J. Solid-State Circuits, vol. 45, no. 11, pp. 2404-2420, Nov. 2010.

E: F. Deng, Y. He, B. Li, L. Zhang, X. Wu, Z. Fu, and L. Zuo, “Design of an embedded CMOS temperature
sensor for passive RFID tag chips,” Sensors, vol. 15, no. 5, pp. 11442-11453, May 2015.

Z 3
2 A B C D E
Process 0.1 0.18 0.18 0.18 0.18 0.35
[#=]
sensor _type frequency delay frequency frequency | duty cycle delay
Temperature |[-50 to 150| -30 to 70| -20 to 30 -30 to 60 =30 to 70 -40 to 80
range[ C]
Temperature < 1.8 <x0.7 <20.8 <x1.5 <x1.3 <=1
error[C] 0.9%) | (0.7%) (1.6%) (1.7%) (1.3%) (0.8%)
Supply voltage 1 1 1 1 1.8 3
[V]
Power 6 0.092 2.4 0.35 7.2 9
consumpt ion
(=]

FE 3o uERd wpe} o], E o] w2 2% AME FUSAY fARE T A dEE P e x|
Ae FAH & F e a7t SAFT. Yoprl, BAE 2% oake 2% Wl A3 2k oxke AFE A
AHER, o AAd v earh A% 2 Aer B £ 1S slolvh B o A2 Ar)e dge I
HEYAE AREsHE A9 anls 9 5 Sdvh. mebx, & 29 wE &&= AME 9ed 299 725 7}
Aoz, Qo wet A75 AFEA VAT ¢ A= anrt EAST. dolrt, 7 sk FeEe) ¥ o9
OB} E Zuto g H ubdge] wE AEY @3 YEYIE & 13d ZAE Hhel o] 2D EE 3D Wow 3
2 F v

AgAHor, B ude 1hgd QIME E= vhd SRS x¥ete dE g IRV o] & A w3l )
E 9 Lo ARG,

obrl, EWAZEE Alole] $4 stebld 719717t duehe 49s 2 avle) A% wx vEgag 74
s 34 71277t Brsslel BeEstn A e 44 oke 9e & Qe aWsh 2w
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ojmj, f= Fuba, N & Ao He AMH F, Cs ot AMAIE S, Ry NMOSS] ®1& A&, Ry
PNOSe] ®2 A& + A

o, ZeAME, 7 NS vgon, A% PN LEE 54T & Advh

I T
f= - X (F)PE
0.72 X 0.7 VypNCpppa To

olw, fv Ws= AFE WX WESLZ 29 FuF, e =Hd &2 AF, pe NMOSY =80 &2~
2 2AddelHY AHE F, Cue §3F AHAEZ, TE A &

o), ZzAAE, 37 NS o A gAY LEg 4T + Ak

f= X ()%
0.72%0.7XNCjpaq VppX @ Ty

el
o AY A AFIF Vel Ao, ug W= 0.9620.% AAE = 9t}
el

cAEY MESYA B sme, 2 (fractal) 7E2E 7] A 3 9] =Tt shube] S A S
WRFE, Aee 21 UEYS 2o dF A Ao Hgk W
A7 ARrol Aol mebA, Fode Ase AAstEE dAua
Y 27 @4l AEd 2 UENA 2o v A 29 &

d, ¥ ool mE AEe B vEQA d2e, 59 T wged wes, EHEE s8] A%
= 571 oiHl 0.4% olWe] 2Y =75 7HE 5 3l

5 16 E dygo o Arde mE Fxo FAdLo|t),

EEH]H(IOZ)‘:“ shuf o] ke] Fof(core, HIEA) B ¥ HEF(HEA]) D/EE OE T 849 2SE
Falete A FE(AE 5o, M&(bus) 5)8 2FE F 3

d AAdo] w2 ZZAA(102)E WX (100 AFE st o)ite] JA2EYMHAS AgFozy, & 1 X
T 149 APt AHE YHS .

shE, T2 MA(102)= Z2AA(102) WHAA A EHe= A (EE, HolE)E A4 H/EE JFHoz A
k= @ (RAM: Random Access Memory, TIX=A]) X F(ROM: Read-Only Memory, W=A)S U ¥3skd 4= 9
ek, TRAA(102)E 28 AR, @ D B F Aok sUE EdeE A AE2FH(SoC: system on chip)
JeH=z FdE 5 9

wWR2E (104) o= Z2AA(102)9] A7 2 AojE 93 T2 aWE(3Y ol AAEYHMAE)S AHT 4= 9
o WEZE (104 AFE T2aREL V)Fd wEt H¢ e REER FEE 5 9

2 o] Ao e} %935}04 HE Wy e dugse gAES st=doE AR FEEIAY, st
o A E AZEYY REZ FHIEAY, EE o5 AFd i FdEE F v, AZEYY RES

RAM(Random  Access Memory) , ROM(Read  Only  Memory), EPROM(Erasable  Programmable  ROM),
EEPROM(Electrically FErasable Programmable ROM), Z@|A] wZ2](Flash Memory), 3l= t©jx3, 2y
U=, (D-ROM, T 2 o] Fals 7|& ®okollA 2 deid doe e AFEH #A57bs 71SuAol
A3 Fx Q).

a

B odge] Gty 245 =gl AFE L AdHo] A3y Y8 Trad (e fZEAcA)er T
Ho] iAo AFE 4 Qi B AHo] pFH QASS ATEY TR EE ATES] QAT A3
B 4 glon | o9 FALEHAl, AA] o HlolE TE, TRAALE, FEHE ki UE Z2oagy FAASe %
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Tdg 5 dg

o, MEHE =uS HFEE ste B el Ao E AN, & wyo] &3 v|eiote B4 JE
b= B wEe] O e APgoly Al 5EAS WASH A gE FAA JEER AAE 4 doe
g ol & S Aotk ZelER, oo Ted HAAQES EE WA AFHD Ao, A|gHA o]
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102 @ ZZAA
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