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A 100 MHz VCXO Using an Inverter Logic Gate
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¥ =& M+ 100-MHz VCXO(voltage controlled crystal oscillator)e] A A 2 A zh $147S S48 Hth VCXOd
£8 FA7]E 100 MHz 27 F355 2He 33) ou-E BT A 3707 (erystal resonator)©] ™, VCXOE 7| 0.8
mm®] FR4 FH 7|35 o]-&ated A Zsdth A ZE VCX0E F4F 37 100 MHzol A oF +8 dBmé] 28 A8 & 71A
™, 27 Y (tuning voltage) 0 VOIlA 99.992 MHz(F4 =3~ 100 MHzel 4] <F 8 kHz ¥ ¢]), 5 Vol Al 100.003 MHz (100
MHzo A ¢F 3 kHz Ho))9] dXFor5 Bk whebs 28 4% W Fok¢ ™A= oF 11 kHzolth 284
0 VellA S48 3E LEA-F344 10 Hzol A —71.9 dBe/HzE Bt

Abstract

In this paper, we present the design, fabrication, and phase noise measurement of a 100 MHz voltage-controlled crystal oscillator
(VCXO). The resonator used for the VCXO is a third-order overtone-mode crystal resonator with a resonance frequency of 100 MHz.
The VCXO was fabricated on a 0.8 mm thickness FR4 two-layer substrate. The fabricated VCXO has an output power of approximately
+8 dBm and a frequency of 99.992 MHz (approximately 8 kHz deviation from the center frequency of 100 MHz) at 0 V and 100.003
MHz (approximately 3 kHz deviation from 100 MHz) at 5 V. As a result, it has a frequency-tuning range of approximately 11 kHz.
The measured phase noise showed —71.9 dBc/Hz at offset-frequency of 10 Hz and tuning voltage of 0 V.

Key words: VCXO(Voltage Controlled Crystal Oscillator), Phase Noise, Crystal Resonator.

2

I.M E Ak 9l AU 7](XO0: crystal oscillator)= 20~50

=21

ppm FEo] FrF HFge 7AW, Foee HolAA]

T4 3717 (crystal resonator)E ©]-8-3 FotF A4 2 AR HAE el Szl AR X094 F
Elold A= A 4, bgAE deoly A% A% A FE2 xR wE Fog HES U 2E-EY T
iaﬂ] Fag A, RF & - 7719 Fapa -8 W 4 2717)(TCXO: temperature compensated crystal oscillator)
§, 24 329 FgFe] o2 7HA g 5& wok BA 2EE QG Fuba WIS B S8 2= Al

°ﬂ AHEETIE, 3RS ol de FAERIE o A7E AREH, A A B AU {F-thol
Ao et Fya FEEd wet R Lo dHsof, Fu WIE BADT I

o] AFE 20193 E R (L&A 7|E)e] ALLE A=A FATe] Y& wop e A7 (NRF-2019R111A3A0105686412).,
SE ey H 33 83 (Department of Radio Science & Engineering, Chungnam National University)

- Manuscript received November 13, 2020 ; Revised December 15, 2020 ; Accepted December 19, 2020. (ID No. 20201113-098)

+ Corresponding Author: Kyung-Whan Yeom (e-mail: khyeom@cnu.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved. 233



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 32, no. 3, March. 2021.

TCXOx= F3 o ©] H(aging)-5 =+ 0.5 ppm/ki, Fopr
off thek 2% <H4 05 ppm, T3 WES 1 ppm F =
ojty, FAEZ71e] T T8 K3 O EA OCXO(oven
controlled crystal oscillator)7} ATh. OCXOT 2E(oven)
LEE FHOE Aot Fa o 2E V&7 02
Z FA g gkl 0CX0= F3k4 °V‘-i‘: 0.005
ppm/d, % g4 0.001 ppm, F3F HRE=E 001
ppm FEolth OCXO0= FAEH7] & F3¢ OJ Aol
7P Holuh 2 E-FRA 7Y AT 7] F A7
For7|EdoE AREET

o3} 2 FALAI = T FHTX719 71 8-

)

[e}
‘:’E(fundamental mode)E A3, LukA

o] w3}
+ 10 MHz <£3]¢]t}. whgbA] 10 MHzE T 2 Fab4
g zH= obAE AFE [0 MHz £ARR7)E 7|29

7)(reference oscillator)Z ©]4-3} 1, PLL(phase locked loop)
S o] &3l AdA Hoh J#Y AHALZ 10 MHz A4
A7E 71EER7|2 o &3 PLLE JA4® 253 A
Tt oA E W vt S S e
g7 2ok dutd oz Au).5rt F1ERE A
% ”57]-4 HHEr 917 Reol AR 7] Wz, %%
& PRS2 A Y 34
At} VCXO(voltage controlled crystal oscillator)
LS &8s 7 o,?. ol s EAE 8 &7
T} VCXO& 78531719 3x} EE
= X Z(odd overtone mode)E &8 h?}
CX09 583 HSAREA, F& PLL AHe=
Aol F7) wiol, A-9 35, W i Faa i
& AP BAS a7t
2 E=EME FAFIE7E 100 MHzS) 37F 2H-E
FRATANE AHet, SEaARE =22l Y
H(inverter) & AH-3F A 91243 VCX02 AAE Hal
o A 93 VCXOE AASH] 95t 55 aatel A
WA E = Fag F017] 918t % BIT (bipolar junction
transistor) S ARE-8}7] % o} 1@ B =Fo A= 180°
e SE71E HEAde YEst, i RS
st et Azt Aol golgh JINEE AT
AIHE A FAFH O & 180° AW SE7| 2 AR

T 3lof ol & Attt ofgh o] AAH Azpel] thst

T g

> ol
o
|

o My ©° =2 &=
Hﬂigﬂrﬂﬁ
ok

4

2
1o
X

234

of REAE 100 MHz VCXO A7 2 A &AL A Al

sttt
I 4A 2 H=
21 482
I 1@ 43379 72, 23 I8 1(b)E F
43779 SA82E Ntk +4FA/ = 99 4

Metal-Plated
Electrode

Quartz
Wafer

\q;al-mmed

Electrode
(a)
o o

(@) FATRY F29 (b) SR (o) 33-

[¢)
QHE BE FF3S 100 MHz 24 5713
2 J9 0°1A nZ n—2F 2H-E BES Y
2

. (@ Crystal resonator structure, (b) its equivalent

circuit, and (c) the approximate equivalent circuit
at the third overtone mode. In (b), n represents
n-th overtone mode.



g AAske FAeAe T FoE quartz-9)
ol A4t Y3k quartz-9©]

& FAEFE T o V5= 2Y(sawing) 2 vt 5 714
A 74Eg Boted dojdinh 2 dojs FAE 54
A ooz AN dolHe A dn B,
AolH 7} gfobd 5 Aelehs 3ol ofH AN, HE
2 AZAZE] Ak Rl A e 5 Sle Ao FAe @
A7F A A

I8 1) #4719 S7HEIRE BT o] 571
2= oH-E REZA] 13g Zolth T4 1(b)9] n
1,3, 522 g7k Hw, 2¥-= RES] LR 02
Lepd o, 51524 100 MHZE e FATVe B
T #7933 eM-E REJL Enh I3 3% OH-
= EE AN #3719 S7EIRE 29 1(9%
2ot 3" 1(0dlA L, o 34 SHE-RES LY
CE YENIT 2813 o= Od 1()9] 54 dAkel 9
& overlap AATAIRLE ehdi o] 3317171 9)7]1 A€
A%, A7N1A AWAEL G oo YeERA "

I8 109 S7FIZE ol &3t 100 MHz 331534
AN FRFA7) AL 7= x5 Tl whe}
EAEE I7 29 2k I7 I(o)el BEW Fort v
= WeClaE FAE 5 A, o1 % Fakrt Sk
Ly— Gl 3 A E g0 vpeh, o Zlo] 17 2014
f,.2 vedth Os L -8 ¢ 7 BEeds] |
a8 29 o] WETAFIEE £, 2 e ol

X

A

J8 2. 100 MHz <A A 4331719 dajd 2
Fig. 2. Crystal resonator impedance near 100 MHz.

oW E =2 AAE o438 100-MHz VCXO

FHTANE WAV ol & Ay, TRFIE e
FAFA7NY ABFAFIE AN G ETh

B =Rl ME 100 MHz FH 572 32 QHE &
T ZA3E IQDAMY) CFPX-225018 o] 43t9ith 44
7] CFPX-225% 1% 3(a)o] B9 A3} 7ol ¥R 443
o2 717 e} gtk 38 30)E FHFA/1e 9eid
2 545 =RV FE57] S8 SMA 7 E ]
A Aol AT Ay aE #dY

H
o wa} =A%t} ADS(advanced design system) 2 4] 3}
(optimization)& E3tod, 18 1(c) FAHZZ719] 57132
Fe SAE AAERE T2t & 19 HAstE o
olxl 7I3E ks Bt 3} LHE BEo] AFfAH

21 438 42 T3 #2309 SRR &
Table 1. Equivalent circuit values of the crystal resonator
extracted through optimization.

R, 22.86 Q
L, 5.16 mH
G 0.491 fF
ef 3.28 pF

a8 3. (@ F4FR7] AL (b) SMAC] F3E $43
7]

Fig. 3. Photographs of (a) the crystal resonator and (b)
crystal resonator attached at SMA.
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Table 2. Specification of the fabricated VCXO.

Input voltage 5V (25 mA)
Control voltage 0~5V
Size 9.1 mm x 14.2 mm
Output power +8 dBm
Frequency 100 MHz
Tuning range 13.0 kHz
Phase noise < —71.9 dBc/Hz (10 Hz offset, 0 V)
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