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Abstract

A 10 GHz LC voltage-controlled oscillator (VCO), which controls an amplitude of output signal, is proposed to improve
the phase noise. The proposed amplitude control circuit for the LC VCO consists of a peak detector, an amplifier, and a
current source. The peak detector is performed detecting the lowest voltage of the output signal by using two
diode-connected NMOSFET and a capacitor. The proposed 10 GHz LC VCO with an amplitude control circuit for output
signal is designed using a 55 nm CMOS process with a supply voltage of 1.2 V. Its area is 0.0785 mm® The amplitude
control circuit used in the proposed LC VCO reduces the amplitude variation 242 mV generated in the output signal of
the conventional LC VCO to 47 mV. Furthermore, it improves the peak-to—peak time jitter from 8.71 ps to 931 fs.
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Ela=n

Key words : CMOS LC VCO, amplitude control, peak detector, phase noise, diode connected NMOSFET

* Department of Electronic Engineering, Graduate School, Kumoh National Institute of Technology, Korea

* Corresponding author

Email : ycjang@kumoh.ac kr, Tel : +82-54-478-7434

% Acknowledgment

* This research was supported by the sabbatical year program of Kumoh National Institute of Technology.

* Authors are thankful to the IC Design Education Center, Korea, for supporting EDA softwares.

Manuscript received Nov. 25, 2020; revised Dec. 20, 2020; accepted Dec. 22, 2020.

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.

(975)



56

. ME

et

Alo] W2 7)(VCO : voltage—controlled oscillator)
FZ(PLL : phase-locked loop)e] A
Aol 2 4 Ta3g 50|t LC
VCO+= ring VCO diH] 53 91744 &5 54
= 7B 3% QlHd o]~ B RF 3= dy
AbgET LC VCOY A A= Q factor, 49 #
=9 g3 1ela B Alse] zlFo] aefrofof
gt} Q factor7b #FoW WX 2w o] 9 9
E4o] vhukxth, A 53k 9 XLT:TT% 2 Al
A71el Wst= H“@’\Wlbtﬂ,
Ae ofsAZITH2]. w3
AW VCO 3] &9 tail dFAel
o FH = FIFE HAE =
t} o] 2 2ls VCO9 &8 4lze
st T3, 4] & oAl = X Fol w
=< M) s VCO =9 A&
ofste= 3|25 AlQbeth gk AQbe %2

3|25 74+ 10GHz LC VCOE &7l %ot

=
&

fr

Jn o

Ay a1

)

Fo 713

- 1 =

RSN

FI

|

Z+A dio}

II. LC VCOZ2| Lo|=

N

1] LV VCO9| 3 z=oltl]. ay
+ LC VCOE “Alst=d

A M A= q—"H’E‘Eﬂ, RESI

VDD

TAIL
BIAS

—~"::2mIJ noise

V58S

Fig. 1. Circuit diagram of conventional LC VCO.
a8 1. 7|& LC VCO4| 32%

(976)

j.inst.Korean.electr.electron.eng.Vol.24,No.4,975~981, December 2020

A,

3l Q factor 28 3L tail AELo) A e
2ap =0l Zolth LC VCOY AY& 43 Ak d=
ol g2l g F/F<l low-dropout(LDO) &= d °]¥
Abgate] Qe FEEo R AFd A
= A4 ¢ U2l 19 2¥ LC VCO
o] A} 45 LC Ba 3 2o A9 7|4 Ag
ozt U o [C VCOoe] 27 &

[e}
AEES

I~ O~
T T

4 (1)3} o] vhehbize], LC 926 714 A% 4
Bol EAY A 54 (@9 o] WA F}t

W3l Q factor® ZFA3th 18 19 NMOSFET
o2 FAH cross coupled 3] & negative A4S
AT o = LC B3 2o DA 7Y A

Ao s HAasE & A3l
Wideal — (1)
real (2)
——Ce¢ L L ¢
R, Rc
(@ (o)
Fig. 2. LC tank circuit (a) ideal LC tank (b) LC tank with

parasitic resistance.

. LC &3 3|2 (a) O|&HQl LC &3 () 714 M&

MEo| ZEE IC H3

LC VCOY tail AFHoA @& = 2¢p o]

£ 1C VCO &9 oﬂ S8 482 2AA00. 28

3(a)“ LC VCO9 AF&4¥ tail AFHoA AL
BelA ol 2t SfolE ol x%e;

EOil—rEP a9 3(b)& LC VCO9 &

3 99 AHEH LS Eo:]_,_‘_:r,ﬂ

7HAl= LC VCOOl dis] 917 w=ol=7}

F9h5 wsh BEY AR a0l A 29

7= Bes BoEu4, 51 18y LC VCO9

tail AFdolA HAet= wol== 19 3(0)ek 2

W3 L 20 F

F3h5 wa

=
=

"E‘E

1

2

Mo X mu £

foi

]_

§9, 0}(1 rZ
1m‘-li

il RN



10 GHz LC Voltage—controlled Oscillator with Amplitude Control Circuit for Output Signal

2
= .
g '
8 ’
* 0
,§§ |\ ei/ Flicker noise
sSSP/
E’ } \' White noise
g --------- :-\“-— T ————
'
i — i ——————————
Wy, 2w, 3w, Frequency(Hz)
(@
/N
)
2
(1]
Q /N
£
(1]
8.
»
o
g T
o
< AN
4
Wo 2wy 3wy Frequency(Hz)
(b)
N
2
g
(1]
Q
g
[4)
8.
»
g
g X
o
~ N\
V4
Wo 2wy 3wy Frequency(Hz)

(©
Fig. 3. AM noise generated in current source of LC VCO
(a) current source noise (b) ideal power spectral
density (c) real power spectral density.
3% 3 LC VCOL| MFRoA gMs= AM 0= (a)
MFEY To|= (b) olAH el

(© AFEol M AmE

o r

o wp? 9% FHo= YelyA "k LC VCOY
EAQS A7 el tail AFLolA EAEE =
o] 25 A A= W Eo] At ATHE]-[8] 1H
A(a)F tail AFE =89 =4 AHRAIHE F
7teto® AC Aoz gterel ¥ A7oR 2
w TITF AR wo|2E AASY. I 4b)E
O A9 29 taill AFY =dd == <l
YHE AER F7kste] AC AAdsl wol== A
HAIHE F3l ZE AR 29 4@k (b)ell A

977)

57
Al BHES B2 d4s AATer 0% Ao
25 o]gste] A e MAdskes e A
A gt

VDD

Vss

(b)

Fig. 4. Current source noise reduction schemes of LC VCO
(@) LC VCO with capacitive noise filter
(b) LC VCO with complete noise filter.

O3 4. LC VCO2o| MRd To|= M7 WHE

(@ FHEAIE o|= EHE JHK|= LC VCO

(b) etMst o|= €EE Zest= LC VCO

VDD
XI = ijjof LOOP
{ VCTRL } o
4 ouUTm
> Negative
[ Peak
ouTP - detector
ﬁl )
= G
tuning ¥ |: T
'-' SV

TAIL
BIAS

Mral—

VSsS

Fig. 5. Circuit diagram of proposed LC VCO with amplitude

control loop.
X etst= TI=

=) = ZF Hof F=ZE JHX|E LC VCOS

L
R

% 5% Aotsle IEF Ao FEE A= LC

VCO 3|25 Bo#t} Cross coupled %5 AR



58 j.inst.Korean.electr.electron.eng.Vol.24,No.4,975~981,December 2020

90n 100n 110n 120n 130n 140n 150n
PPNt SRS S W o ST T Y W R AR
Bv(Ic_outp) SCM_LC, lin)
v(lc_outm) SCM_LC_V)
v(peak_out) SCM_LC

0.795+ Vjioqe, 0n=0-873V

oUTP — VA
POSITIVE
PEAK_OUT
-1 [ L
OouTM [ ] 1
N N
(@
VDD
resetb
outP ] WA
NEGATIVE
PEAK_OUT
J_ 1
OUTM [ 1
N N
(b)
POSITIVE

/\/\ PEAK_OUT
VDD
\/\/ NEGATIVE

PEAK_OUT

(@]

Fig. 6. Peak detector (a) circuit diagram of positive peak
detector (b) circuit diagram of negative peak
detector (c) output signal of peak detector.

a2l 6. T3 A&7 (a) positive T2 HE7|Q 2L
(b) negative T3 HET|2| 32
© =z HE 22 &Y A3

3ol negative A< AAste] LI Coll EA)5t=
N8 A ARES AASE 71EAQ] Fxolth
Varactor capacitorg A}-&3}9] fine tuningS 3hH
MIM capacitor arrayS AF&3}o] coarse tuningS
StHo, 101 AlSkek= LC VCOE 29 259 7
5 Aojste WFE Ao Fx7F FUHE 25 7
ATH1L, 121, 71E9] LC VCO® 2% tail AF<
of o3 Izl xFo] At webA, tail A
o] ufoloj =7t Bt 17k A 200 =
7F A o] 8 Fo vEh o= o
o}glA] 7] = F Q3 29lo] HU}

& Ao FZi= negative ¥ A HFE 32, 2

do o Hu
o (N o

e

TIME(sec) (lin) 90n 100n 110n 120n 130n 140n

(@

144i65n 1447n 144750

........

®v(Ic_outp) SCM_LC, lin)
v(ic_outm) scM_Lc_V{[ll 137
v(peak_out) SCM_LC

0.9

0.8

o 5 e e e e S Y

0.795Vv

0.7

BRI 0 S e
TIME(sec) (lin; 144.45n 1445n  14455n  1446n 144650 1447n  144.75n

(b)

Fig. 7. Simulation results of LC VCO with amplitude
control loop (a) output signal of negative peak
detector (b) output signal of LC VCO.

a8 7. 7E Mo 2= 328 ZEst= LC VCOQ
AlZ2old Z3} (a) negative T3 HET|S| &
A% (p) LC VCOS &3 A5

71, elar F74A9 tail AFAMra) o2 TAE
ok 29 60 v mbol o] vA HE IR
positive ¥ 2 & 3| 29} negative I AZF I =
7} Atk LC VCO9| &% d9 A4S common

Ato 7 WAl u 2 positive ¥ HE 3|22 AL
3tH S 7|5 saturation el FFAIZL 4 gl
onw SE7] F2l ofe o] vk uhEbA, & A

Al A= negative =L & 3|2 E AREHH13].
negative ¥ 3 A& 3|2+ 2709 diode-connected
NMOSFET 3} shue] 7AsjA e, 2ejar 2714k
AAE 93 reset A Z FAAEAG 27]o =4
S VDDE AA3H7] ¢18 PMOSFET®] turn-on
At} o] % Q5= Ao wel diode-connected
NMOSFET?®] turn-on o] A A E ol 7 o] vt
ofAl = Wako 2 A 4H O = negative ¥ A A gk



10 GHz LC Voltage—controlled Oscillator with Amplitude Control Circuit for Output Signal

negative ¥ 3 & 329 &
o] 948 21& tin] thole =g
Frow ZHewc

|72

peak detector = VVCO,negative peak + Vdiode,on (3)

3 7(a)= negative I3 HE 3 22 Al EH o]

A Axtoltt, LC VCOY negative peak”} 0.795V
2 w, negative peak detector® g tole

turn-on Hgfe] ©szl 0.873V=E AA ¥} w
2h A, negative I3 AZF7| o] % FTE7|9 V&
kel VREF 2+ diode on Agrs 188t o]
A ojol sty 19 7(h)2 LC VCO9 s3<
93k Al B ol Ayo|t} negative I HE
29 Fo] 0873vd W LC VCO9 =9
1.19Vel A 0.795V= 2~%3st 0.395Ve] =

@v(lc_vco lin)
Ore

Tail

0.42v 0.48V

e-ou) SRR B TATAR L e +0.110V —> 1.18V
LCO

0.928V  — -0.132V.—> 0.796V
o i —
Tail
curretZource  3-40mA 6.37mA

J“E(Im)
Peak ] 0.096V
TIME(sec) (lin) 1|u 1|2u, 1Itu' ' I--1-]6.u'----71-I8-u'---‘-.7.2I;-.‘-'..'2‘[2.u..
(@

6.62mA

688uA

0.021V

TIME(sec) (lin)

Fig. 8. Simulation results of LC VCO according to bias
noise of current source (a) w/o amplitude control
loop (b) w/ amplitude control loop.

MFelol dio|oA o|=of wZ LC VCO2
AlZelo|d 21} (a) XE Mo F=I1 9

4 —
AT
= 4

b) = Hol F=7t e &4

a8 8

o
<

(979)

59

o] tail vpoloj 2
HEEAS W] LC VCOe 54%
3 A EHolA AWE RAFE 1Y
Fx7F 25E o] JA s W
Aztolt}, LC VCOQ tail Hlo]oA7}
042V w LC VCO2] &3 1.07VelA 0.928V
2 Y3 oluf g 0.142V o]t} Tail Hfo
o} 27} 0.42Vel A 048VE F7HetdS w LC VCO
%92 1.18Vell A 0.796V7+A] =Y 3dhth 2 tail
Hpojo 2 H kel Wale mel LC VCOe| &8 -
Qo] R *Eo] 0142Vl A 0.384VE F718ko] 0.242V
o] FEo] Wgls 7hxth oo wel LC VCO9
tail AFHe AFE 340mA°lA 637TmA= =7}
A "ot 29 8(b)e= AoHstE WE Ao F27}
x3E LC VCO 3 22 Aot} Tail vpo]o2r}
042V w LC VCO2] &3 1.18VelA] 0.798V
kAl =9 38ke] 0.382Ve] &S 7hHh Tail wiol
o] 27} 042Vell A 048VE HEH S o LC VCO
9L S oz FUMEHAIRE Al¢tE WE A
of Fxo] Fze o ¥ AEE 0771Vl A
1.20V7HA] =9 3kAl =] 0429Ve] [Z o= 7
At 222 o2 LC VCOY Hiolojx Adgte] W
82 et 2o 71Ze] ¥is)
FL o] 27442 tail AFHoAA ] AF BA
el 0242Vl A 0.047VE 7 ad )

AetE AE Aol Fx2E x3HE)

R E. o

LA

[e)

[e)

= %Y =R

- vl T

Al

=

o

fr

LC VCO

o r|r

12V AY AYS AFE3SF= 55nm CMOS A
ALg-3te] A E QT 28 9% LC VCO layouts
AE Ao} Fimo

717} 305 pm x 245 m¥} 75 gm x 50 ymo] Tk,

KolErh Albet= LC VCOSH

=R

Fig. 9. Layout of proposed LC VCO.
3zl 9. AMetEl LC VCOe| 2fojotR



a9 10(a)= LC VCO9 &9 Az 9] 7 FHo
2 tail AFY) =29 wxo] AYFes B
th LC VCO9 AYL& LDO d#EFeolHE A&
04 VE 3**6}04 CRtl
o] 0.4V¢l

N B

s}
stk LC VCO9 &9 A
AR wEoA= 2
AatA] gt shARE Al W Fo] 16VE
tail AFYLe] =49 Zo A 2ap
A o] ﬁ‘rolﬂﬁ} 1% 10(b)= LC

-

|

o T taﬂ
Z =z

-

k-
= =
ol = =

LC VCO< iOlZOH 4
& A @o] o3y E}ol A H 542 871ps
2 Yelwth 28y LC VCO9 &3 29| &
o] 04VE Fo°l5 4F B AE = Blfs= 7hA

oF

=

=

A,
i 12 FH Exyd LC VCOeF Aljtsk= LC
VCOstel 54& waath At LC Vool

442|.3n 442,350 442.4n 442,450

| xi9.v(lc_
Exi9.v(Ic_d
8 i9.xi0.v(

swmg—1 2-0.8=0.4v

LC_ouT
LCc_ouT
tail node

8l e —————

a
B Xi9.xi0.v(

tail node

| 44230 442350 a42an__ a424sn

(@

T T T T T
TIME(sec) (lin 4422n 442.25n

,| Jitter=931fs .| Jitter=8. 71ps_

0 50¢ 1 150, 200,

lign: auto-cycle: viout_clk)

ali ai
JITTER V(0! JITTER V(0

4230 3p42 4pi2 5pi2 6pi2 Tp42 8pi2.9p 4383 19|
RANGE= 931f BIN-Width= 93.1f

52p 53p 54p 55p 56p 57p 58p 59p
RANGE= 871p BIN-Width=871f

(b)
10. Simulation results of PLL using LC VCO
(a) oscillation amplitude (b) jiter characteristic.
3% 10. LC VCOE 0| 85st= PLLE AlZ&o|Md &t
(@ YAl A= (n) XE EN

Fig.

(980)

j.inst.Korean.electr.electron.eng.Vol.24,No.4,975~981,December 2020

A4S Ad3 A9 2271 FEAA N, W Fu)
F Aol ME 7 =3k AekstE LC VCOE
29 TIT AR QIS Q) o] =2E A A
$3F calibration circuite] 7+e+s] - ¥t
Table 1. Performance comparison.
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Item [8] [12] This work
Calibration circuit Cpmpl}e te Feedback loop|Feedback loop
noise filter
CMOS process 0.065 0.065 0055
(fem)
Supply

voltage (V) 1.2 1.1 1.2
Frequency tuning 85-13.2 9.2-12.47 7.38-12.63

range (GHz) (43%) (30%) (56%6)

Power (mW) 34 1 6.7

Area (mm2) - 0.047 0.078

Peak-to—peak _ _

time jitter (ps) 0931
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