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(87) Abstract: A DTC 102, in response to an input reference clock REF, generates a first reference clock REFA. A delay
circuit 122 delays the first reference clock REFA and generates a second reference clock REFB. A TDC 104 converts a
phase difference between the second reference clock REFB and a feedback clock FB into a digital signal. A DCO 108
oscillates at a frequency corresponding to the output from the TDC 104 and generates an output clock OUT. A frequency
divider 112A is ON/OFF switchable and, in an ON state, divides an output clock CKV by a divider ratio corresponding to
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a frequency control word FCW. In a first mode, the feedback clock FB is a signal obtained by re-timing the output from
the frequency divider 112A by the output clock CKV. In a second mode, the feedback clock FB is a signal obtained by
re-timing the first reference clock REFA by the output clock CKV.
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FFALOH 120, EEERI1I22, E—RELI4%130%536I1CKAS
o FEMMD 11 2A, A X—TI/ FTat—TI (¥ /7F7) DY
B ORICERIN D,

[0045] D—PLLEEKT1I00K. 220F—K (v TY U ITJE—RE&EYTHY
TYVVITE—REMRTE) DUIYBZARETHY., 2DDF—KNIE. 1 R—
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TIVESENICHUTERING, 1 XR—TIESENDNT (InS) DEE
. D—PLLEEI1OOIEYYFYVYITE—RIZEY bIh, 1 X—TIE
SENMO (A—) O&xE, YTH VTV ITE—RILEY hXh 3,

[0046] <IFTFLUH 120k, MMD1120HANTHIHE /Oy 2D IV
&E. DTC10204HATRENEXEI/OYIREFAERIF, 1 x—T )
EEENIKSLCAE—FE2RIRTZ, JILFTLIY1200HAN, VoA
TVJEB1I16ICE>T, Y9143, 74—y ooy IF
B&Aad, U4V JICiE. Ny o771 102 8ALAEHAZO0v - CK
VERAWBZENTES, . DCO108DHANM Y E—F VAN +H
ICEWEE, Sy 771 10FEBLTELL,

[0047] CZZTRERARXR—TIESENDT (I\1) ODEE T4—Fnv o o0y
JEBIESEIOY D I VICHEDWTEKIN, O (O—) DEEHEI
BEIJOYIREFARRHEEDWTIZ4— RNy o oOv I FBARAERIN
%,

[0048] MMD 11 2ADKER. M1OFNRERLTHIN, 1 X—TIIEBE
NIZISCT, . 27D YBZIHTREICERINS, &EAIEMMD 11
2A, E1TOMMD 1 1 2{ICMATY—MEE1 13288, 47— MO
1131 MMD 11 20FIRICEATINh, 41 X—TIESENIZIELT,
IOy IESCKVESF—FT1 733, TabL, A1 x—TIESTENN
TOEE, F—MEB113%2BBLAEOYVCKGH, MMD 11 2I(C
ABDIN, MMD 112814 R—TI)IL&ERB, ENESHNHODEE, 20Ov
JCKGIFO—IKEEXIN, LAENFA>TMMD 11 2F1E—TLERD

[0049] SEEELE1221k, DTC1020%EBICEAIN, F1EE/OY IR
EFAIC, BT 252, F2EE/IOYIREFB%ZHANT S, TDC
1041, F2EE/OY I REFBODIYYE, 74— RKNNwHonvy
FBOIYIN—HTDLIIC. 74— RNy IB8Hhh3,

[0050] E—RKtEL 441301k, D—PLLEKIOODEMEREICHEETWVT
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[0051]

[0052]

[0053]

AR—TIWESENEERKL, D—PLLEKITIOODE—REHMT S

MUEAD—-PLLEOEET1OO0DEREBXTHD, mWTEDEMFZERAT
3, M4k, Y79V TE—RKR (EN=0) I[LHIF2D—PLLEKE
10 0 DEMEIBHTHZ, YIH Y TYVTE—RTIH, MMD1 120
EEpMEIET D, B1EEIOVIREFADRERKE., 4B Oy 4D |
VOREHIZZFLWAS, 2A2O0v oD I VICRAT, £1&%#/0v )
REFAAXYSAIVIJEET16ICANING, TLT. V¥MIVTE
B116ik, /OvVESCKVOIYIT, $1E£E/ Oy REFA%
VATV TL. Z4—Kn\w o o0y FBEERT %,

M5k, Y74V TV TE—RNICETBD—-PLLEKTIOODY A L
Fry—KTHDB, YTH TV JE—RTIF. 2820y ID I VIR X
T. BE1EEIJOYIREFAN, 7Oy I CKVIZL>TYHMIVTX
Nz, Y94 IVJEKTI16ICEF2Y Y TYVTBETsanlilE 2T, 7
1=Ky ooO0vy FBOIVvIE &, 27O0Yy I 2CKVDIvIE,LICH
LT, TsanBHEELTWS, TDC104BLUDLF106%5287 4
— RNy O—TIE>T, F2EXEIOYIREFBOIYYELET 1 —
KNw o 0y FBOIYyYE  ORBEENEQERDLIICT 1 —K/\y
DAY, AESrOY IEIND,

BT TYVITE—RTIE, 24—RKN\wv o0y FB%, £18E%#
JOvyJPREFAD)SAIVIICELYENRT 2EHELE 714—KNv o)
Oy FBDIvYid, F1EE/OYIREFADIvILIYEHEENS
EW8B, LEDNA>TIA—RRAYIEMITH, Z4—RKnR\v ooy
FBOIvY (iff) 2. F1BEBEIOVYIREFADIVIICHIZAZZ &
ETERW, FIT, VA VTICEYT74—RKNNv o0y FB%EE
MY BBEOMEDOENEZEZERL T, ThEZERTIS LD ICEELDRT 2 2
DEEETs2EHDEICLY, F2REI/OYIREFBOMIME (=R
EFA+zeg) & VAMIVJICLYENAET7— RNy /0Ovy I FB
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[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

DA (FEREFA+At +Tgay) B 7OvI7ESCKVD1BHHUAIIC
BENndl ey, MERBENTD I ENTRELD,

M6 (a) . (b) & HYYFYVIE—REYTH YTV ITE—RIC
H17BD—-PLLOKTIOODEMFERLLTRT YA LFv—hTHD,
B6 (a) YTV ITE—ROBER. I20FNERKTH D, HE
=iEF. 74—Kn\wv o0y FBOMEN, BE1HEE/OYIJREFAT
<, B2EE/I/OYy IV REFBOAMAEZEEEL LTOYIINERTH
%5, M6 (b) O TH YTV TE—ROBFIIRKE EEAKTH 3,

UEND—PLLEETOODEMETH S, HIWTEDOHRZEHRABT 2,
D—PLLEEB100ZYTHYTYVJE—RTEEIESDE., MMD 1
1 20EMENMEIET 278, VTV Y TE— RICURTEEENEREIC
BRTHIENTES,

BRE YTHTIVVITE—RE BAH20v 70U TORKEE f ourdh
FTOEEME (=freeXN) ICOY 7 INLEE. EKEEENTHUEREZ
HIBIENTEDD, fourF free XNDIRENS, four=FfrerXN
DIREBICERIE D ENTELQY, CNIEMMD 11 2%FERLAWVWESD
. BELEN D RREEICES LAWHTH S,

ZFIT, E=RtELI4%130iIC&>T, D—PLLEK1 00 DEMEIR
BEEHA L. E8FY. AERBESAANIKRETIE. —FIICA R—TILE
SENZNA (1) ICLT YV FYVITE—RICRET DI &ICEY. o
ur=frer X NOIRBEICBR IE D EHTE D,

UEANRFEDOHEICHEZD—-PLLEEIOODERT—FTI7FvTh
%, HEWTC, D—PLLEOK1T00DEKMRELEEZ, W DHDOEEF%
SR L TEHIAT 5,

BUOHIC, YTV TV JTE—RTELD 2BEEHBPT 2, 7.
BT ) TE—RICEIFBD—PLLEKTIOODHNERE four®
B (yXal—vay) THD, frer=10MHz, N=240+0.
5THD, MERERETIE, HARKEfourid. 2405MHz (=2,
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405GHz) ICRELIND,

[0060] E7iClEk. —1TMHz, +6MHz, +1 1MH zOREFEBIHEEFAL
EEDRRE (1) ~ (i) PrInhd, () KRTEI1IC —TMHzO
FRBHENEAINZEIE. MERRREEZHIE T ENTE S,

[0061] HTHUTYVJTE—RTR, BILGWET1EEIOYIREFAZ, ¥
Oy CKVTYISIVITBIEICBRALT. Y914 IVJIERIN
570v9CKVOIyIH, gidT %, £DH. 70 (ii) TRT &L
210 N =24140. 5DRETR-TAY I THEEEDNH D, HD
Wik, 70 (iii) TRT&DIC. AERSESAINLT. BRBAIRET S
& D IRTICBR B RIREMED B B

[0062] DFY, E—REL Y4130k D—PLLEKTOODREEERL
T, R/70 (ii) % (iii) ORRICHESABWESIC, D-PLLEOK100
DE—REFIHTEZLDICRETIHNENH S,

[0063] (Z=MEHI1)

B8k, EMEM1ICHRZD—PLLEIKIOOADERHTHZ, TDE
BEHICEWTE—REL Y9 130A, 708K (iii) TRT LA,
RIAERER L AR VVRRE A MR ATREICHE R S T D,

[0064] E—RELI4%130AIE. TYRY—VYF4TI91408LVRF7—
N2 132%88, 7y NYV—UF1470491401k, REFB&EFB
DRMEBRE t cre TY RV =Vt o, DEEICEINEHNENZHEL. &
EANTHBEZETLRIL (FEZEN. 1) BIERNTHDLEEE2L
N (Fz&z2iFO0—, 0) &4 3KHESODZ (Out of Dead Zone) =4
KT 2,

[0065] T v RY—=2FT 470414 0DEMRITKHICREINAVWA, & X IENA
MRS (P F D : Phase Frequency Detector) 14 2 BLUHEE
144%58, PFD1421F, F2HE#EYOYvIREFBET 4 — KRNy
298y 7 FBOUBEDH L WVIRERBEZLLEL, EBERICHEEDC 2
D/ (UP/SILR, DN/SILR) #HAT 3,
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[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

YEER1 441k, PFD1420DHAUP /DNEZF, ThbilHED
WTHIHERE t err2EMT %, TLTMMERE t v, Ty RY—VILE
IhaMEIZHEL. ODZESEHNT 3,

AF—h3ov1321F ODZES%, EE/VOvJREFERBIHE
T A1 XR—TNEBSENEEKT B, AT— b2 1321 7Yy 77
Oy 7 THEXT DI ENTED,

BUEAD—-PLLEETIOO0OADEKTH S, HWTEDEMFEERET S
s ®9 (a). (b)iZ. ISBOD—PLLEKIOOAILHIFTRE—RE
L4 130ADEIEAHIAT B2HTHS, M9 (a) & Ty KV—V7F
177491400 AENEEETRT,

B9 (b)) (&, D—PLLEETO0OALEKDOENMEAERT, BRIt o L YR
. YT TV TE-RTEELTWS, ALHIDERT, 74— KN
v Oy I FBEEESIOY I REFBODAMEBEL (e TY RY—
pDEEEMNOHANDZ &, OD ZESHNEBMICNS &Y, 41 RX—TILES
ENDNA (1) &%, ZOBR, YTV ITE-—RICDYE DS, ¥
VIV TE-RTEETEE. MHEREL ereMNILLAY BRIt LIC,
Tv RY—=VtDEBERNICESE. ODZESIRO—IIRES, ChilLY
1 XR—TIESENFO—EL>T, YTH VTV ITE—RIIBITT S,

UEAD—PLLEET1O0OADEETHSZ, TY R—VF1F7041
A0BREL TNV I ITSYRTEHEIEZZEICLY,. 70 (i) D&
DIICMEEETEQVIRRICHRZDEBLETE S,

(EHEHI2)

10k, EfEF2ICFEBD—PLLEIKTOO0BOEKHETHS, 2D
EHAICEVWT, E—REL 24 130BI., M70EK (i) TRTLD
7, BREORKRS v TARHTREICEBRI NS,

E—RtELI4%130BlE. Ty RY=UF1457949%140, AF—h¥
v 132ICmMAaT, BREERKEOY V) —7 (FLL :Frequency Loc
ked Loop) 15 0%EX %, BIREEFLLAZ, DC—FLL (Duty Cycled
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[0073]

[0074]

[0075]

[0076]

[0077]

FLL) &$&3%R&T %,

BREMEFLL150IE, FLL152BLUFa—F4HA42)aVk
O0—5154%588,

FLL152WE A R2—TNET42—TIHNYBEZTRICERIND
o FLLT1B52{E, 4 R—TIREICEWT, 7AOvJEESCKYV (OUT
) OREHE, EE/ 0y VREFORARBOBREZE®RL., /7Oy IES
CKVODEREAN., FCWICEETWTREZEEZERRENSEHT 2 &,
BEHEOv/I/IS—EEFLEZT7HY—N (LEZAEN) T3, BZRT
&, FLL152i, E#/0v 2 REFOE#A. 20V 7{ESCKVD
FHOAETHZNEER L, FCWILHEDCBRELE—HTIHLEIE
HIET D, AT—hv 13213 BREOYIIS—ESFLEDTY
—hMIIBBELT. 1 2—TIEBTENZNSICTIYEZ S,

FLL1520D@RIFBEINLRVA, & LA FEEHSR160. FH
HE170, Rk 17 22230, BRBMHSE 16013, £EE/0v IR
EFORBOBKE (ZOFITIEK=41) OB, 7O0v7EECKVEH
DY T D, BEREBOY Y LICRETIK. COhD Y MEIZ, FCW (BfE
B OKfEERD,

BRI 1601k. 9@R162, DYy oy 7164, 16
8. 4166520, HARI162, EE/OYIREFA1 /K
2B (K=1,/4) 9%, 9BAIhA7O0v 01k 2Vy 770y 7164
IKBWT/ /Ay CKVEREINSE, hov91661k, /Oy ICKV
DINIWVABEAIV R NT B, 7Yy o0y 71681k, 2B 1620H
NOZAIVTT, hovsd1660AYY MEEERYIAL, 7y o0
v F1680DHANIE. B /0y /REFORBOKEDEREIC. 70v ¥
CKVABEEENZINERT,

BEE1701F, 7y roOov1680HEANE. TOEEME (KXF
CW) DE%n (BRHBERE) 28H T3, Lh&&E17 213, BEH1700
HAZ LEWMEELER L. ARBBRENTSEZBA 256, BEREOY
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JIS—EEFLE®7H— T2,

[0078] FLL152FFEARKES (four=2. 4GHz) TEIFTZHU 41
66D, BREEIETHEL &, BEENNKELAS, I T,
FA—FAHA2NAVIME—51541C&>T. FIEDTa—T1LbEH
T HHE/ NIV ADCEERL. ZOFIE/IIVADCICHEEDTWTFLL15
2EBREWEIE D, AT 1 —FT4HIET1%UTF. & X1E0. 5%
RBEETZIENTES, ChICLY, FLLIS52OBEBENEHIBTE
%,

[0079] MEAD—PLL[EKT1O00BDHERTH D, HMWTZTOENEEHET S
o ®M111E D—PLLEKI1IO0OO0OBICHEIFTZE—RKELY4130BODE
f%5HAT 5 TH D,

[0080] FMREMEFLL 150k PAECRBTH Y. FT7%#YRY, TLT.
FZVOHBILEWT, BRBIS—MREIhd & T v TE—RIC
E®L. BEEOY I T2LDICENET B,

[0081] 111k, D—PLLEK1IOOBDHEEENNRINDG, BEREMEF
LL150DELEHBFOBEEBENLAEAIE262uWTHD, BREME
FLL1500&EARFTIZ. D—PLLEK100BDHEEE NN B L
B2 (FeEZIET762uW) A, Fa—F1LH0. 5%THZEE, FiY

DHEBEPAveld 265 uWTHY, DIFHNIC3 uWODBMICHIZ 2 Z & A
TZ %,

[0082] M EANAD—PLLEKIOOBDEETHZ, T—REL U4 130BIC
dhid, BREORRBY vV T2 RETE, ZOBBICH VYTV TE—
FTEMESHZZ&ICEY., 7D (i) ODLDICER>TIRETHEREL
FEITBOERLETES, B, M100E—RKELS4130BIk, BEXEH
EFLL1BOIKMATTY RY—VF4 708 140%EZ 270, EHE
Bl EEERIC. K7 (iii) ORREICKEDZDHERELETZIENTE S,

[0083] [1 2% EM8MD—PLLEKTO0OBDHARRKf ourDEFE (&
Tal—Y3av) TH?, H7EA#%IC, —TMHz, +6MHz, +11
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[0084]

[0085]

[0086]

[0087]

MH z DRIEBUEAENFA L EZT DR (1) ~ (iii) PrRIhd, (i)
IKTRT LIS, — 1 MH z DEIRBULENEAINHZEE. (BEREIRRE
EMIZ T ENTED,

(i) IKRTEIIC. +1T TMHz OREBBENEAINLIBEIE. B
REEFLLIBEOTY RY—UF4FTU49140ICL>TERBRREEZRE
L. ¥ FV Y TE—RICMYEBZDCEICLY, ELWIEREREICRE
TENTED, BB, FEE (i) IKBVWT, BEESEVRENLIESLC
BiELTWaD, ChIZBEREMEFLL1502BREEIEZZ EICER
TOLRHEETH D,

(i) IKRT LI, +6MH z DRFHBEHNBEAINLBEIE. TV
RY—=UF4 7085 140IC&>TEEREBEZRBEL. YTV TE—R
WKHYEZZZ&ILY, ELWAAEREBRRBICRET &N TE S,
(EHEHI3)

B1 31k, EEFIICHEZD—-PLLEKIOOCOHEKRHMTHS, D—
PLLEE1OO0CICIE. FBEDFL (Coarse) 2P L LA 8 0ANE
MmIXhTWwW2, F2PLLEKT 80ICIE. 1 X—TIEBSENSNSDE
XIC/Ov I CKGHHAINDG, F2PLLEIKT 801k, 1 RX—7IIE
SENDSNSOEE., 2FYHTH YTV ITE—RIZBWTEMEIRREE A
Y, PFD182MHAH (UP/DN) IL&7WT, DCO108DER
BET4— RNy OHIET 2, DFYR13OD—PLLEOKTO00CIE,
TDC104BLUDLF106%28CREEDOEW (Fine) 714 —K/nNw s
IW—7E. PFD182BLUE2PLL180A2STEEDMEL (Coarse
) 74— KRNy =T 5EMET S, PFD1821F, E—FtL U4
130ICABENSDPFD142%RAITZIENTED, LEEREG3IC
BWTCE—RELIF1300ERIGFBEINT. EHEGF1. 2H2WVEE
DDEREHEAT B ENTES,

EHEFISICENIE HWE2PLL180&BMT BRI &ICLY, BT
VIV ITE-RICBWT, MIEHDBIZAAREER/EILTEIENTED
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[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

MW TD—PLLEKTO0DEMHAEERET 2,

(EmHIT)

BM10DE—RELIH130BALTY RY—=VUF15949140%4
B L72BEE. —EZEfE LTEMTH S, JOHE. MERBEIIDNLR
WIS—%, BIOFZEICL > THLTHIELL,

(EmHI2)

EEDOHRETIE., D2 EE (Fractional-N) P LLICDWTERL L
DNEDRRY T, BESEDR (Integer-N) ICHAFKRILERTRETH 5,
ZDiFE. DTC102&3>»bO—5114%HBRL. MMD112%&
2% E%% (Divider) ICEIWMANIE LW,

(EmHIS)

FAFEBEIE, D—PLLERODATAL, 7FOJPLLEARICEER

BETHD, COBES. TDC104, DLF106, DCO108DtEY

&, (EERELLEESE (PFD) (. Fy—YRYJEE, 77—
74045, EEHERERS (VCO) ICBXHANIEL W,

(DCO)

D—PLLEE1IOOICEVWT, HHIVEZOMOT S r—>3vils
WT, DCOREELERRMTHS, 14 (a) . (b) & KODOD
CO200RMDO®B™THD, DCO200RIE, CMOSHAYL—4TH
Y, AHABIOZR Ay FIInfzq4 vR—=40OR7202, 204&. 1
YIN=FDRF7202, 204DHNAICETLONY > /OE206, 1
VIN=HDRT202, 204ICNATFREFRERBTI2ERE208 %1%

%, VVEK206FE. AV IS LEAEF v/ HCEIUMHNH
RO TH D, MR sIE. 1 V5V I LOBEIERRD THD, IEF v
N5 CsDBREER. TGRS GA>THY, DCO200RIF
CAVIER2060D( Y E—F Y RILH UARIRAKRB TRIRT %,

B14 (b) IZiE, #>7EHK206DHEMEIENIINDG, DEHME
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[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

BICHITBDHEMEIIEIR rancld. Rrank=owL - QTHEZ LN S, Qld.
B120LCHIEREBOQETHY., Q=wlL RsTHRIND,

B14 (a) DDCO200RDEANDIRIEV anptd. X (1) TRIN,
EMAIIBIIR 1 anc B L VNS T REF | 51 aslCtBBIT 2,

Vaur=4,/"TXRiankX | g1as = (1)

DCO20O0ORDHEBENZHIRT 272DICIENA TRBR | g 1as&RDS
THRENHD, EZBMNDCO200RAELEMICHIRIEDZHOICIE. H
TDIRIBY anp 2D DBRERELTINLELNH DO, WA TRAER | 5ias
DBDEBIERZIT, BWIRRrancZEBMIEZIRENH D, L LADE,
S EK®K206%#MM I C (Monolithic Microwave Integrated Circuit)
ELTCMOSEBERUF Y TICERILT 25%BE, ERRrankDRREVE
W200~1000QBETH 3,

Lid'>T. 14 (a) DDCO200RMDHEEEANIZ. ¥~/ EKD
AVE—F VAL >THPWEZIFITLE D, UT T, BEEHEILHIC
BIRY 22 ENATREAFTHIRAD COICDWTERIAY %,

15k, EEOHEICHEDZIDCO200DEAT—FFIFvA 9 H
BETHD, DCO200, LRla=vy hb210&, FlZz=v +220
ZEA D, LRla=v h2101F 78RAY TN INERERODRT 2
12, 214&, 9y 7FTIRERITONEAVY IS (—RER L1 &,
ZR20, AVFIFL 11 ERERORT7212, 2140HA00E (A
DO IKEEING, A VFI79L 108y TT1RERV pp & Bk
Th, HE2WVIEFERDE DT/ 7 AERBENERS

B15iIcHVWT, OBEHE212, 2141E, NMOSKSUIRITH
Y., NMOS kS VY 2RHDY—AATIK, BE/—R216&EHRIND

EICTUlI=y 2201k 270XDy TININEOBRERORT 2 2
2, 224 &, 99 TT2HERIIONIA VT IHL2 (ZRER) & %
B0, 1V U4 L2 ERERORT212, 2140HN0E (AH
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[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

DfE) ICERIND,

TMlazZzwv b2200%y T2, LRI=Zv 21T 0DEE/—K2
16&EEINE, COEE/ —R210EEFvNNUH242 T mIN,
RIEFEME 2, O/ —RKRECENERRET %,

EgEHR222, 2245F/~, NMOS S VI RITHY, NMOS
NSV IRIDY —ARLTIRIABICEEINDS, NMOS S22 24822
2, 224MY—RIF, B/ —R226EEBHEIND, HE/—R216
IIENA PRAERIR2 4 0 & xS

BM15@oERla=y 210, FAlZ=Zwv r2200&SIC. VO AY
TININEAREBERNMNMOS FS VI RITHZEDE, NBaIZy h&
My 2,

Flaz=y b210D4 045 L1E, TMllazZv b220014 249
FL2RFEEINTHY., FSUYR230&FELTWS, 157411
DERL sE, AVFIIL20OEBHBL p DRESRBEK ET B,

FRa=y b2 10ICIE. AEF YNNI HCVvAERIND, ATEF v/
YHCvVIE, hSYR230&&BICLCY Y IEBETERLTEY, DC
0200k HAEFv/RTHCvOREEICIH CERBTRIRT 2, £H
DY HUBEMIEFFICBREINRWVWA, &2, MMIla=vy 220DN
MOSKSvP24222, 224DRLAVHSERYHLTHE LU,

LEADCO200NEXRERTHD, HWTETOEMEARIAYT S, H1
6i1Z. 15M0DCO200NEMARETH 2, NIZ. REWVAVTHY
. BERBEKEBWT, N=kv¥ (Ls /Lp) TKRINS,

B16ICEWVWT. HAESOUTPODIRIEV apld. X (2) TRIN D,

Vamp=4 /T X | giasXRrankpXGre = (2)

Greld, FZVR230IC&BT1VTHY., A (3) TERIND,

Gre=k2-Ls/Lp+ks (Ls/Lp) +Rranks” Rranke
- (3)

Greld, EZAWE2ULEDEZE DI ENTE, ARBPELMNEET LM
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[0107]

[0108]
[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

BTWGr=4. 35THo7,

BI1 713 WNATREBR | g 1as EHAESOIRIBY anp DERETRTE (
YXalb—vav) THd, (i) E H150DCO2000%M%E,. (ii
) 1. WERDODCO200RDKFFMERT, RMU/NATFRABRTHET S &
.EK150DDCO200IC&NIE, EKLETE46%EIRBERILSTES,
EVniiZzhid, AUIREBZEB2LEHICHRERNM TAEREZKIBICHIRETE
%,

HMWTDCO200DEWA AT %,

BJ1 8. ZEHMI1ICHEZDCO200ADEHBHTHD, ZDERHII
Tk, TlZ=Zvy h220k. HT5DTFI=Zy F220&BEHRICNET
HdH, ERZI=Zy h210APEI-y MBI TWS,

PRIDZw M, NBEaZy MIHIFZEEER212, 2140RT7 %
PMOS hSUPVZHICBHL T, RittEZRELIZERTH S, BEENICIE
AVF29L11E. PMOSKSYY24212, 214DKRLAVOREIC
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“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet

L. |:| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of

additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. & No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1—12

Remark on Protest I:' The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

I:' The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2020/005456

<Continuation of Box No. III>

(Invention 1) Claims 1-12

Claims 1-12 have the special technical feature of

a “phase synchronization circuit receiving a first reference clock and
generating an output clock, the phase synchronization circuit characterized
by comprising:

a delay circuit for delaying the first reference clock and generating a
second reference clock;

a feedback circuit for generating a control signal according to a phase
difference between the second reference clock and the feedback clock;

an oscillator which oscillates at a frequency according to the control
signal and generates the output clock; and

a divider which can be switched between ON and OFF and divides the
output clock in the ON state,

wherein switching between a first mode and a second mode is possible,
the feedback clock in the first mode is a signal in which an output of the
divider is retimed to the output clock, and the feedback clock in the second
mode is a signal in which the first reference clock is retimed to the output
clock,”
and are thus classified as invention 1.

(Invention 2) Claims 13-19

Claims 13-19 share, with c¢laim 1 classified as invention 1, the
technical feature of an “oscillator.” However, since this technical feature
does not make a contribution over the prior art in light of the disclosure of
document 1, the technical feature cannot be considered a special technical
feature. Also, there are no other identical or corresponding special
technical features between these inventions.

In addition, claims 13-19 are not dependent on claim 1. Also, claims
13-19 are not substantially identical or equivalent to any of the claims
classified as invention 1.

Thus, claims 13-19 cannot be classified as invention 1.

Also, claims 13-19 have the special technical feature of a “digital
control oscillator characterized by comprising:

an upper unit and a lower unit which are vertically stacked between a
power line and a ground line; and

a variable capacitor connected to at least one of the upper unit and
the lower unit,

wherein each of the upper unit and the lower unit comprises

a pair of circuit elements which are cross-coupled and

an inductor connected to the pair of circuit elements,

wherein the inductor of the upper unit and the inductor of the lower
unit are coupled to each other to form a transformer,”
and are thus classified as invention 2.

Form PCT/ISA/210 (extra sheet) (January 2015)
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(Invention 3) Claims 20-21

Claim 20-21 do not share the technical feature with claim 1 classified
as invention 1 or claim 3 classified as invention 2. Also, there are no other
identical or corresponding special technical features between these
inventions.

In addition, <claims 20-21 are not dependent on claim 1 or 13.
Furthermore, claims 20-21 are not substantially identical or equivalent to
any of the claims classified as invention 1 or 2.

Thus, claims 20-21 cannot be classified as either invention 1 or 2.

Also, claims 20-21 have the special technical feature of
a “digital-time converter for receiving an input signal, applying a delay
according to a control code, and generating an output signal, the digital-
time converter being characterized by comprising:

a slope generating circuit which includes a capacitor and a current
source and generates a slope voltage;

a precharge circuit which applies, to the capacitor, an analog voltage
according to the control code;

a comparison means for comparing the slope voltage with a threshold
value and generates the output signal according to the comparison result; and

a control circuit which controls the slope generating circuit and the
precharge circuit according to the input signal and the output signal,

wherein the control circuit: (i) turns on the precharge circuit during
a precharge period; (ii) is transitioned into a slope period in response to
the input signal, turns off the precharge circuit during the slope period,
and turns on the slope generating circuit; and (iii) turns off the slope
generating circuit in response to transition of the output signal, wherein
(i), (ii), and (iii) are repeated,”
and are thus classified as invention 3.

Form PCT/ISA/210 (extra sheet) (January 2015)
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