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ABSTRACT

The paper presents a laser diode power control method for an optical eye diagram with a
constant zero hit mask margin to optimize optical transmitting eye diagrams over operating
temperature range. Optical eye diagrams are adjusted an optical power and extinction ratio
over temperature following to quadratic equation and linear equation respectively which are
calculated from curve fitting technique of optical power and extinction ratio acquisition as the
optical eye diagrams are optimized. The optimized eye diagrams are considered by zero hit

mask margin test compliant with Fibre Channel standards.
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Amplitude) 500mVpp, OUNAYAUDITYAYIUUIANT (Clock Amplitude) 500mVpp
- Toudnhuaauy s0um/125um (naununa (Core) 50 luTaswas Avadanfy
UAUNAN (Cladding) 125 Tu1Asns)

- w5 I (Supply Voltage) dmSugunsaisudedannauaadiu 3.3 Taav (volo
1.6 YHADUVDINM IV

- finmnTassadauasndnmshnuvesginsalsudadyaaua

- ﬁﬂmwawqmsaﬂ?;uuuﬂmﬂmﬁnﬂ'ﬁmaumma{ﬁuﬂir‘i’uﬁ’uqmwgﬁdunmmﬁﬂﬁu
(Threshold Current), fAINULAY, NTzUA U

- finmmsalasunlassmnsiines  (Parameter)  vosooWANRBADIW IADEINIT
PUHINA1Y)
- frwwamsalaousisidenues (Optical Light Power) HAaZMI8ATIAIUAIEIY
(Extinction Ratio) ADDOWA nﬂaamu'tﬂazun'mﬁqmﬂqﬁﬁiwq

- ihmmdnuuauazmdasanusdanuiinhldeendnnoaoislaezunsy
mmzﬂnﬁqmnqﬁ@haqmmmmﬁuﬁufﬁuqmHqﬁnmga%’nﬁnn'nsnﬁﬂﬁ'um

- senuuusard ML ludmnuRuuadou Tusunsuaaugums iy
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nntunsuthauiazinsaHanareusenAnneasi laozinsudIsINTA

Snenitwusii lgniniafiu s unuaz 4 maran Taolundazumiiswazdoadail

unit 1 nanennuiunuasanudgvesilym, anujsmnouas faguszasiues
MIANYT, AUUATIUVOINTANY, ﬂqyﬁﬂ?ﬂuu'aﬂ'nnﬁﬂﬁ“l=ff1un1ﬁﬁﬂ, VOUWAMT IR
ﬂfuﬂawmmﬁﬁ'ﬂ, assanssuliiminzaissfinudes (Literature Review)

unii 2 na'nﬁuTﬂsiﬁ%’wﬁfugmua:ﬁﬁ’ﬂmsv‘ha1ummqﬂnm‘f§'udaéf"muﬂpmuﬁe, DON
annvaoy laezunsufionsls, msieewlaszunsy, winidinesvesonlaezunsy, ms
NATOUAIINARA (Mask Test), uazqmﬁ’nymzmwas"ﬁ’mmﬂqﬁ

undi 3 nandsiimugumshavesgUnsalfudidyaauaaasnsadisaums,
amilaonssululnsnen Insamesuazmsesnuuy Tnssaradaniugy

unit 4 ﬂfinﬁq*ifumﬂuﬂﬁﬁﬁgmzwammﬂam, FadwaumsmsFummdanuuas
MBATAIUATINY, nmﬂ?iuuuﬂawmaawﬁﬂﬂﬂnmu"lwa:unsuﬁqquﬁc-hm Hags
WuieurammdsanniosgaiilfidatiaiawaaSensitvity) igunai -40 oem
AT

unii 5 nandaumagdramsisouazderuenz

MARUIN A, LHUAIMANM UV T1lsunsy

AAHWIN ¥, MIMMAHdmTUMATIITeUATAoA (Digital Optical Monitoring, DOM)

manuan a. Tsunswy

MARLIN 9. 193 9iloNATEUIAZFINUNATDY

AAALIN 3. MFNMATA

ar 9 o o

a P =  Jd
MARNUIN R. *U‘nﬂ'nu’mu“n"lﬂ'sum'swmsmﬁwnﬂu’m'ms

%4

s d = =;. =; 9/ . .
1.7 355unssudsnminaznviaening 1904 (Literature Review)

= o

mATeiiRedesii I e il iufenunfaiimsnsmmsaasas
dandwmdsmudumsimnmmdsauiraazsasidumaau i@ lugeamgi
o dleanngaidnuuzveuamedisuidamum, nszuaiasy (1,) uazmilszdnsnm
A (1) vesddamuaadenszua wlsiufugangiiaegi 1.4 hldqaunimves
dugauaavesglnsaisudidyanamasiiszdniamanas  Mdsunaadounlas
minmﬂﬁuqmﬂgﬁl,ﬁ"mmﬂm51.11?1'ﬂuuﬂawmns:uﬁim‘?n iefivzvamomsnavuuniag

Qs

vonszuavasuanIai Iddeseunsaugusdnunmsse Tuiasg Ui 1.5 2950
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P,yo ADAIAIUIMAY
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Ly NONIZUA TUSANQUNAI T,
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Iyias NONTEUA TS A TUUINYT
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% o =
Lyop: ADNTZUANDAATUNQUNYH
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Iyopy NONTZUANOAAFUNGUNYA T,
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Optical Output
A
P1 g
T, T,
 JUS ¥ S—
|
T,<T, '
PO
—+» Iy
_ 1
Inras1 ¢ Luom . i MOD2 >
<IBI_AS}! .
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Typical APC Loap \\\‘}
Y 3

BIASSET APCFILTI[ |APCFILT2 |APCSET
CIPCSET

gﬂ‘ﬁ 1.5 995 UDINIOUNT muqnﬁﬁqmu (Automatic Power Control, APC)

uRaIsMIasrtanaumaenu 1819556 uin (K factor) Wipiiunsziaue
gduludadiufunszsua lusaaaumsi 1.1 vmgﬁns:uﬂ"lué’mﬁuﬁuﬁaagﬂmuqn
s dadauvenszualudmzgamiudh lfunszuaveqiadu () Fedmuadaon
ANUAUMUAM S UORIATY (R, perr) ﬁ'wﬁ'ﬂfunﬁzuﬁua@mfmffwm (Lyop) DM
nsmﬁnagm%’u (Lyops) UINAWF N sIAgRIAUN Tz lUS AR aumsT 1.2
AL, fomadanszuauog@IusTHe T oz T2

AL, Aowaaanszua ludasEnang T1 uag T2

K=Ar, /Al

MOD BIAS (]‘ ]‘)

Lyop = Ivops + K*Igias (1.2)

nnuwIRansmmauuazdandudhdsn §ileldhimmeassniugumimds

L1

s 1 0 w P e as o . -
muuazdandumasnuldniuan ldnanaaouguamdyanaudeiaadiasnni -40

=1 @ = 4'1 = s Pei = 9 = [y 0’: Yo o 8
paruaaiuaasgli 1.3 Weisuiunanadeuiigungiiies 25 esafoa AU
Tdinausitilfummdsnuuazsasdiumdsauun lu Tnewseunin1vie s snanas
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i o o das L)
Tnssadanugiazranmsmnauvesgunsaludsdaain

e

dar 1 s &
2.1 QUnsaiSudsdayanamasnens]s

gUnsalfudsdygauasioglnseiildlumsdanzSudoyadosmedouaala

ruanih loudniuera

~—Transmitter—» ~+—— Receiver—»=
Wi Connector onnector
c\ Glass Fibre 'P
—'-|Modulator-—'- W Am pliﬁer—’
. / | I
Light Source Light Sengorl—=| Detector|—»
| (Detectd]r) FLFE.
|
~— Electricity - Light et Electricity—=

31U 2.1 szvumsdedoyadlouaal2]

o

o o das
2.2 vianmamnnuvesUnsasuasdanamey

mamhamvesgUnsalsudidyanauasiozinlasdoyadinen (Digital) el
" w 4 ' £
Tihuuasfoainduiingeaiaumuassnemila (Logic one) flaunuassnzgud (Logic zero)
L .
aenimiuneazgnaaringlluduloudniuas lddalarems Adaemsgunsaliuds

dyanaudsivzulawmnduiiudoyadtaeama fierh 1 19 oude
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2.3 Tnssanavesgilnsasudaduanames

[

o 1w =1 o o =
ginsaifuddygauaslidiulszneundngdegii 2.2

i I Voe, T 4.7% to 10k Ohné
Tx Disable
Tx___Fault
|
TD + .01luF
L =
1¥ s
™ - 100 Ohm Laser Driyed #
|
.01luF
Gnd, T
uF -L]—.lu.F Veo, R
RD + .01uF
il
Preamp | &
RD - Quantid=y #
11
1
.01luF
Rx LOS
Ex Rate
Gnd, R % 30k Ohkmo

Mod def © l Mod def 1I Mod def L

; = @ 1w
jn 2.2 uwumwuaﬂnﬂjmqﬂﬂmﬁum YYILE[3]
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[ 1 ¥
dalszneuginsalsudsdyananaalugiii 2.2 udazdudesiinihngsil

Y A

29959 inaiyes (Laser Driver Diode) vminiidunszualusaldfuamesuaznszuauon
ami';'uﬁ't‘gﬂpm

“evsvenedayana (Amplifier) vnthivnedyanuen i lalalen

w03 (Laser) Minvhiidsdoyadouas

-funaanse v Inlaloa (Photo Diode) ﬁmﬁﬁ%’u%’auﬂaum

“Tx_Disable illudayanaminmouenilddmivngamsihauveuames

-MOD_DEF(0) ﬁflmnﬁﬂwaﬂhqﬂﬂsa‘f%’n'chﬁ’aﬂmymumdaag’ium?m douiidonsini
-MOD_DEF(1) flundganannimlddmsumsaadounvasududygia (Two wire
interface)

-MOD_DEF(2) iilundioyalédmsumsaadeunuaeududygal

-TD-TD+ fudayanam3edoyaiida

]
.

-RD-RD+ iludgygnamiedoyaiiy

-Tx Fault fudyanamnisesdurinaiyes 1alea (Laser diode driver circuit) LDD i1l uann
- = 5 s

fianwAawaanaiuvae ludmamos

-Rx_Rate_Select iilun14idonsennuduuunais (Full bandwidth) H30aauuuais

1 2.3 umunmudenvesgilnsalSudsdyanauasildnaaey
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310 2.4 fredeglewlaesunsuiifanndeyanaegiluuy [4]
a d
2.5 minimesvesedlaezunsu

AMI1T1AD3T (Parameter) YoI08NWANNBADIY lADLUNT VI MBS TIMBTIH
LT
¥29921910U (Rise Time), 33902219124 (Fall Time), 39191935 (Jitter), A1UAI19U09010 (Eye
. . = ) 4 & L]
Width), ATUIVDI01Y (Eye Height), HOUNAYAVD901Y (Eye Amplitude) u.ﬁx?)'uq HIA1

b
-] s [~ @ 1 ar as
wmaritldnnmitaerwlaezunsududnisonqanmdaanauas vaeiisonil Gl
nMsnadeusonAnnoaniy laezunsuiawsovendeumw ldinzdhedemsnanovie
ac ¥ o
IBNMINATADUAIWNIAA (Mask Test)
' J " v =) = < 9 ﬂg o

¥ (Rise Time) ABAURABYBINIIDoUVBTOYALUNITUYDIANUFY
vosew laozunsudagalii 2.5

2919219194 (Fall Time) fionaundvveamsi/asuresdoyavuviasvesnnudy

vo4010 lnezunsudagali 2.5



‘Upper

Level =

Middle _
Level

Lower __
Level

a 1 : o ' - o =
Wimo§ (itter) Aomamuidisaun lvndumisnm lugaundveamgmsaldieds

r . J i .
31N 2.5 929901919 (Rise Time) 11A242919819124 (Fall Time)

1399091994 [8] Aag1lN 2.6 1Az 2.7

{ ' = a o o = o o
311 2.6 uamsianudeauvesiniaes lamiunadulsfuasvudadinlz@ido

i Rangeefwaveformtimmg variations (jitter)

 Waveform transition Is too early
Waveform transition is too late

Ideal waveform
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U0 2.7 Sipe s Uitter) i ldnihiienisaudoyanaas

4 ”
AN 19909010 (Eye Width) fioanunhauuiveuvesnislaszunsudeazgnia
TTUTMNITNINYAAANUYBID Y TnazunT AT 2.8
v
. 9/ A as
AYINIVDI0IY (Eye Height) Aonnunanndminveseislaozunsudaazgnia

1 ’ s l& ar o 4
TLOSHNITHINWAINUATINE MR UATSNEgUaRegR 2.9
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og———————— Eye Width ——— -

[ 35 3o —o=;

31 2.8 AN 19909910 (Eye Width)

L Bt ACE ot L BN NE T ) -ttt LB S SR g g

31 2.9 A7 WG90 (Eye Height)

— One Level

— Zero Level
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a T T L o o
LUBUNAIAUDIDNY (Eye amplitude) ﬁﬂNﬁﬁ'N'ix‘H’J'NWJ'5ﬂ3ﬂu4ﬂﬂﬁiiﬂ$ﬁuﬂﬂ64818

Taozunsufagi 2.10

One Level — ] le— Eye Window
Histogram Mean

Zero Level
Histogram Mean

31/ 2.10 vouNdyAv01010 (Eye Amplitude)

2.6 ﬂ'liﬂﬂﬁﬂ‘ijﬁ"lﬂﬂ'lﬁfi (Mask Test)

) 4 1 1 ag
ﬂ'li'ﬂﬂﬁﬂ'ﬂﬁ'.!ﬂllTdﬂl‘ﬂ‘Lla%ﬂ’lﬂ"lﬂﬁf]‘ijﬂ'l&vlﬂf)mLﬂﬁﬂ?JU'NEI'ﬂl.mzi'Jﬂl‘i'J‘Uﬂ-ﬂﬂ'l'i

U v - o

@ 1 = 4
naaaudId lumemsnan ‘Nﬂﬂu‘l]'Nilzﬂ‘iEl‘Uﬂ'lel‘IQﬂ‘l”l'li'lllt@'lﬂ‘i‘ll?]ﬁf)'lﬂvlﬂﬂzuﬂ'ill 113

y 1
g ar

b4
naaoudInnafvzimuaiuiides lilidayanand 1 driidaanandh I TuuSnudenan

U o

¥V
arauriuee lurumsnaaeudisuian(4]

[l
=

A a ¢ da . LA da a4 4 o - 7=

Gﬁii FNUTAUITIU (Zero Hit Mask Margln) ﬂ?]llﬁ‘ﬂu‘vﬂﬂwuﬂn'lﬁﬂlnﬂﬂqﬂﬂ1311J
a 9 - -; - P I ' a J = o Y 1t
mutg1tutﬂl1'lﬂ1u‘ljit‘lmwu‘iflll'lﬂﬂ“-mn’l‘iim‘l!ﬂﬂn'lﬁﬂi]&‘:gﬂlwn‘llu?’iiﬂﬂﬂﬁqma‘nﬂﬂ"lmJ
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e

e
o

(33Y]
o
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:ny = a o a 4 o & ]
wugavesnuvosda yasuduununIzgnimuaiidunioyesnssnzgud nilaniae

o { i ] 1 o' o 1o
Amuuszgnimuaiinunasuenssngnin Wnunadlagaunsadmuanussuugiu

3l 2.11 mInaaeUAIBINAR (Mask Test)

as

= @ =
vien laszunsulumsnageudygauasgauaaslugii 2.12 dyanaumeves

o o
"

AdaszgninenAnneas iy laozunsuiaznAoURIBINER (Mask test) toUDNAIRAUAH

vosdayanalumeloudaniwes

Pattern Generator Communication
e . Signal Analyzer
Trigger out Trigger IN
Optical IN
el 1T
|Optical Fiber
|Transceiver VY Connector

31 2.12 nsdenTesile Tauazdnunznaoy
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2.7 qudnyazaIres MKyl

AU (Optical power), NTZUAVAISY (Threshold current) uazilszanFnwn

=9 1 o o

AU (Slope Efficiency) uilsAufiugamgil Ngamgiioummasnuuasuazlsz@niam

a U
]
1

amususrannsvainszuaiadulisuinnniy daufgunglibummasnunaiay
ﬂssﬁw%‘mwmm%’uﬂ:ﬁﬁnﬁnmni’fmumsﬁnszuﬁ%m‘?nﬁﬁ1aﬂmﬁagﬂﬁ 12 Amg
ﬁ'@ﬂa'nuﬁﬂﬂﬁaﬁufhﬁmfmmumsmzna@,mﬂ?uﬂxm%‘ﬂuuﬂaa"lﬂﬁuqmﬂqﬁﬁagﬂﬁ 2.13
fdsnuuaanio (P,,) AomwasanAsidssuuaenssnenila (logic one, P,)
unzasIneeUd (logic one, P,) Haaumsi 2.1
dandaumdanmiedersnedmdsnunaasng nilsnonssnzgud faaumsi
2.3
DOWANADANBRYATILBUNADA (Optical Modulation Amplitude, OMA) ABfHAA
sEnhemdsnunmansneuilueassnegud fadunsi 2.3
UszdnTmwanusufedndIusen 1Iwad 190 IMFINUIAIRUNT LAY

QAU (I,,5,) AITUNTTN 2.4

P~ (P,+P )2 @.1)
Extinction Ratio (ER) =P /P, (2.2)
Optical modulation amplitude = P-P, (2.3)
Slope efficiency = (P,-P )1, ,,p 2.4)
"Opﬁcai-power mw)
Temp2>Temp1

Temp1

'
I
'

. 1 1
! T —
oigs ¥ bwon ¥ Bias current (ma)

311 213 gamgiidwaiuidsnunasazdasiduidsn
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2.8 IBAIMMAINUUTWAZOATTIUMAINY

Tuilagiindiims 193 aammdsanumanagSasdumdanudegii 2.14 e
%’nm‘lﬁr’hﬁ'@:nuumua:é’mm’mﬁﬁmumﬁauﬁuﬁmaué‘emﬁqmnQﬁﬁmrﬁ'awm
Audnyuzvesaweslsfuiugumngidiwadosendnnoanio laozunsuvesginsaliuds
dyanaues ﬂtiw"lsﬁmuﬁqmngﬁ -40 DIFUFAFHA HANTNATOUDONANADADIY

laozunsudasinan lanuesisuad T BninanunsSwiies 2% uaz 17% figamgil 85 oam

raFraRIgli 2.16 uaz 2.17 vazhinamsnageudinnadn laaulofiduad Issnnanng

N 25 parnaiBoa 1At 40% Aegiil 2.15

e o et g
(W) _ s (W) Increased Imod
70°C
Pt |
‘ s '
i1 Increased Ibias
Pav " 5L \
Po |  ®
Ibias | imod : ! P
. Q) = = o

3 2.14 nsasididsanemanazsegduiigumgil 70 esruwadon Whduiigumgi

25 pamisaidiva daemsiunszua ludauaznizuanegai [1]
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31 2.15 eendAnnoanis laszunsui 25 esrwaisadisitasmmasnuuaasandu

MAINUNAININNATOUAINAR LAA1T 15 FNUIFRUIS IU 40%

Maintaining the optical
power and ER

U1 2.16 pendnneasiulaozunsui -40 sarraiFadsisasimdsauaas

DATIEIUAIAINUNAININNAADUAWINAR IAa1H 15 FNIanINT s ufiee 2%
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Maintaining the optical
power and ER

31 2.17 pendnneasiulaezunsuii 85 ssmnwaiFadieiTasmmdinunaRzSasaIu

MAINUKAIINNATBUAIBAA 1AA 15 15aNIIanINT oY 17%

=1 1 & a 3 1 o a o
AIBAIMMAINULALRLIAIAINMAINUITNAN S NATO U a R aZiL1E

v
1 ' =)

o o o't = o o' = = FR -] 1 - =
naulesiung lsannanunisungumgil 25 esruvadod 1dm1te 40% udvazigamgi

9 9

- Y1 As A d  da 9 et Y o = a
-40 peruaidve 1dmaTsannanuituldifies 2% uaz 18l 17% Ngungd 85 vam

I & Y o v ' o aw @ [ o w o q 9 o daa
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3.1 amdaenssulilnsneulnsaaes

ATMEGAS i luTasneuTnsamesua 8 fa srideanud TaoliAmMUaIA199
daglit 3.1, usunmdautlsznounvludegili 3.2 uazaarilaunssu AVR RISC
sznouday
— i 130 Srdfa daulngianlunilaseudyaanniini (1 Clock Cycle)

_ wafdaiy 32 S mmodasannsodade lasasstuniaulszinana (Arithmetic Logic Unit,
ALU)

— NUWANNI WLV Flash 8K Tugt

— wiANNSMUUDBINTOY (EEPROM) 512 lud

—-mihwanuinuueansy (SRAM) 1K lud

—2995utlaseuraeniiluAlnea (Analog to Digital Conversion, ADC) 419 10 11 6 ¥oauaz
Y119 8 1R 2 ¥4

— inuiiadananiolu (Internal Calibrated RC Oscillator)

a @ |
— BumessUduuuneuonuazniely (Extemal and Internal Interrupt Sources)
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‘ Data Bus 8-bit
y
Program Status
Pﬁm « Counter  [¥] and Control
Memory |«
i t
y 32x8 mgrlil:p
Instruction General I
Register L Purpose o8 SPI
Registrers < Unit
Y
Instruction = Watchdog
Decoder ¥ - Timer
2 B N
o= [
l E & ALU Analog
Control Lines 3 3 “*|_ Comparator
. ,
Q = IO Module1
Data <«—»i<>» VO Module 2
> SRAM
<—» /O Module n
EEPROM «
/O Lines <

\

310 3.2 wwunwdnnlszaeunwluvesluTasaeuInsawes

3.2 9enuuVIAIAI A INAIVAN

duagumninumie luTnsneu Tnsameivesgunsaludsdygauagn
oonuuy Tasuuthudaudegdslugili 3.3 uazuwuimesnuMIauve llsunsudagy
it 3.4TaedInorinus 1I8Sou Tusunsun e Tsunsudmsuiann
(AVRStudio) alugilii 3.5 awgumshaulundazduntsluduniuguuosgilnsaluds
dayanauas Tsunsuazgn Inaadhmizsnnuswesduniugudo Tusunsuuazniosilo

A3 3.6 uag 3.7 vagidmauguinldlunisnaassile 8-bit microcontroller Y84 Atmel Ju

ATMEGASL
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31 3.3 umunmvesmseenuuu T sunsudmivauite

- daumuguldlumsmuguirdaumaessandumhdsn
- AIUATIVABUAIATADA (Digital Optical Monitoring, DOM) MNHINATIABUANIAINY
weraklaets, gaungil, nszualuda
' o : ° Y & d o o 9 o 1w
- MHWANNE (Memory) i uisuniuazdoyavesginsalsudedayanauas
- daumsAadouvvaududyyIn (Two Wire Interface) vinthiisaolddunauguldlsy

assaaosuuuliuald
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‘ t-;u‘iﬂ-;un';u

-muuctwuw ﬁuﬁm n(stack)
-mumﬁumuﬂum aﬁumahwium"hfi
Awmasivhn [T wo wire interface)

[wlagAns)adn ___-‘-r-u‘namqanitﬂu
siAnaa ADC convemnn
-wtdadein Tx power Tx btas current,
Temperature {Thi ADC Tx power,
ADC Tx bias, ADC Temperature

uﬂaﬂmm C ilusnase DOM
'-mmmm DOM Tx: power, DOM Tx
hias current, DOM Temperature

Automatic Optimizing Control

‘B uAsusy DOM Tx power fiu Tx
power TUaLNNS.

Usuein DOM Tx pawer Tilcinm

AT,

[-Usuen ER tiléienuaunis

317 3.4 unugiimosaumsiavesTdsunsy

= 9 d' " [
swazvuanT N luuaazaIuved 1lsunsy

GuTsunsy

o Af A o LY ) o o o ' 1 =
- fmuaiunGoaiudou (Stack) Wuiiindeya (Buffer) dmSuRusweamsanouiing

° a da [

n3z Taa T ludumes 1A (interrupt)

v v b
- dasududumes AladmiuAadeuuuasududyn I (Two Wire Interface) 1Hunnsaas

wlasAmsvasuineutasniluasaea
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-wlaadyanaewiaonvesmiidaaniled, nszuelusa, gamgil dlumataoamdsa
(ADC Tx Power), flddnoanszua luda (ADC Bias Current), fi1AvA0agun1il (ADC
Temperature)

-wlasmnnadneailumeTimasnuuas, nszualudmunzgumgil

- fSpuouamesavesmaanuuasiuaumsmsUsuamm1ld uazvimsdsummassu

ueanazdasauddanusy ldamuaums

‘ﬁ%w‘fﬁn

’gg e ENCEIRS 1

ic custouize
[EERE | Walt toc copplation bt rrwbioug srite

VAtaegssL
i tu\mqm.ﬁiug:swmmmwuumm
lw-x'mmmmh
| Seguenc Begin. Tnd Code Dats Used

Size

tmimm 800 o 800 sz s
(. deeq) Ox000060 0x00006D ] o 0 1024 0.0%
H m:mm |} ° L] sz oo
lm-bheﬂm.-.m-u 0 verniagy

31 3.5 AVRStudio TilsunsudmSudauuazi@ou Talsunsy
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311 3.6 AVRStudio Tsunsudmin Tnaadeyardr lulnsneuInsaaed

71 3.7 inSeailodmiu TnaaTi/sunsy AVRISP (AVR In-System Programmer)

=] 1 o o & A o ar o -
unumwuaenmsdegUnsainuniesleon 15 lumsiSumesndnasaisimunzay

. ar 4 @ 1 aa o e a1 a a
AeuadeaumsAezUi 3.8 Tanliumatneasdmansrmumsandouuuasududyauas

NsaNRanaaeueenAnAoaniy laozunsuAwINan
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Communication |
Signal Analyzer

Temperature

Lo 3
Sensor

Bias current Monitor Optical fFibre

Power Monitor
Monitor current

Micraprocessar | Temperature

Laser Drivet circuit

— T —

Batter Generator | | Data+ K e
= LA 0 ‘;.,_,_.-.L. - _.___| '_.. Laser diode Z|Sﬂ
_,....-_...._..___..._D{ait.;_. e T
Vee

Computer | | SDA Digital Resistor
‘B0l Rmu/%' -’_%; bias

o e —
=

" o v o o § . @ a {
310 3.8 uwunmmuaenmsasgilnsainuniesiioN 1 lumsdiumeendAnaeaesimnzay

ADUA19AUMS

3.3 madSumaumadulAsiiingau (Curve Fitting)

ar 4 o @ dao U
msdfumaumadulfefimunzauniiumsnudunnudiniusiungudeyaluyn

1]
=

L4 . v -
Fndeyanmuadsgildiedieh 3.9 esnnnqudeyaiinnumainnatodazii 3.10 iy

[ L4
sduuumsdSumaumsidu Tdaimme e eagaiwunTdilunuuaian dail

9 oy a v 3 —“ X o 9k w e d
AN Umaumadu Iasnmungauazantin 1 lunmsmanuadurRusan

9

Mdsnuuazmsasdwmasuiuguugimeddeaumsnslsum

f(x)=ax+b
| 00 for entire range
O
Curve Fitting

31 3.9 @ednmsifumaumsduldaimingauiungudeya [11]
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 height of e
awmed |©© o -
object o -
o ©o0
o0 ©
y Cag
o O
time temperature
50 °o Profit
pressure o oo ©9 o
©0 J o o 0,00
oo © o® =
% o ©
Q
soil depth paid labor hours

51/ 3.10 dedradeya [11]

3.4 msdSumaumadulfsiimanzauuuBady (Linear Curve Fitting)

msdSumaumsiduTdsimnzauuuFadudsg i 3.9 fgduuuaunsia Tl

o d‘. J cr ar ar ' o 1 o a
ANTUNIIN 3.1 WﬂﬁuﬂﬁuTthﬂ1‘§1uﬂ1iH1ﬂ'J'lllﬁllwu‘giZH'J'NB‘FITI'cT'JHﬂ'lﬁ\‘N']NﬂU

UM

fix)=ax+b

3.5 3§f’i1c‘{maaﬁaﬂqm (Least Square Method)

[l
= =)

(3.1)

Tidweniosgaiuitmsuudulfeniimanufanaiaieoga (Minimum Error)

seunudulfsiudeyadegi 301 @ulfsiifisAawarmieogaGonimslSumanms

li"l'u Tﬁaﬁmmzanﬁﬁﬁqw (The Best Curve Fitting)



(X4;Y4)

- (X4.1(x4))

e N (%, £(,))

51 3.11 anAanma sz hadu Tdetudoya [11]
a ] !J' ar v 9
anuAanaasznedeyatuduIfsd =y — fix)

Astidu AN AU IFUFY fix) =ax + b

Err fionaswmanuAanansznadeyanuduIdaideaes; n Aodmaudoya
2 2 2
Err = Zi-l wald) = Zi-l w0al¥if(x))" = Zi=l walYi(@x;th))
&4 = ° ° o d = 5 4
(Won1gARIHANAIAMEA (Slope = 0) i TaumsawiesisuFua (Differential)

OFrr/Oa = -2*Zi=1 e
OFrr/Ob = 2%, (y-ax-b)=0

(y-ax-b)=0

v ' —
ﬁ‘lﬂ HASHINIAIN a Llae b

a2i=l on xi2+ bzm onXi = Zi-l o aXY)
azi=l waXitb*n = Z:i=1 on Yi

Tugduvumasn

n in b Z}'j
in fo a Z(xiyi)

30

(3.2)
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3.6 myvdsumaumadulfsimINzauuuINEN (Polynomial Curve Fitting)

& o & ., o & y
ﬂnmigﬂunumuhhlmw'rlummmj AITUNIIN 3.3 f-‘uaﬁumsﬁ%zqﬂ‘l‘ﬂumim

anuduiussznImasuiugungil
flx) =a,+ax+ ax +ax+ ..+ ajxj =a + zk_, i ax (3.3)
F i TmdsaeaiosgaaunsommsdiumaumaduIfaimunzauianga sz 1d5
Err = Zi-l o n(di)2 = Ziﬁl onlYi(@ + Zk=t 0] akxx))z
aE"'/aau = -2*Zi-l wa i~ (3 + kal 0] akxk)) =0
OErr/Oa, = 2200 3~ (B + Dy g 33X WX =0
aEm’aaz = 'Z*ZM waYi~ (@ + Zk-l wj akxk))xz =0

OB/ aaj = '2*Zi=1 woa i~ (8 + Zk-l " akx"))xj =0

Err fowasuannuAanainsznindeyaduidu Ifahiaaes; n fieswaudeya

MR ay, a,,,, ... 3,

M
M
R
>‘143!-
M :
e
b
I
2.
=

= - (3.4)



UNN 4

v
o

TuneuMsliauazHansnaao

4.1 YuneumsUia

» E y 9 L
o = wa T ar o as as o U
Yunoumslfiauiuiiu 3 Yuneudsil duasunsniuiuneumsifudoyas
o _ o ar 1 e 4 = 1 J 1 U y o
MANUUAZEATIFIUMAINUNYUUNNA1IY 40, 20, 0, 25, 50 1A 85°C FeAunaIAnm
a - | = da a
Inanaaousenanneaniylaezunsudvinasnaaouiin® 1sanunanussulndinveiu
as dl. = 9
AuNguuqinios
3 1 c’: 9 3/ Aad g 4 o o do
Jupeudeuuiluduasuaauminindeyaiifuinnndunouusndeduiuidu
qaunqii lagarinaumsmugumhdnuneanuduiuisznhsmmdsauiuguugiidas
ad [ Y o w - & o ik
wmsdiumeumsiduIfsiidseeaiminzeau (Quadratic Curve Fitting) 1A% AUMIAAL
LY 1 o o @ aw o " a 1 o o s = =y @
sandumasnunaeuduiusszniNsandumdnufuguugiiaitmlsum
i TRamangaunuu@adyu (Linear Curve Fitting)
¥ [
Yuaougamheaemsthaums ldouluTsunsuniuguine Idginsalsuda
o ar 1 o o Qs ] o - o e 9/ 9 A ar P
dyanauanlivmmasnunazdandiuidinungungiaig W 1d IndfRoatuaumsin
.’: P ' 4 e - | a o '
luduasuiasauazHanadoUA WA UUBBNANADADIY IADZUNTUTAE IsaNINanuIT I

Indifvanangangiives

k4 w 1 o ' o 1 o_ s
4.2 ﬂ15ﬂ'51~1ﬂﬂﬂ1‘J'ﬂ'l‘i‘l.l‘i‘l.lﬂ']ﬂ']ﬁﬂﬂ'lullﬂ:ﬂ‘lﬂﬂi‘lﬁ']“ﬂ‘]ﬂﬁﬂ’lu

aumimsdivmmasnuazmeandumanum lannnsinesndnaeasio
Taezunsuuazliua ludauazaweguduimiideondnaoanislaszunsuiimnzeau

a - a P d a da a o o

Qungil -40,-20, 0, 25, 50 Az 85 BIMITAFLA TaoN TR BSIFUAT 15 EnINaRINT
a o & e d 1 e w [ ! o ar ] - o i
W nammnhmanummasnuezmsanduMasnuve A guUn a1 19N 4.1
uaztihinnadunsmasgii 4.1 8 4.3 uazadwaunsdemsdSumaunaduldem

manzaunhlimhdinuniemdandiiidinunldounlammgungi
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4 1 o o [ {1 o o =1 a
M 41 Jeyamimdanuudunzidas @A UGN 6 ¥19gUNIiIAB -40, -20, 0,

25, 50 UAT 85 DIFIAITYE

199971119 (dBm) 272 | 3.4 | 384 | -427 | -434 | -4.12
AAINUUAL (mW) 0.534 | 0.457 | 0.413 | 0.374 | 0.368 | 0.387
9AT1AIUAIAU (dB) 733 | 721 | 713 | 7.01 | 7.04 | 6.93
INAD3 (ps) 2705 | 237 | 211 | 236 | 2244 | 275
¥29192197199 (ps) 100.05 | 95.43 | 95.4 | 96.22 | 99.96 | 99.96
F158nnanuniou (%) 40 | 40 | 43 | 44 | 41 | 40

WINOIMA: ANUE1INAY 850 U1 Tutuas, Sas1dadeya 4.25 Gbps, JUuvudeyaPRBS7

(Pseudo Random Binary Sequence 27-1), nannaaauluuy FC4250 (Fibre Channel), (@Iwo3
q

3
Aunvvdaea A aRnduRT (Vertical Cavity Surface Emitting Laser, VCSEL)

40

Zero Hit Margin Vs temperatue

-20

0 25 50
Temperature (C)

(€]
(9)]

=i st CA) KY€
S th: B o O

45
40

Zero Hit Margin (%)
ER (dB)

—a— Ogptical

power (mw)

.-.e--ER (dB)

4 ZemoHit

margin (%)

31 4.1 uamssmdanuuazdandumdanuidniusfuguugiiiemd1sdninamngs

uasiazih hlgmsadeaumsliummdanunazensidiuiaenu



Optical power Acquisition

% 4 2E-05% - 0.0021x + 0.4135
R? = 09953

= Optical Power
Acquisition

- = - .Cune Fitting

Optical power (uW)

T | T = TR T

60 -40 -20 0 20 40 60 80 100

Temperature (C)

31 4.2 uamannudiusvesmmasnunaInmsei 4.1 dovdugungiiiie16luns

adnaumsmsdivmimasau Taonlsdufugungii

Extinction Ratio (ER) Acquisition

y =-0.003x + 7.1582
R2 = 0.8998

ER (dB)

. ER acquisition
= = = Curye Fitting

60 40 20 0 20 40 60 80 100
Temperature (C)

51l 4.3 namennudiuivesmdandiumdsnunnas e 4.1 ouiuguugiitio 141y

msadnaumImMsiumdandiuiasau Taonlsdunugungil
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4.3 aumsmsUSummMasnuazmoasaIUMAINUNNMIHUAUING

w e des =
ANUTUNUBHUYUNI

ad d

PInauMsi 3.3 tuuwpuiidaswazmmdsuaiugumgiinnyldluanna

1 4.1 92 ldaunmsAail
flx)=a,+ax+ azxz (4.1)

duIimdsreatosgamnsanudu Ifsimnzaunanga s ldhaumsdivamasnu

wlsAufuguuglAIamMIn 4.3

2|
no XX XX lag X
5 S
PRIDRID RS »
S Tx yald 12N

Q
[y
1
N
-
o

(4.2)

Optical Power = 0.00002*T" - 0.0021*T + 0.4135 4.3)

nnrumsh 3.1) msdFunuduldsimnzauuuuduas wazdoyadasidumasnuiy

ol 0 o

ad d - = o
gamgiiiny laluaised 4.1 vazdeithdsaeadosgamunsanudu Tasiminzauna

nga vz I naumslivmsandmmanunlifunugungiasaumsi 4.4
ER =-0.003*T + 7.1582 (4.4)

1 = s o o " o
wuome T unumgungiivesdiigunseifudedayaiauias
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4.4 manfasulasveseeninneanialaezunsuiigamglinisguesismanam

e

MAINUUAZIATIAIUMAINY

sonanneaniy laezunsugungiiaendwdimsnsmimdsaunazdasidiumia
& a L o - = 9 o [ act 1o
audstonldegluilegiiuuansluzui 4.4 fs 4.6 uaasliviundeiiasmdasauuaany
o ' o o o o w o 1 o w v v o o o
sandmasnuudizinnmdsnuazdasdiumasau lduanadnivesdaygauaands
= . 9 . d o Y1 d o ot = o fa a =
lifnifins wamsnadevdisnanvzimu lanalesauad Tsanunamnisungumgil 25

parniadva ldA1ne 40% uAvaiziguygil -40 esrusaifod nanaaouAwIan a1

) I

s d das a ¢ da Y = ¥ =
L‘]Jﬂ'il‘lfuﬂ“ifi‘i Ei‘i’li.l'lﬁﬂﬂ'l'i%uvlﬂmﬂﬁ 2% uax'lﬂmm 17% wqmnnu 85 Dam e e

“

d' = ::. - = . =
31 4.4 eondnnenewlaozunsuNgungiiies 25 ssrmiraFoauaznanadoud1san

o o g)
IAANITIU 1A 40%
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Overshoot

51l 4.5 sowdAnnoaniulaozunsui -40 ssmuaaidue uaadlimuhdyanaiinn

o

a 1 = g = - - o da A1 A
nJauuuﬂmﬂmqmﬂmﬂqﬂmquﬁE)ﬂﬂtlwmsm"mﬂﬂiaﬂmﬁﬂm‘i‘nuummm 2%

Ui 4.6 eowdAnnonoiwlaozunsui 85 esmaFvanasnadlsgmnannisuldnuiios

4 ' P -
17% Fariounwangumngiiie
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wanmsnaaouluaisieh 4.2 ferams1Esmsnsmimanuuazsanaumasny

LA CERL LE T TR ARCATATLR

M3 4.2 HANISNATDVAWIDNTAIAIMAINUUAZINTIAIUAAINY
TR 1 T P ;

ﬁﬁmm pr— a4 | a7 | a7l | TR e 474

AWMU W) | o336 | o338 0.338 0338 0.338 0.336

sasdmmdsam | 7P 117 7.17 7.11 7.12 7.1
(dB)

Srunsd o) 2964 | 2992 238 25.16 21.76 25.84
ER—— 11356 | 1054 10132 97.92 99.96 106.76
Flsimnaduiu 2 28 28 40 28 17
(%)

MIOIME): ANNE1IAAU 850 U1 TuLas, BaT1dedoya 4.25 Gbps, jUluudeYyaPRBS7
(Pseudo Random Binary Sequence 27—1), mannaaeULi LY FC4250 (Fibre Channel), DT
dhunvvdaueslun@mnf Ui (Vertical Cavity Surface Emitting Laser, VCSEL)

4.5 manfagumlasvesesn@nneasiglaszunsuiigamigiiciaquesismniugu

Masnuveuaweslaleamioliildoslaezunsuniimalssnnaning dunan

ponAnAea 1w laozunsuigungiinenduitmsmsaiuguiasauyes
oy laTearite 1 ldo1u laozunsuitiisd 13 dninamnssunaiidagai 4.7 61 4.9 uanali
d o d o '3 -1 Y1 1A a o oo
MuNwadnsvesdya e Tasmsnaaeudinnanziiu 1aa1d Isanunanus sun
Ml -40 saruwaidoa 1am 40% IndiRvsnunguugiivieauas 14 38% Ngungil 85 oam

-
yarved
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51N 4.7 eowdAnneaoiulaezunsuingungiivies 25 ssrnraFuauaznanadoudlsan

'8 da [
waausu'ld 40%

I
{
.
t
{
‘

s,

'
- a

1 = = a o o
1 4.8 eendinaeaniulaozunsungumgii -40 esrnafuauas 1dnad Tseninadinisu

40%
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e T T

|
|
|
|
|
!

+
i
i
i
i

| O

PRSI

i a { - = -t a [ o'
51 4.9 sondAnnoaowlaszunsuNgungil 85 osrisaFuIIAZHAY 15ENINAAINTIU 38%

wanmanaaovlumiei 4.3 Aesans 1Faumsdsummasnuuazmdaiiadiuniag

1 s

L a 1 CLY
MuuuulsAufugumgivuauAIIANYeIRYnIalTUAId Y A

= ¥ o_ o A g 3 =
A13194N 4.3 Naﬂ'ﬁﬂﬂﬁﬂUﬂ’lElfn'iﬂ‘)ﬂﬂNﬂ1ﬂQQ1uﬂla\1lﬁl°ﬁﬂﬂﬂTaﬂlWBﬁlHulﬂﬂ1ﬂ1ﬂﬂ$“ﬂ7““

| = o oo -
Hﬂ?“ﬂiiﬂﬂ!ﬂﬁﬂﬂﬂi‘ﬂﬂﬂiﬂ

guMvBdLRYIAN
B i -40 -20 0 25 50 85
Aeansuavines o) |
A199971ULE3 (dBm) 2.79 -3.51 -3.84 -4.18 -4.26 -4.18
189U (mW) 0.526 | 0.445 0.413 0.381 0.374 0.381
dasraumasnu (dB) | 7.21 7.14 7.19 7.03 7.09 6.96
Inaes (ps) 272 23.8 21.08 238 22.44 27.2
2010194 (ps) 100.6
96.56 96.56 97.24 99.96 99.96
4
=1 = L4 oo
af 13 8NUIAANITIU (%) 40 40 41 44 41 38

MINOIMA: AWEIAAY 850 11 TuLAs, BAs1deUYA 4.25 Gbps, J1ULLY0YAPRBS7
(Pseudo Random Binary Sequence 27-1), IJ'IZTFTﬂﬂ ﬁamﬁuu‘uu FC4250 (Fibre Channel), G b

¥
Wuvudaerslundminduia (Vertical Cavity Surface Emitting Laser, VCSEL)
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4.6 ANUAMNAINADUVBIMMAINUIAZOAAIUMAINUAINMIAMIUNUMIIA
Yo smmugumdanuvesawes laleamaliildelaezunsuitinialsen

d iy ¢='l
NAANTIUAIN

U7 4.10 uaz 4.1 namaiuihmduumaazdandmmdnunialandsnn
M Mlsunsumuguliummasnuuazdasnddmdsnuiia indfssdumasauuaay

o 1 o _ o di o d‘ lé . =
sandaumdanuid o 1dluaumsi 4.3 uvar Funlsduduguugil

Comparison the measured Optical Power and the
calculated Optical Power

®  Measured power
—— Calculated Pover

Tx power (mW)

60 40 20 O 20 40 B0 80 100
Temperature (C)

51 4.10 nffvudvuiidanuuasninaumsiSumndaa 18 luaumsi 4.3 dumhdanu

Heaninega



‘ER{(dB)

Comparison the measured Extinction Ratio and
the calculated Extinction Ratio

» Measured ER
—— Calculated ER

<60 -40 -20 0 20 40 60 80 100
Temperature (C)
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Ui 4.11 nlfvuiisudaiduddsnunnaumsdivand o ldluaumsi 4.4 dum

o ' o o A as -
2ATIAIUNMANNUNIADIY

= ‘d a d day " 9/ as 1 8 _wr o 1
4.7 mixﬂ?ﬂvmﬂmnﬂianuwﬂmswﬁ"lﬂmmﬁmmmmamsmxam'mm

o @ ac o @ ﬂ‘l Y d'd T =
masnuazdimsmuguimdsnuve e Inlearellderalaezunsuniiand

a d de Y
TsaninanisdauAIn

" - = a 4 e [ 1 o W [ o W
FI'I‘EN‘?I 4.4 WSvumourad s ﬂﬂﬂ‘lﬁﬂu'ﬁﬂ'H'i311".I'NQ%ﬂQﬂ'lﬂ'lﬁ\‘l\'l'l'l—lllﬁﬁﬂﬁli'lﬁ"]ﬂﬂ'lﬂN]H

fismsmuguidanuvevawes laleaie 1 1de1n laezunsuiilisdlsan

d  da P
WITANITIUAIN

AIMIMAINULAZEATIAIU

LEERL 2 28 28 40 28 17
Usummuaumamsdiua

MAINUUAZMOATIAIUNAY

NuuuusAunuungil 40 40 41 44 41 38

H = (-1 @ P " o o
210015190 4.4 lunanS ooy Iiviudwwadnsn lanisasmimasnuuas

s 1 o o S - - 4. e
anﬂmuma»mmmz'mmsnmqmmqumnmﬂﬂiﬂﬁmahﬂﬁaw'lnazuﬂiunum
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]
A [

a ¢ da aa v d ' fd das a ¢ da ad ]
#13enunanunssuasiuazylimiunnanaaoua o SIguAd 15 8NINAANITIHYDIITAIM

o

fdsauazsaTIdUMAIL anas 12 igumgil -20°C 81 50°C wiolasunlasly 30%
y ar 4 { 4 A = ar
iemouiunanigaungiiies nazaaaunnia 38 f-40°C nienfasuulasly 95% iweiisuiiy
= ay < Y aa o w A ¥
HafguMgiios vaizfinamsnareudlsitmsniuguidsaveanaes laToaie 114
.d 1 o Gl { 4 o ' =a - o ﬂl
pwlaezunsuniind lsemnamnisuai den 1 1dmd Isemnanunssulndifeatumai
a g 1 = = ' as a d da A =
gamgiiieslutagumgil -40°C fia 85°C uaznaaNgAveIT 15 amnafiniiude 6 1

gaingil 8s°C uFendvuuaslyl 13.7% Weifvuiungungiivies
d ar
4.8 wamsEUNAaUUHLNIIFIBEI (Sample)

15190 4.5 Had 15aNNaALNI3 IUVBIRIUNAaBIA8I TS uA LA YMIMsUSuAIRaY

Ml sHunuguugl

S

wodlsBmnaniniiu ey 0

aE

1 40 40 41 44 41 38
2 33 35 35 37 36 33
3 34 35 36 39 37 34
4 36 38 39 42 40 39

o do 1 " owoa ¢ s W o as A ¢ oo &
yugUnsaidedudazdliame SiduuuuRufuuanadlsdnnadusiui
= ' T -X @ e s ) 4 =
gaumgiifto 25°C agiia hinhiudufuguaniaemezdvesglnsaiduiiuFondves
o o o v ~ ¥ 2 a "o ' [ a9 Yo A
gunsailszianil Seihldaumsignadeiuiinnuuanaieiu edelsiamai ldiuuaas
H =1 1 = - da 1 a L] [
Tumsan 4.4 wiiu 1@ wavesd Tsgmnamnisulundazginseidediinalndifveriu
L = é 1 1 ad o e
Tusagaimgil -40°C 1 85°C Fagunsanan IddTmsmuguidsuvsuawes lalon
=

] ] ' . 3
ol 1dew laozunsunticd 1sanmnanuns suaan Mivaustienmnsoiily 14y

ATZUIUMIHAAVUTIUIUNIN
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4.9 manfSsumesunammasnmnieagaimltitaiafanara 10aanmsaa 10"

'
s P

Danigaumngil -40 assuvaidua

inspsilenaneummdsaniesiigaiivilfiiasasdiudinfiawaia (Bit Error Ratio,
BER) 111a910n 1524 10"ﬂﬂi']n1wiﬂﬁ'fa§1lﬁ 4.12 TavgunsalFudedamnauasszdodeya
woREFHNNAT IR ITATYRB! (Pattern Generator) Aaudas1ddoya 4.25 Anziiade i
(Gbps) Fayanauuerszgaaadi llumoloudniuaaazrgilnsaiaaneuud (Optical
Attenuator) tiioaanouuas WiAadafanaadiomud 17181981 (Reference Receiver) 1o
wlasdanauaaiiidyana Ithdeuduaiosiinszridaianain (Bit Eror Analyzer)

uazdygnanninuemynusansest iiadyy IudowenUdygy1uniNIBUNNYeATEA

AnTIEHiaRaNAA
Pattem Generatar Bit Error
Analyze
| cik out ok | TREE
Data IN

+Tx “Tx _
Optical .47 |Fiber | _|Optical | |Reference
|Transceiver ggv'; Connector Attenuator Receiver

Uil 4.12 iwunmudenminageummasnniesgainh Iiiadadanan 1innnmsda

10"1in

namimasuiesganih Idifatiadanain1ianinmsds 10 daiguugii -40 oarm
- ] 1 A o @ 4
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Rx Sensitivity at -40C
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Tx power x100 (uW) VS ADC Tx power
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.include "m8def.inc"
.CSEG

.org 0x0000
mp main
.org  0x0011
gmp TWI

;32 register 0000-001F
;64 1/0 reg 0020-005F
;internal SRAM 0100-04FF

Txfault:
SBI portd,6
SBI portd,7
Ret

wait_Ack:
inr16,TWCR
sbrs r16,TWINT
rjmp wait_Ack

ret

MAFNHIN A,

T)sunsu

;enable Soft Tx disable PD6
;enable Soft Tx fault PD7

« 3k e ok ok ok sk ke ok ok ok sk ok ok ok ok ok ok ok ok sk sk ok ok ke ok ok kol Rk ko Rk ok ok ok k ko Rk Rk ok kk Rk k kR Rk Rk k Rk Rk kR kR kR kR Rk k%
’

-

;* "div16s" - 16/16 Bit Signed Division

%
3

;* This subroutine divides signed the two 16 bit numbers

;* "dd16sH:dd16sL" (dividend) and "dv16sH:dv16sL" (divisor).
;* The result is placed in "dres16sH:dres16sL" and the remainder in

60



;* "drem16sH:drem16sL".

%
’

;* Number of words :39

;* Number of cycles :247/263 (Min/Max)

;* Low registers used 3 (d16s,drem16sL,drem16sH)

;* High registers used :7 (dres16sL/dd16sL,dres16sH/dd16sH,dv16sL,dv16sH,
o dent16sH)

- %
’

« e gk o ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok skosk skok sk sk sk ko ke kok sk k ko ke ko kb ok sk ok ok ok ke ke ke ok R ok ok ok R kk Rk Rk ek k ok sk sk ok ok ok k
’

J¥**%k Subroutine Register Variables

def  dl6és =rl13 ;sign register

.def  dremléslL=r14 ;remainder low byte
.def  dremlésH=rl5 ;remainder high byte
.def  dresl6sL=rl6 ;result low byte

.def  dresl6sH=rl7 ;result high byte
def  ddl6sL =rl6 ;dividend low byte
def  ddl6sH =r17 ;dividend high byte
def  dvl6sL =r18 ;divisor low byte
.def  dvl6sH =r19 ;divisor high byte
.def  dentl6s =r20 ;loop counter

;**##* COde

divlés: mov  dl16s,ddl6sH  ;move dividend High to sign register

eor dl6s,dvi6sH  ;xor divisor High with sign register

sbrs dd16sH,7 :if MSB in dividend set
gmp dlés 1

- com  ddlésH ; change sign of dividend
com  ddlésL

subi  dd16sL low(-1)



sbei
d16s_1: sbrs
rjmp
com
com
subi
shei
dlés 2:clr
sub

1di

dl6s 3:rol
rol
dec
brne
sbrs
rjmp
com
com
subi
sbei
dl6s_4: ret
dl6s 5:rol
rol
sub
sbe
bree
add
adc
cle
fjmp
dl6s_6: sec

62

dd16sL high(-1)

dv16sH,7 ;if MSB in divisor set
dl6s_2

dvl6sH ; change sign of divisor
dv16sL

dv16sL,low(-1)
dv16sH,high(-1)
drem16sL ;clear remainder Low byte

drem16sH,drem16sH;clear remainder High byte and carry

dentl6s,17 ;init loop counter

ddl6sL ;shift left dividend

dd16sH

dentl6s :decrement counter

dl6s S ;if done

d16s,7 ; if MSB in sign register set
dlés 4

dres16sH : change sign of result
dres16sL

dres16sL,low(-1)
dres16sH,high(-1)

;  return
drem16sL ;shift dividend into remainder
drem16sH
drem16sL,dv16sL ;remainder = remainder - divisor

drem16sH,dv16sH .

dl6s_6 ;if result negative
drem16sL,dv16sL ; restore remainder
drem16sH,dv16sH

; clear carry to be shifted into result
dlés_3 selse

; set carry to be shifted into result
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fmp dl6s_ 3

« sk e ok ok ok ok o ok 3k ok ok ok ok sk ok ok 3k Sk 3k ok e ok sk ok e ok ke ke ok ke sk ok ok ok sk ok ok sk ok sk ok e sk sk ke ok ke ok ke ok sk e sk ke ok sk ok ko kol ok ok kok ok ok ok ok ok ok ok
’

%k
3

* "mpyl6u" - 16x16 Bit Unsigned Multiplication

%
3

;* This subroutine multiplies the two 16-bit register variables
+* mpl6uH:mpl6ul and me16uH:mc16ul.

;* The result is placed in m16u3:m16u2:m16ul:m16u0.

<%
’

;* Number of words :14 + return

;* Number of cycles :153 + return

i* Low registers used  :None

;* High registers used :7 (mp16ul,mpl6uH,mc16ul./m16u0,mcl6uH/ml6ul,ml6u2,

;¥ m1l6u3,mcntl6u)

%

3 3k 3 e ok sk sk e e ok ok ok ok ok ok ok sk ok 3k ok ok sk 3k 3k 3k ok ok 3k sk ke 3k s sk sk ok sk ok ok e 3k ok ok ok 3k 3k o 3 3k b 3k 3k ke 3k Sk ke 2k ok e ok ok ke ok sk e ok ok ko ok ok ok ok ok
’

;¥**%* Subroutine Register Variables

.def  mcl6ulL=rl6 ;multiplicand low byte

.def mcl6uH =rl7 smultiplicand high byte
def  mpl6éulL=rl8 ;multiplier low byte

def  mpl6uH =19 multiplier high byte
def  ml6uld =rl18 ;result byte 0 (LSB)

def  ml6ul =rl9 sresult byte 1

.def ml6u2 =r20 sresult byte 2

.def  mléul =r21 ;result byte 3 (MSB)

.def  mentléu =22 ;loop counter

;***** COde



mpy16u: clr ml6u3 +;clear 2 highest bytes of result
clr ml6u2
Idi mentl6u,16 ;init loop counter
Isr mpl6uH

ror mpl6ul

ml6u_l: brcc  noad8 ;if bit 0 of multiplier set
add ml6u2,mcléul ;add multiplicand Low to byte 2 of res

adc ml6u3,mcl6uH ;add multiplicand high to byte 3 of res

noad8: ror ml6u3 ;shift right result byte-3
ror ml6u2 ;rotate right result byte 2
ror mléul ;rotate result byte 1 and multiplier High
ror ml6ul ;rotate result byte 0 and multiplier Low
dec mentl6u ;decrement loop counter
bme mléu 1 " ;if not done, loop more
ret

« 3 3 e o ok ok e ok Sk e 3k 3 ok ok 3k 3k ok ok 2k ok 3 ok 3k 3k ok 3k o 3k 3 ok ok e ok 3k ok ok sk ok ok ok 3 ok ok 3 ok 3k 3k ok ok 3k ok 3k 3k ok 3k s sk ok ok 3k ok ok ok 3k ok ok ok ok ok ok ok ok ok
)

%k
3

;¥ "mpy16s" - 16x16 Bit Signed Multiplication

ok
]

;* This subroutine multiplies signed the two 16-bit register variables
;* mpl6sH:mp16sL and mc16sH:me16sL.

;* The result is placed in m16s3:m16s2:m16s1:m16s0.

;* The routine is an implementation of Booth's algorithm. If all 32 bits
;* in the result are needed, avoid calling the routine with

;* -32768 ($8000) as multiplicand

%k
]

;:* Number of words :16 + return

;* Number of cycles :210/226 (Min/Max) + return

;* Low registers used  :None

;* High registers used :7 (mpl6sL,mpl6sH,mc16sL/m16s0,mcl6sH/ml6si,

= ml6s2,m16s3,mentl6s)

64



%
3

3k ok ok ok ok 3 ok o ke ok ok 3 3k ok sk ok sk e ok ok sk ok sk ok sk ok ok ok sk ok ok sk sk sk sk ok ok ok ok e ok e sk sk ok ok ok ok ok ok 3k ok ok ok ok sk sk sk 3k ok ok ok ok 3k ok ok ok ok ok ok ok ok okok ok
b

J¥**¥* Subroutine Register Variables

.def
.def
.def
.def
.def
.def
.def
.def
def

mcl6sL =r16 ;multiplicand low byte
mcl6sH=r17 ;multiplicand high byte
mpl6sL=r18 ;multiplier low byte
mpl6sH=r19 ;multiplier high byte
ml6s0 =rl8 ;result byte 0 (LSB)
mlésl =rl9 ;result byte 1

ml6s2 =120 ;result byte 2

ml6s3 =r21 ;result byte 3 (MSB)
ment16s=122 ;loop counter

;***#* Code

mpy16s:

sub

1di

mlés_1:

add

adc

mlés_2:

sub
sbre
sbe
asr
ror
ror
ror
dec

bme

clr ml6s3 ;clear result byte 3

ml6s2,m16s2 ;clear result byte 2 and carry

mcntl6s,16 ;init loop counter

brecc  mlés 2 ;if carry (previous bit) set
ml6s2,mcl6sL ; add multiplicand Low to result byte 2
ml6s3,mcl6sH ; add multiplicand High to result byte 3
sbrc  mplésL,0 ;if current bit set

ml6s2,mcl6sL ; sub multiplicand Low from result byte 2
mpl6sL,0 ;if current bit set

m16s3,mcl6sH ; sub multiplicand High from result byte 3

ml6s3 ;shift right result and multiplier
ml6s2

ml6sl

m16s0

mentl6s ydecrement counter

ml6s_1 af mot done, loop more
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ret

P Read DC EEPOT-------mmenmn
Read Dc_EEPOT:

1di r16, (1<<TWSTA)|(1<<TWEN) ;TWI enable and TWI start
out TWCR,r16
;—----dummy byte write sequence to load in the data word address
1di r16,0xA1 ;0b10100001(A1h). read mode
out TWDR,r16
rcall wait_Ack
1di r16,0xF1 ;addr of resister]
out TWDR,R16
rcall wait_Ack
;-—-—--(A0h), read mode------------
1di r16,(1<<TWSTA)|(1<<TWEN)
out TWCR,r16
1di r16,0xA0 ;:Read mode 1010 000 1 read
out TWDR,r16
rcall wait_Ack

1di r17,50 ;Loop count

CHK_Status:

in rl6,TWSR ;Check TWI status

andi  rl16,0xF8 ;To filter only bit 7-3 248=F8

cpi rl6,80 ;50h=80 Data byte in TWDR has been received; ACK
has been transmitted

breq Get R DC ;TWSR=80
dec rl7

cpi rl7,0

bme CHK_Status

rjmp Read DC _EEPOT



Get R_DC:
inr16,TWDR
Idi r16,(1<<TWSTO)|(1<<TWEN)
out TWCR,r16

ret

;-------Write DC EEPOT
Write DC_EEPOT:
cbi portB,PB5  ;write protected disable
1di r16, (1<<TWSTA)|(1<<TWEN) :TWI enable and TWI start
out TWCR,r16
;—----dummy byte write sequence to load in the data word address
1di r16,0xA0 ;0b10100000 (AOh) write mode
out TWDR,r16
rcall wait_Ack
1di r16,0xE1 ;(E1h) Configuration Byte
out TWDR,rl16
rcall wait Ack
Idi r16,0x00 ;to be manual mode
out TWDR,R16
rcall wait_Ack
1di r16,(1<<TWSTO)|(1<<TWEN)
out TWCR,r16
Idi r16, (1<<TWSTA)|(1<<TWEN) ;TWI enable and TWI start
. out TWCR,r16
1di r16,0xA0 ;0b10100000 (AOh) write mode
out TWDR,r16
rcall wait_Ack
Idi r16,0xF1 ;addr of resister] to write
out TWDR,R16
rcall wait_Ack
out TWDR,r15 ;send resistor]l +1 to 0xF1
Idi r16,(1<<TWSTO)|(1<<TWEN)
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out TWCR,r16
sbi Portb,PB5

ret

;-—-------------Save in EEPROM---------—----
get rawADC:
sbic =~ EECR,EEWE ;EEWE=EEPROM write enable 1=writing,0=idle

gmp  get rawADC

out EEDR 16

sbi EECR,EEMWE
sbi EECR,EEWE
get rawADCI1:

sbic =~ EECR,EEWE ;EEWE=EEPROM write enable 1=writing,0=idle
mp  get rawADC1

ret

1di r16,low(RAMEND)

out SPL,r16

1di r16,high(RAMEND)

out SPH,r16

1di r16,162 ;load addr (1010 001X) in TWAR

out TWAR,r16

clr 124
\clr 125

clrr30

inrl6,TWSR

cbi TWSR,(1<<TWPS0|1<<TWPS1) ;mask prescale 1
Idi 116,10

out TWBR,r16 ;SCL bit rate~222k

LDI r16,197 ;activate TWI and enable TWI interrupt (1100

0101=C5=197)



out TWCR,r16

mainl:

SEI ;enable interrupt (flag bit7 is 1)

in r16,portb

sbrc  rl16,6 ;skip if Txfault (PB6) is cleared

rcall Txfault

cbi ADMUX, REFS1

;PB6=1

cbi ADMUX, REFS0  ;External ref 00, internal ref 11

1di R16,$C6
out ADCSR,r16
~8MHz/64=125k

ADC_con:
1di rl6,1
out ADMUX,rl16
sbi ADCSR,ADSC
waitConl:
sbis ADCSR,ADIF

rjmp waitConl

sbi ADCSR,ADIF
in r16,ADCH
mov r3,rl6
in r16,ADCL
mov r2,r16
1di rl6,2
out ADMUX rl6
sbi ADCSR,ADSC

waitCon2:
sbis ADCSR,ADIF

rjmp waitCon2

;ADC enable, Start conversion, prescale ADC /64

;select ADC1

sclear flag by set bit
;102 (MSB at low addr)

;103 keep digital txpwr

;select ADC2
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sbi ADCSR,ADIF ;clear flag by set bit

in r16,ADCH :96 (MSB at low addr)
mov r5,rlé
in r16,ADCL ;97 keep digital temp
mov r4,r16

e Calcution DOM--------------

;DOM Temperature

;Result is R8,R9
DOM:

Idi R16,0xEB ;-21=FFEB slope of Temperature -21* ADCtemp
1di R17,0xFF

mov  RI18,R4 ;copy R4 (LSB ADC temp)

mov  RI19,R5 ;copy R5 (MSB ADC temp)

rcall mpyl6s  ;resultis inrl8,r19

mov  rl6,r18 ;rl6 is dividen low byte

movrl7,r19 ;17 is dividen high byte

1di r18,low(100) ;divider

1di R19,high(100)

rcall divl6s ;result is inr16,r17

I1di R19,0x3e  ;MSB 3e32=15922

1di R18,0x32  ;LSB

add R16,R18 ;LSB resultl +LSB
adcR17,R19  ;MSB resultl +MSB+carry

mov  R8RI16 ;Result is at R8

mov  R9,R17 ;Result is at R9

;——--Result are R§, R9 DOM Temp------------

1di r24,96 ;addr of MSB DOM temp at addr 96
1di R25,0 7

mov R16,R9 ;load MSB DOM to R15



rcall EEPROM_write

inc R24 ;addr of LSB DOM Temp at 97
mov  RI16,R8 ;load LSB DOM to R16

rcall EEPROM_ write

;-------Calculate DOM Tx power(x100)uW =64* ADCTx power
j¥#****Result is R1I0,R11

DOMTxPower:

1di R16,64

1di R17,0x00

mov  RI18,R2 ;copy R2 (LSB ADC Tx power) to R18
mov  RI19,R3 ;copy R3 (MSB ADC Tx power) to R19
rcall mpy16u ;Result is in R18,R19

mov R10,R18

mov R11,R19

;——-----Result are R10,R11 DOM Tx power------------

1di r24,102 ;addr of MSB DOM Tx power at addr 102
1di R25,0
mov R16,R11 ;load MSB DOM tx

rcall EEPROM_ write

inc R24 ;addr of LSB DOM Tx power at 103
mov  R16,R10 ;load LSB DOM tx

rcall EEPROM _write

g Tx power target 2¥T2-207*T + 41348--------

;Result is in R12.R13

kR kKRR JRTAY RERk Rk Rk kkkkk
; Y2 .y

mov R16,R8 ;LSB DOM temp
mov R17,R9 ;MSB Dom temp
mov R18,R8
mov R19,R9

rcall mpyl6és  ;Result is in RI8,R19
1di R16,2
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1di R17,0x00

rcall mpy16s

mov R12,R18

mov R13,R19

RRkERRRR Rk () THT Rk kkkkkkkE Kk
1di R16,-207

1di R17,0x00

mov R18,R8 ;LSB dom temp

mov  R19,R9 ;MSB dom temp
rcall mpyl6s  ;Result is in R18,R19
jREERkkkE JHTADD()THT k¥ %kkkk®
add R18,R12

adc R19,R13

mov R12,R18 ;Copy result to R12,R13
mov R13,R19

sRERERRRE JRTA) D()THT + 4]348 ¥***
Idi R16,0x84

di  R17,0xAl ;A184=41348
add R16,R12
adc  RI7,R13

mov R12,R16 ;Copy result to R12,R13

mov RI3,R17

;¥***Compare DOM and target Tx power and Automatic Optimize Control
mov R16,R11 ;MSB DOM Tx is R11

mov R17,R13 ;MSB Target Tx is R13

;**“***"‘**compare Oﬂly MSB 3 ok sk ok 3k ok ok ok ok ok ok ok

andi R16,0xFE ’;MSB Tx dom is filtered by 1111 1110; accept different not above (1024/100) uW
andi R17,0xFE ;MSB Tx power target

cpR17,R16 ;R17-R16, Tx target - Tx dom <(1024/100) uW
CLI

breq no_adjust

brsh inc DC_EEPOT  ;if R20>R22



brlo dec DC_EEPOT  ;if R20<R22

INC_Dc_EEPOT:
rcall Read Dc_EEPOT
incrl6
mov rl5,rlé
rcall Write DC_EEPOT
rjmp DOM

DEC DC_EEPOT:
rcall Read Dc EEPOT
decrl6
mov rl5,rlé
rcall Write DC_EEPOT
rjmp DOM

No_adjust:

------ Rmod position x10 = DOM Temperature +198 ----=-------—
mov R16,R8  ;DOM LSB temperature
mov R17,R9

1di R18,198

1di R19,0

add R16,R18

adc R17,R19

j¥**kk*%r]6 is dividen low byte
j¥¥*¥*x¥%x%r17 is dividen high byte

1di r18,low(10) ;divider

1di R19,high(10)

rcall divl6s ;result is in r16,r17

mov R18,R16 ;copy Result to R18,R19
mov R19,R17

Adjust AC_EEPOT:
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mov rl15,R18 ;Copy result to R15
Write AC_EEPOT:
cbi portB,PB5  ;write protected disable
1di r16, (1<<TWSTA)|(1<<TWEN) ;TWI enable and TWI start
out TWCR,r16
;-—--dummy byte write sequence to load in the data word address
1di r16,0xA0 ;0b10100000 (AOh) write mode
out TWDR,r16
rcall wait_Ack
1di r16,0xE1 ;(E1h) Configuration Byte
out TWDR,r16
rcall wait_Ack
1di r16,0x00 ;to be manual mode
out TWDR,R16
rcall wait_Ack
Idi r16,(1<<TWSTO)|(1<<TWEN)
out TWCR,r16
1di r16, (1<<TWSTA)|(1<<TWEN) ;TWI enable and TWI start
out TWCR,r16
1di r16,0xA0 ;0b10100000 (AOh) write mode
out TWDR,r16
rcall wait Ack
1di r16,0xF0 ;addr of resister(Q to write
out TWDR,R16
rcall wait_Ack
out TWDR,r15 ;send resistor( target to 0xF0
Idi r16,(1<<TWSTO)|(1<<TWEN)
out TWCR,r16
sbi Portb,PBS

rjmp mainl
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cli
3 in r15,SREG
push rl5
pushrlé
pushrl?7
pushrl8
pushrl9
push r20
push r21
push r22

inr16,TWSR ;i

cbr r16,(1<<TWPS0)|(1<<TWPS1)
out TWSR,r16

TWI sub:

in rl6,TWSR ;Check TWI status

andi  r16,248 ;To filter only bit 7-3 248=F8

cpi rl6,184 ;B8=184 Data byte in TWDR has been transmitted;
ACK has been received

breq  Data ;TWSR=B8

cpi rl6,168 ;A8=168 received slave addr with read req.; ACK has
been returned

breq Read ;TWSR=A8

cpi rl6,96 ;60hex =96 received slave addr with write req.; ACK

has been returned

breq  Write ;TWSR=60

cpi rl6,128 ;80hex =128 Received data byte on slave addr.; ACK
has been returned

breq  Do_write ;TWSR=80

cpi rl6,136 ;88hex =136 Received data byte on slave addr.; NOT

ACK has been returned
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breq  waitAck ;TWSR=88

cpi rl6,160 ;A0=160 stop or repeated strart received while still
addr.

breq  clearTWIiflag

cpi rl6,192 ;C0=192 Data transmitted from slave addr; NOT ACK
has been received

breq  clearTWIbusyflag ;TWSR=CO jmp to clear TWI busy flag.

cpi r16,200 ;C8=200 Last data byte in TWDR has been transmitted

(TWEA = 0); ACK has been received

breq
cpi
breq
Idi
out
rjmp
Data:
cpi
breq
cpi
0010=162
breq
jmp
Read:
in
andi
rjmp
Write:
in
andi
1di

out

clearTWIbusyflag ;TWSR=C8 jmp to clear TWI busy flag.

rl6,0
ResetTWI sreset TWIL

rl6,197 ;load TWCR=C5=197

TWCR,r16
clearTWIflag

129,160 ;Data in A0 page? and addr in r29 1010-0000=160
read_sid

129,162 ;compare write DDM page and addr in r29 1010-
read Dom
error

r29,TWDR ;save valid slave addr with read requested (A0 or A2)
129,254 ;to filter out last bit, 254=FE

Data

r29,TWDR ;save valid slave addr with write requested (A0 or A2)
129,254 ;to filter out last bit, 254=FE

rl6,197 ;load TWCR = C5 =197

TWCR,r16

Idi r17,50 ;Loop count



wait_data_addr:
in rl16,twsr
andi  rl6,248 ;To filter only bit 7-3 248=F8
cpirl6,128 ;80hex =128 Received data byte on slave addr.; ACK has been returned

breq Do_write
dec rl7
cpi r17,0

brne wait_data_addr

breq clearTWiflag

return:
pop r22
pop r21
pop r20
poprl9
poprl8
pop 17
pop rl6
pop rl5
sei
reti
clearTWIiflag:
1di rl6,197 ;load TWCR = C5 =197
out TWCR,r16
jmp  return
clearTWIbusyflag:
1di r16,197 ;load TWCR = C5 =197
out TWCR,r16
mp  return
read Dom:
rjmp read Doml
clearTWiflagl:
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gjmp clearTWiflag

Do_write:
1di rl6,197 ;load TWCR = C5 =197
out TWCR,r16

sbre 30,0  ;Check offset flag at R30 bit0, 0 is not get offset, 1 get offset already

rcall  save_value offset ;r30 bit0 is 1, Jmp to save_addr is DOM_offset or
A0 _offset
rcall  save offset ;r30 bit0 is 0, Jmp to Save offset

mp  return
waitAck:
1di rl6,197 ;load TWCR = C5 =197
out TWCR,r16
rjmp TWI_sub

ResetTWI:

Idi rl6,213 ;load TWCR = D5 =213
out TWCR,r16
clr r30
clrr29
clrr26
clrr28
1di 16,197 ;Clear TWINT bit in TWCR to start transmission of data
out TWCR,r16
fmp  return
clearTWIbusyflagl:
rjmp clearTWIbusyflag
read sid:
;st Y.r28 ;r28 keeps sid offset
Id rl6,Y+ ;load value from addr X tor16
out TWDR 116 ;value will be loaded to TWDR
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inc r28 ;sid offset= sid offset+1
1di rl6,229 ;load TWCR = e5 =229
out TWCR,r16 '

cpi 128,253 ;$FD=253

breq al8 ;if r28 <> $FD will go back to send data again.
wait_SIDdata:

in rl6,TWSR ;Check TWI status

andi  rl6,248 ;To filter only bit 7-3 248=F8

cpi rl6,184 ;B8=184 Data byte in TWDR has been transmitted;
ACK has been received

breq  read_sid ;TWSR=BS8

cpi rl6,136 ;88hex =136 Received data byte on slave addr.; NOT
ACK has been returned

breq  waitAck ;TWSR=88

cpi r16,160 ;A0=160 stop or repeated strart received while still

addr.

breq clearTWIflagl

cpi rl6,192 ;C0=192 Data transmitted from slave addr; NOT ACK
has been received

breq  clearTWIbusyflagl ;TWSR=CO jmp to clear TWI busy flag.

cpi r16,200 ;C8=200 Last data byte in TWDR has been transmitted
(TWEA = 0); ACK has been received

breq  clearTWIbusyflagl ;TWSR=C8 jmp to clear TWI busy flag.

cpi rl6,0

breq  ResetTWI sreset TWI

rjmp wait_SIDdata

. al8:

1di rl6,162 ;load addr (1010 001X) in TWAR
out TWAR 116
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rjmp  ResetTWI

read Doml:
st X,r26 ;r26 is dom offset
Id r16,X+ ;load addrtorlé6
out TWDR,r16 ;value from addr X will be loaded to TWDR
1di rl6,229 ;load TWCR = e5 =229
out TWCR,r16
inc 126 ;Dom offset= Dom offset+1

cpi 126,253 ;$FD=253

breq al8 ;if 126 = $FD will end of sending data.
wait_DDMdata:

in rl6,TWSR ;Check TWI status

andi  rl6,248 ;To filter only bit 7-3 248=F8

cpi r16,184 ;B8=184 Data byte in TWDR has been transmitted;
ACK has been received

breq read Doml ;TWSR=B8

~ cpi rl6,136 ;88hex =136 Received data byte on slave addr.; NOT

ACK has been returned

breq  waitAck :TWSR=88

cpi rl6,160 ;A0=160 stop or repeated strart received while still
addr.

breq  clearTWIflagl

cpi rl6,192 :C0=192 Data transmitted from slave addr; NOT ACK
has been received

breq  clearTWIbusyflagl ;TWSR=CO jmp to clear TWI busy flag.

cpi r16,200 ;C8=200 Last data byte in TWDR has been transmitted

(TWEA =0); ACK has.been received
breq  clearTWIbusyflagl ;TWSR=C8 jmp to clear TWI busy flag.
cpi rl6,0
breq  ResetTWI sreset TWI



81

rjmp wait_DDMdata
save_offset:

andi 129,254 ;254=FE filter out LSB (read, write)

cpi r29,160 :Data in A0 page? and addr in r29 1010-0000=160=A0

breq  save_sidOffset

cpi 129,162 ;compare write DDM page and addr in r29 1010-
0010=162=A2

breq  save_DomOffset

jmp  error

save_sidOffset:

in 28, TWDR ;r28=s1dOffset

Idi r30,1 ;set bit0 in r30 to be 1;r30 is offset status
1di r16,161 ;For checking in read loop.
out twar,r16

1di r16,69 ;send stop TWI signal
out twer,rl6
jmp  return
save_DomOffset:
in 126, TWDR :r26=DomOffset
1di r30,1 ;set bit0 in r30 to be 1;r30 is offset status
1di r16,163 ;:For checking in read loop.
out twar,rl6
1di r16,69 ;send stop TWI signal
out twer,rl6
fjmp  return
save_value offset:
andi 129,254 ;254=FE filter out LSB (read, write)
cpi 129,162 ;compare write DDM page and addr in r29 1010-
0010=162
breq save_value DomOffset

fjmp  error



save value_DomOffset:

in

st

st
X=X+1

1d

fjmp
ERROR:

1di

out

LDI

out
sei

jmp

return

return

EEPROM _write:
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r16,TWDR
X,r26 ;126 is offset
X+,r16 -load offset value from r16 to offset addr.(X) and then

126,X :offset+1 will be stored offset back into r26(offset).

r16,213 :load TWCR = D5 =213 (stop TWI)

TWCRr16

r16,197 ;activate TWI and enable TWI interrupt (1100 0101=C5=197)
TWCR,r16

: Wait for completion of previous write

sbic EECR,EEWE ;EEWE=EEPROM write enable 1=writing,0=idle

rjmp EEPROM_write

; Set up address (r25:r24) in address register

out

out

EEARH, 125

EEARL 24

; Write data (r16) to data register

out
sbi
sbi

EEDR,r16

EECR,EEMWE

EECR,EEWE

EEPROM _writel:

sbic EECR.EEWE

:EEWE=EEPROM write enable 1=writing,0=idle

rjmp EEPROM writel

ret
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‘.;hud—m paper pmmhﬁemmﬁccpﬁalpwu-ud

mpeulwemge Oﬁmﬂmdiammnnadjweduopmal
power and extinction ratio over temperature following to

qndnﬂl:qu and linear equation respectively which are
calculated from the fitting curves of optical power and extinction

ratio. mﬂiﬂnnmeopﬁalqt diagrams are optimized. The
| eye diagrams are considered by zero hit mask margin
test compliant with Fibre Channel standards.

Keywords- optical transceiver, eve diagrams, Fibre channel

L INTRODUCTION

In an ‘optical communication system, the optical
transceivers have been deployed extensively fo convert
electrical signals into light wave and vice-versa, The key factor
fo support good transmission is an optical transmifting signal.
But a problem of optical transceiver is the distortion of optical
€ye diagrams over temperatore as shown in fignre 1 caused by
ﬁehmchmmchmge(npucdpom slope efficiency,
and ‘threshold current) varying to temperature as shown in
figure 2.

The purposes of this article-present how fo create equation
for optical transmitting signal optimization of low cost laser on
optical transceiver which reflects transmitter performance and
how' to optimize -optical eye diagrams. As this techuique
controls optical power and extinction ratio parameters because
“both are key: parametess and concern directly with the optical
eye diagrams.

. BACKGROUND INFORMATION

Awdlmgmmplwtwmmnpﬂfmaofopncal
hnﬂnimbymhmmgcmsmt average optical power and
extinction ratio has advanfage that compensate optical power
_ande:mncuonauochmgebeauuof optical power, threshold
cutrent and slope efficiency change over temperature as shown
in figure 2 ‘and 3. Disadvantage is that this technique cannot
optimize the optical transmitting signal over temperature which
978-1-4244-2251-7/08/525.00 €2003 IEEE

Authors Polphadung Phadungkul
Department of Electronics, Faculty of Engineering
Kingmongkut's Institute of Technology Ladkrabang,
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kppolpha@kmitlac.th; polphadung@hotmail.com

is- simply considered by the zero hit mask margin test result of
optical eye diagrams as shown in figure 1(a) and 1(b).

Regarding to laser charactenstic change over temperature
in figure 2, it illustrates that optical power, threshold current
and slop efficiency are varying to temperature as this vanation
is relative to changes of average power (Pay). extinction ratio
(ER), optical modulation amplitude (OMA) and slope
efficiency () following equation (1) to (4). Moreover the
changes of above patameters effect to overshoot, peak to peak
JITTER, fall time and rise time of optical eye diagrams as
shown in figure I(a) and 1(b). To test simply the optical eye
diagrams and the distortion eye diagram problem, the zero hit
mask test can be performed.

Pav= (P1+Pq)2 )]
Extinction Ratio = Py/Pg @
Optical modulation amplitude = Py-Py 3
Slope efficiency = (P1-Pe)Tycn “@)

where Py is the average optical powes, P; is the opfical power

corresponding to a logic one, Py is the optical power

comesponding to a logic zero and Iygpon is modulation current.

Figure 1(a) —Distortion of eye diagrams at -40C as zero hit
mask margin is 2% although maintaming the optical power and
extinction ratio (ER)) to be same at room temperature (25C).

387
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thmnl(b)—ﬂpmuleyedngm at room temperature as zero
hit mask margin is 40%

Ooiecnl

Figure 2 -S.iope eﬁm,m@om temperature

ZeroHitMargin Vs temperatue

- paver (o
.W!R(ﬂ)
e FarO HIE
M%)
a0 20 D 25 S0 65
Tormporiture (C)

Figure 4 —The zero hit mask margin test result Vs temperature
with maintaining constant optical power and extinction satio.

1. OPTIMIZATION OF EYE DIAGRAMS ANDDATA
ACQUISITION OF OPTICAL POWER AND EXTINCTION
RATIO

A, Tesier Setup Block Diagrams

Before optimizing optical eye diagrams, tester and optical
transceiver have to be setup following to block diagrams in
figure 5.

Figure 3 — Laser diode with increased bias and modulation
current at higher temperahire to maintam optical power and ER.

In figure 4, it illustrates that the zero hit miask margin test
result with maintaining constant optical power and extinction
ratio dramatically decreases at hot and cold temperature. That
means performance of optical transmitting signal is decreasing
too.

=X =
" y - \ /'n‘t "
o=
P SRR 4 [ i ML, R S 1
| oy
ot o { i
BT T B [} P i i)

e b
Figure 5 — Slope efficiency changes over temperature

B. OPTIMIZATION OF EYE DIAGRAMS

To optimize the opfical eye diagrams, the opfical
mamwmuadjumdmhucmfwopnulpowa
and modulated current for extinction ratio which are based on
the zero hit mask margin test result As optical power
adjustment has fo be careful of the maximum power which
shxnnotbetooclmdthemuunnmmpupowuofm
Optical power and extinction ratio acquisition are shown in
table 1.



92

%0 40 20 0 20 40 80 B0 100
Teinperature (C)

Aﬁu‘gbhgﬁuqmmémofopm!mmm
zero hit mask margia, the graph in figure 6 illustrates that the
zero hit mask margin test result with adjusting optical power
MEllhsadmd:emhnmntmgmlutm&hubn
change.

Zéro Hit Margin Vs temperatue

Zera Hit Margin (%)
ER (a8}

""’SGBQ..Q.ﬁaGS-

T4 02 0 3 = B
Temperature (C)

C. EQUATIONS FOR AUTOMATIC EYE DIAGRAM
OPTIMIZATION
The equations for autcmatic eye diagram opﬁmzmm
calculated from acquisition data of the optical power

extinction ratio in table 1 by quadratic curve fitting for optl::.l
power and linear curve fitting for extinction ratio as shown in

figure 7-8.

Figute 7 ~The optical power acquisition over temperature

Figure 8 —The extinction ratio acquisition over temperature

Equations for automatic eye diagram optimization are
calculated and shown below. They will ‘be used by
mopﬁalmeamtoemﬁlmeopml

mm

power and ER over temperature.

Optical Power = 0.00002* Temp” - 0.0021*Temp + 0.4135 (5)
ER = -0.003*Teasp + 7.1582 ®

Where Tenp is temperature (degree C) on optical tragsceiver

IV. TESTRESULT

Table 2 —Test result after transceiver is applied by equations
ﬁ»rmnmmceyednmnptmnnm.

Opticalpower | o536 | 045 | 0413 | 0381 | 0374 | o381
| @W)
ER@) | 721 | 744 | 715 | 703 | 709 | 696
Tmer(p) | 272 | B8 | 3108 | B3 |24 | a2
Fall Tunep) | "0 | 9656 | 9656 | 9724 | 9996 | 9956
ZeroHit

MaskMargin 44 40 41 “ 41 38
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Optical Power sfter applying equation
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Figuie 9 -Cempunm opfical power (Actual power) after
applying equation «on transceiver and optical power (Desired
powu}fnﬂcwmgequnm(i)

ER after applying equation

0 4p -2 D 2 4 B0 40 1w
Temperature {C]

Fmiowommm(mmm)mm

370

Figure 11 —Eye diagrams at -40C a5 zero hit ‘mask margin is
M%bymayudsmqtmm

the test result of optical eye diagrams between
mmwmmmmmwodm
temperature and the automafic eye diagmam optimization
method, it shows that the last meihod give the result befter than
ﬁeﬁnmsﬁn&udiownh&lﬂ

Tnbla?:—lhcmﬁkmutmmrmhmm

Ibaspnpuachevumophninh
mopa‘ugmpmnnge(AOCwSSC}byaw
and extinction ratio ct‘mlml eqmm

i:yﬂmtedlmque.nebeﬂathwthﬂuwhmhmmmhm
constant optical power and ER. Advantages of this technique
mﬂ:eophmdngnﬂofrmmxﬂumdcoﬂeﬁ'eeuveof

consumption. and spectral width.
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