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Input Signal Waveforms for Maximal Injection-Locking Range
—An Application to CMOS Ring Oscillators—
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Fig.2 Examples of the optimal input waveforms. (a) 1 : 1 synchronization, (b)
1 : 2 synchronization, (c¢) a phase sensitivity function Z.
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M3 #dRega) sty L—5 (a) MR, (b) HEWZERIEE (3B, A7 A8
FE Ve =2 V). (c) ABVEIRIEN (7 B, NA T AEE V, =2 V).

Fig.3 Relevant ring oscillators. (a) The circuit structure, (b) self-sustained os-

cillations (3 stages, bias voltage V3 = 2 V), (¢) self-sustained oscillations

(7 stages, bias voltage V, = 2 V).
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FIE DR DK T—ElEHR D BT, 2o L) IZEY -
FJERIIFEIR OB FAF I TR BRI A 7 v T2 &
=77, FNLIOEHCTIZEEZEAT Yy TEM LT
LV FA% & 52 & TR 217> T\ b,
COEH)LTFIEEH N L LTY, BRENsKHD
Ty M RSS20, AT 1S 72 ) HSPICE
DOBPEIEENT % 130 IFEFE L VBT LEDSH 5.
4.3 Ov7L>IEZTORANIE

CMOS V) ¥ 7 F ¥ L — % % BEREE R Ok ik
AT 22 e B E LA, odETF v
ANANOWEE RN T B 72012, FEIREIEO Sk



L EARMoT Y 7Ly Y R KALT AANEZEIE—CMOS ) » 7+ =% %l LT—

B (ATVTR) BIZDZENLEIIR D, 4.2
DOhIE, »AHREREREAMETICL ) RO
OFAREELEL D, A7) 7 ZA0EHIZIE, FA
BHEEEFENZIENEET S5 LD, AJTED nMOS
= MDF T BRI 2 BV AR T
bHoA. NI, FIETIIEAEZELT,
BHIOV AW R LT 2179, £72, 4.2 0[]
e lx, TS (3] & RN EE R # (4] O3
bHWVENDA, PP CTIEMEORIIC LY, SRS
FEIZOWTDRERD A IRT.

FFH3DIED) ¥ 7 F T L—% xRz, 4.2
THELN Z (M4(a) 2 LI, EAETEIER
WEEBE—FONVAATE LB G0FFhn
1:1Afouy 7Ly VoG EY RS (K5(a)
ZOB, NATABEME V, =20V LEELL. IE
Bt DOV A AL, 7V A ORARE Ag DEIC
IVEEDD, TOEA—XDOINIVANREAT) & 7%
B Apmax &, [ OHIFIZEMZ (fO)]) = M (—F)
ELZBEOTNVTY XA L[23][24] Ik W52 bR
b, ZITIE, Ad=0467(= Admax) & Ap =7 D
20 ) DISVARNERFET D, 22T, M5(a)
DEMRIN (4) 12X 2 HGHMHE, O, v, OO&ET—%
B, ENENICHIET 585 5 A BI %%
Salb—varoRERLTWS., HEEE Y I a
L= g VRGN CBEE L, FIOMRIED & 2
HTEHVBETHLTWD, HHTIEAT f 2555 A
NTHDHERELTWAHD, KIEED L 25T,
M e v 32— a URERIGREDPEL ) 5. £
72, AR B Z USRS 200V ANEDS, BEG
BTN E LTW B E 2 AZAROMEE LTW5
ZEb, BEENPEL)AENELS.

KIZ, 10BEEME (10: 1 W) osoay 7L
»TaRY (K5 (b)), —f&IZ n BEEECYE, 5
Pt & B TR 2 & DW= R L C n f5I0ME
TAHBEME LA E LIZNBWIE (K5 (b) 0O),
HHVIEREED n B0 b 1 EWOARAT %5
ZHMBIE AT (M50 oV, O) L XiFhziEk
(% 1. B8, PATOBEHELTEZLNS. Bl
AL [4] OB, EZ¥E AT 256130 &M
LAJI, 7SVARANT D54 EMTIE AR %
AWTWa, RIFFEIcBVWTh, HEDLED 720 FH
BOWRORER % 72, [4] ORGSR L FARkC, Tk
DFIEMILAT) (O) ouy 7Ly JidEL kv
CENROOENDL. BB, {1 IGERoe#iE, K

(a)
-6-0.03211
2'0.0241t
i
t= 0.016x
S
R 0.008x
<
0
1155 1160 1165 1170
Output Frequency [MHZz] %
0 2
9 T
(b) v (8=0.467)
?0.0SZTE
M%(‘O.OMT:
1ad O (M=)
t 0.016n |
S
R 0.008% 11l
< W & sin
1165 1166 1167
Output Frequency [MHz]
0 20
(c) _ 0
o 0.03 N
T~ N
0.02
D v opt
o —_—
14
S 0.01 \/\/\
R
’< 0 <& sin
1120 1160 1200
Output Frequency [MHZz]
0 2
0 T
5 3B YIFYL—souy s LY, EITH

Wi, v, O, OoF—gpidEnEnXho AT)
WA LTEONEY I 2L —Y 3 ViERERT.
opt, sin [TENENK (15) Tp =2 T8I 5l
AN, ROEENEZRT. Ad RIEE—F DIV A
DR EZRT. (a) HEHKODLETO 1: 1
WoWE, (b) 101 MM (10 BEEEITE) OBE,
(c) XU —HillfgD b & T 11 AHOHE.

Fig.5 Locking range of the 3-stage ring oscillators.

The solid lines represent the theoretical val-
ues, the data points ¥, O, < represent sim-
ulation results obtained for the input wave-
forms in this figure. opt and sin respectively
represent the optimal input for p = 2 in
Eq. (15) and the sine wave. Ag¢ is the phase
difference between a pair of positive and neg-
ative pulses. (a) Cases of 1 : 1 synchroniza-
tion for the area-reduced constraint, (b) cases
of 10 : 1 synchronization (10th-order subhar-
monic injection locking), (c) cases of 1 : 1 syn-
chronization for the power-reduced constraint.
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ues, the data points ¥, O, < represent sim-
ulation results obtained for the input wave-
forms in this figure. opt and sin respectively
represent the optimal input for p = 2 in
Eq. (15) and the sine wave. Ag¢ is the phase
difference between a pair of positive and neg-
ative pulses. (a) Cases of 1 : 1 synchroniza-
tion for the area-reduced constraint, (b) cases
of 10 : 1 synchronization (10th-order subhar-
monic injection locking), (c) cases of 1 : 1 syn-
chronization for the power-reduced constraint.
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of the numerical integration.
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