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ABSTRACT

The work deals with the investigation of digital fiber-optics transmission
systems (DFOTYS).

A scheme of DFOTS as a complex system is presented. The aspects of its
basic units and formalization of its characteristics are considered. Among them are an
optical transmission module (OTM), codec, optical cable (OC), an optical receiver etc.

The structure of the database of DFOTS and the database for some its
subsystems were elaborated. The database included additional attenuation of optical
fiber, the dependence of the optical receiver sensitivity on the transmission speed for
photodetectors with p-i-n and avalanche photodiodes etc. For various avalanche
photodiodes (APD) were defined the optimal values of the amplification coefficient,
for which optimal values of the regeneration section (RS) length were determined.
When selecting the optimal values for APD, the regeneration section length could be
extended by 10% in comparison with that at a nonoptimal amplification ceofficient,
which effects economy in the overall cost of the system.

The iteration method is proposed for calculation of energy spectra of the linear
signals of DFOT. The calculation by this method is performed without knowing the
eigenvalues of the matrix of transition probabilities, which makes the calculation with
large matrices much simpler. A program package was developed. This package makes
the calculation much simpler in the case of high-order probability matrices and
promotes the automation of calculation. The developed method gives good practical
results in resolving the problems in some other fields of science and engineering.

A comparative analysis of the systems of Time Division Multiplexing (TDM)
and Wavelength Division Multiplexing (WDM) systems was performed. There were
analyzed the basic indices of the systems: capacity, possibilities for modernization of
avaliable traditional TDM highways, organization of the linear track, structural
flexibility, the model of interaction with transportation technologies, the budjet of
systems etc. The appropriate methodology was developed. The conclusions about the
advantages, drawbacks and equivalence of the systems were made.

The signicance of jitter in digital transmission systems, its origin and physical
nature were characterized by the systems approach. Classification of jitter is given; the

techniques of jitter measurement and assessment are analysed, the assessment of jitter

vii



by using the eye diagram being one of the moust important. The Dual-Dirac method is
considered as the latest one for measurement of jitter. This method allows
representing the jitter in terms of deterministic and random jitters. Basic requirements
to the jitter in Plesiochronous Digital Hierarchy (PDH) and Synchronous Digital
Hierarchy (SDH) systems were stated. The standards of the International
Telecommunication Union (ITU) in this relation were worked out. The jitter testing
mask is presented.

A simulation-animation model of the eye diagram was developed. The model
makes possible the determination of the jitter value by artificial distortion of the
signal, the determination of the signal/noise ratio and the loss as compared to the ideal
signal/noise ratio, and the determination of the degree of deterioration of the digital
system resistance to interferences, which allows assessing beforehand the quality of
communication in the given digital system. In addition, we can assess the
correspondence of signal transmission quality to ITU-T standards for the SDH system.

The aspects of restoration of the electric signal of the optical receiver were
studied. A formalized version of of the structural scheme of selection of amplifiers for
DFOTS was elaborated. In each node of the scheme, the formulae for calculation of
the signal/noise ratio of the corresponding amplifier and the procedure of choosing the
appropriate amplifier are given. Preliminary calculation of the signal/noise ratio of the
optical receiver of DFOTS was performed by particular data for amplifiers of all
types. This allows choosing the preliminary amplifier circuit and components of the
optical receiver in each particular case.

The programs composed in the frame of this work were realized in Mathlab.

The results of this work can be used in designing of the units of DFOTS. They
also can be used in the course "Digital Fiber-Optics Transmission Systems" intended
for the students and post-graduates of the Faculty of Energetics and
Telecommunication of the Georgian Technical University.
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M'P=P,

P-b 6m&®3oMgdom, dsgowoms@ sbg B +P,+..+P =1, 99bsdegdgeros

060803 5003906 49b6GHMMgdsMs LobBHgds
M'P=P

Zn: P =1
=1

Bogfgtmom 99390 Loboon:
AX = f (2.1)
@9 (2.1)-0b 53mbsblbgrs as630bosgom 9999y 0GHIMSEG0IE 3MMm39LL [40].
X? - obgmo Lsfgolo Bosbermgdss GOl y39es 3m33mbgBEO Moo
1/n;
X =X""+rg0%, k=L

- _(AgETY)
“ (Ag¥,AgY)’

g* = e 1t
El = AXT -1, j=0.
fo=f, f'l=f"-AX"", ix1

53mblibs X = X%+ X +...+ X5,
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bom & - 5gdobdog®o 3odlo®mgdmEo OO MOEb30s.
5036036mm, M™A
D&=0, k=0
i=1
6ob.2.1-Bg  fo@dmpqbowos BI-L  (3sbbglbBg@ol  3mo) Lobsbm

Loaboarol 9bgMy9gEH03w9wo 13gdEHMOL 4odMmMZOl 3OM39EMES.

39005LbZWYO 5EBMIOL FdFBHPMOE> M-0b s K - B5¢®ogs-
LEBogmbol 3mGIoMmgds, K-l gangdgb@gdo Fomdmooagbyb BI-L
boaBsrol 533¢0GH oL EMBY9dL

l

550 MdOL AdBHMOEoL godmmazws, §iHe303 swagdd I
396¢m@gdsms bobigdol sdmblibs, 3ses339M9d)wo M'-E ds@Mogom

,

| 353®03900L M(1).M*©oMp 3mM30Md> |

353030 oBAHMWYOOL 59mblbs, dmEgdrwo dsdx396s Bafowom
{E-20M%)'cosa+[(M¥ T} X = PK"

}

96963930390 b33JHOOL FoBMMZEd
J0MHOMIPO BMOTYWON

AmBy3999000L 290m396s s 969MIBH03 o L3gdEHHob
3Me8030b 530> (3000 depgbywro)

Bob.2.1. BI-L LobsBm bogbserol 9bgtyg@ozmwmo L3gdd®mob
3°9mmM30olL 3MI(39009M

Bo9M35945e0dmm 80608ser o 365359300l godmmzwol 3Hmaglo,
95bsL0sMYOGEO  3MEWobMIol s LSIMMMO30 GOEbggdOL dsMgdg M (M)
dsGMoobm3z0b.

A(4) -ob sygbolsmzol [41]-0l Fglodsdolo:

3963L5BOzOMm  sbobgs T :M, —»C" 0999bs06s:  Boghghmo M
99000920 Lsboor M =[m,m,,...m] - bssg 306390 N - 9wgdgb@gdo
Po60mo9696 M Fo@Eogol 13gGHoL 306039 9wgdgb@adl, 99dgao N -
9099963900 Ho0dmoagbgb  dgmeg  Lggdol  gawrgdgb@gdl o 5.9. gbu
3990bsbyegds MO 39JdEMOIero LoghEol M, o c" 0BMmINOGF0HI0 (56

D6Hx8030 MOHPOIODEIWLsbS sLobgs). obgobowrmm 39J@™MM9gdol J0dYz3MHMd.:
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v, =T(E)
v,=T(M)
v, =T(M %)

v =T(M")
Bo335¢Mmm, MM Y39 omsb0 sGOl c" -ob s K=0,1,2,...,n,
503600bmm, M  39JGMO®s  LOIMV3g U, U, L, U, 050350
©53M3000JIYW00.
SbEs 399Mm30Ygbmm a6585-880E0L MMM YMBI0B300L 3Bm3gLo
Uy, U, Dy, .., Uy 399GHM6GIOLONZ0U.
Dy, =0,

_ (vy,01)

O,=u+a,0, @,= (0.0,
01Uy

Oy =0+ 11Uyt 4,0+t 4, 4D
Bo@o3 @ ; 39BoLEBEZMYDS MOMMYMBI0BI300L 306MBYOOED.
(v,0)=0,i=]; i,j=12,..,n
MONMYMBsoBs300l  3OHMmEglo  080bsMgmdl  Fsbsdy, Lobsd o6
9030090  Bmeomgob  39dBHMOL.  Goasb  6gdoldoge  p-g96BmIorgdosb
Log®Egdo  ymggwro (pt+l) 39dBHMMOLYL  Fgdgemo  LobEGHgds MR35
©59M300090w0s, Bgdmo 50bodbmwo 3MMEglol 9IRS 9YEOWIGOCIS®
90300090 bmemzg5b 3994@GHMM.
0¥) b1emz960 399EHMO0 JogdmEros K-mé dox g, 35806 M ds@ogols
906035 mEo 363593600l dsB396909w0 séols K-1.
5990056 2459m30bsMgMdL, GMI 0 K-m6 doxDg 490m0m3egds gMsds-
39030L MmONMYMbsobsgools byarmgzsbo 3gdEm®o:
0 = (U, U, +... + O U 4)
85806

T g0y, 0, + + U ) =l +aM +a,M* +...+ M =0
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98 6086s3L, ®@d q,, (t) = (e M +a M P+ +aM + o) o, 50l
M 85¢®oob 8ob0dsermo I6s35(9360.

50239605, Bl-L Lobsbm Logbserol 9bgMaq@ozmeo 13gd@Mol Bgdmo
50b0dbmo  0GHgMOE0Mwo  dgMEOm  odmm3ol  OML,  3GM3gLO
3000565 99399905690 93BHMT>BH0DBOE0sL. Fowgdmwo JgEgyo 9dmb3z9g3s
139dBHOL, OMIgOoE F0YOIM0S 565¢PO0BMEMO Qodmbsbrmegdom [29,42].

65b.2.2-Bg 9dmygzs60o0s BI-L  LobsBm  Loabserol  9bgeygdozwmwo
b39JdHMo (Y3000 9EI6IWO), OMIgwog Yodmmzwowos FgdOBIRYo
353HM0(3900L  FgIMEOm,  0GHIMOEOMWOo  3OMm3gbol  godmygbgdoom,
domomgdmo  bLobmbGoom  £=0,000001. BI-L ULsbsBm  Loabserols
9696029303790 B39gdBHMmOoL  godmbomawguo  3OMAMsds,  GMIgEos
99LHYEGOME0S EI3MMYMTgd0L gbs ,Mathlab“-do {omBmygbowros Esbstro
2-8o (3.183-185).
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S 015

= o1

005}

Bob.2.2. BI-L Lobobm Logbsrols 9bgMaq@03wmwro b3gd@emo

50600950,  0900m535H90M0s  E0MB-0L  LobsBm  Loabsergdols
96963930370 B3gdBHMdolL  godmlomzwws©  0GHIMSEOME0  FgmMO.
969629303790 b3gdB®ol  dowgdmwo d60dzbgemds oo LobMLGom
90mbgg3zs  9b5E0BMmO  2odmlbobmmgdom  Bomqde  360d369wmdsl.
6590380 99098539005 3OMYMeToms  3539H0  LobsBm  3mgdol

96963930370 B39dGHM9doL  250MbOMZW s, Mog LOTsEgdsl 0dg3s
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96003690m3bs0 99353560 3H03Mmm  AOTMMZOlL  3MMEgLo  oEswro  MoYOL
3Eds0IMH0  BoBM0Egdol d9dmbgg3sdo o MHBOB39e3YyMmm godmm3zwgdols
36MHmEqLOL 53¢MB5EH0B(300.

a3 Bgdmo  s0obodbs 33dmb-ol  bgendgdesdyMomdols
39535b900L5L LobsBM Logbsegdls (L) sGLgdoMO {i3eowo dgodal [29,54-58].

[32,38] 96009330 F90035D9dMo  oym  9bgeagdHozmo  L3gd@eol
395bLsBE3MOL JgomEo, HMIgEros [32]-3o bobligbgdos Hmyme 3 99d6Mmbgdyeo
3530339008 Igom@o. 93 doamdol sOLBO 00580 AEYMISMYMOL, O™J
39600535350 5¢dIMMOYOOL M3 M FoGHMOE0LIMZOL 99930 9dIE0s
dbmwm  Fobslosmgdgmwo  3mrobmdols  godmmgms,  domgwo  B3gdGHMol
3980m3e0oL bo3gws.

B90mm 50bodbmwo gmmEol Mgowobsgos Bl-L Lobsbm Logbsgols
3o9mombBg Fomdm©agbowos BsdMmdqddo [40,50]. GmamOE Bgdmor gbsbgom
96963930370 B3gdGHM0L  godmabys®odgdol Mml 8909930 dmnwosbs
©593mbgs  OMAMmOE3  3eologMmo  doEymdolL,  s3Mmgm3g  8906MbgdMwo
353Mo30L Ignm©om JoMgdme dggaL.

395300090  Jobollosmgdgmo 3mobmdols spqdol Igmeg 9o by
Lo 0sbos 99dga0

©907qds 1. mBnB 3¢0sbol 45000lgeols s¢gmdsmvy®o M dos@GMoss
390d9ds Ho63m3z3500bmm 999090 dm3meo Lsbood:

LooE, YM39wo  drm3NMo  do@G®ogs O,E\V §oM0moagbls m  Goaol
3390005 AoGHMO(39OU.

39600365 1. sbgom Loaborgdls 4969336905 dErM3MEO 3m©gdo mBnB
(m=1,2,3 ...; n=2,3,4 ...), NRZ, RZ, BI-L, EP-1, ®5©93-&™0sbm30l, doergMol,
BM, BS, dcrm3«6o 3megdo bsldgdoo mB1C, mB1P, DmBI1IM s bbgs.
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©90mqds 2. M 3s¢®ogolb  gzgws  LsgmomMogzo 3609369 mds
Do63moggbl V' 35@Mmo3ol dgbsdsdolo by3zmms®mo Goibggdol N-m& bsGolbb.

V' 853603obsmgol A(A) Bsbsbosmgdgero 3meobmdol goblabmg®olsl
30949690 3M0wmgol [51] doge FgdmmegzsHgder IgmmL. B396L  Jog
Bo3myoer0d90er0s dmdygdosbo Labggerowgds, GMmAgeos 999ma30me35bgl
RM9HgM3s, 639605 s JMes®ds [59]. Fgomo gymHbmds 3sdo@Hmb-
3900l [41,60,61] 0gm©9dsl, OMIol msbobdosi N Moyol Bgdolbdog®o
353035 A 53059 5B0gdL 0530l Bobolinsmgdge gob@megdsl:

A =2"+y, A" +y,A" 2+t y, =0,

A(A)-b  29BLsBOZOOLOMZ0L  gobgobowmm  39dEHMMmgdol  9dga0
9d0093MrMds:

X - n g56%m80oeqdol 63d0dogMmo Lsfyolbo sGebmmmgsbo 3gd@Emeos,
@5  296Lb39309ds  39JBHMMOLOYSD, MHMIgog TbMWMmE  JOHM0bIOOLOYD

8990.
X' =V*X' (i=1..n).

5g V' 960b bgdmo bsbligbgdo do@Moss.

VirVarees Ve obollosmgdgeo  IM35¢[93e0ol  3m9n303095GHO0L
39bLsBEZMOLIM30L 5dMzblbsm Ay =B {i653030 5¢0a9060 gob@Mmegdsms
LoLG9Ts, Lo

A=[x"1x"?,..., x, X, B=—x".
9ol Lobom 2sb30bomm Mg3-UEBHMOBMZoL LobsBm Logbsero,
OHIolmzobsg M ds@®moEsb 9d3l 89090 derm3&o boby:
Y {@ Ej’
V 0
K=[10101001],
boog, ©, E, V 39-4-9 ®0ogolb 33506M5¢ o 35@6Mm03q00s, E gMomgmemmgzsbo
3oBM0359, O BmeErmzs60 JoBHo3s, beagrm
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V= , (2.2)

o Qo O o
o ©w T O

0 pq
q 0
0qgo
poOq
doboliosmgdgeo M35 (g3Mol  FolLogdo®  2o353Ms3emo  (2.2)

6900Ld0gH 5M1569M356 39JBHMM-1393 Y.

C(O) = {C10’C20""’Cn0}’
5036036m0» 30093 Md0m

C(1) = AC(0) ={Cy;,CprseesCy }»

C(2) = AC() = A%C(0) = {Cyy, Cypo s Cy )

C(n)=AC(n-1)=...= A"C(0)
d030090™
CO)p,+COp, ,+..+C(n=1)p, =-C(n),
s F5BHMOEMo  2bEMEgds  FoMmdmopabl  OHxz0g sy gdcem
3906GMgd5m5 BLOLEGIL 7,751V I30MOGO00:

n-1
Ci?nk = Cin » (i=12,..,n).

k=0
58cmgblbom 5 58 LoLEYAsL Yk -b Bodsdm (K=12,...,n), ©s3fgom
Lo 3mbBOL AobEMEgdsls V -ng0b.
P 53065¢0m60  sqdommdols 3s@MmoEol 2oboggds [39]-0b mobsbds

59m3blbsm O 5030 5¢0ygdMME0 296G MEgdsmS LoliEgds
M'P=P,

B®domgds 249313900M P=(P,P,...,P) - 0050 MO, SbY:

PB+P+..+P =1,

390092500 30090990 HOHR030 5¢gdMME0 2obEMEgdSMS LoLEGTs:
M'P=P

Zn:Pj =1’
j=1

B3P 9OMm® dEom3Ho Loboo:
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(M)
i)

5060950 303003500 {03303 5¢Q90MOVI A56EHMEgdsms LobEYFsd©Y
V'X =X, (2.3)

5J9096

9c35bobmm X = (X, %y, X5, X,)" -0b  60®FoMgds,  Bogooms@  dby:
X +X +X+X, =1. (2.3)-0L 53cmboblbges  dgmmsz35HgdMmos  99dga0
03HIM5300 3OmaqLo [40]:

X? - 560b 69d0b8ogHo Lsfgolo Josbermgds, olgoo, G

X =X""+7,0", k>1.
__(AV*g e
(AV *g* AV *g")’
gkz_ek+ek—1
E=AV*XT -l j>0.
fO=f, f'=fT-AV*X"" ix1.

GHogs AV*g“ 20,

k

59mblibs X = X%+ X +...+ X°,

b5QS3, S - 8060 mO Bo@ IO MMHO MHOEHZ0s, MM OLMZ0BSE3

§S

<e,

boem & - 59doldogmo Hobslfjot dm39dwo sgdomo HoEblos.
503603bmm, H™I

z;k =0, 6gdolbdogMo k=>0.

i=1

390099 335J43L

39600365 3. Bgdmom  s50bodbmwo  4obEGHMgdOL  sTmMboblbgws
0395300 3O 390 FoMTMoA9BL MM 303G FgmmU.
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A(A)  3sbobosmgdgero IM535¢93M0l 399530309630l ol 339350
59mgblbom Lob@ndsls:
7 X3+, X2y X4y, X0 =—X*,
5699 89900920 LEbOL FOR0Z5RJIOME obEMEGdSMS Lol
Ay =B,
Lo,
A=[X3X?X'X°], B=-X".
3909250 309079 Mdm Jobsliosmgdgee IM635¢(936ML
AQ) =2+ A+ 1, A + v A+ 7,
35BHM03Eo 396EHMEgdol
{E-2(M*)'cosa +[(M#*) T} X =PK",
59mLsblbgws dm35bobmo M * 85@Mm0Eol BMm®06Mm9ds.
M*=M -M (),
Loog, M (D) - goblsbmgmmewos [32]-d0, 43593V
M@Q=MM®+M*+05-M?)/25,

M'=M-M(M®+M*+05-M?)/25.

5y p=0.5.

5960g5©, dem37®o mBnB 3wsbol oxnOWMwo LsbsBm Loabswrgdols
969629303290 139dGHOJOol AoBLEBPZIMOL  sboero JoEMdgdo 3wl MO
3900moLodsb  20blbgs3gd0m  360d3bgem3zbo  9TMEH0390L  SBIM
3530390056 3930060 9d go8MmmM3EgdL. 3eologye Fgdmbgzgzedo, Lowog
969629303290 B39JGM900L 2odmbom3zw s dMmomMHM3gOMS FoILZOL
semdsmméo M (M) 3s¢MoEolb  g3gams  Logmmeogo (659300 o
3™33wgdbmEo)  Mosbzgdol  8608369wmdgdol  3m©bs,  FgIMmoz5DYdIME
dgoomdo  LsFoMMms FBMEME JoPOMYOME0 FoEGHMOEOL  Fobollosmgdgero
3obmdol  Fgoygbs. 99539 ©@OML, dgmeg  9dmbgzgzo8o 50O
353030l OO BMIGIol MM oly, OHMYMOE 30M39w  dgdmbgzggzsdo
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390mom3wgds M (M') 8s¢®oEol  dsbollosmgdguo 3merobmdo, Foy®msd 0
9900bgg3580 53m3bs FoMBH03gds 3093 0dom, Hmd M (M') ds@GGogol
doboboomgdgeo  3meobmdo, dglodargdgeros gl Vo (V') FsG®oiol
doboboomgdgEo  3mobmdol Lsdoowgdom. V' (V') ds@®ogolb  Moyo
39EOWIO0M IV, 300005 SOLGdMwo M (M) dsGHMoEolb Gogo o
39L50530b5¢ oL QOTIMMZWS3 MTOM JoM3H0300.
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530 3. 35053990l 30x8OMwo 3mF3M336-Mm3GH03MYMHO0 MHMOMO

399@03egdbomgdol (TDM) ©s Gowammo dxwmdEodwgdlomgdols
(WDM) 39d6mema0900l 89005698000 565¢00bo

AMsogoeo TDM (Time Division Multiplexing — Lol@gds osGbgdols
©OMOmM0 3w EH03gJuoMgdom) LolEGHIIGOOL 3900 339 Mom©Ybody
Powwos 9600369¢m3z960 2obgzomatgds 33mgzglb WDM (Wavelength Division
Multiplexing) - m3&0399M0 (o m®o, L3gdEHMswwM0) M EH03wgdloMmgdOL
Lol 9d9dds [44,47,70] mE039 G9dbmemaos 458m0ygbgds 393806Mm0OL Jugegdols
39939 b56H05bMdOL  2oLoBMEIEs©.  99©Ybs, Tgodergds  9MmAsbgoL
09350050Mmm oo Fobslosmgdgdo:  353d0MH0L  LobiGgdol  LEMWMJGMOOL
dmgdbomdol, 250539908  LBoBJo®OL, odEBHIMBIM0BMdIOL ©s doGHOO
3930M3>0d 5Ed5MMIOU, 0939696M530Mwo mdbob Loa®mdob,
1G9bIMEHOBI300L 53595006090 MbOL, dmwEHodwgdlo®mgdol LolEgdgdol
LoGMbL3MOGHM  Bgdbmwmyogdmob MO0 gemddggdol,  LolbEgdol
96963930390 3m@GHbEoseol (d0xgE0) dobgzom. mMo3zg Ggdbmemaool
99900b393500 25005(3990L 45M9ML M3EH03M0 dMF3IM (3989w0) FoMmdmowqbl.

3.1. @OMomo dmEodegdio®mgdols TDM Lol@gds

TDM 9dbmemyos oym 306390 Lol@gds, MmIgmog 2o9mygbgd e
0965 25005:3990L M3E03M-dmF30356 LoLEGHYIYdT0. Ob B MYOIMH0S POHMOMO
3w @03wgdbomgdol (b OmymeE AL Mfmgdbgb - sGbgdol
39930006MH™M3900L, ©59336003900L) LoLEGIgOOLs, LOSE FIWEJTOL oMU
Lobom 999Mm0Ygbgdm©s 3ModLoswrmo s LOTYGEHMOMEEO 395891 9d0, SAMINZY
39300658399 Md0b MLsgbm  Bsdwsegdgd0. 3H9dbmemyos 0mM35wolobgdl
659096039 890535000 sdslobdoMmm3zsbo sGbgdol gwgd@®mboero bLsbom
3996000569356 9O Loghmm  (099500969w)  FoLsELObIOMMZ6  sObs.
0905350  56Mbgdo  M0yMmO0aMd0m  9IMONI0Mgdb  Forseliobdommzsb
390059396 LobdoMgl F>MMZoL odmyYmRoEr MMOL dmIerg Fw95¢0gdo (Bo0d-
berm@900), MHMAWIdOE 39HOMPYWSE IJMMEIOS: 30039000 GS0d-berm@Eol
39605303590  25059@B0  IMPMOMmEGds 300390  Fgdsgz5¢0  sObom,
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3969 Go08-LErMEOL 256853 MdsTo - IgMEgmO, Fgusdgl obTogErmdsdo -
d9Lodgm0, dgmmbgl 2o63s3crmdsdo - Fgmmbgmo, dgbmogls gobdsgermdsdo -
0bg3 306M39wom, 399J3LgL 296353 Md5To - 0lgg IgmOgmo s 5.9. (bsb.3.1).
56 TDM  Lob@GHgdgddo yzgws  Lsobgm®mdsgom  sObo  MmMHb0Bads

909dGHOMbMwI©0 © 06x3mETs300 9GO BMMIOID M33H03MEMme©
39M53dbol  (9EgdHOMbYW-m3H0gMo  yoOEFJIbgewo - gmy) Fgdwgy
390503935 9OHMO M3EH03)MO0 dMFIMO JOo Boeol Boa®Mdgbg dglsdsdolo
G508 LErmBHGdol  gobdsgermdsdo.  800mgd  FbsmgHBg  bmM 309w GdS

3293965gddbs 308090 M3EH03MM-9w9dGHOMbMwo  gomsdddbgol (mgy)
LMo gdo.

6sb.3.1. TDM @o®™00m0 31w @odwgduio@gdol Loliggdob @odormmo

LEAHOMIGHIOMOo bdgds. Yzgws 0bFMOTS305 OO Md-O
39503995 9O ool Log™Mdgbg dglsdsdolo @ood
bermGgdol 39939md0o

TDM  Lob@gdq0do LoBdoG0Ol 2553990l  sOLYdom  F9dBOMI]
R5JBHMM© 03905 JOHMTsBH0wo Eol3YMLos. JOHMAsEH0o EoL3gMlos
5M0L  9839JBHMIO0  FoMIGHIBOL  Fob39690ol  ITMI0IINYGDs  FHOXPOL
Loa®Adobogsob s Gmamé3 dobo dgEgao - ™m3GH03MM0  033MEbgdol
3OBIOMMYdS  MO-b  AoLHY3M0Z  Fo0  gogM(39egdoLsL.  30HOMBMmemgzs60
WsHgMOLIM30L (1L39dGHEOL 0.1 63 Logsbom) LoBJsMOL AsBEOOLLL 2.5 AdE/{0
(STM-16), 10 3d¢&/(0-g (STM-64) JOMI5EH00 oL3gGOLOOL 453w9gbol dodm
dodbodogmMo  Log®mdg d3oMmEIds  16-x96.  JOHMTsEGomo  ol3gMbool
399306M900L  390MmYdoL  A5dMYgbadsl 8039sz35M0 doergzol s Loli@gdol
006090 gdol  BOEILMD, LoLEIol  LoOHMMEIGbmsb.  LEIBbIOEGMWwO
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9O»IMEosbo  md-oz0Lb  (ITU-bL  3awsbogogzsgoom  G.652)  gosi39d0L
dogdbodogmmo  LodmGg 10 9d@/H0 LoBJocol O™ ®d-  EoldgMlool
300396Lo300LS S 3MMgJ300L o69Tdg F9ogbl 59-75 38-b.

JO™35GH0Mwo oldgMbool go3wgbols 9gLsdE0Mmgdwo@ godmbboggdols
09l Lobom  go8m0ygbgds  459mlboggdol 30HOHMBMmEM3zs60  sBgMgdo,
OMIJwos Goeol Log®mdg sberms Mmd-b bmwmgzsbo GHowmol Loy®AgLimsb.
09939, N3N bMemgzsbo ©oldgMbool @swweol LoaMdgbg dwdomds
UoFOoMmM 56 MOl MEMbEHIWE™Zsbo §obszzwgdol FWM (Four-Wave Mixing)
9839dBHOL 5850000l A5dm. LSAGMbsGMmE TJogds I3l WIHMGOOL
359mbboggdol LobdotMg dgodwgds 2563399 fiows© d903E35wmb OmMmdo. 59
692930 3mgwgbsl 9fimgds Bo®3oMgds (Chirp), begrm dmoeotgdwyeo
Loabowo, MMIwol  25@s9@9b0  53@Y39Md©  033Wgds - BoM30MHGd
Logbowo. BoM30Mgds 03938 3gbgMoMgdoo  Logbswrgdol  L3gdGH®oL
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ECENG689: Special Topics in High-Speed Links Circuits and Systems. Spring
2011. Lecture 15: Jitter. Sam Palermo Analog & Mixed-Signal Center Texas
A&M University. 8-11, 13, 18,19. http://www.ece.tamu.edu/~spalermo/ecen689/

lecturel ee689_intro.pdf. «3565369s 0dbs goodmfjdgdveo - 20.12.2012.

Jitter Analysis Methods for the Design and Test of High-Speed Serial Links
Distribution Tail Fitting Based on Gaussian Quantile Normalization Dipl.-Ing.
Stefan Erb Submitted as thesis to attain the academic degree “Dr. techn.”at the
Graz University of Technology Design of Embedded CM. Graz, May 2011.
https://online.tugraz.at/tug_online/voe main2.getVollText?pDocumentNr=190201
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System Solutions. Thesis by. Behnam Analui. In Partial Fulfillment of the
Requirements. for the Degree of. Doctor of Philosophy. California Institute of

Technology. Pasadena, California. 2005. (Defended July 25, 2005). 57,105,-17,
21,30. http://thesis.library.caltech.edu/3062/1/Final_Thesis.pdf. <3565U369wsc

0965 g9059m{jagdyero - 20.12.2012.

Understanding Jitter Measurement for Serial Digital Video Signals. A Tektronix
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December-2004. http://cp.literature.agilent.com/litweb/pdf/5989-3206EN.pdf.

395653690 0dbs Aoedmjdgd o - 20.12.2012.
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The Meaning of Total Jitter Ransom Stephens, Ph.D. Jitter 360° Knowledge Series

Part 1: The Meaning of Total Jitter. http://www.ransomsnotes.com/index_htm

files/RansomStephensJitter360Pt1 TheMeaningOfTotalJitter.pdf. 35653690 s
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1999. -195 c.
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ITU-T Recommendation G.783. Characteristics of synchronous digital hierarchy
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Ixurrep. OcHoBuble mousTus. http://www.skomplekt.com/tools/377747.html.
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cBa3u, 200900 — Cetm cBsa3u u cucremsl Kommyrtauuu, 201000 -

MHorokanajibHBIC TCIICKOMMYHH-KAIITUOHHBIC CUCTCMBI. CocraBuiu: K.T.H., JOII.
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©l1.3.  808mgd0  m3303MMo  dmEmEol  IgMdbmdosO™dol  (P,dl)
©59M300090gds BHOw0ol LoaMAd)bg, d9E3EMAsMS 5EBIMMBOL bbgoolbas
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0:1:
191:=o.15; aQ1=-10*log10(1-2*Q/pi*asin(NA));
NA=0.2; 2Q2=-10*log10(1-2*Q/pi*asin(NA));
NA=0.5; 2Q3=-10*1og10(1-2*Q/pi*asin(NA));
%QﬂQI.Q,aQZ.Q,an*);
on

el

2 8
—_10lg1-=
@ g[ ﬂarcsinNA) [

LY
\

bob. L1, obsgomygdo (Joanggs) dg3o@obdo@gd g md-ol gHmdsbgmmsb
390bygdo yoesbdols aodm, md-I bbgowslbgs 539@E Y@L ™

LD=0:0.1:0.5;
al=-10*log10(1-4*LD/p1):
plot(LD.aL);

grid on

bob. 1.2, ©sbsgomygdo (Jognggs) dg30@olbiodgdym md-ols mg@dol
505 Y0 Josb@ol yodm
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n0=1;

SD=0:0.1:0.5;

NA=0.15: t=asin(NA/n0); aS1=20*log10(1+2*SD*((NA/n0)/sqrt(1-(NA/n0)"2))):
NA=0.2; t=asin(NA/n0): aS2=20*log10(1+2*SD*((NA/n0)/sqrt(1-(NA/n0)*2))):
NA=0.5; t=asin(NA/n0): aS3=20*log10(1+2*SD*((NA/n0)/sqrt(1-(NA/n0)*2))):
plot(SD.aS1,SD,aS2,SD.aS3)

grid on

s

a; =-101g[1/(1+2(S/ D)rglarcsin(NA/n,)]]* [w3]

4

35

3

25 ..... .

05

[ = i
1 1 1 1

o 005 01 015 02 02 03 03 04 06 055/ D

©AEADR0 BOLIbAS

0
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tau=0;

t=0:0.2:1;

n1=1.447+0.01*t;

n2=1.447+0.01*tau;
aF1=-10*log10((2*n1*n2)./(n1./2+n2.#2))
plot(t,aF1)

grid on
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g2 I T

d,,;sb

o)
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02}
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bob. @l.4. @sbsgomygdo (Jognggs) dg3o@molido@gdage mbd-0l Ge@lgddby
0g30mdboMgdols godm
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tau=0;

t=0:0.2:1;

n1=1.447+0.01*t;

n2=1.447+0.01*tau;
aF1=10*log10((n1+n2).#2./(4*n1*n2))
plot(t.aF1)

grid on

™ n B
L *

P

S
(02 =n*Y sin’ 2nns/n)

R, =
" 4nin’ + (a2 —n?) sin?@nnS/2)

bs = - 101g(Re) = - 101g((ms-0)*/(n1+ny)) [e3]

bob. 1.5, obsgamygdo (Joanggs) dg30@Moliodgdymm md-oll Gmalgdby
QO gbganol sM 330l godm

tau=0;

t=0:0.2:1;
D1=62.2+t*0.6;
D2=62.2+tau*0.6;
D=D1-D2;
AD=20*log10(D1/D2)
plot(D,AD)

grid on

a, = —lolg(%) [w2] D,>D,

bob. ©1.6. obsgompgon (Joanggs) dg30Mol3o@gd gy md-ols osdg@®mgools
bbgowolbgs 36093bgemmdols as3m (poob®ds LRsbps®@owasb)
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NA1=0.290;
NA2=0.260:0.0025:0.290;
N=NA1-NA2;
NA=-10*logl 0(NA2/NA1)
plot(N.NA)

grid on

bob. 1.7, ©obsgotpagdo (Bognggs) dg3o@olidodgdygm md-ol 53gORYOASMmS
bbgowslbgs 360dgbgarmdols godm

bob. ©1.8. gmBmEosbo dmdgml dggdmgdols doboslbosmgdgmo ©obs omy gdo,

OmIgenoi aodm{gggmos dmegdol gganols wosdg@®gdols
> sdmbgggom
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B=10*10"9;

1.38%10.23; =

e B [ 0

T=273.15; _ 5
c=10°12; woos | 3074 | 100 | B, makrancy) 5| ey MRACIBE,
F=1.5; 2K S,
In2=0.55; B

aso 08!5 k=0.1 -30.09 100 =

eta=0.8; i - A ,h‘

S=35+103; k0.5 | -28.57 55 R =2 X 4e.Q -F. In-B
1.6*1019; me | M

h=6.624*10"-34; k=1 2785 | 40

©=2.998*10"8;

1.3;
Almbda—lmst((o*h'cy(etlmbda))
ipin=4*k*T*(2*pi*C)*B2*((In2/2*KK)+(In3*(2*pi*C)*E.*B/S));
In1=0.5;
M=5:5:100;
K=0.025; F1=M*(1-(1-K)*((M-1)/M)"2); pzfd1=5*log] 0(Alambda/eta*(sqrt(ipin). M+e*Q*F1*In1 *B));
K=0.1; F2=M*(1-(1-K)*((M-1)/M)"2); pzfd2=5*log10(Alambda/eta*(sqrt(ipin). M+e*Q*F2*In1*B));
K=0.5; F3=M*(1-(1-K)*((M-1)/M)'2); pzfd3=5*log10(Alambda/eta*(sqrt(ipin)./M-+e*Q*F3*In1 *B));
K=1; F4=M*(1-(1-K)*((M-1)/M)"2); pzfd4=5*log] 0(Alambda/eta*(sqrt(ipin)./ M+e*Q*F4*In1*B));
plot(M,pzfd1,M,pzfd2,M,pzfd3,M,pzfd4)
grid on

24 T T T T

RM . 3l

(M=100)

0-100)

31

0 10 20 30 40 50 80 70 80 %90 100 M

bob.©1.9. bgogolgdydo gmEmwomwosbo (bxe) dodmgdo Inwygmol boyddaols
0590 300gd9m 90s bg-U 9sdMsgmgdol 3mgnoEogbd by (B=10 ad@/{9),
(Pags=10, Qugs=6, 1=1.3339), d9bGol s@otrgdagdols wsmEydomo
0mbobszools 3mgxnoi30gbGols bbgswslbgs 3b0dgbgemdols w@™L
K=0.025;0.1;0.5;1

B=10*10"9;
k=1 :8*10’* 23;

2 Powaw | M
P poion =9KT(22C,, )192[‘"2 7'"3('”%)”"] R

Sn
x02 | 3106 | 100

: = A, | -
_ A pin x=0.3 -30.89 100
$=35410%3; Ra=—to| ke 0 -F-In.B
e=1.6410°-19; The M 04 3064 100
16.624410°34; i —
299841075,
" x=05 3030 | 100
R baac1764(Q*hte) (e lambda)y; 202
ipin=4+k TH(24pi*C)*B 2+ ((ln2/24KK Y H(1n3* 24pi*C)F AB/S)); il Ml
Ini=05;
-08 2875 68
A ipin) M+e*Q*F14n1+B); |
A /M+e*Q*F2*In1*B));
A ) McO-F3+Inl By, | x-09 2827 50
A ipin) /M+e*Q*F4*In] *B)):
A ipin)/M+e*Q*F5*In1*B)); | _, -27.85 40
A ipin)./M+e*Q*F6*In1*B));
A in) /M+e*Q4F74In1*B));

pz
X8=1; F8=M AxS; pefd8=5*logl 0(Alambda/eta*(sqrt(ipin) M+e*Q*F8*In 1+B)).
plot(M,pzfd1 M,pzfd2, M,pzfd3 M.pzfd4, M, pzfd5, M pzfd6 M, pzfd7,M,pz£ds)

grid on

B,

bob.©1.10. bgogoligdy®o gm@meomposbo (bgw) dodwgdo Jmwomols bey@demols
0590 300gd9m 90> bg-i 9530 sgmmgool 3mgn0E0gbd by (B=10 ad@/{9),
(Pags=10, Qugs=6, 1=1.3339), X-0l Lbgowoslbgs 3609gbgemdols @™l
F=M*, (x=02;0.3;,04;05 - Si 3%9360dosbo gm@mwomwo, Xx=0.7;0.8 -
INGaAs gm@meomwo, X=0.9;1 - Ge 39@m3sbogdosbo gmEmEomEO)
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B=20*10"9;
k=1.38*10"-23; P

KK=20; R | M
T=273.15; -

C=10%12; k0025 | 2920 | 100 | ..., :4kT(2zC2)82[

Ins
2K

1n3-0.085; : —
i :2
eta=0.8; o5 | 2704 | 57 ﬁ[_w"“ +e-Q -F. lﬂx'B}
M

In,(27C;)BE,
S

5=35°10°3; : B, =
e=1.6%107-19; T
n6.624*10034; | k1 | 2632 | 40

©=2.998+10°8;

Q=6
lambda=1.3;
A

‘6*((Q*h*c)/(e 3
ipin=4*k*T*(2*pi*C)*B"2*((In2/2*KK)+(In3*(2*pi*C)*F.*B/S));

Inl=0.5;

M=5:5:100;

K=0.025; F1=M*(1-(1-K)*((M-1)/M)"2); pzfd1=5*log10(Alambda/eta*(sqrt(ipin). M+e*Q*F1*In1*B));
K=0.1; F2=M*(1-(1-K)*((M-1)/M)"2); pzfd2=5*log10(Alambda/eta*(sqrt(ipin). M+e*Q*F2*Inl *B));
K=0.5; F3=M*(1-(1-K)*((M-1)/M)"2); pzfd3=5*log10(Alambda/eta*(sqrt(ipin). M+e*Q*F3*Inl *B));
K=1; F4=M*(1-(1-K)*((M-1)/M)"2); pzfdd=5*log10(Alambda/eta®(sqrt(ipin). M+e*Q*F4*In1*B));
plot(M,pzfd1, M,pzfd2, M, pzfd3,M,pzfd4)

grid on

Ty

RWE" ©dl

(M=57);

|(M=100)

i i
10 20 30 40 5 60 70 8 X0 IDM

bob.@l.11. bgogoligdy®o gmEmeomposbo (bxw) dodwmgdbo Jmygeols bey@demols
0590 300gd e gos byg-U 9sdMsgmmgdol 3mgnoEogbd by (B=20 ad@/{9),
(Pags=10, Qugs=6, 1=1.3339), 39bBol ds5@oMgdmgdols wodEydomo
0mbobszools gmgno3ogbGols bbgswslbgs 3b0dgbgemdols pA™L
K=0.025;0.1;0.5;1

B=20%10"9;

k=1.38%10"-23;
e In, _In,(27C;)BE, B M
=] A 3 5 n. 7 . odlb

b b P peion = 4RT(27C,) B | 2 4 D802 000 ke
F=15;, 2X S
1222055 x=02 | 2052 | 100
1n3=0.085;
eta=0.8; f— x=0.3 -29.35 100
S5=35410%3; Ry =
e=1.6410°19;
b=6.624*10"-34; x=0.4 -29.11 100
=2.998410°8;

3 x=0.5 -28.77 100
lambda=1.3;
Alambda=1076*((Q*h*c)/(e*|ambda)); -
ipin=4*k*T*(24pi*C)*B*2*((In2/2*KK)H(In3*(2*pi*C)*F*B/S)); x=0.7 217 95

=0.5;

M=5:5:100; B wos | 2722 o8
x1=0.2; F1=M."xl; pzfd1=5*log10(Alambda/eta*(sqrt(ipin) /M+e*Q*F1*In1 *B));
x2=0.3; F2=M."x2; pzfd2=5*log10(Alambda/eta*(sqrt(ipin) /M+e*Q*F2*In1 *B));
X3=0.4: F3=M "x3. pzfd3=5*log10(Alambda/eta*(sqrt(ipin) M+e*Q*F3*In1*B)). | x=0.9 2675 50
x4=0.5; F4=M *x4: pzfdd=5*log] 0(Alambda/eta*(sqrt(ipin) /M+e*Q*F4*In1 *B));
x5=0.7, F5=M."x5: pzfd5=5+log10(Alambdaleta*(sartipin) M+e*Q*F5*In1*B)): | | 2632 w0
X6=0.8: F6=M_"x6: pzfd6=5*log]0(Alambda/eta*(sqrt(ipin) /M+e*Q*F6*In1 *B)):
x7=0.9; F7=M."x7; pzfd7=5*log10(Alambda/eta*(sqrt(ipin) /M+e*Q*F7%In1 *B));

x8=1; F8=M."x8; pzfd8=5*log!0(Alambda/eta*(sqrt(ipin) M-+e*Q+F8+Ial*B));
‘Plot(M.pzfd1 M,pzfd2,M.pzfd3 M, pzfdd,M,pzfdS, M, pzfd6,M,pzfd7,M,pzfd8)
gridon

Rm. ©dl

bob.1.12. bgogoligdy®o gm@momposbo (bgw) dodwgdo Jmegaols beyg@ddemols
©odmoEgdgmgds bg-b god@sgmgdol 3mgx030963 by (B=20 ad¢/9),
(Pags=107, Qags=6, A=1.3339), X-0l Lbgopsolbgs 360dgbgemdols LA™
F=M*, (x=0.2;0.3;04;0.5 - Si 3®9360gdosbo gmEmpomwo, x=0.7;0.8 -
InGaAs gm@meomwpo, Xx=09;1 - Ge g9@dsbogdosbo GmEm©omwo)
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bob.1.13. bgogoligdy®o gm@meomposbo (bgw) dodwgdo Jmymols beyg@demols
0590 300gd9m 90> bg-I5 95ddsgemgool 3mgn0E0 bR by (B=40 ad@/{9),
(Pags=10"°, Qugs=6, 1=1.3339), 39bGol ds@odgdangdols wosdEydomo
0060bo300L 3mgn03096@0L Lbgowslbgs 360dgbgarmdol @™

B=40%10"9;
k=1.38%104-23; P
KK=20; o 3

T=273.15;
C=10"-12; k=0.025 | -27.64
F=1.5;

100

1n2=0.55; N
ln3=0.08§; k=0.1 27.01

100

eta=0.8; N
S=35%10"-3; k=05 | -25.50

55

e=1.6%10"-19;
h=6.624*10"-34; k=1 2478
©=2.998%10"8;

40

Q=6;
lambda=1.3;
Alambda=10%6%((Q*h*c)/(e*lambda));

Pyeion =4KT(27C,) B In, | In,27C5)BE,
e 2K S,
B z
p\":ﬁ. 2+34Q F.In-B
The M

ipin=4*k*T*(2*pi*C)*B"2*((1n2/2*KK)+(In3*(2*pi*C)*F.*B/S));

F1=M*(1-(1-K)*((M-1)M)"2); pzfd1=5*log10(Alambda/eta* (sqrt(ipin)M+e*Q*F1*In1*B));

0!
K=0.1; F2=M*(1-(1-K)*((M-1)/M)"2); pzfd2=5*log10(Alambda/eta*(sqrt(ipin). M+e*Q*F2*In1 *B));
K=0.5; F3=M*(1-(1-K)*((M-1)/M)"2); pzfd3=5*log10(Alambda/eta*(sqrt(ipin) M+e*Q*F3*Inl *B));
K=1; F4=M*(1-(1-K)*((M-1)M)"2); pzfd4=5*log10(Alambda/eta*(sqrt(ipin). M+e*Q*F4*In1 *B));

Plot(M pzfd] M,pzfd2, M pzfd3 M pzfdd)
gridon

21

Rm. 3L

K=0.025;0.1;0.5;1

bob.l.14. bgogolgdy®o gmEmeomposbo (byw) Jodwgdo dmeymols bey®daols

0590 300gd9m 90> bg-i 9530 sgmmgools 3mgn0E0g6G by (B=40 ad@/V9),
(Pags=107, Qags.=6, A=1.3339), X-0l Lbgopsolbgs 3603369 mdols O™

(x=0.2;0.3;04;0.5 - Si 3®9dboydosbo gmEmwomwo, X=0.7,0.8 -
INGaAs gm@mpomwo, X=09;1 - Ge g96dsboygdosbo gmEmEomwo)

F =M

B=40*10"9;

k=138%10°23;
KK=20; 5
2 In, In,(27C,)BF, Bowv | M
e P yein =4AT(21C, )B’[ 2, 10s2Co)BR, s
F=15; 2K S
102=0.55: x=0.2 -27.94 100
103=0.085; o (—2
eta=0.8; = z x=0.3 2778 100
S=354103; B, ="*.| " +e.Q -F-In-B X
e=1.6410°-19; The M
b=6.624*10-34; X=0.4 2754 100
©=2.998+10"8;
ﬁm i3 x=0.5 <2721 100
Alambda=10"6*((Q*h*<)/(e*lambda)); =
1pm—4‘k‘T‘(Z*pl‘C)‘BAZ‘((hZ/"KK}P(an‘(Z‘ i*C)*F.*B/S)); x=0.7 2623 97
M:5:5,100; x=0.8 -25.68 70
x1=0.2; F1=Mx1; pzfd1=5+log] 0(Alambda/eta*(sqrt(ipin) M+e*Q*F1#In1 *B));
5 o sqrt(ipin) /M+e*Q*F2*In1*B));
sqrt(ipin) /M+e*Q*F3*In1*B)). | x=0.9 2520 50
sart(ipin) /M+e*Q*F4*In1*B));
sart(ipin) M+e*Q*F5*nl*B)): | 2478 P
sart(ipin) /M+e*Q*F6*In1<B)); et
/M+e*Q*F74In14B));

grid on

; 5 pzfds S+log10(Alambda/ea* (sqH(ipm M+ e-QVFS Ial B)).
plot(M,p'ﬁdl M,pzfd2, M, pzfd3,M,pzfdd, M.pzfd5 M,pzfd6 M, pzfd7, M. pz£d8)
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lambda=0.85:0.1:1.55;

i=sqrt(3*10-15);

e=1.6%10"-19;

b=6.624%10"-34;

©=2.998*10"8;

Q=6; etal=10%log10((10"6*(h*c*Q)./(lambda*e))*i)/1.6;
Q=6.36; eta2=10%log10((10°6*(h*c*Q)./(lambda*e))*i)/1.6;
plot(lambda,etal Jambda,eta2)

grid on
o # 72
P A, \;‘1 p-i-n
p-in = —————
T
-39 - T
394

B—-i—n. 3L
2

A1
68 09 1 14 12 13 14 15 16 ﬂ,,ada

bob.0l.15. p-i-n Be@mwomEosbo d0dwgdo Imwyaols Ia@dbmdosdmdols
53m30©gd g gds Gognmoli bog®dgbyg, Gm@Es dgaomdsms sedsmmds
Pags =10, Qags=6 o Page=10"1°, Qas=6.36, bdsy@ol ©gbols Lodyoem
3350G 500 360369 mds iﬁfifn =3-10:2

lambda=0.85:0.1:1.55;

i=sqrt(3*107-15);

e=1.6%10"-19;

h=6.624%10"-34;

©=2.998*10"8;

Q=6;

Y=0.1; etal=10%log10((10°6*((1+Y)/(1-Y))*(h*c*Q)./(lambda*e))=i)/1.6;
Y=0.3; eta2=10%log10((10°6((1+Y)/(1-Y))*(h*c*Q)./(lambda=e))=i)/1.6;
Y=0.5; eta3=10%log10((10°6%((1+Y)/(1-Y))*(h*c*Q)./(lambda*e))i)/1.6;
Q=6.36;

Y=0.1; etad=10%log10((10°6*((1+Y)/(1-Y))*(h*c*Q)./(lambda*e))=i)/1.6;
Y=0.3; eta5=10%log10((10°6((1+Y)/(1-Y))*(h*c*Q)./(lambda=e))=i)/1.6;
Y=0.5; eta6=10%log10((10"6=((1+Y)/(1-Y))*(h*c*Q)./(lambda*e))=i)/1.6;
plot(lambda,etal Jambda,eta2 lambda,eta3 Jambda,eta4,Jambda,eta5 Jambda,eta6)

grid on
[—”Yj*Al*«/Fp-!-n
P cotbd T
pion = —————————————

The

E—i—u, 3l

08 09 1 11 12 13 14 15 16 ﬂ,,ads

6ob.01.16. p-i-N gmEMEomEosbo dodwgdo dmegmol dy@dbmdosGmdols
©05dm 30 gdamgds Bogmol Loag@dgbyg, @GmEs dgEomdsms sadsmmobs
Pags=10", Qags=6 > Pags=1010, Quys.=6.36, bdoy@ols 0gbols LsDgogmm
33o00sG Ym0 360dgbganmds iﬁfifn =310 5%, Bogoggol Lbgowslbgs

30990309600L @Ml (Y=0.1;0.3;0.5)
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B=100:100:2000;

=sqrt(3*107-15);

In1=0.5;

e=1.6*10"-19;

h=6.624*10"-34;

©=2.998%10"8;

Q=6;

K=0.5;

lambda=1.3;

Alambda=10"6*((Q*h*c)/(e*lambda));

M=10; F1=M*(1-(1-K)*((M-1)/M)"2); etal=10*log10(Alambda*(i/M+e*Q*In1.*B*10"6*F1))/1.6;
M=20; F2=M*(1-(1-K)*((M-1)/M)"2); eta2=10*log10(Alambda*(i/M+e*Q*In1.*B*10"6*F2))/1.6;
M=40; F3=M*(1-(1-K)*((M-1)/M)"2); eta3=10*log10(Alambda*(i/M+e*Q*In1.*B*10"6*F3))/1.6;
M=60; F4=M*(1-(1-K)*((M-1)/M)"2); eta4=10*log10(Alambda*(i/M+e*Q*In1.*B*10"6*F4))/1.6;
plot(B,etal B eta2 B eta3 B etad)

grid on
= -
\}1 —i-n
Ay* —A’;{ +e*Q, FF*In*B

Bu= -
i

0 200 400 ©B00 8500 1000 1200 1400 1600 1800 2000

B, agpe/70

bob.1.17. bgogolgdyco go@mwomeosbo (bgwe) dodwgdols dg@dbmdos@mdols
0530 30gdmgds aoes3930l LohJs®gbyg, byw-I Lbgswslbgs
30353 930L 3mgn0cogbdol weml (M=10;20;40;60), dyb@ol
do@omgomgdol ws®AYdomo ombobsizools gmgaoiogbdo K=0.5,
bdog@ol gbols Lodygogmm 3go0@s@gao dbodgbgenmds
2. =3.10%:2

p—i-n

B=100:100:2000;
i=sqrt(3*10°-15);
In1=0.5;
e=1.6*10"-19;
h=6.624*10"-34;
©=2.998*10"8;

):
=M*(1-(1-K)*((M-1)/M)"2); etal=10*log10(Alambda*(i/M+e*Q*In1.*B*10"6*F1))/1.6;
=M*(1-(1-K)*((M-1)/M)"2); eta2=10*log10(Alambda*(i/M+e*Q*In1.*B*10"6*F2))/1.6;
=M*(1-(1-K)*((M-1)/M)"2); eta3=10*log10(Alambda*(i/M-+e*Q*In1.*B*10"6*F3))/1.6;
M=60; F4=M*(1-(1-K)*((M-1)/M)"2); eta4=10*log10(Alambda*(i/M+e*Q*In1.*B*10"6*F4))/1.6;
plot(B,etal B eta2 B eta3 B,etad)

grid on
AV ong vpoi s

T

B, o
\

S SRS NS (S S S ——
0 200 400 600 €00 1000 1200 1400 1600 1800 2000

B, a338/59

bob.1.18. bgogoligdymo gm@mwomeosbo (bgw) dodwgdols da@dbmdos®mdols
0530 30gdgmgds aos3gdol Lohds®gbyg, byw-l bbgswslbgs
2030 0g@gdol 3m98030gbHoL weml (M=10;20;40;60), 39bdols

181



do@omgdangdol woMBgdomo ombobszools gmgxnoEogbdo K=1, bdsy@ols
©gbol Lodgomm jgo0@s@ o 360d369@mds ii_i_n =310

B=100:100:2000;
i=sqri(3*107-15);
In1=0.5;
e=1.6*10"-19;
h=6.624*10"-34;
©=2.998*10"8;

Q=6;

lambda=1.3;
Alambda=10"6*((Q*h*c)/(e*lambda));
M=30;

5

x1=0.2; F1=M."x1; etal=10*log10(Alambda*(i/M+e*Q*In1.*B*10"6*F1))/1.6;
x2=0.3; F2=M."x2; eta2=10*log10(Alambda*(i./M+e*Q*In1 .*B*10"6*F2))/1.6;
x3=0.4; F3=M."x3; eta3=10*log] 0(Alambda* (i M+e*Q*In1.*B*10"6*F3))/L.6;
%4=0.5; F4=M."x4; eta4=10*log10(Alambda* (i M+e*Q*In1 .*B*10"6*F4))/1.6;
x5=0.7; x5; eta5=10*log10(Alambda*(i./M+e*Q*In1.*B*10"6*F5))/1.6;
x6=0.8; x6; eta6=10*log10(Alambda*(i./M+e*Q*In1.*B*10"6*F6))/1.6;
x7=0.9; F7=M."x7; eta7=10*log10(Alambda*(i./M+e*Q*In1 *B*10"6*EF7))/1.6;
x8=1; F8=M."x8; eta8=10*log10(Alambda*(i./M+e*Q*Inl.*B*10"6*F8))/1.6;
plot(B,etal B eta2 B eta3 B,eta4,B,eta5 B eta6,B eta7,B eta8)

grid on
2,
A et Q *F*In*B
IY;

The

Rm. bl
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Qobsmo 2.

©2.1. BI-L LsbsDm bogbowols 96969303900 b3gdd®ob 2odmbsmzwgwo
36HMyM50s.

eps=0.000001;
p=0.6;
9=1-p;
E=[1 1];
E2=[10; 0 1];
G=[1-1;11];
P=[11;11];
HH=[G -G; G G];
02=[00; 0 0];
V=[pa; pql;
M=[02 E2; V 02];
M,
K=[0110];
X0=[1; 1];
X1=V'*X0;
X2=V'*X1,
Fgama=-X2;
Agama=[X1 X0];
gama=[0.5; 0.5];
gsi=Agama*gama-Fgama;
normasi=norm(qsi);
if normgsi<eps

break
end
for nn=1:2

n=nn-2*fix((nn-1)/2);

nn;
taugama=-sum((Agama*E2(:,n)).*qsi)/sum((Agama*E2(:,n)).*(Agama*E2(:,n)));
gama=gama-+taugama*E2(:,n);
gsi=gsi+taugama*Agama*E2(:,n);

end

for nn=1:2
n=nn-2*fix((nn-1)/2);
nn;

tauga'ma:-sum((Agama*G(:,n)).*qsi)/sum((Agama*G(:,n)).*(Agama*G(:,n)));
gama=gama-+taugama*G(:,n);
gsi=gsi+taugama*Agama*G(;,n);

end

for nn=1:2
n=nn-2*fix((nn-1)/2);
nn;

taugama=-sum((Agama*P(:,n)).*qsi)/sum((Agama*P(:,n)).*(Agama*P(:,n)));
gama=gama-+taugama*P(:,n);
gsi=gsi+taugama*Agama*P(:,n);

end

qsi;
normgsi=norm(gsi);
gama;
sumgama=sum(gama);
Al=[V'-E2; E];
B1=[0; 0; 0.5];
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X1=[0.5; 0.5];
gsil=A1*X1-B1;
normgsil=norm(gsil);
if normgsil<eps

X1;

end

for nn=1:2
n=nn-2*fix((nn-1)/2);
nn;

if norm(A1*E2(;,n))>0
lambda=-sum((A1*E2(:,n)).*qgsil)/sum((AL*E2(:,n)).*(A1*E2(;,n)));
X1=X1+lambda*E2(;,n);
gsil=gsil+lambda*A1*E2(:,n);

end

end

for nn=1:2
n=nn-2*fix((nn-1)/2);
nn;

if norm(A1*G(:,n))>0
lambda=-sum((A1*G(:,n)).*qsil)/sum((A1*G(:,n)).*(AL*G(:,n)));
X1=X1+lambda*G(:,n);
gsil=gsil+lambda*Al1*G(:,n);

end

end

for nn=1:2
n=nn-2*fix((nn-1)/2);
nn;

if norm(A1*P(:,n))>0
lambda=-sum((A1*P(:,n)).*qgsil)/sum((A1*P(:,n)).*(A1*P(:,n)));
X1=X1+lambda*P(:,n);
gsil=gsil+lambda*Al1*P(:,n);
end
end
X1;
gsil;
normgsil=norm(gsil);
sumx1l=sum(X1);
X=[X1; X1];
P=diag(X);
PK1=P*K";
M1=M*M"2;
MO=M*2;
MV=M-M1;
MV1=(MV)}
E4=[E2 O2; 02 E2];

i=1;
for w=0:pi/32:4*pi
if w==
c=1;
else
C=(sin(wi2)/(w/2))"2;
end
A=E4-2*cos(w)*MV1+(MV1)"2;
B=PK1;
Y=[0; 1; 0; 1];
gsi=A*Y-B;
norm(qsi);
if norm(qgsi)<eps
v
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end
for nn=1:48

n=nn-4*fix((nn-1)/4);

nn;

tauH=-sum((A*HH(:,n)).*gsi)/sum((A*HH(:,n)).*(A*HH(:,n)));

Y=Y+tauH*HH(:,n);

gsi=qgsi+tauH*A*HH(:,n);

normgsi=norm(gsi);

sumgama=sum(gama);

end

Y;

qsi;
normgsiY=norm(qgsi);
Z=(E4-(MV1)"2)*Y;
KZ=K*Z,
MOPK1=MO0*PK1,;
KMOPK1=K*MOPK1;
F=C*(KZ-KMOPK1);
F1(i)=F;

wl(i)=w;

i=i+1;

end

plot(w1,F1);
title('F(w)");
xlabel('wl");
ylabel('F1%;

grid on;
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