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The present invention provides a crystal oscillator and an oscillation device. The crystal oscillator
includes: a first and second oscillation circuit. A frequency difference detection portion obtains a digital
value, “{(£2-f1)/f1} - {(f2r-f1r)/f1r}” , where “f1” and “f2” denote oscillation outputs of the first and second
oscillation circuits, respectively, and “f1r” and “f2r” denote oscillation frequencies of the first and second
oscillation circuits, respectively, at a reference temperature. An accumulator and a rounding processing
portion are configured at a rear section where “{(f2-f1)/f1} - {(f2r-f1r)/f1r}” has already been obtained; the
accumulator accumulates the digital value during each input into a clock; the rounding processing portion
performs rounding for the digital value accumulated in the accumulator; the accumulator and the rounding
processing portion are configured so that an accumulated number and a rounding processing amount are set

independent from each other, thereby allowing for suitable circuit scale for temperature control.
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CRYSTAL OSCILLATOR AND OSCILLATION
DEVICE

o (3]
ABFRRE-—EAEBRESUAIRERE SRIRESEES
—mERTERE_EERT  UREE - ERERTREZLABER
THRGE@EEERE 1 2 BEERE ATk EH DRI E
SRS RIEE fir f2r> H@EBEARERAES { (£2—11) /f1} -
{ (f2r—flr) MNETEEREMESHUE - EEETHER
TN RERERBETINEARELS  TLE2REEEEBA
@ WIKKRFRBATMHAIME - FaliE A B E H T B P R AR EY AL E E
THRARE  WHBRE  RHRFBEBAEUTHEBIIHRE -
FEL > EERARKETEEZFNNERAEREE -

€39

The present invention provides a crystal oscillator and an
oscillation device. The crystal oscillator includes: a first and

second oscillation circuit. A frequency difference detection portion

obtains a digital value, “{(f2-f1)/f1} - {(f2r-flr)/flr}” , where
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“f17 and “f2” denote oscillation outputs of the first and second

oscillation circuits, respectively, and “flr" and “f2r” denote

oscillation frequencies of the first and second oscillation circuits,
respectively, at a reference temperature. An accumulator and a

rounding processing portion are configured at a rear section where
“{(f2-f1)/f1} - {(f2r-flr)/flr}” has already been obtained; the

accumulator accumulates the digital value during each input into a
clock; the rounding processing portion performs rounding for the
digital value accumulated in the accumulator; the accumulator and
the rounding processing portion are configured so that an
accumulated number and a rounding processing amount are set
independent from each other, thereby allowing for suitable circuit

scale for temperature control.
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RUHHENRHAE
(ZRBERR - BF > FOEEED)
[BHARE])] RBIRERURIREERE

CRYSTAL OSCILLATOR AND OSCILLATION

DEVICE

(S]]

[0001] 7588 % B — T & B84 48 38 D1 2 4 PR B 8 M0 1 8 10
BEE FLABEEEENRERRETNRSEEETR
B+ 55 1 A o 0 T LR 0 5

GRS
[0002) FEEBIRBFHREALINBERBEHEIRBEENWERRE
(application) HIEMA T  ZmBIRESEFEA T ENEREE

5 % 28 (oven controlled crystal oscillator » OCX0O ). OCXO &

=

R $o ] 2 {5 F # B EEFE (thermistor) {F B EEMEIZS » i B{#
SEE A (operational amplifier) ~ BfE - BZA % (condenser)
% 4337 (discrete) FEHMMAERK » (ERELL (analog) EHZEH
RERKERSL > MBEETHWL20mC /YR FZEH -

[0003] %ﬂﬁ  EEWHFELEE BERREEMEARBREERS
HIB% Ik ( clock ) {8 5% » R L THEIA LIERY OCXO Et DUE ¥ RIAR I -
[0004) EFHFE | | T —BEEEHELORAEIRE S

( Temperature Compensated Crystal Oscillator » TCXO ) » HIEHV &
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] i B 4R T 19 9% 2 4 o 2 A M M 1 S VR B MR I M - AR B X
ERAEREEREBEBNREHAE FABKR  EHEH—
B SBIEFHIERR M EKE (pulse) FBS—EABIETFHIE
B ENBR BRI 44 (latch) BYBFES (timing) 724 Jk7E - & SRk @
E32 ASAFHE (Phase Locked Loop » PLL) FiLASi{r (digital) {&
BT = 28 A VR A I
(0005) s emas AT FISTM 1 o o0 A 68 U B A0 IS 1T
@ /NEEE (heater) HHIH OCXO WIREMEITHE » (EBEITRER
I BRI T 0 B R I B 48 RN B O U B B L O B L K S B B
F oo WL 0 TR BARFRER AT §0% (cut) BIEBEF - M
Fl SCYIEI SRR AR B (mode) R > MEMHEA Y 4
E S
[0006) #ATH » BR &% B8 F ) 51 60 2 2 1 & S 305 88 A R A9 15 2B 4
mE L BN RBESLENLETRE -l 6 SC Y51 &
@ =FUFABERAIFEBHFWAREEEH 30 ppm/T - HHA Y 4]
1 B 7 B B 1 BT SR EE SR S 45 90 ppm/C - T B 0 BNME B I EAE R
LB K e EEEB R (lot) SR (R 2= T B 55 5 B 1 RS 9 AT
ML EHBEARENERL - At MREEFERECETERER
W BRORBAMMASZEHERNSRBAMS1E  IIE
BEEEA - TH EREBNNERESHEEREENERELX
BT+ Y A Y R T K R B A SR K A B 4
HIEME RIS R EES RS EEHET - K
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HEARE EREBAUTHEERRAFANEBEFNEEERE
I o |
[0007] [ &£ 7 2Rk

[ F 3R]

| [HEFIX B 11H AEF R 2012-170050 5% 22 ¥

[FHAZE]

[0008] AFEHZEMRFRBEAMTRE  HENEREHSDT
B EEREE-SBRTRESBRTINVIREBAREMEE
HESRMELBRERAENSRBIRES (OCX0) J1 - HHRET
BEEEHINERFERE - I HEHEE WET MRS ES -
[0009] AFEHWEBIRBBNREBENELRE - ARKRESE D
MIRRER  FEERANRESBHNGEERT

[0010] H—IRBEREAE _REBE  SHEZRAREER
HEE —SABERTFRE_SEBRT

[0011] fn#E - AXREREREFMLELBRFAIRRRER
E

[0012) EEZRHALE  WRBEE - FEEROIRBEALRHS
fl BHEBETHE-RBEBORBARKE f1Ir HH IR
BERWIRBERER 2> BEBRRETHE _IREERIRE
SRR f2r  AIREANT BALE(F BB EREE - BB E S E
A f1E flr EEEENME - M 2 8 2r EEFTHERER
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ZEE

(0013] ZEFEER - R4 AT 15 8 #9 BRI B0 77 P 3t 48 3R 2 g I 2R %
FRBAERNR R AERE

[0014] #5 A (rounding) FREES > HWIEATM BB H RENIRE
AME - BISEMAZREHBIIMBEER/RARZ  REBFAEENR
AEETRARE DK

[0015] fOZAfEaiER » EMRIEFTIMIE AR EIMEIE AR EBAE

@ EHREMERZERMEGBIINATIES -

[0016] AZHMRBLEBNRBERCELBIRES  URE
% on 2 R 22 25 B ik B ) 1 UF S I IR 15 9% LB & $8/H B8 (Phase Lock
Loop » PLL)WIRZZEERI LR B -

[0017] [ZEHASHR]

[0018] AR ZBIRESE (OCX0) EHNERBIRTHERE
mEETRE > ERNEERAGRIEG MRS mEFRRRERE

@ EE THMUMTEEEHNZ ZEBHEARELBEREFNERES

555 1 2 42 T 1 MO T OB AR M - b ELABAR S EERA
R ERAEL Mt (B ARE) S EET MR L&
BERAMBENRRBEBSAETHEBIIMEE - Hit > BEE
R UEEZE - REBEFHAHNRE S8 A HYE
BEXRSLEHEYNEESLENILE (AERIIBHEE) TR
MEAT > HEAEERERAERERB/IEERAEHENR
- mARAEARETREEFNERREEE - MH > %4
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BE T INBAER ] > RESRT LN BASS EERIRIER BV - TEH AR
BERE  EREBALTEZEEAEANEBFUEEERE
* o

[EXEERAE]
[0019]

| BEARAZPNER SANBEBRNVER -

2 RERTNAZPNER TR PARERATIER -

3B 2 AT ERNE o EEAKEE -

4 (a)- B 4(b) @ 4 (c) BREEMERTE 2 FTRl
L EEHAMBEZXREEE (Direct Digital Synthesizer » DDS) EE&
HHEREE (loop) HARMFMRENZHTHKEE -

B S (a)-HE 5(b)- B 5 (o) RREMmRTE 2 FRw
% DDS ERMARE FEMBERBNESMIKEE -

6 (a) - B 6 (b)) BEMEMAER TANENEREE
) BT L B B B % B T O BT )

7 2 PR RN SR E I ER By R AE A 19 R B A R R B

SEERE—IRBERNEER I RE _IRBERAESR N2
EIRENRANERREREE -

0 BFRTRME fl B LER 2 WL R HEE B
BETHEANEERENRANARBEFER -
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10 2F~E 8 Fi;r® OSC1 £ OSC2 fy 2= 8 118 E &
MERBERFER -
B 11 2R EARERAIOEN & L EEEEORRNE

B 12 (a)~-E& 12 (b)~ B 12 (c)~E 12 (d) B 12 (e) -

12D BRTEBRFHNMEEB S MK IR REE ( time

chart) °

® 13 2REBRTFEONMNEETSNBAEZENRECEEEZH
( parameter) 1 R~ 2E T LR HE BT w8 A & L8R (data) Y
FHE -
[EfAR]

[0020] (%1675 280 58) |

[0021] 7ERPABFBHAVER A XWIEEBZAT > 5ol E MG
e B AN - B 1 P75 200 BB O ELRRBEEFEE

PHIERS  BEEELEEENAHE PLLNEFTIREIIGENER -

9% 201 REHE A PLL B9223% (reference) {S57HYEH B EAIE

LS K5 (Direct Digital Synthesizer » DDS )

[0022] Fzk@Ea% DDS EMERIBFARFESRFEAE 1 &5 1 FiRy

F—REZEBRNREZGY HIt @REBETHEREBEBREHIRE

2 (voltage control crystal oscillator » VCXO0) 100 g8 ( &

HEZPITHERFERGIRER L) BE - &Pk &Ik
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BERBE -

[0023] Wit BTHEE—REER | NIREBERE - MEA
NEERER S EEBRT 10 WREREEE - /FF5 M IIEH 2
RERK S WRAEBENRERAGHT BRFAZEMERGER
F 10 REBIRT 20 ERMELABRTNIREEARNEZEENERR
BHRE  MEABERRKEZENE

[0024] MERFTMIRERRNZENEHEE T GETNEGL » E
ETHREAFBHER  HRUZEBVHSERBARERAT 3 E
— g - B4 EZERGT > HERBEREGRNERE
RIS 3 B AF IR R AR ERI NS ER 5> ERNRNEIEMHE
ERERBRZEGRES 100 5 LHARY R EERIHARKREME - AT
AR EL E B HETEM (computer) FRHFEA (memory) 30
N BB E@ L - At ZER AN IRERKERFE OCXO0 Ij
RELA B TCXO IhEE - 541 » AT W A LUE AR A R fls TCXO I
RERYIE DL °

[0025] ¥ H - ZEHAXERE » EHEERERAE 3 20 TATk
FIF PLL ZEAMHENRERAMEAYFEAF & > HATEEANEE
REMEETREET YRS  LHEETXRETOLEER - 7
BIMARBBENREREEAER -

[0026] [F fE 5 I B RA]

[0027] #3% - FMMRNAABHNER AR - B | 25X
TEAAZRHNERAANEERESMBROUREEENESRS
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AR - ZIRBSAEBEARE  BEEZHIESRE 100 BREBH AR
EHERN RS HROEE SR E (synthesizer) » AHE AT LEE
F GBS 200 BRI EEIEEIIRS S 100 g PLL: 8
PRges (RIZERYR) B4 FISR6E DDS201 B ERI B RIS 5% > &%
DDS201 FiZRE £ Frift PLL B2 IE(5 5%« DURINZAE 5 (E B N2
oo ARAERESABREEWRAEET 10 SEIETF 20 W5
BB -

@ [(0028] fMiH ZEZLEBECEREMHELT ZBEGMESE
ITHE AT BRES 200 MR IRNBEME - R BEER
TR BB EEEREENE | PLIZEEERE 200
EH AR - E R AT RN ZAE S BRI S A -
[0029] #2518 B 5 200 £ F1] F 18 fi7 3% L 8 4% 205 LL#54¢ DDS
B 201 WIS E (2RBE) BIE - EASEE 204 BEED
HIEBEE 100 PSS SE R AR IRAB AL - H P S R BIAE AL 2 4

@ =% (charge pump) 202 MEIEAL - QB LLALKIS B A TIB
P& 7B 1% 2% (loop filter ) 206> H LA$HtHER ( Phase Locked Loop > PLL)
B RS - B Bl E R ER 200 LA LIFE S PLL £ -
fL5E > DDS EESER 201 RE AR TRE—IRBER | HIHNEE
(EEBREERIR - 1 A RAAE ARG E EHEERERNEE
HiE (HAE) -

[0030] (B2  BMFAREEREWEAREFEESYE  HELE
TiB% (cancel) FWERMMBIMELE 60 &5 MR T RERE
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IEMERY{E SR Bt 8 A E] DDS B REER 201 By fraft SR B H 0 - 38
BEIEWE AZ DDS EELES 201 BYBAREE > MIBRENE R
IRAIBE R 2B 2R/ DDS EREES 201 (B HEARAREZE
2 HRSZBARKNERMEMERNEEZHERE > HILKEE
BiEHRE S 100 W HEEEERBE -

(0031] ZEMRAAS » MTATRAE » MR EER IR &ER
BAEBEE OCXO0 » NILEMERIKRERRE > FTLIAI IR E
ZIZEERNIRWBRERE - B2 FUTEER : ENASEL
AERGEFER > WEENEZEFIRNEEREE2HER DDS T
&8 201 B HARNBEEZYE > BBREEMEK > MABRASE
MEmE B EER G K -

[0032] #3 - MAMENRABRHANLBIRES OCX0 B
o aRRESEEF - SEBRT 0 UREZEEIRT 20038
LE-ERT I0UEREZFEERT 20 ZEHLRBAEF Xb
TR - Wt E - BOIIFREEF Xb WBERERE A L5 E
BAEER Y EESE R (REER) WEERMHERXRERIRAE
e Wit BEF—ESEERE - HEE (Bl 11 - & 12)
BRE—SFERT 10 A5 —EofBRE—-HER (B 21 -
Bk 22) BREZAEERT 20 WL > F—E8ERT 10 KEZ
MR T 20 AJRAME G R EMREIRT - & Xb FEZXPIF
HEE AT YJ & -

[0033] HE-REIRF 10 RE_LBIRT 20 HHIEBEEFE —
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RBER I REREERK 2- ELIERER 1 - REEK 2 WE
HHRER] Bl aN&& iR+ 10 - SEEIRF 20 AYFE I (overtone) » 4
AUBEY GEESEEGENEAT  WUMNEMAMNDS S8
RTEBRABUREERNRBEHFOALER  FREBEKLL
RWIRSE - RNE - WTUEREBRUEHIES  CRERNR
B - BIANME BB LS ( Colpitts) 28 B9 — £ 55 H Bi A 3289 1 B
BB CHRBMABLERS CRERABHERLLEEL - I AE CH/K
@  BNBERBEABRLFEWAZLER SRCERER 1 RE
Bl 2 EEPIN = RE FOIRBEE .
[0034] fhiE > BAFELER  NERBRE—IEEER | §1HE
R fl ERER  REIRBER 2 BHEE 2 WEREY 8l
SER 1 058 3R (5 5% 4 'F S 5 ¥ 5 R 3 46 3 7 o 42 o610 R B 5 200 < 3
B SRR S My IR o SRR BT 3 MRS T S R A S Y £1 B2 2
EBFMATKEEN 2 fl— Afr (YERL- Afr S EER
@ Bitn25THE 1 (flr) B2 £2 (f2r) RUEE - WRFIEE 1 H 2 =
EM—FIRIBFIMNE MHz - ABEHRE @ BBEEZ KA 3
STEAF RAF R £l B 2 WEBREENE  MEEEES
a1 25CHF fl B R MEBRFEENENEZE - BB HRT  F
REMIRER  EREREIE 3 EENMES{ (2—1f1) /f1}— { (f2r
—flr) /flr} - {EKTE PRI ER THEEZREL 3 W& L -
(0035) [ 2 %THEEEMEIE 3 WAME -3 BEZE (fip
flop) B (FFER) HIABBREKR I WET—EHAGS
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ARBEE—IREER | (HEE {1 WERER  HE—HE A mE
AREE _IREER 209HE 2 WERE > AXBE —IREE
BE 1 RS f1 (SAREHFIEAKE R IR BEE 2 BV £2 1957
REH  -BTRHATTKWER - TEHD 1 - 2 RRERREFHRK
ERASHNANEE  BERERINGHEFR 1 B 2 BHEEE
B FEROMEEN (f2—f1) MEEE5

[0036) 7EfE TS 31 RSN E B FE (one shot) EEE 32>
FHEBBER 2P EREBRHER 31 ESEKERES LI
B EERKE - B 3 RRTEL I —EREHRVEHEE -

[0037)] FEEEfHZERE 32 R EHIEIE (Phase Locked
Loop’ PLL): &% PLL B &FI#HER 33 - EAE I IIERIE — R
I EE 34 - INEE 35 LAk DDS E & HS 36 -

[0038) FIsHERE 33 EAKEEEMBER 32 WA KERE
7t DDS ERSEB 36 ML H SR R RYERL - FIRER 33 mEER
it $5F 85 367 7F B HE Pt Bk BT RIS BE BB SR B (level) » BRES TR I 4%
M4 BEEREFTHNERERE S E—MEH 35 B EMRER A
HWEKRAT (EREBEESIW25CR f1E 2HNEE) WERER
FID - HERAT WEREBHNEIREFEHER | fIRBEKEE
30 /1 o

[0039) BB » E—INEHER 35 BIRFSRE L FER A fr WIE JiLE B
R ABE “+7 - EE-EREBEKS 34 098 E Ry A M2

Fy -7 ¥} DDS % %%36%7\%%% MEE 35 EREWER
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T R BV FE R A fr 00 T 00 O R G o TR R o 5 34 £ 8 L B P A
WEE > TEHHEERERENERNEEE  c BTASERE
PLL W BI{F > MEE 4 PEEREEMEREBSHHNER
WHBTHAERMEEMAAETES TESENRY - ¥£E
BEE WER A WEREEEBE —INEL 35 4% A3 DDS
ERER 36 AEBIM A fr B 5 MHz > HIf% DDS36 8 Hi 8 3% 48 % 48
PSR -

® [0040) F7sfudF i 4 P AL BEB 33 LUBHFERS (£2—f1) HUBAEMY
BRET RIS (A0SR (£2—f1) BEIan 6 MHz - BIl FI 44 F Bk & i 79 19
N EEE Y 0 8B % P985 25 (latch point) 0@ 4 (a) Fim
R TR PISEER 33 WHEURE —BRERE 34 W
HANE 4 (b))~ B 4 (c) ATREBHE M —BIZ W T - ERE—
B35 BB M4 WRHANFRE - BHkEs—m
B 35 1 AE DDS EREES 36 WEREE EF - Wit 4 DDS

@ ETHRMICHLTEHFEWEKRSS - ¥ DDS BRI 36 A Y
FER 6 MHz W E R EEEE: B A E R 2B 6 MHz i f0& 5(a)
~H 5 () FmBbEERT4E PLL - JLAF - PAERBR IR 28 34 BB
REBRBEAf— (f2—f1) =-1 MHz #ENE - U2 > BHK
T 58 34 WK B T AH RSB B A 5 MHz 8L S 6 MHz B§ 89 1
MHz 8 {t, & #7% 5E -
[0041] EAEZGIMENR » B Afr B 6 MHz -~ (f2—f1) B 5 MHz & -

HRHEEAKENAPLEEEER - HIE 4 (a) FImREIRIEE
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FHRE o FEER 33 WRHRBREEEE 34 WRRBES b
Ft o BIL - ZENNEER 35 B EHIER A - BT LUSE 68 I 0 58 R F
T EEEAKE (2—f1) MHF 5 MHz B F984 PLL - BLES -
NP RIS M B EREERBEAfr— (f2—f1) =1 MHz
$IRERIME - S5k - B 6 BEEEIE - HBIFERZ 0 B PLL E5
P4 -

[0042] E4% - a0 LA - EEEEEREREER 3 K& ER L
34 bhEF (bit) BBAIEZR{ (£2—f1) /f1}— { (f2r—flr) /flr}
FIMEFTE - IR IS LM -S0CHIES 100°C HHEEESRE (1
—flr) /flr=08C1 (B AL/ ppm B ppb) » (f2—f2r) /f2r=0SC2
(Efi B ppm B ppb) » HIAH S FOIB B RE £ BB L LB 82 OSC2—
OSC1 8 LA E g (curve) » I » $ERZ MBI 3 B8 &
Al BRI B 0SC2— OSC1 =& EE B -

[0043) FiH - e EZEE 31 ik f1 948 2 WEER RS » |
IS FTBEFE 4 EEARRE (metastable) (E7EESIRIE /R (edge) FISA
BB BRI —ERMAARSRARE  EKX
RIRESABBARARBLTESGLIARENRE) EXEE
9 BREEE M NRARTETEASRESEE - Bt - mE 2
iR BB IR 34 W BIREEE AR EWREAEE A
EF i BRI ER 37 HIERE 4 Fn RS > har bl
WERZEESRE BAREBEEBRTIHLER 37 BREASTHEE
o EY S BN B SERRBER -
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[0044] M 7 Rt R BRTHLER 3T HEKE - 58
B IR 28 34 OB (BUALME) (FBE D — @S A EH AR e m
> FEZMEE 71 825 —E&HAEAN - KEMEL 71 9% H
CREEER 2 REFEREERWEE 73 #EES —EHAE
BB AR AN E AR 71 AR BB 72 13 B A8 AL (B IESE 1 B R
BEL - WRE > ERFIREHATCESE 72 WNEMEET —
{0 P B 4 B L
@ (00451 Rt MBKAES k (k BEARB) FEEIRE A B 05
71 BB R 34 B EERE Ak BEBE o ERIRINE
718 Al~An BOINEE - WA E - &S — IR AT
B 7B GRER 72 MEHERE  HERMES 71 G
Al BEZEBIREHASMER 71 8 - TEEK 72 W& HE
B AL FELRMES 71 @ Al+A2- 55 k (k BERY) @EE
IR AR B R I T X B AU BREER (clear) SRR
® =ik
[0046] Eich > l—HICBERS 72 BRIEEH 1 - Bt 7L
G ELREER 72 BHERE - ERERT - TEH L ECEN
BB EEEHERELARENFIRBWEE 8L - £%18
AT FAARENBIRBZIHTEER 2 WEEEY -
[0047] RAfE 73 AABBHARMERSHTMEMEDR 71 Hy
BRI 38 34 B B B (EARMM S H B EE )
REBREME - WRE B3 NET—EHARBATEER 712 1

51302pif 14



1583127

i B — R ARBAKERBEZEGHERELENL 714 IRE
ERER -B 7R BETHEN | LR ENREE 73 HERL
RETHERBIMENILHEOREE 73 - REHEREHREZXLT
BREE 1" WES  ERELZREBRENK  F&E 73 85—
B AmEEE 0" HEHHKREZEER 72 WRLEHEERK
REINEE 71 - EELREERERKR > BE 73 895 — @8 Al
ERgE ‘17 c HUtMEE BmEgRREE 07 > REINEER
HER -

[0048] =B+ - (NEER 71 - EEERE 72 (FEEB L HEL ) KFE
BER 73 tHE R REE -

[0049)] MR BEBWREFEREROIW “23° (BAEELR .
AR EE) B RBEERESRELER 74 FEEFTE (count) N
R - M BEEEREGS - At EXBOLT > HIREERREE
HEE 34 BRI EEBEARE (sampling) /UKD » BB R
NEE > BFREET — @5 — @R IREUE R 57 E R R /AKX
GENINI

[0050] B—F5TH X ELEEER 2HNRRREMARKETEARE
(MU 2-mBEE (m BERE)) (B AR 75 - #& A g 2 &1
75 IRBATREREARNKELERR 72 8L A EET
BARE  MREAERFIW “2-37 o B LBl g DA+ H 2K
o BB N\ERIKERKERBRERS M4NEHERE /XM
FIMERRDL 8 - TEFE ARREER 75 MR EREREMEER 76 - ZFHE
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