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ABSTRACT

It has been 17 years that we developed the watch lubricant “A0O-0il” which resolves the problems of existing
watch lubricant, i.e. “gelation”, “metal corrosion”, and “temperature dependence of watch lubricant's viscosity”,
caused by time decay. AO-oil has been developed especially with focusing on base oil and viscosity modifier, which
extends the life of timepieces and enhances reliability. Furthermore, by enforcing higher lubrication and stability I
found that the lifetime can be extended much longer. As to this development, an optimal additive has to be selected
by focusing on antiwear/extreme-pressure agent and antioxidation agent. Hence, now I report on this new watch

lubricant “AO-o0il”.
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Table 1 Relationship between oil-capability and oil-composition.
Additives

Capabilit Base—oil . - ) . . ioxidizi
apability ase—oi Antiwear agent Extreme—pressure Viscosity modifier Antioxidizing Others

agent agent
Antigelling directly affect affect affect affect affect
Polymer—interaction directly affect affect affect affect
Metal—-corrosion affect affect affect

Low temperature
operation

directly affect

directly affect

Consolidate oils

directly affect

indirect affect

indirect affect

directly affect

indirect affect

Basic lubricating performance

affect

directly affect

directly affect

affect

directly affect

affect
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Fig. 4 TOF-SIMS spectrum of Tris(2-ethylhexyl)
phosphate treated metal part.

Negative ion mass spectrum (m/z 100-300)

Fig. 5 TOF-SIMS spectrum of Tris(2-ethylhexyl)
phosphite freated metal part.
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Table2 Comparison of the lubrication characteristic
of each antiwear/extreme-pressure agent.

- : antiwear/extreme—pressure agent 5EH | 3EH 3P
FRERIEFERIR ORTR(FFEREE)IL, SEH 7% 0.39 Wear test 0.39 mm|{0.30 mm|0.34 mm
mm, 3EH 7% 0.30 mm, 3P 7% 0.34 mm Td ~7-. M |Pressure resistance
o . . " . film break pressure 50 kef | 63 kef | 80 kgf
5 % b 3 N s
JERER OFE RIT, WSO D E & BB E D Wear start pressre 40 kef | 50 kef | 63 kef
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Table 3 Comparison of the lubrication characteristic

LT, DT ESFAENM L, fERL of each Antioxidizing agent.
L CiMiE R & B o L X ¢ B - & antiwear/extreme—pressure agent Structure 2 | Structure 3
Wear test 0.36 mm 0.30 mm
MNTEDZ LRSI, Pressure resistance
film break pressure 43 kgf 63 kef
wear start pressre 32 kef 50 kef
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SyRRI T D L BRI IR 4 (T BT 5. RN
G 0.119 TEET B, FEBREO 505 Table 4 Comparison of the lubrication characteristic

' o of new and old AO-Oils.

REINDDITKI T D 15 53F0B% B2 7.

0.117

Friction coefficient

Antiwear/extreme—pressure agent NEW OLD

()R = A 7 )L DM SRR BE 0 FAML & [R) 554 C, |Wear test 0.29 mm | 0.35 mm
o o L . . Pressure resistance
R EEFEAER & TR 21T > 7=, Table 4 IZH5 R film break pressure 63 ket | 40 kef
ZoRT. BRERERER L, MIENYIN D W b B wear start pressre 90 kgf | 32 kef




EEE AHED, BAEOHEBMOEAIIIEIZ, 0.35 mm, 40 kgf, 32 kgf THEDIZHT L, HROBLAIE
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Table 5 Physical properties of Watch lubricant AO-Oils.
New AO-oil currently 1.1sed AO-
oil
AO'-2 [ AO'-3 [ AO'-5 AO-2 AO-3

SpecificGravity@15°C g/cm3 0.826 0.829 0.831 0.825 0.828
Pore point °C -45 -45 -14 -43 -46
Flash point °C 252 234 240 258 254
Viscosity @40°C mm?>/s 26 70 117 26 67
Viscosity @ 100°C mm?2/s 53 12.1 18.5 5.4 11.8
Viscosity Index 145 171 177 148 174
T AN mgKOH/g 0.04 0.03 0.04 0.02 0.03

refractive index@20°C 1.46 1.46 1.46 1.46 -
surface tension mN/m 29 29 29 29 29

Copper corrosion test la la la la
(100°C *3Hr) (none) | (none) | (none) | (none) )

BN & BT ORI O AN E Table 5 ICFE & o0 5. B BEIE JIS K2249-1, R A% JIS K2296,
SRS JIS K2265-4, FEEE 1T JIS K2283, fR{kid JIS K2501, JEHTERIL JIS K0062, K ik /1% JIS K2241,
FAR G BRI JIS K2513 IC K W llE L7z, %, HEEE, Rk O DAGMHED I A A2 T
MTEXAZENMD. BITENRFRCENS, HBMOERL TX 5. fEL, HMEFAICHDLE TV
ELEER CTOMEE LD SR, & L OMEFERITHEOH 584, 0.1 mgKOH/g A ToH Y
SRBREMTZRV. £, BMARULTHAZ N7 ITRAF v IxtitEbEboiwn. ez &
P> HETEOTE D & BTG IR ~E SR D ATRER 2 L MR D

PAEORER, BARNEMEMIIERAE O & FEROMEZ MK Uic, e L L72Emchd 5
VRS .

5. £&H

- HBEEE T ATV, SRR AT OVIIEBREIIWAE L, BEEIIMUS L TEE LA L TRD DM
WEE RS D Z & MR- T

S 2ODTIFRNHEL TARNVEAZEALLE Y 2o VR ZETLHEY) VB AT LB T LF L
VEAEN LT 2 OfE SETMEEPREOREN R, MEPICT = = VPR SRE D O BEEL T
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BRI E LT 1 I 2 ORI A B T2 7 I VFEREIRINT D 2 LT, O FESTFLOHE
R EL, BED AO-FA LOMEEEEZREDOND Z LW fE-T-.

- TR ORI & DS E U CHE LR R 5 720 CRERE L v RE7ZR, S EEMLIC & 0 ) wTHE Tl EEFEME
(ZAEA 2 IR 2 3 2 T T TR I AO-A A V& BHSE L7z,
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Both Side Anti Reflection Coating on Sapphire Glass for Watch
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ABSTRACT
By applying anti-reflection coating on both sides (front and back) of the sapphire windshield of the wristwatch, we
prevent degradation of visibility, color tone and contrast of the dial and hand due to reflection. However, in achieving
this coating, there were some problems, especially on the front side coating of the windshield. In this thesis, we will

introduce what we have done to solve this problem.

1. [ZL&HIC

H, RN R O BBS T AR EE HANCY 7 7 A T RL VB TWD . Ll
77 A TIEZEDEITEORE I NEHOFIRNRRKE L, CIFRLH OB, aflcar 7 X b
RO LD, FITREZMA D707 7 A4 7EBIONERCMIE (RE) 1M GH
=T 4 VTN END LIRS TETWD., B 77 AT HT A LZEROEER TIIAS
DH) 8% DI (BURSFH) N dicd, RETIET 1L ORK LD, 774 TR L
W FREEZRD & ZORF B ENDT-OHBMENEL 2D, AROILFROAIZR 20,
I N TANA IR EEMEEZRTFIETCLE Z &S, L LB a—T 7%
B 77 A TR OMEICAET 2 Z LT, REOKFFREZEF T IDRIGICT LI ENTE .
Fig. 1 &Y 77 A4 T OHOEE LY 77 A THEICENKN =2 —7 4 75 LIZHE DK %
AT B 2 —T ¢ v 7B OARE TR & S R A A8 AR ST 2~8 A H 7R
FRBORIEZ 0.1 nm OJE S THIFE LTk 5. —BICBiREG A 2 —F ¢ > Z O o
FRRIE 100~400 nm TR /Xy ZRFEEFETIHRIND . 7 74 7 O Z Al 1%L T iz z
HIZ1E Si0, HiJE T 100 nm FREDOBEENSMLE L 72 503, TRIKWVIEE TOE AR 5 IKRKHHE, Aadny
PRELE D T2 DITITN B2 B & R B 2 T <L Loy LRIERER & 1Y 2 5 7= O EF O %4 400



low refraction film
100% 0.5% high refraction film

100%
\\ 8%
S

sapphire \/ 894
\' 84%

(@ (b)

Fig. 1 Reflection of sapphire and Anti reflection coating.

(a) Sapphire glass (no coating).

(b) Both side anti reflection coating on sapphire glass.
nm 2L B &2 ERIT AR
Fig. 2 12V 7 7 A T A ~DE L 2 —F 4 T OFEIZ L D XFRDO R AT %73, (a), ()X
W SR O TR X 2B D W MR EN S 2 —7 4 7 OMRN L D2 D, (b)IEWNEIZD
KRS —T 4 T ERE L TWDD, K 8%DINE L T-8, SCFHRD A7 13 (@) T oMl
L%, UFROBRMER, A, a3 M7 X MEERDRNZDITE, ()D& D IZEP TORES
HEME T 1%L FIZT D2 ENEE L.

Fig. 2 Effect of Anti reflection coating.
(a) Sapphire glass (no coating).
(b) Back side anti reflection coating on sapphire glass.
(c) Both side anti reflection coating on sapphire glass.

YAETH 2010 SFL VYT 7 A TOMBICHEK S a2 —7 ¢ T BB LGS EL TV, Lo
Uik 5t o0 BB\ i S S i = — T ¢ o 7 A AL 5 72 DI IEBR TR B P T O OFREN B
o7, REESCTIE Z OFEMPZ AT FHA NI DWW TR T 5.



2. MEERSI—T 1 I DEE
2—1 TS

JRBGRADTe E L D=3 —F ¢ » TG OIRK & 72 5 F 2 DATNTE b END. Bl 2 1TEE5E
HIZEY &Rl 2, 51 & UEICEB Al Z T2 L TRE Sl EH LOBATELN LR E
Thbd. ZXUTEY a—T 4 V7GRN D EREOSEHBEL 720 325 &, O a—
T4 T BREEREN L E DO P REL DR & LTHID.

2—2 [hEH

S CER T 2BREF O RBHICIE, & EITRNIKROBERIZ EAR Y I N LR LIZMET 5. AR
A FHETIREEDOR WY 7 7 4 7 THIUIMEF R E L CTHRETE 57 ORI RIBEIL 2
WS, MR o —T 0 o S REIEHO 72 M3 8 B 7 OIS IE NS ERE LERETE 22
LA S .

3. ERAE

3—1 [EEXEE

MHEE & BiG & DF g RE O M 2 —7 ¢ v 7 e LT, FRioBE MBIz LY A8y 2B
£ % SIO/SINEE LS 2 —F ¢ UL, PGt a ) LS E 5720107 v BHAAHT A Fb

EH BT HTEIE A B IS o — T ¢ VT RIS T D L AR LT D,

(1) ANy FREFEIISIEOBRIZ G2 DD =R VX —NREWT LI K BB, M,
Bl ~DfE B E L, S OITHEOY) % T 2 HIEME AT 25 2 &b VIR
DL ZNZ S WIHEHED @B 21— 7 ¢ o 7GSRI 5.

(2) 12D Si ANy Z 2 =0y bR Si0, & SEHTR SINEOW G542 VT 77 147
ARy FZIZE VR —F ¥ N —NTEHICEHRTED. £ Si ANy F X —5y MIDONT
IENb° Ta EOBEB AR Y —7 v ML LEME R EZZMCATTE 5.

(3) SN I~ OO T HE S AR E < VgD R EAHIRFTE 5.

(4) SiO, BTz OMOIREITHEME L L TEH I D Mg, I & A% 2L EO S 245 5 Vit
THAITH .

(5) 7y REEERT A RSO 72 RGBS ARG S CEAMbS L TEY, 20D
BTG & SiO, I & DFEFEMEICB W TEEN B -T2,

EROREAMEED b LIFEROBAER A 4. RBRER TR LAHEZ1To 7. i~ r F~—

70, BRI SR YR OB SV CW BB N OB 2 —TF 4 7 Th Y, ME L

R, FED 5 MgF,(96.5 nm)/ZrO,(114.9 nm)/AL05(32.4 nm)/ZrO,(10.3 nm)/Al,05(24.8 nm) T 5.



3—2 FHMEAE

AP REAR (2 B U CImns = Rk & Pi5adiR, Mgl a Fviz, B S 2 Wit/ A
VFEUA B, JETERENS 30 mESE T UALRALE S ZHETS Y. Zh
EEORESHI 150 mBES ETOVPHME LE2 BN, 2—1 CORLUEHEEEK S 2—7 ¢
VIEOEIRS DL N T5mm LR TH o= O ClHEMICEEEET HEE LTHRE L. Bith
HERIZ DUV TIS Bayer iRBRIEE 2 HV, HEXR] (77 4 2) HTEEZ A a2 —72 3inch, 150
cycle/min D T 600 cycle FEE) X 7= D Haze #MEIZ L W RO 7=. FEEF IOV CIL B
A7 Ty TR E AV, REm KA YEY RETZ 10 pm/s OFEE T OLERNZ S, 300
mN/120 s TR EZ L T E MR S U < ITRBEL 2 E 2 HE LT,

Bayer #XBR ClI HERAEAN 22/ IME ORI 72 5 A%, MEHE S OB 25 5B CII MBI K 5 4TIRE
RNEHIBE DA 22 5.

BHBPEDFHIIZ OV TIE, 2= 21TR L2 K D IZRRHITK Y SXRMA KOO ND. DI K
Wa—T ¢ v T RE~OKOBFNEZ T2 72 DMK Ol M CEEZ M L7-. F7okiE
KEBEE FICH T LA —7 Tl ST (45°C 2 h) KU ZEESMHT, TO®%ARIIC
X DKV CTHRIEET & D085 M2 50 L 72

4. EBRHER
4—1 T

3= 1IART LAy ZIEIZ K D SiOy/SIN BN A 887 LAt L7z, F 7z i f B = —
T4 v 7 OMHEMEE, FHCEREND 150 nm B DR S O S IZ/E 4 S5 . Table 1ITRT X
912 SiNg I SI0, K D =D, fie BJE D Si0, I T D SiNg IR 2 R & < §74UF 150 nm J& S Offf
Ebm BT 5. EREICREND 150 nm JE X F T SiN, REEHIA 2 32% Th 5 & il X1 27.4 GPa T
HDHD, 40%FE THIMEED & 34.6 GPa £ THIINT 5.

Table 1 Coating hardness by SiN; thickness ratio from the surface
to the depth of 150 nm

e e
Sio, - 15.7
SiN, - 38.0
Si0, / SiNy/-++(1) 32% 274
Si0, / SiNy/-++(2) 40% 34.6




JEAE B AR SINL B4 78 32% (Table 1 (1)) DFE Si0,(102.0 nm)/SiN(60.0 nm)/SiO,(17.0 nm)/
SiN,(37.0 nm) T, 40%Ff (Table 1 (2)) % Si04(90.6 nm)/SiN, (101.3 nm)/SiO,(14.9 nm)/SiN,(30.4 nm)
/Si0,(56.9 nm)/SiN,(21.9 nm) /SiO(34.1 nm) T&H 5.

Fig. 3 12 SiN, FIA 2 H° L T RO KR 27" 3. 32% Tid 4 J8 TR % BT & 523,
40%LL BT D LI E 2 < T2 2 L TRERZMAOND. LnLEND 45%REETTH
5. 50% %A DL THETHIERKS & AFOMRNEHL <D, 40%, TED/NT L ANI.

Rgﬂectance(%)

g et ™o L T Wavelength(nm)
380 430 480 530 580 630 680 730 780
SiN, ratio
32%(4layer)

40%(4layer) = — —40%(7layer) =— — — 45%(7layer) — - —=50%(7layer)

Fig. 3 Reflectance curves vs SiN; ratio.

Fig. 4 \ZBHAS SRR 4 EfuRs 1 o0 JBBS P i (28 S 41TV 72 MgFoy/ZrOy/ Al Os/ZrOo/ Al O, 7555 5,
R SiN, HIA 23 32%0 Si0,/SiN, 4 B & SiN, #4523 40%D Si0,/SiN, 7 EIED Bayer 7 A L&D
REGEORMZ R, BB ME COBEMRTH Y, R MgFy/Zr0, 5 JEIEIZ DWW CTIT BRI
FIVMEDZ < sl C X Haze HRE . SiOo/SiN, FEE R /%y X T SiN,EIA 2% < 70 5 L MiHEME
DFERICKERNENHD Z EBbnD. oAy X THlIET S 2 L CTEEMRE L RS %#FE
LCHYERHBED A CI< W (>130 mN FRIERMLLE) .



MgF,/Z1O, Si0,/SiN, (sputtering) Si0,/SiN, (sputtering)
(Vacuum vapor deposition) SiN, ratio 32% / 150nm SiN, ratio 40% / 150nm
Surface
Hardness
(GPa) 17.0 27.4 34.6
Haze 0.64 0.22 0.15
Peel strengh

60 >130 >130

(mN)
Fig. 4 Surface after Bayer test.
4—2 [hEH

Fig. 5 \ORT XD ICEKS = —7 ¢ 7 ORKBIHEK - M2 63257 v FaA AT A
FEWMN B DG IE TR LTe. BUBIINEGR A& % Tz,

Si0, stain proofing film

// SiN, /

} anti reflection coating

sapphire

} anti reflection coating

Fig. 5 Structure of both side anti reflection coating on sapphire glass.

BAiGIE DA% 3 nm R ICHIET AU = —7 ¢ 7 EIGBIAIE L ThITe A L%
FEMEICB L RN DL L TG 21T 2N TE D, DI LIZE LTHZENLL L
DRI EPELS TNV a— LV ETEGHIHREWMON SIO LG L TWDEOARRIKD. I
TEDHEEIIAKRENFIXS TR I, —HIZ SIO EA IR T 2 720G HEITEL 78 5.

i



Fig. 6 [IZBHiBE @ DR EME L ~T. e X U LV RS o —7 ¢ 7 Em D Sio, K &
HEICHEAL TS EEX LN, BERBRICEI > TOLAESICHEEL 2D .

Rf Rf Rf Rf Rf Rf Rf

stain proofing film —Si — Si —Si — S —S — Si — si—

o) o @) 0 0] @) 0]

I I I I | |
surface of anti reflection coating -gj—0—Si—0—Si—0—Si—0—Si—0—Si—0—-Si—
(Si0,) I I [ [ [ [ |
e 9 9 0 9 90 o
i
_S|i_o_Si—O—S|i_O—Si—O_Si—O_Si—O—Si—

Fig. 6 Structure of stain proofing film. "

Fig. 7 WIS 2 —F ¢ 7 L OBSIB B OF I X DKk OBl o0& W2 oR~d. P52
FHIUTHIK O T 10° AN TH D23, PGk BT 1100 BEC L. UifbEaiid s &
THNPE LS 20, R a—7 0 7REO I 7 a2 MMIENAMRALEELS 705,
HLTHEAE LEES, Tl 2 E0KOFHEERAITIES 2 & THRHGIZRETE 5.

Fig. 7 Droplet on anti reflection coating and stain proofing film.
(a) Anti reflection coating (SiO,).
(b) Stain proofing film.



Fig. 8 IZBHTBIEDO B R A ~d . BHGIED 720 Si0, BIZAKEKZE T L 45C A —7 2T 2 h izl
SHAKT IZK LG EIT AR VKSR L THERETE 220D, PG LICER Sk
LIRS ICHRTRETE .

washing

Fig. 8 Effect of stain proofing film.

(a) Stain on stain proofing film on SiO,.

(b) After washing stain on stain proofing film.
(c) After washing stain on SiO..

FEREOWVEAM LT 5720, 4—10OXRITMZTESImHEERm BT 25 E v 2hE
LHD. S LICAHERITEHRIE, TR T AN VRIS A D Z ENTES.

4—3 [RitE

SiN, L= % 40% 275 E L 72 B R CIXRTRE O K 2 IS BAF R THENME 2 L7e 2 & 443 7e S Bl U1
Rtk & BARBREEVWERERTH LR TE .

SRR Z Fig. 9 1RT, ZNENDARREN N O B TRIZBRIZ E OFRE DO KSHTE T
2 M OFRECAUER ISR D 5. AL 550 nm T DOE RO KA KR BIEE D0, TREThOHEED
PO 3 2 LB THILE LA L 2B BURBUR R CTh 5. SiNg LR 40% D 7 JEIR DO BURSS



1T 0.40%, I 32%D 4 JEEL 0.53% CTd V) LLFE 40% D 7 BIEAMEILD .

Reflectance(%)
5

380 430 480 530 580 630 680 730 780
Wavelength(nm)

SiN, ratio 32%(4layer) — — — 40%(7layer)

Fig. 9 Reflectance curves vs SiNy ratio.

FEE D Fig 10 17T X ICEEEETZ L TARRAGWICHETX 5. 4/8TiIka
TRE CONFHADHE L XFTXT LRI 5.

Fig. 10  Color vs layer number.
(a) 4layer. (b) 7 layer.



5.

6.
UTOHEZEY, Gomnoft & SOmmsin = —7 v 7 2RI LT.

ER

KD 150 nm BRI ETD SiN, EBZ 40%FE THOL, 2—7 1 V7 IEEE L 7 FITHEC
T & TGN & ARBURE =, BRRAEWEME TE 2 X 91220, ElikRmchiE
%A N3 % 2 & CHBEE IR - DD, KlEEK SN =2 —T ¢ 73T 8
ERRON 7 L— L7 EOSERMBE S RA LT\ e <, AR LGN & Bii5 o ¢ 7
%, BOMAILEE CTH o7 EBEZTND.

FED

(1) WG E, RBUREOE, BRI EH
- AR, HERkE SION/SIN, /- B L, AN HEIBC LD TREIEE TS
« RE LY 150 nm FEEE TO SiNEE % 40%FE 5 12807

(2) BiHrER Lk
- MR T — T 0 T REBIGEE TR T D

. BEXR

1) WA A= T 2, BIOWEEE, Fara, Frrs 5326407 = (2013).

2) MRMEME . FEHEZEHINRE, £, B, p.619 (1990) .

3) AL, EXF—, KEBHIE: 7= A4 T v—T 4 U ZIC X OER L2k A
TP ORE, REHA, Vol. 51, No. 7, pp. 740-744 (2000).

4) HAREH, R - IR OBRARE D AL &R Er, OplusE, Vol. 30, No. 8, pp.
835-840 (2008).

5) https://www.toyo.co.jp/microscopy/casestudy/detail/id=11479.
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GPS OFA 1*

—GPS Z{EHDRE—

FREOESBEE

1. #& =

ARTIL, GPS IC OWNEERL & GPS 25D HAK
JFENZ SV TR 5.

2. GPS DEFRE/N— KR 7Dl

GPS(Global Positioning System)i %, K[EIZ L v BHZE
SNTANTHERIZEDMEREHOZDDOT AT A TH
DA E S . WES CIIFERICATRIC L D ArE %
LTV BEBEL o TEBY, HATHERIERE

(BB | LU D 4 THE LV VR O R A Rk | -3
DHERTND.

ANTHEEIL, £92 7 km O 22053097 500W & FE
FNNSWETHIEFRICAT TGEELTWD. 20720
PERITIFNCRE R T T F 2R L, S RREE2W
U CHIRERAZE L Q. TR TS < DR
i<, Bt XopEiCH GPS 25352 &8
TEDLLINTRHoTETCND., TORE/RT LA T AV
—IEITHST=Dh, EITFRD 3 AKX ERRL
TWHEEZBND.

1. GPS={ZIC ® RF CMOS 1t

2. Digital {55 WBZ L 5 =i b

3. PHERT - ADORHIE

3 1ZOWTIE, BEZZ L O CREDN TN DT,
AFETIE, 1, 21OV TREAT L7z,

B1 GPSY—3—2#vF (Cal.5X)

3. GPSZEIC

GPS OZAZT AT B, 52> CiE RF > CMOS 1t
DL o727 RF fi & Digital i 2 -2 IC ZFIH
LT, 61, SZEHOMHEEFISNSO CPU I

*ORERSAT R 30410 A 31 H
p g a—x Y kRS

LV Ens Z b %<, 300 IC MRHREIEL T
7. Fltid 120 IC Oz RF ¥ & Digital #5050
Ty e NNDH T ENAREL 72D, S DICHLEHE S
IC W CIThON AN TR L 725 TN, £, AE
U= ED 5w E T ETHZ TOEHIATIEH 5753,
YRR T v 2AOMLORE L H Y, ML, (RIEEE
INEEBT 52 ERETND.
212 GPS ZIE IC O7 1 v 7 fplihila vy K& <
DI TA>OT 1y ZICRBIEhS.
1. RF (Radio Frequency)iil : GPS O 7)o
M5 5% %{5 L Analog to Digital (A/D)Z:
2. Digital # : A/D 2t DE5EFIM L C, s
ZAGHEORREEA I E
3. Firmware #f : H2IER, /A ADHNBEZD
T
4. Software s : first & ZAEHEOWREREEN O, 525
FEONLE & W 2 51

10

RAM ROM

\4

AD State

l Machine
1 | 1

RF/IF Carrier Code Correlato
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