T A LY e

MOS SwitchE ¢]-83%F Negative
okewed Ring Oscillator

200241 84



T A LY e

MOS SwitchE ¢]-83%F Negative
okewed Ring Oscillator




2002v 64 29%

>k (]D)

=3

2 ¥

ghukA)

Ho

Al
Y1



ADSTIACE e e e sane e 1
e OO 2
Lz e B O () T O
21 PLLOAIA Sl VOO e, O
2171 PLLE] ZIE- T E e ee s ssrsrsse e e sreeeees O
2-1-2 PLLAIA 2] VCO 312 e sesesenesennee 7

2=2 VOO T ettt ee e 3
s A O O Lo I B R 3
2272 RING OSCULator e eeeens 9
2—2-3 Current Starved VOO e 11
2-2-4 SR ZEF VOO st se st s 13

2-3 Negative Skewed DelayE ©] 83 Ring Oscillator ... 15
2—3—1 Negative Skewed Delay ., 15
2—3-2 Negative bkewed Ring Oscillator ... 17

3. AletH Switched Negative Skewed Ring Oscillator ....ovovevveveveenen, 19
371 MODS SWILCH o s e 19
5-1-1 Ideal Switch s 19
3-1-2 MOS Switch®] 7% B 54 e, 22
3-1-3 MOS Switch7} Zt= ¥l 4 24

/B B ST T TR RR TR 20

4, SIMULATION Z T B Bl R oo e oo 30



4-1 MOS % 908 799 Switched Negative Skewed Ring
@ o =170 ) o

4-2 ResistorE A3t Switched Negative Skewed Ring

Sl a0 e e e e
4-3 Negative Skewed Ring Oscillator®}¢ M-8l ...
R



Negative Skewed Ring Oscillator Using a MOS Switch

Jang—Jim Lim

Department of Electromic Engineering, Graduate School

Pukvong National Urniversity

Abstract

In this thesis, a new method of Negative Skewed Ring Oscillator by
using a MOS Switch 1s described. Newly proposed Switched Negative
Skewed Ring Osclllator composed of 7 stage mmverter that has the wide
frequency range of about 300 MHz from 1 GHz to 1.34 GHz and can get the
control voltage that obtan 2 V from 1.2 V to 3.2 V. Phase Noise showed
the differences of 33 dBc@l0 MHz and 45 dBc@100 MHz by measuring as
dB unit at Veon = 2 V. Also, the number of gate can be reduced a lot

because current source to control current at the previocus Negative Skewed

Ring Oscillator replaced switch.

Proposed VCO used 3.3 V, 035 pm Standard CMOS process and did

HSPICE as a analysis tool for simulation. Proposed Switched Negative
Skewed Ring Oscillator measured frequency range and Phase Noise to
compare the ability with previous Negative Skewed Ring Oscillator by

equaling process rule and fransistor size.
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FS EoRAAL . olegk 24t B3ty R S9e| aisd CPU aLs
= ol Hel EokllA AT NEe] FAS wmE s of7[A] gFar Qv HbHE,
A T A" st Hlg] o F A YEEHE= V[T FEH FHTFES
oz FASHA HEH olgfqt Al Rl YH-& Faa4 ZolE QIE
# o] ~sk= PLL (Phase Locked Loop) & 922 O% =o}A/ar It PLL®
olefzt A" FadHA ol&H= H= HASZe BEE IR 7rFe] A
2 A7r4, ol ik ARSARe] 24 E SEAATT] WE ol
PLLe| dukg]l 7[5 fidoly Fad tizt Negative Feedback Loops
Abgete] SRR YFHN B fHAAE Eo[AY 00 HEF = Holn.
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7t ZobAW A Bipolart GaAse] 543 Hlad vt CMOS VCOo| dizk ¢
Tl e A gy 2 A Ho AT ¢ GHzAl A F A
He dat AdE il glv (1L Be, VOO Azef Ao 2A eEshe

Phase-Noise 54 = 7/HAdstE= =8 =3 A= A o4 dFHAH 24 9

. 2 Z3 Phase Noise AHAs2 7§H% On-chip IEHE Zt= CMOS

[.C-tank Oscillator7} A+ S EH AT [2], 3] 28y o] Oscillators =2 3

9H Ring Oscillators oW 4% A2 zrw 9lx] &7 wiEo &=71e] F
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Az el JEH AZE EEsted NMOSEYW =¥ PMOSE FFE2TE2 HAM
Negative Skewed Ring Oscillators ¢] 1o [15].

2 =Fode= ARE dale] VCOE Alerstuxl skt AFAHE (Current
Mirror) 3+ Negative Skewed Delaye ©|-&83%F 7|98 Negative Skewed Ring
Oscillator ¥2lolA AFAZNA MOS SwitchE o83} TH+E Aofste
A2 W28l Ring Oscillatorg A, AESIAT. AtE FZA A= 7[E9
kool A8 HAFASE AFESHR] &2 MOS Switch€ Negative Skewed ¥+

BE A Ao =EA AFAHESE AHETH Negative Skewed Ring Oscillator

BT AClE & AA Eola T AHYLRE o|8T F v Y=
HAE 2 VA BEd 4 it MOS Switche] Ale|Ed I7EE Ao A

of We Fu4g AEy B $EF 242 98 4 Jdod AHE Ao

Y,

Ao e 300 MHz (1 GHz@Vcon=1.2 V, 1.34 GHz@Vcon=3.2 V) ¢ 3l

_3_



2 =2 742 14Y AEd ofo] 2&d A= PLLAA o]&% = VCO
el 2+ 7Vl A Ring +E2E Ze o9 TF VOO W AHA
Jl Fx 9E FAYYE AYsdr. 3AdAdE B =FdA olEHE MOS
Switche] EAAE Aystal A erdt= Switched Negative Skewed Ring
Oscillatorel] ®isk AA HFAHES 7= SEY. 439 AHdE 7[FL Negative
Skewed Ring Oscillatoret v W3l Simulation 235 AESFH T vlXTo g

SAIlA Z2ES AT



2-1 PLLAlA 9] VCO

2-1-1 PLL9] 7] R 7%
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VCO| FgstAl HaL of 48 Ayl dsf VCO2| =853 w, 7t 7FH o

A A = 00] Fx AWAA 2 Fasd T8 FAF04 w7} £
H. o237t Feedback 7= &8 Yt =8 F3+ w; s w,7F ZA =il
S47 Ag7h 00l AU ofm YR FE A HW PLL dA FE)
“locked” ¥ ATFaL E’}Lﬂ, o2 gt ol = B4 "Phase Locked Loop“slar gt
a5 2= fdAM 2 PLLY 333 e &4 £F 28 HF o2 EHT

V,= K ;(0i—680) (2-1)

714 V;= PDe 28 #HAgolx, K;x= PDY o523 V/iad ¢ @9 =

i
do
W, = —= = K, Vg (2-2)
K « V
9@(5) L 0 C(S) (2_3)

714 K,= VCOY o|52.2 rad/sec - V& @9 & Zredt 2-1) ~ (2-3)

G (s) '5'5 (2-4)
HEFEZ AY g4

g, B G(s) . K,-K, - F'(s)

0, His) = 1+ G(s) s+ Ky« K, F(s) (275)



2-1-2 PLLoI A 9] VCO &4

of. flde] Fabge] Al digk AELAE JHRERE VOO =82 dnkA
o=
y(t) = Acos(wpgp » t+ K@/ Vo(t)dt) (2-7)

oltt. AA VCOd slofr K= Vol 54 HAE HolH |Vilo] S7%

tH Qo2 Wo{AlA Hul.
wtok Vo(t) = V _cos(w, - t) &

B @94esRE PLLAA VoS T T 58& £ ¢
A5A7]7] Ao WA FR4EE WAL BTHE FolH, VOO SHeYe

TP AlE w3kl Ve oivt efEete Zlo] obdEh 2 el jlvbE dwe] Ve Al

wol dEdEs Holal gln.




2-2 VCO® &

2-2-1 VCO9| 7|73

A Aol BAANVCOE 4 Aol elgte] ofm Wel wolA FrsE

ZAste Yibe FIrE e 2=8€HAI(FE Y ARRIHE HASEE F 29
o}, 29 3¢ Z=Z7]9 Feedback Network’F (12" ©¢d F3 Al Adge] B=
== w9} [10], [11].
5 —
Vi
_l..
Ve T vV v
E 1 »l .!"'L > 1]
oy 3 e i e
o] Al 2HoA FZ o5
G = Af3 (2-10)
HFEZ o5&
V A A
A, = 2 — — —
1TV, T 1-43 1-G (2-11)

F2 o]So] 1o HE FuiolA 360° 9 14 WolE dg & gojok v




2—2—2 Ring Oscillator VCO

A Aol w7 (VCO) & (HAge] Wt A¥Ho2 et &3
A

_3?_
A7 = AAE, A AT (sine wave) & SHA| 7] #37]¢k

ofl )
rulm

=

I (square wave) & S 8A|7[= LA7[2 FEHH. ARRISE SEAI=
71 of® A[AFE] e FZ o Fakpd g dEHoE FAEE
R, C, L T¢ £2AE AR F33E A7 EI7]E= Ring
Oscillator¢} Relaxation 7 717F 9it} [5].

VLSI A" A Hloje A=y E S8FokE ffsf s 4 hast

2 F& "Ed CMOS Ring Oscillator’ Clock recovery, Data recovery,

o
P

Frequency synthesis, Microprocessor®] Clock synchronizations €%+ PLL

(Phase locked loops)® Multi-Phase Samplingg 23 2 &394 &Y
ofg¥ oA L gl [1], [2].
2% 49 Ring Oscillatore] Wk 718 FAAS BESo. I8 B Y2 =
T e ¥k FEV]E Y] PH=E dZ29 I Rrolt

CLJ; CL;i;

¥ 4 Ring Oscillatore] 71 ES53%

a2 49 Bl FR2AA zp dkxd ZE 7ol Bl AsAE 2 ¢ls) ¢
o, Alololl YAraE (Phase difference) 7F &ASHA Ho)k o] YAt
A AT Fakgrd il @YX Ed, FEZE S vk S92 W A



180 " 7t = FyppolA LIS "v. = dzle] ofFoixEd Wil Fyy
o el FZO|E (loop gain) Z7|7F 1 B I o4kl ke stAokwt gd, ¢
AT TE obgRT IR A AREHE Sofddd ole HAH FHEelx
ol AlelE A QAR HHSh= Folth. AlClE A GAb Fatgsle] AAE

Ao 2 FE EW, Ring Oscillatord A 3+ 719 wtd ZZ7]¢] AAA S ip

ol dhar, 9hAd SZ7[9 A4S N o|#kal 39, Ring Oscillator7 221 3k& ™

FEE dutF kg wo AN FZ AAAT 3k (V- tp) o] w3 F
7] (T) o] A gk 27 Hof b #A 4] gt [12).
N-ty= (2-12)
L FaE fE B FI(T ) gad gome f bt e 4o% H
AR
Jose = 3 ﬁ% (2-13)

zelete] Bbd SE71S AAAT tpE oW Ao A gholl wet WeiA &

W Ring Oscillatord] &2l a4 f € HE ¢ 222, Ring Oscillator&

VCOZ A48T 4 97 Bt



2—2—3 Current Starved VCO

=& Current starved VCO o1l F-E14.

St VDD VSS xo[=7F Ring Oscillatordl] 7[5 = A& 27 HajA+=
A7 A=9 Swings A= 7] # AHE2zE HAF
NrzmE FRZ e Aol &0 [5)

A R 32% AFE (V,— Vg)/R 22 FAAEY Ve Vgl A9
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oo AT He JHEE, A% Rl 222 A= VCO 98 AY Vi

of gfaf HAlZ HdFHez ¥HetA Ho o] 7= 44 NMOS ¢ PMOS A
FA= =2 Fste CMOS b7 FdF .
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2-3 Negative Skewed DelayE ©]-8 3t Ring Oscillator

2—3—1 Negative Skewed Delay

a9 B9 Negative Skewed Delay Celld W3t /lEEE BEHY. 7[EZFHQ

U-—L'E

CMOS "rAd7]¢] Negative Skewed Delay Cell2 CMOS #tA 79 T 43 =

sl AFSES AYE Tgolth o Fgel PMOSE ¢l

Negative
Skewed Delay Celld] G2 o] PMOSE E9o7t= & A&7 NMOSE E9
e dE AEEROE WA ¢4 g4 9o A2l Delay Cellz2 98 A
7t old WO RRE FAl YHEIHEES FA Hoqdo ¥ 94 F A5

I HbA7] AT Ey] LowdlA High 2 99 Fo|7l dojyu
CMOS wtA 719 PMOSE A T2AAHA NMOSEY =" PMOSE| F2H2
BASHA "ok 9| E HighodlA Low2¢ =#HAdo7E dojd W PMOSE

NMOSEY =4 sata HAAAAM Hdole] £EF Fo[A =Y. Negative

Skewed Delay Celle ©]-83%F Oscillator®] F+A42 7242l Ring Oscillator E
o 2 Y =2 W2 FarE dor Tk HkAV] AAH Y AdS RN Fo
A = [13].

Negative Skewed Delay Cell& AFE3I=H 9lofA F EHXEE I A9
T2AH = time overlap 2.2 ¢l AHE LAE7F AHRAA HA W Negative Skew
DelayE <S7HA7|W, &2 £27F S7FstA ®H. 28y Delay”F A W&

7t dEe=/E a9t ER 25 Z=2A o 38 27 =4 "€ AL

1.

$18] Negative Skewed Delays 2% #5719k vlma)js] ztofok

o
=
S3 AY LR: HAHA f25E 9o



in O—— +—0O out

18 8 Negative Skewed Delay Cell

o) Ul X 0|

CMOS 2! B H N_in=P_in | \ | |
Skewed Delay  — P_in | |
- N in
2l Bt = o)
Out
CMOS 21 B g
Skewed Delay — Out

—— PMOS 2 B off un on ul"t off on: on
NMOS 2Ef © on ion; off ioff on Coni off

2% 9 e 98 Fape G

Delay Cell¥#2] &8 S H|



2—3-2 Negative Skewed Ring Oscillator

°[-&
ZIwko g2 St A7

1l T1T

B PMOS® NMOSE Z#4Z4 T8stx
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o T

21 109 Negative Skewed Delay Cell=
[14]. ¢] F=ZF Ring OscillatorE Aol& A
2 te

Oscillatore| o,

"I_."I'_"a

HE £deo A Zt Delay Cell=

LA Hof, VCOL HA| Delay7t ®#stA

Negative Skewed Delay Cell2 ©[-83% 7¢2| Ring Oscillator= P

5k Ring Oscillator® H.
THI A
?F T Ring

MOSe] ¢

Hol NMOSS fd8€En 3 4 w=A dA S AN, A7]A
e 22 NMOSS] 3o
YHES (12 )8 =E2F
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3. Aot Switched Negative Skewed Ring

Oscillator
3-1 MOS Switch

H =Fdde AFA= (Curent Miror) WAle] MOS SwitchE ©]& 3
Negative Skewed Ring Oscillator€ A ¢rsttd. Aetd F 29 A= MOS Switch
o] EA4Y Switch7F =29 v[x= 3 Fo
At o9 Switch@ AREHE MOS 4£A] EAS 7HES] oGty duks
02 opFRE T IR A Switch® multiplexing |} modulation™® 22 Z& $
G2 A EctAl 2olal Sl B3 HAE FRdAE AEHYE SAEMN

olgHAAH, =EFHRAA Fx 7 Ye weAE HAFII = o [12].
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3—1-1 Ideal Switch

T8 113 12 oAl ddAle] Switcholt HAA AUA ] Switchd

g 1201449 A A Switch o S4olAE R, 3 R Ao &

1
AeA €. R,,A%S 82 ZAA e Switch’t on AH7F Hod s @2 A B

b= @A A B Abolol A Bt A3 ghE 2R Ses WENWTL Switche

2o HE3] 8 27"HE 542 R,A%L 7bed AA RyAde 7t

T3 2 Fol IE e Aoy EFF Switchd F&XATS YEYE o 5
A

sHAl == ZiAuete= CO9 O 7F stk of 714 setv[Eo o3 A

~

d, A+, commutation times Switch & A& Aste B Ho[AHd &

o] e Hh,
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1% 11 Ideal Switch

=¥ 12 Nonideal Switch



2 139dl= oAl Switche] A AREAS EAvh Ve #dsfel whet

Switch®] E,,A&e APl g 7Hx9 s "ok 28y A glo]A
t R,,A%e vd93el 548 ZA Ho MOS Switche] 548 H71g o

V3

Ve2

Vel

Vab

Ve(off)

1% 13 Controlled Switch®] 5454



3-1-2 MOS Switch®] +% 9 54

I2H14 7 159 MOS Switch ¥ AFAUELITHAE 20

BULK

A s B

—

+ :]L___f: +
BT

Va " Vb
Ve

O J___ ©

g 14 MOS Switch

1.0 mA

0.5 mA

IEI 0.0 mA

- 0.5 mA

-1.0 mA

2.0




Switch 54¢ #7118 o FedA 54 dt R, A% 9g g4
deAY Fg vk
SWitCh 011 ’Ii‘:}EH Oﬂfﬁ SWitCh ‘?_]Fﬂ‘ %E?jﬂﬂ ;’éﬂ‘—t— ﬁ%‘F% ’71}:1_’-, VGSLT:_ ﬂﬂ

uf o MOS Device® Ohmic <o vt 7}HsHH,

=dol AR

K'W
5T 2 (Vgs— Vi) Vps— Vig] (3-1)

ID_

A7NA, Vit Vge— Vg Xt 0= g3 ftgd, Ve > Vel

) A Ee AdAFe Vot 2egs 7td o R AL

1 1
R, = = (3-2)
81}3/8 VDS (KIW/L )( VG’S_ VT_ VBS)

of Aol B Switch SA4dA 85 5H= #2 K A%s 47 fl#liAd=
W/Lgkol #okgte & 4 9uh. whd Switch®] 7|4 #HAAEHE zestd
W/L o] Zolofsien 2

g F257] 95 Switchel I AFS Argdste] AW WAL duA

=EdAAE R, 718 HAIAAE TS trade-off &

rlo
0,
.
—rl'

Switch off e Al EWRRX2ElE cutoff GG UA Hol RyuAF
Aog st ¥y BE 10° 22 ztev 2y o] & A wEo =gl

VW A2 RE V|HOE S=+ leakage AR H a9 EbH[EHIE HU-

Leakage A7+ Subthreshold AR/, Surface Leakage 77, Package Leakage
59 Fo=2 AFHo=Z 10 pAs e /MW &= 10 C S7HE o



T o= TAA L Switch?F off AH o 20& W& Leakage 7ot
Leakage 4+ Switch?t off &JH el et = ¥ AMAH2E S
o A AlA"e] DC offset AYS =Y 4+ YUt

7t 2 £AAL Switch Ao @A

ol

= 229 (Clock Feedthrough) & A o[ttt o] 7] &4 fele 2¥ 1244
Coo® O 2 BHE 74 HijARdL wjgolrt AlolEL F8 2% T
large transitions THEo(ok 317 W&o o] A7 A Cp & Cy & 59

ok =g le 44 ZHEA dd. 2HE 8 2 169 Switcht THH
1A AQAEHS S 2de & 173 28 189 dEAE = Pio] Highd o
dRe] WARHE BHUTh Switch on 8 Eetell Vi 3 Cio] 23 A2
22 o#H Feedthrough®| F%F% A7[H &A%, 4 ~ & 7oA Switche
off AEI7} EEA Clocke. 2 HE C) 02 Feedthrough?t #A®E Y 2% O] 9
GHG Ve AVg @F Vi dgelsta dady. o ¥ g 2oz F

S-S

OGS
Gy + Cgs

AVey = ( ) (VIN+ Vt) (5-3)

°| Feedthrough= A1% @[l wel ®eb= H[o[AHR] offset As TE

=2 Feedthrough® Switche] Fxuv Z7] 5 =2 4l Az A

!,
i,
e
e,
z
L
|o
|
pe
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1% 16 Switche #8474

7 3} Al E
& 1 Feedthrough
Gi 1
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3-2 Design

H =7 Aetst= Switched Negative Skewed Ring Oscillator® ¥

199 2t At Switched Negative Skewed Ring Oscillator®] g5 7t

E 93 2-3" A A3 Negative Skewed Ring Oscillator & 29 A 53 H|
o AEIGY. Ase HXE EolskA 7] ¢El 799 Ring Oscillator2
Akl B2U3 ZI[(L=045 pm W=2 pm)d] EWAA 2B ZU3 TFH I
(3.3 V 035 pm 7 CMOS &)= AEste S E4350H. #4515

= HSPICEE AHgetdler VCO 9, Fob4 of Afe] AFA, &4 w3t
thet FAFae] W3k 5o s Simulationsh .

B =5 A A etsl= Switched Negative Skewed Ring Oscillator= 7] ¢
A oA gEHT HAFE FESH] 3 vRolojL IRk Hiololk = A
&3k g4 PMOSSF NMOSe] £5345 £90]7]
5] A% Negative Skewed DelayS 3HFH Aolste] AF FF3H AoE 9

2 gdd IJ2E YATo=ZN ALRE+ AlolE & A =o[a VCO
of @YYy Fa4 o AYe AF A, Phase Noise, A8 4LE T2 EA 9 A

7EFIZ Y FARE A5 VCOE A A Eg 3 2ot

=i
kY
O
i
=9,
r- |
Y,
=l
Y,
o
o
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2ol A 24A Oscillator® TASE wrA7e] =
718 ZAsE dYe Simulationg 3 ©olE s 33 V, 035 um BF
H

¢l Negative Skewed Ring Oscillator£ Simulation

o FAe] WMald 3 FAFa4e] MEaE Temperature 3143 Monte Carlo

olel Mg Simulation ZT2 ¥ 207 210 HIET T Hel
Simulatione A}@¢] do] (1L=045 pm)7} 7% FZHH3IE 712 uf Oscillatord]

ZA 204 WEle Bl How FAF4rs 1.8 GHzERE oF +150 MHzA

R Ve AV[E 2Asted oA At A2 BE CMOS 5hd 7]
PMOStE Ad2 58 s=2= A A3y £==2 <l NMOS Evt 3uf &

daFe] AAA "Hu. o fratel= <l fF e dIaHFs HaE S
8 PMOSS Z7[= NMOSEY REE 38 Z7[E 7HAoF . a8y B =
ol AgtE 2o = Negative Skewed Delay W2E o] 83t PMOS]

Iy

d S5 BAFTL 917 WEd o 150 HEe AU A g €zl 5

& 9% 4 9

ofd



O TXI=1_RARHT
. v1=0.002+00
13 dlosrent x—2.rdasuy |
; -y~ 00406~ -~ === - e mmmmen e
ItaX-1.04c 03 !
, Delta’’-0.00e-+00

Volts dB [ln)

I 1
g

1 I 1 1 1 1 1 1 1 I 1 T 1 1 1 1 1 1 I 1 1 T 1 T 1 T I
1.09 il || Fal] | 3
Frapency (Jind (herls) y
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