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ABSTRACT

CITIZEN has developed solar-powered movement with a target accuracy of +1 second per year. First, we examined
a standard of =1 second per year with reference to "JIS B 7025," which has established accuracy standards. In addition
to the two items of "aging" and "temperature characteristics", four additional items of "humidity characteristics,"
"attitude difference,” "power supply voltage characteristics," and "adjustment error" were added to set the target
accuracy and aimed to achieve it. The target accuracy of +1 second per year was achieved by employing a new AT-cut
quartz oscillator, temperature compensation using a higher-order polynomial, and other technologies. In addition, by
reducing power consumption through technologies such as dynamic frequency divider circuits, we have developed the
Cal.0100 as a solar-powered movement that can operate for more than six months in the dark when the battery is fully

charged.
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Table 1 Representative high-precision watch.

release year | model method accuracy brand
1973 1510 Convex crystal oscillator +1 [5/m] OMEGA
1975 8650 ATcut guartz +3 [s/y] CITIZEN
1978 9983 twin quartz +5 [s/y] SEIKO
1978 9256 twin quartz +3 [s/y] SEIKO
1981 1730 ATcut guartz +3 [s/y] CITIZEN
1981 1930 IC temperature compensation +10 [s/y] | CITIZEN
1982 2730 1C temperature compensation +10 [s/y] | CITIZEN
1983 9091 FTcut quartz +20 [s/y] SEIKO
1986 #77 FTcut quartz +20 [s/y] SEIKO
1987 8N40 IC year difference +20 [s/y] SEIKO
1989 #5E IC year difference +20 [s/y] EPSON
1993 #03 IC year difference +10 [s/y] | CITIZEN
1993 #9F IC year difference +10 [s/y] SEIKO
1995 4220 IC year difference +10 [s/y] | CITIZEN
1997 A735 IC year difference +10 [s/y] | CITIZEN
1997 A610 IC year difference +5 [s/y] CITIZEN
1998 #8F FTcut quartz 120 [s/y] EPSON
2010 P112 Tripod torsional +10 [s/y] | BULOVA
2011 A010 IC year difference +5 [s/y] CITIZEN
2017 1288.2 IC year difference +5 [s/y] | LONGINES
2019 0100 ATcut quartz +1 [s/y] | CITIZEN

Fig. 1 Cal.0100.
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Fig. 2 Approximate curve of aging.
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Tuning fork crystal oscillator AT cut crystal oscillator

Fig. 3 Shape of tuning fork crystal and AT cut crystal.
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Fig. 4 Daily rate vs attitude.
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Fig. 5 Ageing of tuning fork crystal and AT cut crystal.

3. 2 JRTLEE

TREE DR DWW T T 2. IR OB WA Mm:I0EE L, WK 2 EEEOZE
Zlgsd L7z, #R% Table 2 (2R . WK & FREOZEIZITHHBEABRGRIHR TE 5. £
Bl RE DT DD LU A N HIREICK U CTRENR CE . RUATATIE, A e &ENE
FV =R VEREEMAL, IREFO Y DRV VA MM 2 BE LREREN NSRS
EHICEE LT,

Table 2 Humidity characteristics.

material water humidity
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Fig. 9 Change in seconds a one-year portable test.
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ABSTRACT

Mechanical watches need to run for longer. A thinner, longer mainspring was used to increase the running time
without increasing the size of the movement. The thinner mainspring reduces the torque of the barrel, which reduces the
amplitude of the balance wheel and may cause poor watch accuracy. The escape wheel was made from silicon instead
of alloy in order to reduce the energy consumed by the escapement. Silicon is expected to reduce the amount of
engagement and the moment of inertia. The silicon wheels were fabricated using a simple process with only a single
photolithography and etching step. The surface was smoothed using thermal oxidation and removal to prevent chipping.
Since silicon is a brittle material and cannot be press-fitted, a unique mating design was devised. In addition, a metal
washer was used to prevent the wheel from slipping off the pinion. In the movement using the silicon wheel, the energy
transmitted from the barrel to the balance wheel was improved by about 30%. As a result, it was possible to increase
running time by more than 20 hours at the same or higher amplitude. In addition, the movement equipped with a silicon
wheel has passed our internal standards for reliability tests. A three-layer film structure has been formed to achieve a
vivid blue color with a reflectance of more than 50% at 450-550 nm. The silicon escape wheel enabled us to improve

both the practicality and the aesthetic appeal of the watch.
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Table 1 Comparison of silicon and alloy.
Alloy Silicon
Fabrication process Mechanical Photolithographic
Accuracy Several 10s of um Several pm
Specific gravity 7-9 23
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Fig. 2 Process flow of manufacturing silicon escape wheel.
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1272 %, fEHE, Fig. 4 127K L7z Scanning electron microscope (SEM) 3 X 512, AFB<CMIEED MY
TERPEL 220, REHDHE SN TRITRENDHE LICS WIEERIZT 2208 TES. (6)v)
2 EMARIC SIOBEERY vV a VEERER L, RI-BE2EGICT S, MO ONTIE “5.
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56%

Silicon > 44%

Fig. 3 Image of the ratio of the thickness of the film that has penetrated the
silicon and the amount by which the thermal oxide film increases.

160 pm
Before After
Fig. 4 SEM image before and after smoothing.
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Fig. 5 Cross-sectional view of the pinion mated with the escape wheel.

Fig. 6 The whole image of the silicon escape wheel.



5. fnff

B HL O I EHERBIC B L2V b D 0, FREMEDN A S AT L2 2R AN 2 BEA Ui R s T
EERER LD, V) arBEREECY ) o REIC 1 BT Sio AN LS T,
DRFFEMELS, b—=T AL MIMHBAENTBRICRBI R X 5700, T U HICw vy F LR
BEDD .

SEBAFE LY a v BAEHER, RBZE0rRFAICT LI L. 2078, FikL
TR PR L TRO%K, vV a8 R, SiOE, AU U 3, Sio e Z DIETHREL,
Fig. 7 IR Lo T EE AR Lz, SiO, 1Z8#R{k, RV U 2213 Low pressure chemical
vapor deposition (LP-CVD) THEET 5. EHLLDOBELIFECRIET 5 Z L2k - T, 2mb—Iomk
BETED., 6o T, LA—T AL MUHBAALTEE, SIFHUMNL TH> THESMNL TH -
THRECD R HFAEONATHEZR R TEH.

Fig. 8 IZ¥ X =2 L—y 3 T K DRKGEHE & 05T K 2 BEDEORSTRRIER R A2 R~7. K450
nm~550 nm D FHPFAIZ IS T 50%LL LD EE H LoD, 550 nm LA EDO PR O 1T 50%
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Fig. 7 Cross-sectional structure of the layers. Fig. 8 Comparison of simulated and

measured reflectance.



6. HAFEHER (E2PATELOLE)
YU AUIRAEREE L—T A MT
FHARIA A TREAM U725 % Table 2 12 Table 2
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HEL, TARDTZFLF—% R
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Product evaluation result.

What Silicon escape wheel benefits

Energy efficiency  Change of escape wheel material
+ improved engagement: 30% increase

Amplitude and Same or higher amplitude

LI =7 A O RERZAVEHE running time Increased running time by > 20 hours
D & HE L THY 20% 0\ 2 & 235370 Reliability tests Internal standards met
ol BIZRFILEDERESL GHED - Drop test
o . o - Vibration test
ZETT T DTRILF D) 30%LL - Environment test
LTS 2 LR TE . Ez, - Durability test

FEAFVWEHERS LEEF LY 2

VIRANEREER LIz A—T A2 MITEHEIGHE SR AERIE LIRS Fig 9 103, ik
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FORY AEELENTE, 20 B EORHERR A B T& 7.

Fio, MEHEMETH DV a2 AFERIZ L DFNCRITOBERN DT b DD, % TaklR, iR
RBR, R, MARBRICBOW TS TED D EMEL VU 7452 LN TE. Fig 10 (ZRT
£91Z, BEON AT HETITMARBREZRIC —MERN L O, ) ar B EETITERT
SO AVTHEEFEME D & S AR T X 7o, RO BTN L 72 R O SiOs AN M EEREMEC © 40
R THDLLEEZOND. R, FHOLELADLE T, WEL A XEHR Lo E £ 20 FE# O
FERHLNEBLITE 72

Improved movement using
new barrel and silicon
escape wheel

== == (Conventional movement

: o
Amphtuds) ®

> 20 hours

Time (hour)

Fig. 9 Relationship between running time and amplitude of the
movement before and after improvement.
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There is some wear

Fig. 10  Gear tip after durability testing.
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A o=y FHRASH
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A5 Pt EHE 22 R
SBEIAY 7 — ¥ iR (Verge Escapement)
Recoil BER T > 7 VR (Anchor Escapement)

B A (Deadbeat Escapement)
> > Z R (Cylinder Escapement)
—Efn % (Duplex Escapement)

FF vy bV —RL/N— i

fZ1ER
Frictional Rest

BEHI L /Y—  [(Ratchet Tooth Lever Escapement)
Detached B LN — B (Pin Lever Escapement)
B Lever 07T — R LN — [
Detached (Club Tooth Lever Escapement)

77> bt (Detent Escapement)
0 e > il (Robin Escapement)
FF 2 7 VR (Natural Escapement)

BHRRER
EyiEv (Gravity Escapement)
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] Force (Strasser’s Escapement)
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2.3.1 EEAGER (Deadbeat Escapement)
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Q) EROFTAP T VT AEEDL, ERERFOHEENIC X 2 AMI/NE {, BEFELIT W

W, 7YTAMERERFL T2 BLEIC O VT, BEEHTREDNS T L 03B 525, AEhEEEC B
DIESI2E 1/10 % 1/100 1272 RO KIERZIFEDL D 2 DT Tlxdevwhy, FEHFAORME LT, RIHN
TEHSREIREE &\ S Bl DAFE O EATIC 72 & 2 IR ICHEBIRICGEE TR T 2 S e AEE LW e ER T

W3,



—HTFAY v FRUTAE TSR3,
(77 v MO T A Y v }]
O AL oy — Pk e L L, M2 2R L v,

M A FEEEZ T 2 00 LT AR L ER->TH, 2L TARIRY B ICHArATA TS
TV MGEE O OO HHEE, T Y o000 IR ERGICHE R WL, Ty IA00
CFRILEDOTASDOHFEEZFEML - LTh, FHREATHRORMDOENIET v 7 20 HDH
B L L CHOENRECH 2%, LOFRBICHME ko bz,

@ SIFNDVEEL LT, BERIETT 3 & 23 A EFHOEIFFERRHE R A R0, FEIRRFAES

3.

B SIS L Y BAEH L 77V b OA VLSS, BEHL ST uRETH 3.

@ #5E b, RS, FREB kR,
TARDIREEDIF CHe, BRA L S—liEk e HetoBi & (JFRHE S 72 Y it 27 v 780 %5
2z e 172 L7 Y, 1 EOEHCHAE & GEEMED) 232 5Lk 5%, BlfE, —MAcEREnT
V32T 7Y — AR R R L - BT i & T 2 &R L GEEFOE LR IK L B C LIRS C
L TH 5.
FETEY ¥ =IO T 2L Y A — 2[R (Ellipse Isometer Escapement) % #5# L 7z IRt
00, WEEWIMBIIERSEZ BN L 72 7 7 v P BGERE A B L 2G50 7 ) Do Ny =7 vk
v RRENLRRIN TS,

2.4.3 v vt (Robin Escapement)

1791 fFic @S — - w &' (Robert Robin) X Y FK S iz m v v iRz, AL~k e 77
vV NBLOER DR E EE oK TH B, L= v ) X2 — & — iR (Lever Chronometer
Escapement) & MEEN2 2 L b H 5. v v FEEHKOREL Y Fig.14 IR,




oy BGERIE T 7 v b BGERRFIRR, CA ST JEIAQ2 kB IC 1 (8], 234 EHD S TA R~ DEHHEEH
Mz o, FEEEEEZ SR AXT 7 v Mo 7L — F e a<idha(@E L ko7 7 v b
PERE D LN — L& Z 1 E) IS 32 b o3k, RO D ICHBRR L AN —BEERD X 5 22 2D o0
EROT VI NVEA TS, 2 LCHBA L N —BiER & FERICT v 7 W TASDIRBEICH Y,
ICEE) L CAA EFHEDEHRE T 1L, FIEFR L 20 o F8)3 2. Fig.14 ICib\WC A2 O IR I 23
AEHERCTAORODICERTEZ M, EEERRICPATHE I OOICET L TEILT 2. 2 L TR
DIEIRRRII A A EHEIEEET 225, TAZOD LT 5 2 Lhl, HERTAODDICE TS L
PRk WE

TT v GER X OV RREXEETH 28, BERIRSTH LAY v M 03H 5 —/7T, (FILEREZICHETE
BFEL RWllc, BIIEAEBTERICERIIUFIELZY, CARDORIEER21T7- 0 35 L lERKD
EECHE), FREEIDTE &) REDIED, BUEROFEBIZME, ReFRAMRL oomaiREEHL
X5 LT BEHATHIERICHE L v 2w S S B,

244 FF 2 7 Vit (Natural Escapement)

1802 4EICSER L 72T 7T TV « A A « TL7 D No.1135 I S N D00 & 2 ik 20, 57
TV MERE R—2 L LT, TY 7MKL TRTRE 25 X5 ICHWICHif > CT» 3234 8% 2 {JEL
BELT, CASTEHQIRE)H77-0 1 MEEEED T 7 FLERICT L, 2 MOEEEE(Z 27 A
B)CTARICT AL F—AIHATE 2 X 51c LT3 (Fig15). Zhic X biitEktEicn: 77> M
HERORHEZIEEEL, 77 v MiGER O BiEE), HRETE v v ) FEe, LI XV ERL 3w
L) HEAWEL TV B,

Fig.15 FF 2 7 At o g 19115



Lo L, Kighl) & EHEA 035 2 LA A & e & IR A 03 (RIS A E L o A
TV 3) THIBAERE L DD NNy 77y it kY, EREIBAEHRT v 70 LA WGIFEIEL T 51,
THRADAEEIREFEINT, Ny 7 Ty S OBEERE 7 ) =2z d%, PRAZAEHE L TASEDH

RS PRI ol X 0 PR AEEIRRE S E L Tz kv 9 2029,

TR E WA EEE 2 ARLE T 2 7 F 2 7 AVBGEROREE X, T o2 A EHICEMiEE 0
BHFED Ry, BPAETEPMZILFRINCTH S CARICHELIEA 2 £ TOZERMENT T Bk H
AFHICH L THEMLCLEY, TARCIALF—2HACE 2 FENAE RAMEINI b EE L
b, 77 v MGERED XS mEBGERZIER IS O Wb o L HEIII NG, IEFEDF F 2 T ARG
of& LTl

2V AFAEY TaTAX4 L7 b ER(Dual Direct Escapement)

MR I EHEHE Cld 7 < 72 U Dual Ulysee Escapement IC# T\ 5%

CAVTTFATARY BTALAL Y A4 v =it (Double Direct Impulse Escapement)

cu—7v 7V FF 2 TR
HERBY D, Ny Ty L OFEELXRBRINT VWD LW, —HT, Ya—Y - =1L X(George
Daniels) (323 A EHOEHE X FEIL L C, 2 2Dl % D&M, WlE AL C2O0BAEHELRHH I3 L
TFF 2 I ABERIEEO Ny 25y v OBFFEICHIG L 724 VT 4RV F v b X7 Nk [ — it
(Independent Double Wheel Escapement) # FIH L CT\» %, Z 4Lt 2018 FICF ¥ — A X7 v v ¥ % 4
(Charles Frodsham and Co Ltd.) i€ & 0 #@ft & 417z 20132, TETE_ALFAFLTFI7—Ihtev o0
A4 v v 2 Pt (Central Impulse Escapement) & L CHIG{L T2 % 20,

2.5 % DAoL Ze R

At U 781K, 421X, Bl OIRE) -~ D = 4 v ¥ — (G 23Rk 2 O 2 03
25.1 % J1(Constant Force)

OB L — 7 A v P REEA T 0D s, ESIE RS 2 O EIE O A IRRE T
BRI S N2 b v s BB 25, BUERD SIRB) TICimEI N2 T AL F =22 L, RIEZE
b33, Chictie, FRHEORECFHRIEESZN T 2 L v O s H 5. FHRX 3B Swsl o v
2 B ERE 7R &IC X BEREMERA L BT X O, —E, Bl IIHRD TN WA I L CIRE)
FIZANF —RETE BHUERE CUAT O X5 %6235 2.

2.5.1.1 HEHER(Gravity Escapement)

RO FHREFEICH Oz vy 7 HOPGER T, BATHEIIPATHOLAICHEI N 20D
—D—fBRY FIc X o TRb LF o a Ckic kb, (FILERI AL, %o b)) oo KL



N—=%Fib LTS, R URY FORAIRIEE 220, HENCIR Y 32 Wbl KL S —%FED
P CHUPBAEHEEZMEES ¢ 2. oK, RYFL—FE Ro T T A fhyilo KL~ —3BEI
BAEBRIZIVDLEL EFONTHE0T, EHICI Y LA-PRMEICKES ) ET2bTER, o
JARIEEIRL X 5 EENICEI2RONZ DR FicfEb 5 2 & THICED T A A ¥ — 2R Y TICfitis
TE 3R o T 5. (Fig.16)

BIoBnBY
()
%

Fig.16 EJtEROEH) 10

2.5.1.2 B iR (Strasser’s Escapement)
IR0 FIRFRTHSFICH DNz 7 1y 7 FOBG#ER. Fig.17 I BiEfkofhE 2R3
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oI

Ty onEPLEEICLY
R LhalRiEA
(AT £ 42)

fiEow
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Fig.17 5 st o i 101



PUFRIC XY 2 INZIRY THRFEHT 2 L e N LTI niT7 v 7 vz Eix ¢, B3AEH
EAZIEERR T 5. ARIHFR S A EHIE, FIELTW T v 21000 & o 2 o OfEEm I %
TL, 7y o7rzetiEnic X EE L 27700 & d i mciid 2. 7 2 v 000 3B 2 ickoTE D,
BAEWPE R ZEH L, BN EHICE2 LPATHIMFIET 225, HRICXVIRY FOREENICHS 5

Sl o RFRICiFEET AL F - Ex o0, RO Ficia I n g, HiclRizhz &R
T I XD EMINT AT —HIRY FIcHg I N 2%, IR FOIRIEZ —EICfR> 2 L 25HIK 3.
72 LB B TIE7RC, ALV TH oA, BHEAE AL P 7 MK T2 &, 23
AEH VPR3 5%, WRAZESHL 24<7%0, KXol #2585 %, K oI nsg
IAAF KT LIRIEME T2 X 9172 3.

2513 Ty Vv VR LOESIHRE
T F v FICHWO NS EIERET 1949 FF, 7 ) ¥ v v X L (Henri Jeanneret) i & Y FFEFERR S iz
IREHE I R 2> & TA SIS L TGS 3 T AL F— % —F & 3 3K © 5 % (Fig.18).
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Fig.18 7V « Y% v X L OFESIHHE



DA BT ZEGN L 7o oCTH Y, FIROEE L BRSO TEME — X v P BIEREICRE WA LI
BENBZHFHEL MFEAT VO L) ARG TR THEE SN, A EFHEORERICHAEOHEZML, 234
FHL L A [ CER T S HHEIC R o T b, A L AIA FHAER T 2 5 X 13t b 2 RS
0 I CHNLC, HARDODRIIFROBFREOWH LIS S L 5 A ToONS. Oy, AR
DEVERAETHEDT IXD oA 2 X5 ICh>TEY, WEZFRIEELNLICER>TVED,
20, TV, TASEHBATEHHEAECEE LT T2 B X2 &, A XL
fEBRIS, BEME > WEXITNRICLVRETE I TT VY IAEALT, TARCIALF —R{RiE
5. HAHEDEEE— A v P 3K E WE, BATHOEHLAEIT L CRE X X —hrgRie s, HiAd
DRI DRHE DS L7 ZZITF T2, HUBAEOC Y EPAEHDT I X3l 2 (& £ <z
L& & IFhdlmEsEffioonsd, chicky, oI —EREE L ohzm&&itho vy
LX) TAIC T AL F— Rk S,

i, BOERICH OB E I L LTid, —HHPH 25008 Y b 7 — B (Remontoire © 1]
DRED I —ED T AN F—% TASIHHAT 5 Constant Force & 138720, 2SAXHD L7 A%
BBl ORGE OZBHHIH L T, TARICZAVF (572 2 4 7OE NI ED 555, FHENK
IC X BRI B CIER I b2 h TS L TEB Y, BRIz,

252 79 —=n7 v 2[R (Free Balance Escapement)

O DBERIZ, AIBCHA L CTELPUERD X 5127 v 7 A0 L - BHEER LB A K I X 2
EEIREA R N gy, MR RSN L b b5, s mBERINERICIRIBI N TE TV 52
WTNOBGER IR GTD, TAL, 7217 v 2k ) BATHEOEINRERE Nk, OFFATVL
REEEERID 2 (F72IFEZINT2) X5 ICOTHFA T OINGENIEE TA SO TN R & £ T
INF -G 5. SE (OUTF) B CARRICEE S NS, AT 5 7L — 1 (%) FiCl fHdsn
2F, 7V =TV ABEEREFRE NG, EFETIE ACHI DAV AN—THE7 )V RAF vy - 7Y VIR
(Christian Klings) & Y BilfsHciE# s Wiz e T ABFKR I LT3 0,

S, FEM 7 FB ORI 35 A5, AREK O ki I A BHER O (EE)E)E o URL % %2 2-18#
LChwiz, TnoMEBIZ RS 2 5 2 CIEFICO A D 3w h, B CHERV7ZE v,

—fFlE LT, Y7LV E - ) —7 7 —(Sigmund Rieflers) ZZE L 72 2 4 7' DR % Fig.19 IR



Fig.19 )V —7 7 =87 ) —~F v 2 i 120

3. BIEOREIRS B ER

EREI B DS D & CHLED RS, % L CHBEABUER T H 5 - oA BOERSR, ik
PR AR IR D 7 7 7 — AL AN —BUERAEHABGER D T L o 7. 20tk BRAKAD
WHTTARCT v 7 VERE X ¢, % OFREI) T3 A EH 285 L Cladl % [alis X e 2 5 5 8
T v o ARt GERGERS) T, T — 0T * 2 b u v HofE XREHOER S iz 2% ) Ko R
HeRE 72 & 25 1960 4EfR~1970 4EfRICEIS LT 3. 1970 4E{R~1980 4EfRIZ 27 + — VG & 72 5 25,
1990 FRICA 2 L BT OHEH2SEE 2 X 5 1C7a b, 2000 FEEEH O BURET O BT IO
THH7ABERRoND X517k 5. RIICAZHNC, Hid L T % 22 Iy 2 BiER D & 2 hos RN
TLHHEDOH L OIUER~DLZE L T L Thiz, K2R,
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3.1 BT R
3.1.1 2—7 7 v ¥ LR (Co-Axial Escapement)

BZINZAPERLIA VT 4Ry TV X TAFRA =PRI T F 2 7 ABOERAE 2 T 2 518
IR L7223, BRI E 2 M2 2 RERH Y b—T XY FBEREYLLC L% 5 ERD 7. &
121 LTh 7V TAEERERER L DD, TASOEEMN S CliE x4, Ak, H#zages L,
Ho, FF 2 A BEEROIER T L XA ZXRER L 0N a—T 7o vy VBLEKcH 2. 2
=T 7 MBERDO T v 7 vicizon AR 3ERY TS TE Y, Wllick s onmnA00, o
DOXENERL, BANDODATIITAMERET v I VIR Z, TY 7ML TTARICT AV
F—T{GET A& L Lo T3, Fig20 iIca—7 7 & » AIGEE O (EEE X %2R+
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@ BEEERT [
~a2nET N

Fig20 =—7 2% Mo (FBERE 2

=7 7 ¥ MBEGER I D D2 E 22 C, BHEOHHEICE > T3, RHEOBRTHA THITSA
THE 2 B+ 227 1 D 3 A& IC R o T 583, 2 O A EHEIIEHS RGO EARETH S &
EzoNnb, LiL, AATZOFER 2 )T L, BEARERFIRGEK & L TR 20 Tw 5.

3.1.2 AP JiiiEt (AP Escapement)

AP BisteR13 4+ — 7= © % (Audemars Piguet) 30 © v ik a <~ — 2 & L TSR L =i c 2 90,
A 7 F8d o v v L F U Td 2 O CFENCBIT 2 S T La gy, RefFRMEIC AP B
L TIRHOLRMEHEONDS. FFIFv vy BHEROMIIORE, BEMPSIFFICH LWL ER L, ZOMH
iE, me v BLERS SR CH 5 C LIGERT 5. EEEESE U SRR EHEL T v 7 L OfEE)IN
BhE-D\ 72 7 v 2 AEEY IR E A

(a) 23 A E B DIFILFFERIC X 2 EE) + 15 1L ARER TR O IEHET IR o C A 50T X 2 7F8)

BALEET v 7 VDRHENICARE) Hlo DD IS A EWAE T LEI X1 X 21FH)
L7 BR, EHEESE LR CHOBAEEE T v 2D T v 2 AR
(b) 23 A EHDEILERR SO DD ICH A E 275 T LA & IC X 2 /EH)



L%, OVADHRARVBAOD, HOoOTHIEERL LT 2L, Olci@MO X 5 REEAE % ¢4
UCEBAEHEL T Vv I/ VORENRREPFEL R DT, BAEHEE7 Y =gk, ZEEY LT L
TLE S fEltind 2. o0t £-IEA2DDEAVEEL T2 28T, (b)DIRREICT 323
AERL TV I NDREHFE L WIREE R 5 3 2 & 28Hisk 5 28

c AV OB DSV EMRT &, (EIHEROBLDIE 2 21320, (FIHEIRAEL 72 2%, EiEHEE T

TARCZANF (AT 2 HPHIVNE < 7 b, BEEERSFEIMET I 5

OB DA VEEL T2 &, (FILEROIBERSIEZ, Ho, BAEHE OB b, 1FBI%

SR T & 72\,
HOPENIEL, HABEHEIERLG2 YT 7 v ZeFi5tE, 2 L COREMHRL LI ET5E, HH
KL AN—BEERED X 5 ICCTARDIRBIC X O 7 v 7 VOFBYE U 2 v e v iERIE, &5 LThil
BOEELLTT v 2 ADEBIAD NS S R B HAIIC RS, LALT v 2 AMEBifak/hNaT5L, S8
ZFARDLA T F03EL L 72 2URELRHICL 5.
FERRIC AP BHERS T A 8 & D01 DI
% 0.05mm fREICLTWE I EANRIATY
B, TNET VI MEBIMBNE o T3
BrEZ NS, £ TAP BLERIZTALD X 5
BREEEABMFLND X5, 7Y vy TR
— %7 v 7 MCHUY fHF (Fig.21), —75, filiEict)
DR E TR T IRIR IR DR Y BB BRI L, 7
v 7 A DEHEFLD O F ASICHYS 3 2 (E %
FF sz ThIEHATDH, HakL -k

Fig.21 AP itttk 122 IR OIFENRZHER L, REEHMEMR L2 #hE

ERALZOTRAV» EEZFIEZL TS, R, CoRSFEAERHIC X 0 BN AT, AP BiE
EERLICE 52D TIRABRWES 52, —/T, v viiERo AikE), FmshiziRicHffcErne
WOHOMBEHIIEK I hoTc b EZLND.

3.1.3 T a7 A v AR (Dual Impulse Escapement)

7oV kA4 a—0HF v ) N—Th % Cal9SA5 IcHID THEE X Wi cdh v, < otz 77
v MRS, 2 LT AP BUEERIRE, oo v PR E R —RICEEFE N2 b O TH B, Fig.22 1T THEERE
DBz FS 5.



COMEFHRRT~ADBHET~E L CREEERME @O FILRER

Fig22 7 a7 A v 2 GEER O fEB

AP Bl OMHIC CER L, v v v BERoME L  F I CH 2 030w 21, EGICT v 7 A0MEH)

L7z DEBI DN T v ARTEL, FHEtDWNEECH 27 LIRIB LT, T2 T4 voiov 2T C ofE
AL, EEEEESREL RGO T v 2 AMEBIRIC, REERICR W CERED S 5 B Lo — B
DIEBEERIC X 2 EBERZEM L CTBAEEL 7 v 2 L OB DB W2 7 v 2 AAEB D i % 3%
F52LT, TYIMEBADT v NT Y RAEREL, CARSD IR VX -G % ERI0IATZ 2 X 5
/b, Ho, HiZs), mE#zagee L.

32 777V —AREEOUR
277 — ABERIT O THIEE, MO, HEPIK LA 7Y PORBELICL Y RE 2R
BRHLN TS, LTSNS 5.
3.2.1 LIGA(Lithographie Galvanoformung Abformung) £l & B 9 A v 7= Bitsters
LIGA 2o E 2 %A L 7-WE ORI %, & — RIS T 2 2 LT, BtIniifs L gt
NTORWETD O 7% 82—V ZERT 2 BA CRRMOIERIL 2B L, EXFHREEZHeTHmT 2A<72
M EETEGIBIRKEEE D MEMS 73 A4 285 % iK% 3 2 i THHi ¢ & 5 (Fig.23). 2000 4FfRic A>T



2> IR BT O E R~ DERA e I 1, EOCAEEE S ER X 40 2 BERRR S~ ORI S B L T
5. FEEICHE A TEIR ARG CROMHIR 2 2, BGTORBERERS T 4 v D HIED E23 Y, BIZIE,
BAEWEZRIKEEEICT A v L, Blke— 2 v b2 2C, BuEEERoRm Licds5 3 550
Kb 5.

Photoresist

Si substrate
with electrode

(a) Forming the cavity

(b) Electroforming and (c) Demolding
mechanical machining

Fig.23 LIGA 7' & & AHE & BEE B v 70 (D3 A EHhHL)

3.2.2 WEEERT~D > Y 2 v OiEH

[\ U < AT N4 275 & & BLE$ 5 DRIE(Deep Reactive Ion Etching) /& LT, U av vz
SIRFEHR G % BiE 3 2 Bt oA b 2010 LK, #MERICH 5. DRIE 20 Cit, ¥ 2 33 it
BLTLE 2, MLIF CRUBE 2R VIR LIRS, fRE3 528 CTDRIEICXZ Ty F Y ZBIAIDAF v
oy 7EEOPICL, RANIGEERRECRIET 5 2 & T, MEERHERL CEAICE S T2,
FHC A A A TRIZEDEA TH Y, 234 EHEZ 1T -
T, MRS EETH LT v kR Y Y 3
Vol LR E M 2 & ChUERR % Ak
TTWBIED, DFFATVICHBEH I TW S,
V) avoRX LIBRAHBE RG> LT, O
FAE VCOFRHE L LRE ORI R 2 FHE L
Tw3 HATEA ) =V M7V v)D CalF8IC
Yl CHEmREI N, ERftEh s (Fig24d).
DRIE Ic X % &V 22 Vi S @, HoARE B
EDEGINL2 K 2 %, LIGA I X W #liEI 3
HEFERE, oK & I X pEE e, S - Fig.24 U 2 v S A EHEELE ] 129

3.2.3 7 v -t (Chronergy Escapement)
ROLEX 0@l 5 7 — 2 i<, LIGA Yux 2 EHWE= vy 7 - vElORALXHEE, 7V 27
AL T WS, MROZEEIC X O iEEEZ A LSBT EIHLETH 328, HESTNZIRALE



BEZR, 7y 200 ABREKIBICETEL CWb 2 Licd b, 777V —AEROMEER1L D o fiffi
B L&A ERAEET 2 0 EER L Do A
B LA ABAERS BT R EERE L ST
NTHY, BPERCIIATEERICN LT v 7 v %
ML TCTASRIULET 2 PV 73R T 5 L0 )
Fnsd 2 H %, Fib L7225, 7o — itk
C OFEELOHPAE L YA SIS X 5 ICEkh
JekE RIEL, BuElsEm L2 Mo Twb

Fig.25 ROLEX 2 1 7 2/ — it 120

3.3 Z Ofth o FRERE
33.1 avzx v MGERE (Constant Escapement)
BRICEREBREDE Y ) a v AV AEY 7=~ a0 a vy 2 & v B 843 2 (Fig.26).

Fig.26 7 —L~La ay 2 &y bk 12

ZOPNEBIISAETELPLD M2 TV I L EN L TCTAIRIGET 2D TIERL, ¥ ) avyofid
NETVILVERLXET, ~EREHEIE, CAZERT VI A EERIX 42 2 L CFOEHERENRY] Y
BhaRFENZHMHLTCT v 7L ERHE X, 7Y 2 A% N L TTARICI AT —2aET 5 ko



H%. 2 HOHAEFIIENMD 53R 2 1 DOFELEEE, TV 7 VMEE) LA A EHAMF LIRS
2 LFAFFCEEEL, A THRIZRAORETHERICENG T v e —aEa s, EMEICT v 7 g
Fi9 2., chicky, —EoMEEL2*—7LC, BEDIC—EDTANF—%, TV rifiL it
fhcEsctichd, FIEZLTOARVPATFHRBIELS 7 ) —Cho T2 L BbNz 2, Mildos )
T I VARTAHERINTHE LI THY, FFa7AERO L >Ny 7 7y v OB X 2{FEIR
RARERELZVWISREETH I EEZOND. COEFFEMIE, LIHNLZY 2 b 7 v e romlk
NERE RS2 5, v ) avy T [ Ak ViBRoluEEEO 2 v 7 P BB T LYY LT
% X9 IR L S AFER I BRI WG T 5 5.

4, BbYIC

BT DL IC TR 22 o T E o TH A ) Biteh & EFMAEPER) & & 2 5 — T8O BiERIc oW T
Iz UFHICHAN LT & 72, SEA T & 720 3B WIS o R s o v 177 L 72 Bt o & < —i
THHI LKL TS, FEErHNE, P ZEIERZFES 5 X CRATZEHBHREVTH S )
7' F Ry N, TOMESEBELZ2Thr bV IV y—=Dave T Yty T
Nz ) avilay 74T MEETEREL =y F R SICh M TAZWEEZ TN
IiEH&E#R Y 4 b HODINKEE Ot 2#ME L T3P v v 7 « 74— A2 —KI%, BUERORIGHED
T TRGEF DA —F — P FIFRIL, WEIEOBANII 2 0E, % o c b R 2872 L bbb 7x
IR =T Xy MICBHTAAGRE, HAREOMEZIEL X)Xk S, LirL, Bhixdn
X, TRAT =T AV MCROGLARKRL LB TE D, B¥hd, TATF—T AV FOFFETZD
JRERIE, PIREE & S0k A TR R FE L o T a2 b 72, XA YA T ol ohT, =27 —7
AV M LT 2002 BT, 2B EREIZUHTERICE TR 2 2 idmwnl, HRORY X
Z2ZEb B 0b Lz, | (HODINKEE HARR X 0 51H) Lili_Tw 3 32, HEHEIREEO A —F — 2 FhF
KHZA S G55 DEEHEZ B\ T B L IEFE X Tnie s, A & b EAN T, R iy
OB D LR X AT, SRR R U 72 IR O s & B Bb V) 2 RE o T X - %0l
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Constant VARV N T F—R movement-movements (Fi2f)
Force (Henri Jeanneret)
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