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2. 4714 T5/32A =
Aol 2 A 7=

=F
- Q-factor ¥4 Hl& 1 = 4
- T35 AEE < 25 ppm

< Self-Sustaining Oscillator J18t nj A4 W3l A7) 2 F-%/74A

o 4AFF Y37 &A 719 "M Fgd¢ W A73H
TE5/4A = #73 L F+x 2A

- Self-Sustaining Oscillator J18F m Al F 344 W3}
TE/AA =2 44 2 Fx 24

. 74  TIA(Trans Impedance Amplifier) ¢ AGC(Automatic
Gain Controller) 327} y=wo g A4

A daelE  AEL G 24 AR 5 AR 4

ot FHdo] 2= A Wl wet ol Fshs wAlE
AFapa HskE 34

T AUE 25 ppm
=
f
o [ K : 1 k Af Am
wy =2qmfp = I ¥r = e P ey
V My / 2;?\]; — 7 2m
Af = — Am

A7A Ts/4AA BlE idE >

=

AGC
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2. 4714 T5/32A =

Aol 2 A 7=

o AFEF U=dA7] &2 716 A FIs Wi A7
T5/ZA J= TG 4A £ TH AT AEdHoA g=

- %2 ¥7 FIF, High Q-factor 545 7= 454 Yied3l7]
22} BVD(Butterworth-van Dyke) %
. Lm : Motional Inductance, . Cm : Motional Capacitance

. Rm : Motional Resistance . Cp . Parallel Capacitance

EL
}—W\F

L(I\ Cﬂ\ Rm
< W2 g7 22 BVD 57 BE >
- Self-Sustaining Oscillator J18F wAlFu4 WH3L A7 8 F%5/7¢
2l 3]& TIA(Trans Impedance Amplifier), AGC(Automatic
Gain Controller) 3|2 J94s A4 2 52 A5 &5

. AHE & Verllog-A

Yo @O &7} 29

Trans-impzdance $37| -3

mEIE
o werlege s 2 P
« 2 vasrimzedecce Tl —1

w4 ‘F sm

Automatic gain controlier

* veriogs 28
o Pmak datmctar + 71 coedmiee
% *

Pt =8

<vAFESRE W AVH TE/AA HE ANFE BEE >

) @9
i resull 7)) @ 10|

< HAFg W3 A7 /A AR e Algdeld Ay >
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2. 4718 FE5/4A =
AEHolA &L FF +x

o N4 =37 &A 710 AT W d75
T5/2A 3= AF44 Q-factor FA H & AT AF
AlEH oA &8

j=|

- AT 2N =7l 42 ZAAe] Open-loop
Q-factor ¢ wAlFI4 W3l HA7]4 F5/44A4 3] =29
Close-loop Q-factor U] & 1008 ©]* Q-factor A H]&
de Hes AlEdelA g=
. AHE E - Verlog-A
. &R Fu4 0 21.39MHz, . Lm : 16mH,
. Rm : 45.27kQ, . Cy - 1IpF

w337 22 ZAA 9] Open-loop Q-factor : 53.7

AT st A71H /A F 29 Close-loop

Q-factor : 240,000

ColF olHe 270z AT

. Cm : 3.36fF

A T Aol 2e% SRS vkl BE Fdae

el A
SILT RSHE KOONLTE .
i

_ L2
= e . . (open-1o6p)
b | = Q=837
nga > 100

e8]
+HN/FERR
: () = 240Kk
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2. A714 7&/2A =
ANgdold # HH 72

=S

- Q-factor &4 H]& : = 4
- F94¢ AYE < 25 ppm

- Verilog-A 2945 3294 Allan Deviation A4S %3t
nAF I Wk 4714 /A S E S E 1ppm ©] g
FTI AYE s AT AlEdHA g4=

g8 AE
719k v AT
- e AE

BVD(Butterworth-van Dyke)
L3R Fug

o #FT2 H=F37|
A 2=z 39

. Rm :

A 7w A AFAS 83} A7A T5/7

F ¢ AEE AT HT AEFNA g8
A== QCM(Quartz Crystal Microbalance) 4%}

4 Q
Wl 4714 /A HE AT

B AE 2 QCM(Quartz Crystal Microbalance) 4 #}
S/ 2dd 945

A7 g=

5 MHz, . Lm : 30mH, . Cm : 33fF
10Q(dry) =~ 3.5kQ(85% glycerol), . Cy : 20pF
Co
| |
I
L(I\ Cﬂ\ R

< AHg A¥E QCM BVD 57 =d >

HE AZAH Cy 4418 Shunt Cap Canceller

7kl w2 vzl gtE e

i O ey e
¥
g 13
g
QCM model ? i
= -q,..rl. _:':
ki 8 st ﬂlﬁium 2B @Ts> 1ms

=» 0.4 ppm =24z / 4981 MH2)

~He

B

TIA tErans-mpedanoe amp. ;
+phase adjus!

< MAFRE Wl A7H FE/AA AY9G5E R 2 Fu5
AAE A5 ANEdod A3 >
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o IF5F F=F7] 24 /1% AF FAE SIP F=FA7]
5E Y%/7E AY 2% | EE 74 2 7= 24

S oAy AR < 8 pg | Go o8 T3k, High Q-factor 545 7H= dde# Yegdl
Wi o =21 - =
kel m Al kg Wl A7) d FE5/4A 327 SiP(System
In Package) FElZ 4% #A7F A& SiP Yx=¥3l7] 25
74 9 Fzx ¥

-

. Q-factor : = 50

kS

1< 25

X 344 High Q-factor 54

=

22 BVD(Butterworth-van Dyke)

olft o
S

fd

<
o
e

X1 Fuk 1 21.39MHz, . Lm : 16mH, . Cm : 3.36fF
. Rm : 45.27kQ, . Co=1pF

Co
| 1—]_q
-
Lw ©Cm Rm

F27] &2 BVD 57 249 >

=

< AgB e

- Self-Sustaining Oscillator 2|8t w A S35 W3}

4714
TE/A 7 wdy 4w

. TIA(Trans Impedance Amplifier) =2

=<

. AGC(Automatic Gain Controller) &g
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oI=E Ao
o AFFH YFA7] 27 71 A7 FAE SiP H=F 27
28 4%/72 A% B | EE PA5F 44 2 A5 ¢@=
A AN YT < 80 pg | =& ¥ F9<5 High Q-factor SAE 7M1=
e

Ao} w A kg Wk A7) A /4
A Yregd7] BE A95FE Jg2 A

belE - G Fg 7] REAA WA TS dEE 7
At mAAFAsE A hE
AGC

Rf

e

Resonator

Af = — Am

< AY PAE Jregd)

- Verilog-A X935 3 Z2oA A

RS Jegdr] BE
A7 15pg olst A= AA Xé‘:'a‘lﬁ A As 45
. &R Fu4 0 21.39MHz, 16mH, Cm : 3.36fF
. Rm : 45.27kQ, . Co : 1IpF
A A S B A Ay U= ALk
CAA FE A FEE nb gR Fde
Am
{urn) {u {um) ’} MHz} (pg)
2139 8556 0.212
265

265

2139 53475 1328
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5. 8 A& SiP Yx=¥F37]
BE H3/7E AY =F

- A8 72 HY A
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o ABFF Yxeg7] &2 7] FE AL SiP Y4=TW7] ZE 14
4%

- High Q-factor 545 7H& 52 Yegz7] e} u| A A &
M3l 47134 F5/74A 3] 27} SiP(System In Package) T El =
TAE A= ZAE SiP Yxeddl7] 2E 44 2 7% g4

Q-factor : = 50

A 74A WY AgE < 42 %

24 G - AAED JF W] 2z ZAA B Fugeo|
el Eeve] 2ds: Arwsiel weh 27 Wshe

O

(@3] Q2 Q3 Q4

ARmM =~ FA W ’”,f""f

< MAAG ME 74 /A R AdE >

Q=1/Rn

o AFEZ Yxedz7] 24 7|i A& AL SiP =337 B 72
a3
- High Q 4% 71X+ TPoS (Thin—film Piezoelectric on Silicon) Type
MPE 2 Vg 27] AF 2 gy
- 2 step Ao 7Fsg FS] wAAE AE s/ FE s g
. 71& old 2 1 AGC(Automatic Gain Controller) th4le] 2
Step Ao} 7Fed vAE AGC T2 At

Electromechanical
Resonator Structure

' 7 'Gain Control
: i Pulse Density ouT
; : Modulator (POM).
g 1
[ 1 .,
i i Variable-Gain Down-Mixing ADC 1
L] =
] T T a with
i i Amplifier Digital AGC iR
. 1
H i
: : Power Voo
Controller
; TPos-Based ] — a0
H 1
3 1
4 1
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25 olgsto] thegxl7] At AA| 57F Aol sdEE o5 7hH A7
H9le] QAR 2% A 1A W9 Aew Ae HE AlEwelA gw

.37 FH 0 2139MHz, . Lm: 16mH, . Cm: 3.36fF
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PNESPY R = ¥ 55
HE of % =of | _ - - = = = = = 7|8
(4 7:|.7_||. 71®) E2lel =/ EHT SE¢ | S5 SEHS
= PR20171185KR
1 St= | ETRI (2 ma|H5) 100
= PR20171185KR
2 St= | ETRI (2 mE|ws) 100
U =3l 2 =9 =& AA
= " =& T = 28 | S0l O s
1] oo St X| o N o =S T o | EEH
rul B c:>’ =]H= |<§ XI‘E‘%‘ =X %é 7[_?:'_ (SC|/H|SC|) 7.”XHE S =2
Low-Phase-Noise
Self-Sustaining
Amplifier IC with
Paral lel Microsystem | Hyoung =E
1 |Capacitance . SCI £
Cancel lation for Technologies| ho Ko etz
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International
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Innovation 2017 ( IMETI
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o= ARY o= A9 H

Hio|2 MM =& 20} =Z JH=21 HI0|2 MIA
oz 2o, GME, SHAEHZE, AZHE dlo|20F. Y, gil, ASES, E
SHHAL i 24 = EA0 FEEI= HO|[2UA
&4 SHSI =, USHE SMSE HE, &4 DLEE o241
o HAAF U MUY 670 #2E= HO|2MM
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THIY SUE g AEr = ANIEENM 22 J1SE 0|24y
S I MY SO BREY, PUN, B2, SISU TS RASV LS
i £l S H=0] AEEEl= HH0|2MM
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=2 HFFZ [A7H AR 78 g3y AAdATE A
- ARG vlo]l @ MH]2, 0T 2AY Aulx~ 5 olsfof % 37 TYH
d AP, AE EYUHY A¥A 5 A/ E EUHZ EBof, 48 77,
2877, &5 T A Eokd g §8 7
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5. AN Ay 43

(9 A
=10H
2 e ST AE Fo N2 Bty HYE(%)
o Eak= 240,000 240,000 0 100
oz
ol ol Z4H| sz i i _
A
TR 3 : - -
oiztel | AT xg
Ol 71| sz ) ) B
ShAl Q1 74| = - - -
27 240,000 240,000 0 100
AFAIH HZ 414,175 409,437 4,738 98.856039
ZHd| -
A 2| = - - -
AP EZH| 25,558 21,373 4,185 83.625479
oA L IpA| E 7] 9,286 6,308 2,978 67.930218
IR u| A p 4=t 51,601 47,789 3,812 92.612546
Q| Ebod 7| Lhy| 80,000 80,000 0 100
RN 2,580 2,580 0 100
Mutgtg x| | 15,000 15,000 0 100
ooty 1,800 1,800 0 100
| 600,000 584,287 15,713 97.381167
ZHe | ZHeH| 88,000 88,000 0 100
AN | ZH 928,000 912,287 15,713 98.306789
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