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Amayopevetal 1 avTypaen, amodnkevon Kot Slovoun g Tapovcas epyosiog, €5
OAOKAN POV 1) TUNHOITOG 0TS, Yo Epmopiko okond. Emtpénetal n avatvmmon, amwodnkevon
Kot O10VO T Y1l GKOTLO U KEPOOGKOTIKO, EKTOOEVTIKNG 1] EPEVVNTIKNG PVONG, VIO TNV
TPOVTOOEST VO OVOPEPETOL 1] TTNYT| TPOEAEVONC KOl VO, SLOTNPEITOL TO TOPHV VUL
Epotpato mov a@opovv Tn xpnomn g PYaciag Yo KEPOOCKOTIKO GKOTO TPEMEL VAL
amevBvvovTaL TPOG TOV GLYYPAPEQ.

Ot amdYELg KOt TOL GUUTEPAGLLOTO, TTOV TEPLEXOVTAL GE AVTO TO £YYPUPO EKPPALOVY TOV
oLYYPAPEN KOL OEV TPETEL VOL EPUNVEVDEL OTL AVTITPOGMOTEVOVY TIG EMioNEG BETELS TOV
EBvucov Metoofrov TToAvteyveiov.



MMepiinyn

Xmv oOyypovn €moy M ONUOGIO TOV OGUPUIT®V TNAETIKOWOVIOV OVEAVETOL
Swpkms. Kabobg o apBudc tov xpnotdv peyalmvel, ot xpnotes petadidovv avéavopevo
OyKo dedopévav Kabe ypdvo. Ot oNUEPIVES ACVPUATEG GLOKEVEC, OTTME To. Smart phones kat
to tablet computers vrootnpifovv TOALATAG TNAETIKOWVMVIOKE TPOTLTTOL TO. OTTOL0. ATTALTOVV
emiong avéavopevo pvBud petdooons. H moapaymyn onudtov eAEyyoL Y10 TIG GLUGKELEG
aLTEG YIVETOL GLVEYDG PEYOADTEPN TPOKANGM 0OV TPMOTOV ov&avetar 1o TANO0C TV
ONUATOV EAEYYOVL Kol OEVTEPOV TPEMEL VO UETOOIOOVTOL GE LYNAOTEPES GLYVOTNTEG.
EmumAéov oTic mapdAAnAeg SEmapEs vapyxel  amoitnon To oNUato €AEYYOL Vo givat
ovyypovicpuéva. Ta FPGA amotedAolv pio 18avikn €mAOY) Y0 TV TOPAY®YN YNOLIKOV
ONUATOV LYNADV ToYLTNTOV KAODG mTapéyovv KAakooudtto Kot gveMéion oty
VAOTTOINGT TOV GLGTNLOTOG,.

O oxomdg ™G NMAMUOTIKNG €pyaciog NTav 1 ovamtuén pio TAATEOpUaS EAEYYOL
OAOKANPOUEVOV KUKAOUATOV DYNAOV tayutntov. [a tov éleyyo tov oAokAnpouévov
KUKAOUATOV OToLTEITOL 1) TOpay®Yn TOPAAANA®Y JOVOGLATOV VYNANG TOYVTNTOS KOOMG
Kol avayvoon Kot amofKevuon E01KOV GNUATOV EAEYXOV TOL TAPEYOLY TO OAOKANPOUEVA
KUKAMUOTOL.

H moteoppo £xer viomombei oto vynhodv enddocwv Virtex-7 FPGA avantvuéiokd
yopoxtnpopov VC7215 g Xilinx. H mhateoppo déxetar eviolég kot dedopévo PEcm
MATLAB. Ta dedopévo amobnkebovior 6€ TOAMOTAG UTAOK UVIUNG KOl ovomopdyovTol
LEG® GEPLOKOV TOUTOV oV d1afétet To avomtuélokd. H miatedppa Ba ypnoiponomOet yio
mv enainBevon ynewkod RF Swapoppwty ASIC mapéyovtag tov dedopéva pe pubud
2.65GHz.

H emioyn tov oLyKeKPEVOL OVOTTTLEIKOD KAVEL duvathy TNV KAUAK®GN 1TNG
TAOTOOPUOG €AEYYOL pE pEYIOTO apBud kavaiidv 80 kot péyloto pvOpd HETAd00NG
13.1Gbps.

Aégerg Khewdwa: FPGA, Xilinx, Multi-Gigabit Transceiver, High-Speed Serial 1/0, PWM
modulator, digital testing, alignment, Verilog, Hardware Description Language, VLSI, Synthesis,

Place and Route.






Abstract

The importance of wireless communication technology is growing constantly. While
the number of users is increasing, users also transmit larger amounts of data as applications
becoming more data hungry. Modern wireless devices need to operate in higher frequencies
and have larger parallel 1/0 interfaces in order to cope with demands of growing bandwidth
consumption. As a result, the generation of test signals for these devices is an on-going
challenge. FPGAs provide and ideal choice for generating high-speed, phase-aligned digital
signals and they offer scalability, controllability and flexibility of implementation.

The scope of this thesis was the development of a high-speed FPGA based testing
platform. This work is focused on generating high-speed digital signals as well as retrieving
feedback from the device under test.

The testing platform was implemented on the Virtex-7 FPGA VC7215
Characterization Kit. The user of the platform can send instructions and data from a host-pc
using MATLAB. The data are stored in multiple memory blocks and then transmitted
through multi-gigabit transceivers phase-aligned. There is also the requirement of fine-
tuning the phase of each signal individually and calibrating the voltage level. The system is
used for testing and verification of prototype PWM modulator ASICs in 2.65GHz.

The choice of this Characterization Kit permits the scaling of the testing platform in
80 channels with maximum line rate 13.1Gbps.

Keywords: FPGA, Xilinx, Multi-Gigabit Transceiver, High-Speed Serial 1/0, PWM modulator,
digital testing, alignment, Verilog, Hardware Description Language, VLSI, Synthesis, Place and

Route
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Ewocaywyn

1.1 Xvornuara Eiéyyov Oloxinpouévav Kokioudrwv
Yyniov Tayoryrov

2V GOYYPOVN EMOYN M ONUOGCIN TOV OCUPUATOV TNAETIKOWVOVIOV 0LEAVETOL J10PKMG.
Kobmdg o apBudg tov ypnotodv peyoAdvel, ot ypnoteg Uetadioovv av&avOopevo OyKo
dedopévav kabe xpovo. Ot onUEPIVES OIGVPUATEG CLUCKEVEG, OTTMG TO, smart phones kol To
tablet computers vmootnpilovv TOAAATAG THAEMIKOWVOVIOKG TPOTUTO TO. ONOL0L OTOLTOVV
emiong avgavopevo pvduod petadoonc. H mapaywyn onpdtov EAEYYOL Y10 TIC CUGKEVEC ALTEG
yivetal cuvey®dg HeyoADTeEPN TPOKANGTN POV TPAOTOV aviavetal To TANBOC TV onudTomv
eAEyyov Ko devTEPOV TTPEMEL VA LETAOIOOVTAL GE PeyoddTepEG cLuyvoTNTES. EmumAéov vdpyet
N amaitnon ta dedopéva va glvar cuyypoviopéva otilg mopdiinieg oemapés. Ta FPGA
OamOTEAOVV a WO0VIKY EMAOYN Yot TNV TOPOYOYH YNOK®V CTUATOV DYNADV TOUYLTNTOV

KaOdG Tapéyovy KAMUOKOGIUOTNTO Kot EVEMEIN GTNV DAOTOINGT TOL GLGTLLOTOC.




1.2 Avtikeiuevo o1mimuatiknys

O okomdg ™G SMAMUATIKNG epyaciog NTav 1N avamtuén wo TAATEOpUOC EAEYYOV
OAOKANPOUEVOY KUKAOUATOV VYNAGV Toyuthtov. o tov €Aeyyo TV OAOKANPOUEVEOV
KUKA®UATOV amotteital 1 Topdyoyn TapdAinAoy Stovusudtev vyning tayxvtnag kabmg Kot
ovAyveon Kot amofnKevon €W0IKOV ONUATOV EAEYYOV OV TOPEYOLV TO OAOKANPOUEVO

KUKADLLOTOL.

H mlatedppa €yer viomombel oto vyniov emddcewv Virtex-7 FPGA avamtuéioko
yopaxtpiopov VC7215 e Xilinx. H mhatedppa déyxetar evioléc kot dedopéva LEGM
MATLAB. Ta dedopéva amofniKevovial 6€ TOALATAG HTAOK LVIAUNG KOl OVOTOPAYOvVTOL
HECM GEPLIKOV TOUTOV oL dtofétetl To avantuélokd. H miatedppa Ba ypnoylomombetl yio
mv enoAnfevon ynoerokov RF Swpopepwty ASIC mapéyovtoc tov dedopéva pe pvbupd
2.65GHz.

1.2.1 2oveicpopa

H ovvelopopd ¢ dumhopotikng cuvoyiletal og e&ng:

1. Avomopoyoynq TopdAANA®V SIEVOGLATOV DYNADY TAYLTITOV.
EvBuypapupion dedopévov.
Ylomoinor gLeyKT| EVIOAGDV.

Ylomnoinon dacvvdeonc vroroyioth kot FPGA.

a c w N

ZVAA0YN OEOOUEVAOV €GOS0V GO TNV GUOKELN VIO EAEYYO Kol LETASOCT] TOVG GTOV

VTOAOYIOTH.

o

Koataokevn BipAodnkng xeptopod g TAaTeOppog EAEYYOV.
7. POBpon tov emmédOL TAGNC TOV KAVIAIDV

8. Pubuion g @dong kdbe kavaiiov Eegywpiotd
1.3 Opyavwon keiuévoo

Y10 Kepdiato 2 yivetor o sloay@yn otnv te)vorloyio Kot TNV apyrtektovikn tov FPGAS.
210 Kepdhato 3 moapovotdlovtal ol TOUTOSEKTEG VYNADV TAYLTHT®Y KOl 1] 0pYEV®GT TOVC.
210 Kepdhoio 4 avamTdooeTOl TO KATACKEVOOTIKO KOUUATL TNG epyacio kol TopatiBevTal ot
Aemtopépeleg NG vAomoinong. Xto Kepdiaio 5 mapovoidletanr n PipAiodnkn cuvapticemv
YEWPWOUOD NG TAATEOproc. Xto Kepdlowo 6 yivetoar cOvVOyrn TOV OTOTEAEGUATOV KOl
avapépovtal PEAAOVTIKEG enektdoelg. Xto [lopdptnua A, divetor 0 KOJKAG TEPLYPAPTS

vAko¥ og Verilog. Xto IMapdptnpa B, mapatifetar o kodikog tng fipriodnkng ce MATLAB.




Ocwpntiro vrofalbpo

Ye autd TO €100YMYIKO KEPAAOLO YIVETOL W0 €100YMYN KOl TEPLYPOPY] TNG CLGTOLYIOG
emtomo Tpoypoppotiiopevov toddv (Field Programmable Gate Array FPGA). Xt cuvéyeia
dtveton pia ovvtoun totopikny avadpour] twv FPGA kai axoiovBel m meprypaen g

OPYITEKTOVIKNG TOVG.
2.1 FPGA

‘Eva FPGA elvar o ovokevnp MUOYOYOV  OomoTeEAOOUEVY] amd  éva  mAEypa
npoypappatiiopevav Aoyikov umhok (CLB - Configurable Logic Blocks) mov cuvdéovrat
petad  tovg péow mpoypoppotilopeveov  dwuocvvdécewv. ‘Eva FPGA  pmopsi  va
EMOVATPOYPOUUOTIOTEL  OMEPLOPIOTEG POPEG £TOL  MOOTE vo. VAOTOlEl tnv  emBountn
AELTOVPYIKOTNTA. AVTO TO YOPOKTINPLOTIKO Swupopomolel ta FPGA amd to oloxinpopéva
KukAGpato €101Ko0 okomov (ASIC) mov kotookevdlovial €161 MOTE Vo EKTEAODV E101KEG

AeLTovpyieg Kol OmALTHGELS.

Ta FPGA elval katd@AAnio yoo €Qapproyég MOV Ol TOPAUETPOL Agttovpyiag aAlalovv
ovyva M Yoo pikpég TocoTNTEG Topay®yNne. To yeyovog avtd ta kavel Wdavikd yuo testing
platforms, 6mov ypnowomoovvtar Yo vo emiPefaidcovy v opbf Aeitovpyio TOAAGV
GUOTNUATOV [E TOPAUETPOVS TOV AVTICTOLYOVV GE SUPOPETIKA TPMTOKOAAN KO OTUITIGELS.

Avtifeta ta ASIC, ota omoia 1 Asttovpyia glvar avotnpd KaOBopIGUEVT, 0V KOl EXOVV TOAD




UEYOADTEPO KOGTOG GYENONG KOl KATOOKEVNG, KATAANYOUV LE TOAD UIKPOTEPO KOGTOG ava

TEUAYL0 JOTL KATOOKEVALOVTAL GE LEYAAEG TOGOTNTEG.
2.2 Iotopixn Avadpouij

H teyvoroyio FPGA £yt og mpdyovo 1660 Tig mpoypappatiiopeveg pviues (PROM) 660
Ko Tig mpoypoppotiiopeveg Aoyikég dwatdéelg (PLDS). Kot ot 400 giyav tnv duvatdtnta va
npoypappatiotodv oto medio Aertovpyiag (field programmable), mapoia avtd ot Aoyikég
TOAES NTAV LOVILO GLUVOEDEUEVEG LLE TNV TPOYPUUUOTICOUEVT] AOYIKT).

Xto téAn ¢ dekaetiog tov 1980 1o IloAgukd Novtikd tov HITA ypnuoatoddtnoe v
10éa. tov Steve Casselman ywo oyxedioon evog vmoloyiotn amotelovpevo omd 600.000
enavampoypoppotiiopeveg moreg. To eyyeipnuo tov Casselman Wrav emtvyés kor M
gvpeotteyvia kaToyvpodnke o 1992.

H mpiyt epmopikd dtobéoiun cvotolyio. EXAVITPOYPOUNATILOUEV®Y AOYIKOY TUAGDV, N
XC2064, speaviotke 10 1985 amd tovg Ross Freeman kot Bernard Vonderschmitt. To
XC2064 ciye 64 mpoypappotiiopeve Loyikd pumiok mov mepieiyav LUTS (Look-Up Tables)

TPLOV EIGOOMV TOV S10.GVVIEOVTAY PETAED TOVES HECH TPOYPAUUATICOUEVOV SIUCVVOIECEMV.

H dexaetia tov 1990 Atav o expnktikn nepiodog yia v teyvoroyio twv FPGA, 1600
Yy TV avénon g ToAVTAOKOTNTAG, OGO Kot TNV avénon tov Toincenv. Amo v yxpnon
OTIG TNAEMIKOW®VIES Kal ot dikTva, 1 TeYVoroyio Twv FPGA oiyd oryd kotéktnoe kot
dAhovg Topelg OmmwG 1M avtoKwvnToPlounyoavic, ot Plounyovikés EQOPUOYEG OAAG Ko

KOTOVOAWDTIKG TPOTOVTAL.

2.3 Apyrrextoviky FPGA

H «hacown apyitektoviky tov  FPGA  amoteleitor  oamd o ocvototyio
npoypappatiopevov Aoyikav pumhok (Configurable Logic Block), kavdiio diochvdeong kot
axideg e10dd0v ££660v. XtV oepd Virtex-7 kébe CLB anoteleitar omo:

e 6 c106dwv look-up table (LUT)

o AvvoTOTNTO KOTAVEUNUEVIC LVAUNG KOl KOTo@pnTr] oAicOnong

e  E1d1k1 AoYIK1 KPOTOLUEVOD Y10 APtOUNTIKEG TPAEELG

o TlolvmAékTes Y10 amodOTIKN YP1ON

Ta CLBs eivar ot Pacwkoi Aoywkol moOpol yio. TV VAOTOINGT 0aKOAOLOOKNAG Kot
ovvdvaotikng Aoyikng. Kabe CLB mepiéyst dbo slices mov ocvvdéoviar oe éva mivaka
SokomTdV Yo TpdcsPaocr 6to YeVIKO diktvo dtacvvoeons. Ta LUTS uropovv va pvbuctodv

glte oG 6 €160dmV pe o €£000, gite pe 5 €16600v¢ pe EexmPloTég €£600VC OALL KOWVEG
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dtevBvvoelg 1 ele6dovg. Kdabe ££0dog evog LUT 5-e1060wv pmopel mpoatpetikd va cuvdebei

ue éva flip-flop. Téoocepa LUTS 6-c16600v kou ta oytd flip-flop tovg xabdg xar ot

TOMTAEKTEC Kot 1) AOYIKT KpoTovuévou oynuatiCovv éva slice. Abvo slices oynuatiovv éva

CLB. Téooepa flip-flop ava slice (éva og kabe LUT) propodv mpoarpetikd vo puOetody g

povooA®TéG. Xe avut) vV mepintoon to vmoiewdpevo téooepa  flip-flops  pévouv

aypnoyonointa. Ipoceyylotikd dvo tpita tav slices givar SLICEL (Aoywd slices) kot ta

vrorowma eivor SLICEM, to omola pmopodv emiong va ypnoipomomoovv ta. LUTS g

Katavepunuévn wnun tov 64bit RAM 1 g 32bit kataywpntéc olicOnong (SRL32) 1 g dvo

SRL16. Ta yoapaktnpiotnko tov FPGA mov ypnowomomdnke (7VX690T) gaivovtol otov

TOPAKAT® TIVOKAL:

Slices SLICEL SLICEM 6-input Distributed Shift Flip-Flops
LUTs RAM (Kb) | Register(Kb)
108300 64750 43550 433200 10888 5444 866400

Switch
Matrix

COUT

Slice(0)

CIN

CIN




2.3.1 Ieprypagi twv Slices

Ka0e slice mepiéyet:

o Téooepig yevwnipieg Aoyikdv cuvaptioenv (LUTS)

o  Oyto otoyeio pvAung (Flip-Flops)

o [lolvmAéxteg

e Aoywr Kpatovpévoo
Avtd 1o otoyeio ypnowomoodvror and OAo to Slices yw Aoywég kot apOunTikég
ovvaptioels kabmg kot Aettovpyies ROM. EmumpdoBeta, opiopéva slices vrootnpilovv
emmAgov 600 Agttovpyies: amobnkevon dedopévov Lécw Katavepunpuévav RAM kot ohicbnon
dedopévov pe 32bit koatoyopntov. Ta slices mov vmootnpilovv avtég Tic emmiéov
Aertovpyieg kokovvtar SLICEM, evd ta vnorowa Aéyovton SLICEL. Kafe CLB pmopel va
nepéyel egite 0o SLICEL eite éva SLICEL xor éva SLICEM. Zta mopokdte obo

Stayplupata poivetal 1 opytektoviky tov slices:
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I I* D Eggﬂ} Reset Type
couTt —CE gm:;;‘] @ 0 Sync/Async
0 T1& sn D FFILAT
|
| ™
e DIz D | [ DMUX
D6:1 >—+ ABIAT [ > —
p— WiBWA |~ =5
o ID\ OFF/LAT
05
b SiNTl af-oa
ck DIt gE DINITO
WEN MC31 _—D_D o SRHL PR 0SALO
— olINIT1 Q SR
o= —{CE miniTo
—cK g
- — | ™~
o= ; b 2 | [ cMUX
DIz _
(of: 1 D—: fu%% ?E > P .
o ) T
FF/LAT
05 o
A | o gam oo
CK DIt oINIT
— — F{CE 38R0
WEN MC31 o “32[‘&, | ek ©
o
SR
"= loe ST o
—cK  gg -
) T
= ; | > Buux
DI2 —
B6:1 C——{ AB:A1 T_" } |
p—{ WiEIW1
06 IB.\ B
0s o FFILAT
,.| | BX p 2NTI o[—>8q
- =] [3)
A +—— CE oSRHI
WEN MC31 P | | | ek OSALO
Bl > D osALo SR
—|ce aiiTe @
—cK  sg
4_[] | | ~
= i > AMUX
DI2 D
AB:1 Co—1 AB:A1 _/
—{ WiE:W1 —a
g -h g
OIMITH
D oNTo oL —AQ
o o b cE OSAHI
OSALO
WEN MC31 —_ | e =
= o
N
SR [ =
CE™> )
CLK = L
CK
WEN
We > v O
WGA74_c2 02110510
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O SRHI
D osrRLO
oINIT1 QF—

couT
Reset T
[] —CE nINITO ype
—{CK o c/Async
SR Sync/Asy
T ™~
ox OFF/LAT
Do
N\ [ DMUX
DE:1 CO——{ AB:AT ) i > —/
o6 -[g D
o8 ™ DFF/LAT
DX oINITT o ——rDQ
o, fis
o SRHI CE
iD—D DSRHI > oK SRALO
DINIT1 Ql— SR
—gE aINITO
] SR N
g —— *
ox ) O cMux
Ce:1 o— AB:Ad 1 i > _/
o6 IC\ —cC
o 1 OFF/LAT
cX oINTT  QlIca
D ©oINITO
— O SRHI ce DSRHI
}D o SALO . oy DSRLO
u QINITT SR
—{CE qmiro @
—ck  gn
|
— ™~
BX o BMUX
B6:1 CO—— AB:A1 ) i > _/
o IE\ —B
o FF/LAT
08 BX oiNmT1 oL BQ
D oinTo
CE DSRHI
O SRLO
O SRHI |~ CK
iD*D oSRLO SR
SINIT1
—{cE qimiro @
—CK  gn
[
) | A
o
AX [ AMUX
Ag1 CO—— AB:A1 D _/
1= A
06 ™ o FFILAT
05 oINT1 oL AQ
o, SHE
ce @
o SRLO
i |~ oK op
| =
Y ) N
CE [ )

CLK = TL——DD

SLICEL

CIN
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2.3.1.1 [Ileprypagpn Look-Up Table (LUT)

O yevvntpleg ovvaptioemv viomolovvtal pue LUT 6-e1600wv. Ymapyovv €61 aveEdptnreg
glcodot kot 600 aveEaptnteg ££0d01 Yo KAOE Lo 0o TIC TEGGEPIS YEVVITPIEG CLUVOPTIGEDV
oe éva slice. H xaBvotépnon diddoong sivar aveEdptntn g cuvaptnong mov vAoroteital. Ot
YEVVITPLEG GUVAPTIGEMY LUITOPOVV VO VAOTO|COLV:

e  Mua Aoylkn ouvaptnon 6-eL00SwvV

e AUO AOYIKEG OUVAPTNOELG 5-EL00OWV, OTNV TEPLITTWON TTOU AUTEG OL SUO

OUVOPTNAOELG £XOUV KOLVEG EL0OSOUG.
e AU0 AOYIKEG OUVAPTHOELG TPLWV Kal SU0 1608wV

Ta slices, népa and to Pacikd LUTS, mepiéyovv 1pelg moAmAEKTeG 01 0moiot cuvdvaovtal

Yo TV VAOTOINGN AOYIKAOV cuvaptioe®my 7 i 8-e1000wv. ['a TV bAOTOINGN GUVAPTAGE®V LE

nePLocOTEPEC 0o 8-£16080V¢ cuvdLaLovtal molhamAd slices.

2.3.2 ZXroyycia Amobnksvons

Yrapyoov oyxtd otoyeio amobikevong oe kdbe slice. Téooepa umopovv va dopopPwhoidv
gite o¢ axpomvpoddmto D flip-flops site og poavéarmtéc gvaicOntor oe eminedo. Evog
pavOaA®T¢ Tapovotldletal dtapovig otav to ofue poroyod CLK givar Low. Ot D gicodot
umopotv va odnynbodv katevbeiov and éva LUT péow evog moAvmAéktn 1 and TIC £16050V¢

tov slice mapaxdpuaTovTag TIg YEVWATPIEG GUVOPTHGEMV.
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LUT D O5 Output DFF LUT D Output DFF;L:ATGH
]
— — LATCH
5 oiNITt - g —{>0a 5 glﬁﬁé al—{—nba
[m]
DX [o— ce GEALOW DX — CE DSBHIGH
ek | ok oSELOW
SA SA
| I
LUT C O5 Output CFF LUT C Output GF:;';ATGH
LATCH
M _aNm af—co M _ By af—Dca
O SEHIGH oINITO
cX D—) CE osSALOW cX D—) CE OSRHIGH
e L | ox DsALOW
SA SR
| |
e — | Reset Type o — | Reset Type
O Syne O Sync
LUT B O5 Output LUT B Qutput
BFF o Fayne BFF/LATCH [289/mc
FF
oIMITY ELF!.TCH
BX >—— oinmog Q1280 gyp— omm  GQ— L1 >Bo
D psRHIGH D omito
CE [ CE oSRLOW CE [ CE nggr&ﬁ#
+— CK —CK O
ok —+ I I SR oLk C—+ I I SR
| |
LUT A O5 Output AFF LUT A Output ""F:‘:“TGH
T
N BT ook N | SR ol
o 1 o, S o | 0, e,
A H Ax || o osALOW
SR SR
L 1 L 1

2.3.3 Awacvvoeon Ilopwv

‘Eva mAéypa d10taEemv d10K0TTOV TOTOHETOVVTIOL (OG EMIGTPOUO GTNV OPYLTEKTOVIKT| TOV

CLB, ®ote va mapéxet S1060vOEST YEVIKOD GKOTOV Y10 SLOKAAO®MGOT S1adpOU®Y SEdOUEVMV
Kol OpopoAOYNoN ONUATOV e OAN TNV cLoKeLT. To GVOTNUA SLCVVOECTG TAPEYEL TPELS
TOTOVG GUVOEGEMV YEVIKOD GKOMOV: YPOUUEG HOVOD UAKOVE, YPOUUEG OUTAOD LNKOVG Kot
pokpéc ypoupés, Evo mAéypo omd oplldvtieg KOl KATOKOPVPEG YPOUUES LOVOD UAKOLS
dracvvdéet o dtdtaln and obvora drakorntdv (Switch boxes), ot omoiot TpocPépovv HKpd
apOpd cvuvdécewmv petad Slodpopmy oNUaTog pEca og kabe ohVoAO, 0ANG KavEVE KaOOALKO
dwokomtn. Kabe CLB dwnbétel éva {evyog amd amopoveoTic Tpmy KOTAGTAGEMY TOV UITOPODY

VoL 001 YNIOOLV GTLOTO OTIS KOVTIVOTEPES 0PLLOVTIES YPOUES TAVD 1 KAt amd to CLB.

Ot (g101KkOO G©KOTOV) TPOYpappOTices, amevbeiog ypoupés S10oVVOEONS TAPEXOVV
OPOLOAOYNOT UETOED YEITOVIKGV KOTaKOPLP®V Kol opiloviiov CLB mov avikouv oty ida

ypopuuq N otAn. IIpoxeltor yio TOMKEC GUVOEGEIC WE GYETIKG LYNAN ToyOTNTA, 7TOV
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VAOTTOOVUVTOL [E UETOAAKE ototyela. Ot ypoupéc, OU®G eival Mo opyéc amd TiG OmMAEC
UETOAAIKEG ouvdéoelg avaueco o€ (gbyn onueiov 1ov OAoKANpOUEVOD, AdY® NG
KaBvoTéPNoNg MOV TPOKLATEL OMO TNV TAPEUPOAN TOV TLADV UETASOONC, Ol OTOLEC
YPNOLOTOIOVVTOL Y10 VO TPOYPOLLOTIOTOUV Ol GUYKEKPLUEVES dtadpopés. Or amevbelog
YPOUUES S10GVUVOESTG OV YPNOUOTO0VV TIG datdelg dwakontmv, eolelpoviag €16t TNV

avtiotoymn kabvotépnon.

Ot ypoupég dumhod unkovg dacyilovv v amdctacn 6vo CLB mpv eicéAbouvv o Evav
mivaka S0KoTTOV, TapaKaurtovtag to evolapueca CLB.Avtég o ypappég Tapéyovv pa mo
OTOTEAECUATIKY] VAOTOINGY]  Sl0GLUVOEGEDY  EVOLAUEGOL UNKOVS, Oyvomvtag Olatdéels

SLKOTTTMV NG S10dPOUNG Kot , KATA CUVETELY, LeldvovTag TV kKafvuotépnon Stadpopnc.

O paxpég ypappég dtacyifovv m cvvorikn duitaén tov CLB xatakdpuea kat opilovria.
Ol yYpoppéC QUTEG YPNOUYOTOOLVTAL Yo TNV 00NYyNon ONUAT®V €AEYYOVL, WE TO OTOoid
eEacpoMleTon HIKP YPOVIKN AmOKAIGN KOl SuvaTOTNTO O0YyNomG ONUOVTIKOD aplBpon

AOYIK®V E1GO0MV.

2.3.4 Mniok Eicooov/EEodov (I0OB)

Kabe mpoypappatioog akpodéktng /O €yxetl éva npoypappatioipo IOB pe anopovotég
Tov emTpENnOLV cvuPoatotnta pe to eninedo onpatoc. To IOB propel va ypnotporomdei mg
gloodoc, mg ££0dog N Ko ¢ apeidpoun B0pa. ‘Eva IOB mov dapoppdvetar og 160806 givat
duvatd va maipvel eotepikd dedopéva M amevbeiog | pEC® €vOg HovOOA®T 1| HEC® €VOG
katayopnti. Otav givar dapopeopévo cav £€0d0g, To IOB pmopel va maipvel dedopéva gite
amevbeiog 1 péow evog kataywpnt. O anopovetg e£0d0v evog IOB drabéterl pnyovicpong
EAEYYOL NG YpOoVIKNG amdkAiong (skew) kot tov puOuov petafoAing Tov onpatog (slew). Ot
KOTOYOPNTEG OV LIAPYOLV TN Stadpopn €166d0v Kot oty dadpopn €£6dov evog 10B
odnyobvtar omd Eeymplotd, avTIOTPEYLUE POAdYle, &vd vmépyel kot £€vag KaBoAkdg
pnyoavioog Béonc/undevicon.

Ta eowtepwcd  otoryeio  kabvotépnong avtiotobuilovy v kKabvotépnon  wov
TOPOVGIALETOL OTAV EVOL GO POAOYIOD SIEPYETAL AO EVO KABOAKO amopovaT], Tptv eOAacEL
oto IOB. Avtq 1 otpomywn efodeipel v amaitnon JdTNpNong ovoALOIOTOV TOV
dedopévav Yo éva xpovikod ddomnuo, o€ évav eEmtepikd akpodéktn. H éEodog tpumv
kataotdoemv evog IOB umopei, av ypelaotei, va katactiost T covlern avrtictaorn e£600v
oV amopovmt e£660v ToAd vynAn (high-z). Ot tuég ¢ e£680v kot ¢ emitpeyng €050V
glvail duvatov vo avtiotpaeovy. O pvbude petafoing tov onuaToc €660V TOL ATOUOVMOTN
€E6d0ov pmopel va eleyyBel, dote va glayiotomonBovy ot aipvidieg HETABOAEC PEVUATOG GTO

dloawdo moapoyng woyvog, otav emAéyovtal pn kpicwwo onuota. O axpodéktng IOB eivan
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duvaTod Vo TPOYPUUUATIOTEL, MOTE 1 6TAOUN TOL oNpatog va avePaivel ato 1 1 va katefaivet

610 0 pe 161010 TPOTO MOTE VO, ATOTPETOVTOL 1] TEPLTTH KATAVAAMGN peOUATOC Kol 0 B0pvpog.
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Hourodéxtes Yyniawv Toyvtyrwv (Multi-Gigabit

Transceivers)

3.1 Ewcaywyn

"Evog mopmodékg vyniov tayvttov MGT eivaw éva serializer/deserializer (SerDes) o
onoiog Aettovpyel oe pvbuovg petddoong dve tov evog Gigabit/second. Ov MGTs
YPNOULOTOOVVTOL EVPVTATO OTIS TNAETKOWMVIEG O0TL UTOPOLV VO UETASDOOVV GF
LEYOADTEPEG OMOGTAGELS, YPTNOLLOTOOVV ALYOTEPU KOAMDOL KOl GUVERADS £(OVV UIKPOTEPO
KOGTOG 0o TIG TApAAANAES Slemapég pe TNV 1010 ikavotnta SaPifocng dedopévav.

H Baowkn Aettovpyia gvog SerDes cuvietatol o€ 300 AElTovpyIKd PrAok:

1. Parallel In Serial Out(PISO)
2. Serial In Parallel Out (SIPO)

To umiok PISO éyxet éva moapdAAnAio polot 16060V, v GHVOLO OO YPOUUES DECOUEVOV
€10000V Kol PLOVOOAMTES dedopévav €160d0v. 'Evag eEmteptkdc Bpodyog kAedouévng edong
(PLL) ypnoipomoteitor yio vo, TOAAATAOGIAGEL TV GLYVOTITA TOV EIGEPYOUEVOD TOPIAANAOV
poloylov oty embountn oeprokn cvyvotnta. H amiovotepn popen evog PISO eivar évag
Katoopntg oAicOnong pe TopaAANAN @OPT®ON, GTOV OTOI0 POPTMVOVINL T TAPAAANAL
dedopéva €10000V og kdbe KOKAO TOV TOPAAANAOL PoAoYlOV, Kot Ta olcBaivel mpog TNV

€000 e Tov LYNAGTEPO PLOUO HETASOONG TOV GEIPLAKOD POAOYLOV.
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Ao v dAAn mhevpd, éva pmiok SIPO €yxst éva poAdt Aynmg g ££0d0, £va GVl
YPOPU®OVY and Ypappés e£000V Kot LovOalmTéG dedopuévav e£6dov. To poAdt Ayng avakTdTot
and ta dedopéva pe v texvikn clock recovery kau émerto dwopeiton pe tov apBud tov
YPOUU®V Y10, VO TPOKOYEL TO TOPAAANA0 poAol e£600v. Tvmkég vAomomoelg evog SerDes

£Yovv 500 KATAY®PNTEG GLVOESEUEVOVG GOV VA SUTAO ATOUOVOTH.
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2T0 TOPAKATO GYNUO QaiveTol To UTAOK dtdypappa tov mourtodekt®v GTH nov dabétel to

FPGA:

| _PCle | TX Gearbox |-7
P4 T Beacon
™ | OOB | Pre/ - SATA Pattern TX PIPE
Driver | and | Post [*]PISO Polarity ~ 1 ocos ™| Generator Control ||
PCle | Emp _ #
_~ . 8BHOB 'I:;Sr?al—:
Encoder .
™ Phase
Clock Adijust - :
Dividers FIFO -
1
TX Phase
TX Phase
Interpolator Interpolator
P Controller (GTH)
T TX PMA v TXPCS
From Channel To RX Parallel Data From RX Parallel Data From RX Parallel Data
Clocking Architecture (Near-End PCS Loopback) (Far-End PMA Loopback) (Far-End PCS Loopback)

3.2 Awavoun poroyiov ovapopds

O1 transceivers opyavavovtal 6€ teTpddeg ot onoieg oto e€ng Ba karodbue QUAD. Kdabe
QUAD mnepiéyet éva QPLL (QUAD PLL) 1o omoio déyxeton £va poAdt avagopdc (rtapdiinio
poAdl) pe ovyvotnta 265MHz. 1o mapoakdto oynuoate @aivetol 1 S1avoun Tov poAoYLoD
avapopds otovg téooeplg transceivers evog QUAD, to omoio apyikd eioépyetal o€ £va
dwpopkd amopovet) IBUFDS_GTE2 kot 6tn cuvégela tpogodotet 1o kowvd QPLL. Ze avt
mv gpappoyn ta CPLL (Channel PLL) ivar avevepyd.
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GTXE2_CHANNEL

GTREFCLKO
GTREFCLK1

GTXE2_CHANNEL

GTREFCLKO
GTREFCLK1

IBUFDS_GTE2

GTXE2_COMMON

GTREFCLKO
GTREFCLK1

MGTREFCLKN 1B

GTXE2_CHANNEL

GTREFCLKO
GTREFCLK1

GTXE2_CHANNEL
GTREFCLKO
GTREFCLK1

MGTREFCLKP — |

ITpokeipévoy va tpnbodv ta meplBdpro jitter yio oyedidoelg vyniodv TayvTHTOV £ivol
amapaitnto £va Kowod eEOTEPIKO  Slopoptkd poAdt avapopds MGTREFCLKP/N  va
tpopodotel uéypt 12 transceivers 1 3 QUADS. Zyedidoeic pe mepiocdtepovg amd 12
transceivers omottovv TV xpNon TOAAATAGDY EEMTEPIKMY POAOYIDV. XTO TOPUKAT® GO
amekovileTar n xpnor evog KOwov eEMTEPIKOL POAOYIOD avapopdg Yo Tnv odnynon 12
transceivers mov aviikovv o€ 3 yertovikd QUADS. Xtnv napodoa oyediaon ypnoIHonotouvToL
24 transceivers, onote ypnoiporomdnkay 600 cLUEUCIKE eEMTEPIKA POLOYIL AVOPOPAS GTO
265MHz, ta omoio mapdydnkav amd to SuperClock-2 Module mov Bpioketon moveo oto

avamTLELNKO.
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GTREFCLKD
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GTXE2 CHANNEL
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3.3 QUAD PLL

Kabe QUAD mepiéyet éva PLL Baciopévo oe LC. 'Eva QPLL umopei v tpo@odotioetl Tovg
transceivers mov Bpiokovrat 6o 610 QUAD. Ot £é€odot to QPLL tpo@odotolv toug dtonpéteg
poroyol twv TX kot RX kdBe oeiprokod Kavailol péca oto id1o QUAD. Xto mopaxdtom
oyxnpo eaivetal  apyltektovikn evog QPLL. To eioepyoduevo onpa poroyrod PLL CLKIN
umopel va dwoupebel pe va mapdyovia M mpv g16€A0eL 6TOV aviveELTN PACNG GLYVOTNTOG
(Phase Frequency Detector). O dioupétng avadpaong N kabopilet Tov Adyo TOAAATAAGIOAGHOD
tov VCO. H ovyvomra e£6dov tov QPLL givar 1 pion g ovyvomntag tov VCO. To pmhox
aviyvevong xiewopatog (Lock Indicator) cvykpiver to poAdl ova@opds kot TO GO
avadpaong mov Pyaiver and tov VCO Yo va mpocdiopicet dv Exel emrevybel kheidmpa g
ovyvotnrac. H cuyvotnta e£6dov vroroyiletor and v mapakdto oyéon oe GHz:

N
fPLLI‘_'LKﬂur = fPLLCLK:'n M

PLL
A Lock LOCKED
*1 Indicator
PLL
CLKIN Upper Band PLL
otoato T Pump Filter e Bor
etector ower ban
VCO
/N |+

3.4 Apyiwomoinon ko Eravapopd

Ia vo xpnoporomBovv ot transceivers amatteitanl pio S1031KAGT0. APYIKOTOINGNG HETA TNV
évapén Aertovpyiog tov FPGA. O mopndg TX kot o déktng RX pmopovv va apyicomrotnfovv
aveaptnto Kot mopdAinAo  OTmG  @oivetor o610 Topakdte® oynuo. H o dadwoocio

apykonoinong cvvictatol ota e&Ng 6vo Prjpatoa:

1. Apywornoinon twv avtiotowwv PLL yia tnv 06rynon twv TX/RX.
2. Apxwomoinon Twv povomnotiwy dsdouévwy (datapaths).
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After FPGA
Configuration

Associated PLL

Associated PLL

(QPLL/CPLL) (QPLL/CPLL)
used by TX used by RX
Initialization Initialization

TX Initialization By
GTTXRESET

RX Initialization By
GTRXRESET

TXRESETDONE

RXRESETDONE

Mo tov éleyyo g dwdkacion apyikomoinong tov TX yprnollomoleital ol UNyovy
TEMEPUCUEVDV KATUOCTACEMVY, TOV PAIVETAL GTO TAPAKAT® oynpa. Ot cuvOfKeg TOL TPETEL VO

wavoronBovv ivar ot €€NG:

To onua GTRESETSEL mpémel va ival apxikd o pnAd pHéxpt va kAetdwaoel to PLL.
To onua GTTXRESET mpémnel va xpnotpomnolnOei.

To ofjpata TXPMARESET kat TXPCSRESET mpénel va kpatnBouv xapunAd Katd thv

Slapkela tng Sladikaoiag LEXPL va avixveutel otL to ofjua TXRESETDONE eivat
PnAa.
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GTTXRESET

High
WAIT Until
GTTXRESET From
High to Low
TXPMARESET l
High WAIT Until
— — »| TXPMARESET TXFI’]MAHESET
From High to Low rocess
l Sequence Mode & TXUSERRDY
TXPCSRESET
; WAIT Until
High TXPCSRESET TXPCSRESET
From High to Low Procass
TXRESETDONE
High

To avtioToro didypappa xpoviopov yia Ty apytkoroinor tov TX etvat o e&ng:

CPLLRESET/
QPLLRESET

CPLLLOCK/
QPLLLOCK / 5

GTTXRESET [~ L\

TXUSERRDY \

TXRESETDONE  \ /J / d—

|
TX RESET FSM :x IDLE X WAIT Y~ TXPMARESET §*TXPCSRESET X  IDLE

| | |
[TXPMARESET_TIME »{-=TXPCSRESET_TIME-»|

3.5 dwemwapn FPGATX

H denapry FPGA TX eglvar 1 8iodog v 1o povomdtt dedouévov tov TX. Ot gpoppoyés

petadidovy dedopéva PEcm TV TOUT®V yYpdpovtoc dedopéva oty mopta TXDATA oty
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Oetucn akpn tov poroyod TXUSRCLK2. To midtog tng moptag opiletar oto 64bit. H
dtemapn meptiapPdaver dvo mapdiinio pordywa: too TXUSRCLK kot TXUSRCLK2. O
amortovpevog pvBuog tov TXUSRCLK eEaptdrtol amd to TAUTOC TOV €0MTEPIKOD SLHLAOV
dedopévov (Internal Datapath Width), amd tov pubud petddoong g ypapupng tov trasmitter
(Line Rate) kot vroroyiletat amd TV oyéon:

Line Rate

TXURSCLK Rate =
are Internal Datapath Width

I Line Rate = 5.3Gbps kot Internal Datapath Width = 32:

Hz
TXURSCLE Rate = = 185.625MHz

To onua TXUSRCLK?2 gival 10 Bactkd podot cuyypovicrov yio. OA To GTIUATO, TG SIETAPNS
tov transceiver. T tAdtog dedopévov 64bit (TX_DATA_ WIDTH = 64) vroAoyiletar:

TXURSCLKZ Rate = TXURSCLK Rate/2 = 82.8125MHz

Ta TXUSRCLK xor TXUSRCLK2 mpémel va givar evbuypappicpéva, pe 66o to duvato
Myotepo skew peta&d tovg. T Tov Adyo avtd 0dnyohviol amd Toug £161K0VG ATOUOVMTES
BUFG (Global Buffer givor amopovotéc yioo tnv dwavoun] onudtov pe peydro fanout) kot
£€yovv Kown Tnyn.

XTIV CLYKEKPWEVN EQOPUOYY] OMOL Omouteitol 1 ¥PNON TOAAUTADV GLYYPOVIGUEVOV
YPOUUGOV Ta dVO avTd pordyle mapdyovtal amd o povade MMCM (Mixed-Mode Clock
Manager Module) pe poAdt avapopdg to TXOUTCLK g dienapnic. To mapaxdto oyfue
TOPOLCIALEL TNV OVOUN TMOV TOPATOVEO POAOYIOV KOOMG Kol TOL OlOA0V de00UEVOV

TXDATA pe mAdtog 64bit.
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BUFG?*

CLKOUTO

MMCM | CLkouTt

\VAY,

BUFH/BUFG' BUFG?

TXOUTCLK {>_. LOCKED
CLKIN

 TXUSRCLK2

7 Series FPGAs

Transceiver 5
THXUSRCLK

TXDATA (TX_DATA_WIDTH = 32 7 40 / 64 / B0 bits)
B

Design in
FPGA

TXUSRCLK2 °

7 Series FPGAs

Transceiver )
TXUSRCLK

=

TXDATA (TX_DATA_WIDTH = 32 / 40 / 64 / 80 bits)

-

3.6 EvOvypauuion ®aong twv I'pouunv Asdouévawv

Xe outn TV gvoTnTOo TTEPLYpApeTal 1 dadikacio Tov akoiovBeital yio v gvbuypappion —
GLYYPOVICUO TOV YPOUUDV TOV TOUTDV. X& EQUPUOYES UE TOAAUTAES YPOUUES L0 YPOLUN
eméyetor og master kot givar avti mov mopéyel to pordt TXOUTCLK oe Oieg Tig Slave

YPOUUES, OTI®G QOIVETOL GTO TAPUKAT® GYN LA
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Slave

GTH/GTHTX
Lane 3

TXUSRCLK
TXUSRCLKZ2

Mastear
GTX/GTHTX TXOUTCLK MMCM /PLL '

Lane 2 BUFG BUFG

TXUSRCLK
TXUSRCLEKZ

Slave
GTX/GTHTX
Lane 1

TXUSRCLK
TXUSRACLEKZ

Slave
GTHGTHTX
Lane 0

TXUSRCLK
TXUSRCLEKZ2

AkOUN Y TOV OULYYPOVICUO TV YPOUU®DV YIVETOL Y¥PNOT TOL EOIKOV KUKAMDUOTOG
gvbuypappiong edone. Onmg Qoivetal 6To TOPUKAT® GYAMO TO KOKAOUO 0VTO Pmopel va
uewdoet o skew petagd tov ypopudv gubuvypappiloviog Tig TEPLOYEG TOALUTAMDY POAOYIDV
(clock domains) o€ éva kowvd poddt. To oyfuo deiyvel VO YPAUUES TOUTMY TPV KoL LETE TNV
YPNOT TOL KUKAMUATOG ELOLYPALLIoNG PAcNS o€ £va Koo porot. [Iptv v evbBuypdupion ta
poAdyla &xovv avbaipetec dapopéc pdone. Metd v gvbuypapon, n Hovn dapopd otV

@aom ogeiletotl 6To SKEW Tov Kotvod poroylol Kot OAEG ot Ypauués HeETadidovy Tavtdypova.
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GTXTX GTXTX

Lane O Lane O
I I
: Skew | Parallel clocks I | Reduced Skew Parallel clocks are
|“—"I are independent |i‘ phase aligned to the
| I il same clock edge
I I
I I
GTXTX GTXTX
Lane 1 Lane 1
Before TX Phase Alignment After TX Phase Alignment

INo tov éheyyo g apywomoinong tov KukA®poTog gvbuypauppiong viomoteitar FSM mov
dwatpéyxel por axoAovbio KOTOOTAGE®MY EAEYXOVTIOG TNV €VePYomoinom onudtov EAeyyov
UEYPIG OTOV PTAGEL GTNV TEAMKT| KATAOTOOT) GTNV OTOI0 TOPOUEVEL ET' 0OPIOTOV PEYPL VO YivEL
reset. [opokdto eaivetol To dLypoppo xpoviepov pe to. BEAN vo delyvouv v axoiovbio

TV petapdoemv tov FSM.

M_TXPHDLYRESET

M_TXDLYBYPASS

M_TXPHALIGNEN

M_TXDLYSRESET -
_ ~

M_TXDLYSRESETDONE \\—-]

. \
M_TXPHINIT < N\

M_TXPHINITDONE —

N I

M_TXPHALIGN

/ \
M_TXDLYEN \ ﬁ-;-i\ & ==

M_TXPHALIGNDONE N, I I \\H‘* | } \

I

S TXPHDLYRESET / \

S_TXDLYBYPASS / \

S_TXPHALIGNEN \

S_TXDLYSRESET f-\ /..\

S_TXDLYSRESETDONE \\—-f \

i e

S_TXPHINIT

S TXPHINITDONE S j
\

S_TXPHALIGN H-j\\ (.

S_TXDLYEN

I
S_TXPHALIGNDONE \"f
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3.7 PbOuicn ®acns Iourov (TX Phase Interpolator)

[Tépa and v gvbuypaupion ™g edong HETOED TOV YPAUUDVY, 1| EQAPUOYN TAPEXEL TNV
duvatdtnta pikpopBbuong g edaong Eeywpiotd yio Kabe ypapun. Avti n dvvatdtnta givon
W0laitepn YPNOUN OTNV TEPITTMGT TOV ¥PNGILOTOMOOVY KOADOL, e S1apopeTikd péyebog i
ayaypo povorotio o €va PCB pe dopopetikd prikog. O povade eréyyov tov TX Phase
Interpolator vmootnpilel duvopukd Eheyyo ™G QGAONG HE TOV TPOCHIOPIOHO TOV EENG
TOPAUETPDV:
e TXPIPPMEN: Otav givar 610 Aoyikd 1 gvepyomoreital o eleyktig tov TX Phase
Interpolator emitpénovtag v petafoin g eaone.
e TXPIPPMSTEPSIZE[4:0]: To mo onpoavtikd bit TXPIPPMSTEPSIZE[4] kabopilet
mv avénon N v peioon g edonge. To vrdoroura téooepa bit kabopilovv To THGO
0o petafinbdein edaon.

3.8 PbOuicn Eminédov Taonc Ioumov (TX Configurable

Driver)

O 0dny6g Tov TX elvar évag vymAng tayxdTNTog S10popikds amopovats. o v eEacpdiion

™G aKepaldTNTOC TV dedopEVV TEPIAaUPAVEL TO EENG YOPOKTNPIOTIKA:

. Awpopkd ‘Edeyyo g 1d0mg
. Pre-cursor and post-cursor transmit pre-emphasis
. PoOuldpevoug teplotikong aviioTaTES.
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i Pre-Emphasis
Pre-D
rerer Pad Driver
MGTAVTT
TXPRECURSOR[4:0]
\ 50Q 50Q
<
SO | PreDriver Main TXP
" ’ Pad Driver
| TXN
D>
TXDIFFCTRL[3:0]
Pre-Driver Post- Emphasis
H Pad Driver
TX Serial Clock=
Data Rate/2 l_ |_

TXPOSTCURSOR[4:0]

O dwpopikdg Eleyyog TG Taong yivetal divovtag Tapéyoviag KOTAAANAEG TIHEG oty BOpa
TXDIFFCTRL[3:0]. Ztov mopokdtom Tivoke @oivetol 1 avtiototyio HeTa&d Tov TGV TOV

GNUOTOG KOl TNG OLLPOPIKNG TAONG 0O KOPLOT GE KOPLON:

[3:0] VppD
4'0000 0.269
4'50001 0.336
4'50010 0.407
4'b0011 0.474
4'0100 0.543
4'50101 0.609
4'50110 0.677
4'b0111 0.741
4'1000 0.807
4'1001 0.866
4'51010 0.924
4'b1011 0.973
4'1100 1.018
4'p1101 1.056
4'b1110 1.092
4'b1111 1.119
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Yiomoinon tyc mlatpopuac eAéyyov o FPGA

Edd meprypdoetor o K0p1o KOPWATL TNG SIMAOUOTIKNG gpyaciag, mov eivatl 1 oyedlaor Kot

VAOTOINGN TOV VTOCLGTNUATMV TOV ATOTEAOVV TIV TAUTPOPUA EAEYYOV.
4.1 Illeproxonnon Lvotiuarog

O otdyog Tov project givor 1 KATAoKELT TAUTEOPLOG Y10 T®V EAEYYO Kot TNV enaAn0guon g
opOnc Aertovpyiag pog owoyévelog RF dtapopemtadv ASIC mapéyovrag dedouéva pe pubuod
2.65GHz. H mhatdpua déyetar eviorég kat dedopévo omd éva host PC péoow MATLAB,
amofnkevel ta dedopéva otV ecmTEPIK pmAok puviun tov FPGA. ‘Emeita ta dedopéva
AVATOPAYOVTOL TOPIAANAL KOl CUYYPOVICUEVO LECH TOV TOAAATAMY GEPLIKDYV KOVOAM®OV
VYNANG tayxdTNTog mov Olofétel to avomtuélokd. AKOUN HE TIS EVTIOAEG UTOPOLV Vv
puBuioTodv ot g mapapeTpoL:

MANBo¢ KavaAlwy rou Ba poptwbouv pe dedopéva

MANBo¢ Astypdatwy mou Ba amodnkeutouv.

MARBoc Astypdtwy mou Ba avarmnapaxbouv kat Ba dtafactolv.
Emninedo Tdong Twv MOUMWVv.

vk wnN e

OAiloBnon ddaonc oe kABe KavaAL EexwpLoTa.

To choua £xel TNV duvatdTNTa Vo, AELTOVPYNOEL 6€ Kavovikh Asttovpyio (normal mode) kot
og Aertovpyio gEléyyov (testing mode). Etnv kavoviky Aettovpyio ta dedopéva, apov oTaAovY

amd TOV VTOAOYIOTN Kol 0mobnkevtody oto FPGA avamapdyovtotl KokAkd. Xtnv Agttovpyio
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eéyyov ta dESOUEVE AVOTAPAYOVTOL M HOVO QOpd, evd TaLTOYpOvVE OmoBnKevovIaL To
dedopévo mov Aappavel o 6éktng o€ o Eexoproty pvpun. Otav TeEleidoEL N avoTapay®y”
TOV SedOUEVOV KOl TaVTOYpova 1 AqYN dedopévav amd Tov EKTN, T dedopéva ANyYng

otédvovtol and 10 FPGA otov vrohoyiot) mpokeyévov vo epappooctei 1 pebodoroyio scan

chain kot va erainBevbei n opbn Aertovpyia tng cvokevng vd éheyyo (Device Under Test).

Instructions and Data

Super Clock Device Under
Module 2 Test

Spectrum
Analyzer
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Yy mopakdato gikova eaiveror o avantuélokd VC7215. ¥to kévipo tov avartuélokon
Bpioketar o FPGA XC7VX690T FFG1927-3. Z10 mhve pépog Ppioketar 1 vropovada
SuperClock2-Module, mov mapéyet ta dVo eEmTEPIKA POAIYLN OVAPOPES GTOVG TOUTOOEKTEG
VynA®v Toyuttev. H vtopovada avtn cvvdéetan pe to FPGA yua tov mpoypappatiopd tov
oloxAnpopévov Si5368 (Clock Multiplier/ Jitter Attenuator). Xta 6e&16 anewovilovtal ta

Kol®da Tov cvvdcovtal pe Tovg MGTS. Kabe QUAD avtiotoyel og o vrodoyn Bullseye.

Samtec Bullseye

USB - JTAG & UART \

* 20 pins
» High-speed I/0
* Phase matched

User I/O

80 Transceivers = 20 Quads
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4.2 Mriok Awaypopua Avarrarov Emirédov (Top-Level)

Instructions Memory
Controller Manager

GTH
Transceivers
Wrapper

Received Data
Manager

4.3 Emxowawvia ue Xoyypovy Ilyyy (Source Synchronous)

H emnwowovia peta&d 600 olokAnpopévov kuklopdtov omov to ekméumov IC
dnuovpyel Eva poAdL TOL GUVOSEDEL TO DEGOUEVE OVOUALETOL ETKOVOVIO e GUYYPOV TNYY.
To ohoxAnpouévo mov Aapupdével yxpnoonolel ALTO TO POAOL Yot TNV ANYN TV SEG0UEVQV.
Y kaBe BTk axp] ToL poroylov, va vEo detypa AapPaveTol oamd TV GLGKELN VIO EAEYYO.

2V mopovoa epyacio o omd Tig Ypauuég dedopévov (kavail 0) yprnoluonoteitat yio
TNV Onovpyio poAoyol Kot HeTaPifocth Tov oty cuokeun Vo Edeyyo. ['a Tov ckomd avtn
N Ypouun Agrtovpyel oe dSMAGGIO GLYVOTNTA OO TIC VITOAOITEG YPUUUEG OESOUEVMV KOl OF

VTV POPTAOVETOL Lo oTofepd emavarapfovopevn akorovdia and 0101.
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— Data —»

Source
IC

clk—»| Destination
IC

Source

Synchronous

4.4 UART Houmodéxtng

UART e&ivar n ovvtopoypagio tov universal asynchronous receiver/transmitter kot givon €va
KOKA®UO TOL GTEAVEL TOPAAANAQ dedopéva PHEGH oG GEPLOKNG Ypapunc. To avamtuéioxo
VC7215 dwbéter yépupo USB-t0-UART (CP2103) 10 omoio mapéyelt tqv dvvordtnto
CEPOKNG emkovoviag petald evoc vroroyiot) ko tov FPGA péom evog USB kahmdiov.

To FPGA vrootpiler v yépvpa USB-t0-UART ue Ta TopaKkdTm TEGGEPO OTLLOTA:

e AnootoAn (TX)

e Aqyn (RX)
e Aitnua ywa arootoAn (RTS)
e ‘Etolpo yla anootoAn (CTS)

H UART mepthappdver mound kot 6éktn. O moumdg €ival oty ovcio €vag KotoympnTig
oAlcOnong o omoiog poptdvel TOPAAANA0 dedopéva Ko To. oAlcBaivel mpog ta é€m ava bit pe
&vav oplopévo pulpo. Amd v GAAN TAevpd o déktng, olcBaivel Ta dedopéva ava bit kot T
oLAAEYeL o pia AéEN dedopévav. H oeplaxn ypopupn eivar adpavig 6tav givol 6to Aoyko 1.
H petddoon apyiler pe to bit exkivnong, 1o omoio egivan 0, axolovBovduevo amd to bit
dedopévav kat éva Tpoaipetikd bit wootipiog, kot Afyetl pue éva bit Aqéng, to omoio givan 1. O
apBudc tov bit dedouévov pmopsl va eivor 6,7 1 8. To mpoaipetikd bit 1cotpiog

ypnoomoteital yio aviyvevor Aabov.
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Start bit Word data Parity Stop bit
logic 0 | bit  logic 1
| | ol (]

START Bl D1 D2 D3 D4 D5 D6 D7 PB W

NENENNENEN

Start by Incoming data sampled at the bit-pulse center Sample
detecting stop bit
transition

from logic 1

to logic 0

Méow G GEPOKNG YPOUUNG OEV UETAPEPETAL TANPOGOPIO. YO TO POAOL, ONATE TPV TNV
évapén g petddoons, 0 MOUTOC KOt O OEKTNG TMPEMEL VO EYOVV TPOCLUPMOVIGEL GE £Vl
oOVOLO TapaUéTpOV Ol omoieg meptAapupavovy tov puud petddoong (baud rate oe bit ava
devtepdrento) , to mAbog tov bit dedopévav ko tov bit Aéng, v xpron N oy bit
wootiag. Xtnv mapodoa EQopUoYn ypnopomombnke o péylotog puBudg peETadooNg mTov
vrootnpileratl and To CP2103, mov givar 921600bps. Axdun opiotnkav 8 bit dedopévov kot

éva bit Anénc, yopic bit wotipiog.

441 Ymroovornua Aqyns UART

AoV dev petadidetar TANPoPopia, Yo TOV GLYYXPOVIGUO TV dedouévav, 0 6EKTNG AauPavel
ta bit dedouévav udvo pe Baon tig pokabopiopéveg mapauétpovs. Edo ypnoipomoteital éva
OYNUO DTEPOELYUUTOANYIOG YO TOV TPOGEYYIGTIKO VTOAOYIGUO TOL WECEiov onueiov ToV

uetaddopevav bits.

4411 Awadikooio Yrepoctyuoroinyios

O mo kowodg puudg derypatoinyiog givar 16 @opég o pvbuog petddoong (baud rate), to
onmoio onuaiver 6t kGO bit deryuatolnmreiton 16 @opéc. Ymobétovpe 611 1 emikowvovia
amottei N bit dedopévov kar M bit Méng. To oynua vaepderypotonyiog akolovdel ta

TOPOKATO ot
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1. Tlepével puéypt to onpa e16oov (RX) yivel 0, 1o omoio onuoatodotel v Evapén tov
bit exkivnong, oto onpeio avtod Eexvdel o peTpnTig SEIYHOTOAN YOG,

2. Otov 0 petpnmg @TaoEL 6T0 7, TO E10EPYOUEVO GNIO £XEL PTAGEL GTO PECAIO GNUEID
ToL bit exkivnong. Mndevilel 0 0Bpo1oTNG KAl ETOVEKKIVEL.

3. Ortav o petpnmg @1dcel 610 15, 10 £16epyOLEVO LA £XEL PTAGEL GTNV LECT] TOV
TPOTOL Dit dedopévmv. TuAdéyetar 1) TN ToL Kot oMcHaivel 6ToV KaTaymPNTH
oAioOnong katd pia 6éom. O PeTpnTG EMAVEKKLVEL

4. To prua 3 emavoroufdvetar yio N-1 @opéc, uéypt va avoktnovv 6ia to bit
dedopEVDV.

5. To pAua 3 emavorapPdveror yio M @opég, yio to M bit Anéng.

To oynpa vrepderypatoinyio otnv ovcio ekteAel Tnv Agttovpyio EVOG GNUATOS POAOYLOV.
Avti va ypnotponoteitor n OeTikn ok Yo vo onpatodotnost mote éva onpa givat £yKupo,
ypnoponotei ticks derypoatolnyiog yio vo mpooeyyioet To peocaio onueio tov ke bit. Kabmg
0 3éKtng dev £xel axpiPn mAnpogopia yio TV akpipn ypovikn otiypn tov bit exxivnong, 1
TPOGEYYIon vt propel va givar to oAb 1/16 dotoyn. To axdrovbo bit pmopei emniong va
givor 1o oA 1/16 pokpld omd 1o pecaio onueio. Xto mopakdto block didypapua eaivovral
Ta Tpio vTocVoTHATA TOV GVVBETOLVY ToV Okt UART:

e UART receiver: kOkiopa mov avaktd po 8bit AéEn dedopévav.

e Baud Rate Generator: kdkhopa Tov dnuovpyet Tov entbounto pviud petddoong.

e Interface circuit: Tpoapetikd KOKA®UO SIETAPNG LE TO GVOTNUO TTOV YPNCILOTOLEL
v UART. TTopéyet évav amopovat kot tnv Kotdotacn tov UART receiver.

rx »{ dout pe—— el [_(ata
clkk —» o s tick rx_done_tick |————— | d_uart
- r—p X _em
ok Interface -emply
ic circuit
baud rate receiver
generator > >
>

4.4.1.2 Tevvizpio PvOuod Metadoons (Baud Rate Generator)

O Baud Rate Generator dnuiovpyei éva ofpo derypatolnyiog Tov omoiov 1 cvyvotnta ival
akpipog 16 popég o ovopaotikdg puduog petadoong. [pokepévon va pnv dnpovpycovpe
o véa meployn poroywov (clock domain), mopofialovtag v apyn ™S oOyXpOvNG
oyedlaone, to oNua SELYHOTOANWING AETOVPYEL TEPIGGOTEPO MG GNUO EMTPEYNG YO TOV

UART receiver mapd og évo ofpa poroytod.
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T poOpod petddoong 921600bps, o pvOudg deryuatornyiog eiva:
921600 = 16 = 14745600

To poldt cvetiuatog éxel cuyvotnta 200MHz. Enouévag o baud rate generator pmopei va
viomomBel pe Eva mod-14 petpnty, Kabmg

200 = 10%

14745600 ~ 10

GTOV 0T0{0 EVEPYOTOLEITAL VO TAALOC TAATOVS EVOG KUKAOL KAOE 14 KdKAOLG poAoY10D.

4.4.1.3 Aéxtnc UART (UART Receiver)

Me Bdon 10 GYNUO VIEPOELYLATOANYING OV TEPLYPAPNKE TOPATAVE®, KOTAGKELALETOL TO
Stbrypappa ahyoptOUIKng Unyovig Kotaotdoemv pe povoratt dedopévav (ASMD algorithmic

state machine diagramm).

To ASMD éyel tpeig Paoikég kataotdoelc: Start, data kat Stop ot omoieg avamapioTodv TV
ene€epyaocio Tov bit évapéng, tov bit dedopévav kat tov bit Anéng avtictoyo. To onua s_tick
givor o ToAuog emitpeyng g yevwiTplag Tov pubuov uetadoong (baud rate generator) o
vrapyovy 16 modpoi oto ddotnua gvog bit. Yrdpyovv 600 uetpntég yo myv apibunon tov
ToAp®V Kol v apiBunon tov bit dedopévov. Ta bit g €i66dov olicbaivovy otov
Katoyopnty odicOnong b. Téhog, counepthapufavetarl éva onua kotdotaocng, rX_done_tick,
o omoio TiBetar oto Aoyikd 1 yio éva kOKAO poAoyov kdéBe @opd mov m Sladikacio

OAOKANPDVETOAL.
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442 Yroocvetnuo Exmounijc UART

H opydveon tov vrocvotiuatog exmoumig UART egivoar mopopolo pe ovtd g ANyng.
Amotereitan amd évov moumd UART, yevwvitpro puBuod petddoong kot €vo KOKA®UO
dtemaenc. O moundg eival otnv ovoia évag Kataywpne oAicbnong o onoiog oAcBaivel Tpog
ta £ T Ogdopéva pe éva ouykekpiévo puBuo. O puBudg avtdc dnuovpyeitol amd v
yevnpla puBuod petddoongs. ‘Eva bit olobaivel mpog 1o €€w kabe 14 maipode emitpeymng.
To dtbypappio TG GAYOPIOUKNAG UNYOVIG KOTAGTAGE®Y Eivol Tapdolo pe autd Tov OEKTN.
AoV to onua tx_start tebei oto Aoywo 1, to FSMD goptmver v AEN dedouévov Kot
otadlokd doTpéyel TIG Kataotdoelg start, data kot stop ohoBaivovtog ta avtictoyyo bits. To

ofua tx_done_tick onuatodotei Ty 0OAOKANPp®GT TG EKTOUTNG.

4.5 Ymoocvotnuo Poptwons Acoouévwyv kot PvOuiong
Hopaustpwv

O eleyKTNC EVTOADV €lvol TO KOKA®UO TOV KOTELOVVEL TIG EVTOAEC TOL GuoTHHoToC. Katd
KOp1o Adyo angvBivetar otov dwaysiprothy pviung (Memory Manager) yio thv optmon tov
dedopévmv 6T UV Kot 6TOVG transceivers yio tnv puduion mapapustpmy Kat Kato, deHTEPO
AOY0 61O LTOGVOTNUA GLALOYNC KOl OTOGTOANG dedouévav eloddov. Xto moapoakdtm block
Suypappe eoivetal 1 dlaoHVOEST TOL EAEYKTH, ToL vocvotipnatog AMyns UART kot tov
SloeploT PVNUNG.

O gheykmc 6éxetan evtoréc kau dedopéva amd tov UART Receiver kot gite evnuepdvel 1o
TEPLEYOUEVO TOV KOTOYOPNTOV Yo TV pobuion tov mapauétpov tov transceivers gite

TPomOEl TO, OEGOUEVA GTOV SLOYEIPLOTH LVAUNG.
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Control and UART

Controller

’data_t'arsmissior‘_:omplete

P sittctrl_param(2:0]

P oft_reset

Baud Rate
Generator

L P cic

.r“ reset

:ick’

mem_size_param -
diffctr]_param |
sol‘t_resetb .
4_‘ rt_data_loading M e m 0 ry
h s
Manager
b Il — ——— P — P cla
UART PP it
P reset
> Rece ver PP start_dzta_inading
dk
: - —’-’ﬂwal_addr
— >
"s tick 4"’1’)_dcne_ti-:k
A T_dcne_ti-:k o PP datz_out
dout ’ [ | data_out_b_extended[255:0] ’ —
cete_transmission._

—}b data_out_b_extended[255:0]

45.1 Eleyrtig Evroiov (Instruction Controller)

To oVvolo eVTOA®V OV d€YETAL O EAEYKTNG Elvan TO e&NG:

Load_Data

L o N U; ke WN e

Set_Memory_Size
Set_Final_Address_Read
Enable_Phase_Interpolator
Set_Driver_Swing_Control
Set_Number_of_Blocks
Set_Soft_Reset

Set_Test_Mode_ON
Set_Test_Mode_OFF

Ot evtolég givon petafintov peyébovg, 1 éwg 4 byte. Okeg éyovv opcode twv 8bit to omoio

Tpoodlopilel TNV evIoAr], akolovBovuevo amd mpoopetikd byte mov opifovv v T TV

TOPAUETPOV:
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EvtoAn Opcode 1o Byte 20 Byte 30 Byte
Set_ Memory_Size 0x42 LSB Middle Byte | MSB
Address Address Address
Set_Final_Address_Read 0x48 LSB Middle Byte | MSB
Address Address Address
Enable_Phase_Interpolator | 0x47 Number of | txpippmsize
Transceiver
Set_Driver_Swing_Control | 0x43 TXDIFFCTRL
Set_Number_of_Blocks 0x46 Number of
Blocks
Set_Soft_Reset 0x44
Load_Data 0x45
Set_Test Mode ON 0x49
Set_Test_Mode_OFF Ox4a

O gAeyKTNG LVAOTOLEITOL e TNV TOPOKAT® UNYOVT TETEPACUEVOV KOTACTACEDV:
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Instruction

Fetch

Instr = 0x45
Instr = 0x44

Set Diff Voltage
Control

45.2 AMwayeipion Mvyuns

O dayeplot)g UVAUNG omoteleitan amod Tig EENG TEGGEPLS OVTOTNTEC:

1. ®oprwtic Asdopévav
Mmrhok Mviung

Metpntig Avayvoong
Enékroon Asdopévav

Mo
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Instr = Ox4&

Load
Data

Data_transmission

Complete

Set Number of
Blocks

fetch




y_ g
memory_loader
memory_blocks
b clka data_transmission_complete b
| ta extenti
Oata_extention
e block_enable
’- reset block_enal b '-P o da:a_cu:bg” - data_in data_out[255:0]p
’ - - write_enable [127:0]
re: \ ddress,
I’ init_addr[15:0] sddress b b aanrEe
b final_addr[15:0]
brx_clone_t\ck
p num_of_blocks ’ data_in[7.0]
cka ’7
clkb b—‘l—- | | T™—T—T > |:p data_out_b_extended[255:0]
reset b—(l_: S V) R N >
o o) data_transmission_complete
575"’ Oo_pb init_addr[15:0]
number_of_blocks[4-0] b‘: \ —— T~ final_addr[15:0]
final_addr[15:0] P L 4 address_b[15:0]
rx_done_tick b—
r_data_out[7:0] P

45.2.1 Doprwrtic Asdousvarv (memory_loader)

O poptetg dedouévmv avalapPavel va @OPTOGEL Le dESOUEVO. TNV UVAUN Aapfdvovtag
VIOY”N ToV aplfud TV UTAoK uviung mov Ba poptmBovv Kot To TAH0og TV dedouévev (M
v tehkn devBovvon pvAung). Otav 600l Aoyikd 1 oto ofuo ekkivinong eoptmong start
QopT®VETOL KABE pumhok uvAung pe tn ogpd avédvovtag v Tun g devbuvong address
katd 1, amd 1o 0 péypt v doouévn tedikn dievBovon final_address. Avto emitvyydveton
EVEPYOTOLMVTOG OLOPOPETIKO PTAOK pviung kabe @opd pe to onua block_enable, to omoio
Aertovpyel g one-hot anokmdikonomntig. O eoptwTc dedopévev viomoteital pe Bdon v

TOPAKATM UNYOVT TEMEPACUEVOV KUTAGTACEWDV:
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Memory Loader State Diagram

Initial State

Start Loading Data

Check Number
of Blocks

Load Data

Complete ——Block Counter = Number of Blocks

Block Counter < Number of Blocks

Check Number
of Words

rx_done._tick Address < Final Address

Wait For
rx_done_tick

45.2.2 Mmniok Mvijunc (memory_blocks)

To pmhlok pvAung mepikAelovtal 6€ o OVTOTNTO £T0L MOTE VO EXOVV KOWEG €16000VG
dtevbuvong eyypaeng, d1evBuvong avayvwons, POAOYLDY KOl ETITPEYNS EYYPAPNG KAONDC Kot
pa ko €€0do 1 omoia givor 1 cuvévoon OAmv TV e£0dmv TV umAok pvnung. OAa ta
umhok pviung sivar pvriueg RAM pe dbo mdpteg (simple dual port RAM).

To mAdtog g Bvpag eyypoeng (BRAM_PORTA) civar 8bit yio va topralet pe to mAdtog g
AEENC Sedopévav Tov UART receiver. To mAifog tov Aééemv sivar 65536 = 2™, emopévac to
mAdTog ¢ drevbuvong eyypaeng (addra[15:0]) sivar 16.

To mhdtog g 60pag avayvoong (BRAM_PORTB) givar 32bit kot to tinBog tov Aéewv
dedopévov eivan 65536 / 4 = 16384 = 2. Apa 10 mhdTog T0 Sievhuvong aviyvoong sivar 14
(addrb[13:0]).

To onua enitpeyng ena eacpalilet 0Tt yiveton eyypagn pLoévo ce évo PTAoK pviung Kabe

(Opad, EVO TO AVTIGTOLYO GO EMLTPEYNG Y10 AVAYVMOGT ELVOL TAVTOTE EVEPYOTOULLEVO.
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-

—BRAM_PORTA

— ’addra[lS:U]

—{ Ppcka
= P dina[7:0]
— Ppena
= weal0:0]

= BRAM_PORTB

= P addrb[13:0]

— P

=  {doutb[31:0]
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memory_blocks

Block RAM
P cie ciks of
addra[15:0] addrb[13:0] ‘
dina[7:0] data_out[31:0] ’
write_enable
’ enable

write b
enable

block

enable
addra

[15:0]

Block RAM
P cia ciks o
addra[15:0] addrb[13:0] {
dina[7-0] data_out[31:0] ’

write_enable

’ enable

.
0 P

Block RAM
’ clka clkb ‘
addra[15:0] addrb[13:0] ‘
dina[7-0] data_out[31:0] }

write_enable

’ enable

Block RAM
’ clkca clkb ‘
addra[15:0] addrb[13:0] {
dina[7-0] data_out[31:0] b

write_enable

’ enable

addrb
[13:0]

data_out
[127:0]
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4.5.2.3 Metpnting Avéyvwong

O petpntig avdyvoong Eekwvael vo petpdel and v apyikn devbovon init_addr, n
omoia tifeTan oto UNndév, kat avédvel dtadoykd oe Kabe kvkio tov poroylov TXUSRCLK?2
uéxpt v tehikn| dievbovvon final_addr. Xt cvvéysia EavaundeviCetan kot emavolopufdavetot

1N HETPNOT KUKAIKA.

4.5.2.4 Eréxraon Aedouevawv

Kabog n oyediaon eivon source synchronous sivar anapaitnto va mopdystor £vo onpo
POoAOY10D YlOL TOV GLYYPOVIGHO TV dedopévev mov Aapfdvel o déktne. o ovtd TOV Adyo
TEPAApPAvVEL Eva EEXOPIOTO KOVAAL Y10 TNV LETAOOGN TOV POAOYLOV, TO OO0 £)El SUTAAGLO
puouod petddoong 5.3Gbps oe oyfon pe ta kavaio dedopévav Tov Exovv puiud petddoong
2.65Gbps. TTpokeévov va tnpnbei n apyn ™G ovYYpovNG oYEdiooNG Kot Vo UIopovue va
gvBuypoppicovpe OAa ta ofuata dedopévov Kot poroylod, opiletar o pvlude petddoong
yioo OAa To kavaiie 5.3Gbps kot eravaAappavovue kdbe bit dedouévav po popd €11 dote
og kabe BeTikn akpun Tov poAoyol va eppaviCetat éva véo bit dedopévov. INa mapdderypo n
akolovBio 1011 yivetow 11001111, To xoxAmpo eméktaons dedouévev OExETAL OG €1G000
32bit dedopévav and v pvAun Kot to petatpénel o dedopéve mAdTovg 64bit coppwva pe

TNV TOPOTOVEO dlodtKacial.

4.6 2viioyn kair Awoctoiy Agdouévav Eicédov

2 oOyypovn oxediaon OAOKANPOUEVOV KUKAG®UATOV &va onuaviikd uépog eivar o
oyedlaopnog yo ekey&potnra (design for testability) Xnv mopodoa epyoacio vAomoronke
L0 DTOHOVESE Yoo TNV TaPOoyN KAl GLAAOYT OEJOUEVOV TOL OTOLTEITOL O [0 GAVGIO

ohpmong Yo Tov EAeyyo TG opHng Aettovpyiag Tov OAOKANPOUEVOL.

4.6.1 Alvcida Zapwaens (Scan Chain)

Aloido odpoong (Scan chain) sivar o teyviky mov eeoppdletar oty oyedioon
OAOKANPOUEVOY KUKAOUATOV YL ToV €EAeyx0 Toug. O okomdg g €ivol va KATOGTGEL O
€OKOAN TNV dadikacio EAEYYOL TopixovTag Eva, amAd TpOTo Yo TV Tapoatipnon kade flip-
flop evog ohokAnpouévon kvkhopotog. Oia ta flip-flop cvvdéovtar peta&d tovg yia va

oynpoaticovv éva Kataywpnti oiicOnonc. H Pacwm doun g aivoidog mepiapfdaver o
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akdélovBo chvolo onuatwv £tol dote vo edeyybel kot va mapotnpndel o unyaviouog
GapOONG:
1. Scan_in ko scan_out opifovtotl mg 1 €i6060g Kot 1 ££000¢ TG 0ALGISAG avTiGTOY .
2. Scan_enable givon éva ofpo emitpeync, To omoio dtav tifetat oto Aoywkd 1, kabe flip-
flop tov oAokAnpouévon kukAduatog cuvdietat og dtdtagn kotaywmpntn oAicOnong.
3. "Eva onua podoytov yio tov éheyyo tov flip-flop oty alvoida kotd thv ¢don
oAioOnomg. Mropei va gloaydel pio omotadnrote avbaipetn axorovbio TOAUMY Kot
vao. daPaotei n katdotoorn kade flip-flop
To mpwro flip-flop g alvcidog cvvdéetor ue tnv Bvpa. scan_in kai o televtaio pe v

Bvopa scan_out. O éleyyog odpwong (scan testing) mpoypotomoleitor ovTwg GOTE Va

aviyvevBoiv AaON KATUGKELTC GTO GLVIVAGTIKO HEPOG TOV KUKAMLATOG.

Combinatorial Logic

Functional D kjb\/ D ToScan

Data Q 0 0 OutPort
From Scan

InPort sl FF 1 FE Q 1 | @

Sl sl
From Scan
Enable Port SE SE
SE
From

Clock Port CLK

Functional Path
Scan Chain
Clock Signal

4.6.2 Ymoocvorua 6vlloyHs Kal ATOGTOING OEOOUEVOV E1GOHOD.

To vrosVoTNIE CLALOYNG KOl OTOGTOANG OESOUEVMV OTTOTEAEITOL AT
1. Muw umhok pviun
2. Ymoovotnua Alevbovelodotnong e Mviung
3. UART moumo.

H dopn kot Aetovpyla Tev mopamdve vmocvotnudtov €xel 10N THPOVLCINCTEL OTIg

TPOTYOVLEVEG EVOTITEG TOL KEPOAAOIOV.
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XEIPIoGUOS THS TAATPOPUAS ELEYYOV UECD

MATLAB

O yepiopdc g TAateoppog umopel va yivel amokAeiotikd péco MATLAB, yeyovog mov
EMUTPEMEL GTOV XPNOTN VO OLYVONGEL TIC AETTOUEPEIEG YOUUNAOTEP®V EMTEO®Y. AKOun €ival
duvartn N amopaxkpvouévn tpocPact. o tov okomd avtd Katackevdotnke pio PipAtonk

GUVOPTICEMV.

5.1 Eyka@iopvon Lepraxns 2vvoeong uetalv FPGA ko
VTTOAOYIOTH

OAeg 01 GLVOPTAGELG EYOVV MG £va amd T opicaTa TOVG éva. oeplakd avtikeipevo (Serial
port object). Avto to avtikeipevo dnuiovpysitor pe Ty cvvaptmon opilovtag Ty GePLoKn
0vpo Ko pio Mota TapapéTpmv:

obj = serial('port','PropertyName',PropertyValue,...)
Ot apdpetpot givar ot €ENG:

e Baudrate = 921600bps
e ParityBit = None
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e DataBits=8

e StopBits=1

e Timeout = 100s - H€YLOTOG XPOVOC AVALOVAC YLa AELTOUPYLA avAyvwong f eyypadng.

e FlowControl = none — 8ev xpnowuomnoteitat handshaking.

e InputBufferSize = 5000000bytes — cuVOALKOG aplOUOC bytes tou pmopouv va
anoBnkeutolLv otov buffer elcd6ou.

To mopokdtm Script dnuovpyel éva  oeiplakd oviikeipevo, opilel TG mapamdvo
TOPAUETPOVE KOl oTNnV TEpintmorn mov dwaPactovv dedouévo tvndvovior oto Command

Window.

s = serial ('COM5', 'FlowControl', "hardware', 'Baudrate', 921600, 'Terminator',
|

(s, 'InputBufferSize',5000000);
(s, 'FlowControl', 'none');

set (s, 'BaudRate', 921600);
(
(
(

set (s, 'Parity', 'none');

set (s, 'DataBits', 8);

set (s, 'StopBits', 1);

set (s, 'Timeout', 100);

s.BytesAvailableFcnCount = 1;

s.BytesAvailableFcnMode = 'byte';

s.BytesAvailableFcn = @(src, evt)fprintf(2, '%02x ', fread(src, 1) );
fopen(s);

5.2 Opioudog IinBovg Kavaiiwv mwov Oa ypyoiuomornfoiy

function [ ] = set number of blocks( serial object, num of blocks )

Me v cvvdpmnon set number of blocks ()opileton o TAN0og TOV KAVAADY TOV
6o ypnowomomBovv. Ilpaktikd meplopiletar o apBpdc tov pvnuov BRAMS mov 6o
eoptmBovv pe dedopéva. H tiur tov num_of _blocks mpénet va eivan pia dekoadikn tipn and 1

£mg 24.

5.3 Opiouog Ilijbovg byte mov Oa popTtwBoiy oty uvijun
function [ ] = set memory size( serial object, mem size )
To mAnbog Tev byte opiletor péow ™¢ mapapéTpov MEM_SiZe Kol 1) TN TOL UITOPEL Va. ThpEL

glva amod 0 émg 65535.
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5.4 Soft Reset

function [ ] = set soft reset( serial object )

Me v kAfon g set_soft_reset yivetor soft reset oto cdomua. H cvvaptnon €xer mg

HOVOOIKO OPIGLLO TO GEPLOKO AVTIKEILEVO.

5.5 Opioudg telikijg o1evbvvong avayvwong
function [ ] = set final addr read( serial object, final addr read )

Avt 1 cuvdptnon divel v dvvatdTa v avamapaydel Evo PkpOTEPO GHVOAO delyHdTOV
amd avtd mov Exovv AN eoptwbei. Encidn n dievbuvon avayvoong katd dbo Bit pukpodtepn
amd v debbovveon eyypagng ot Twég mov umopel va wapel n mapdupetpog final_addr_read

glvan petald 0 ko 16383.

5.6 Opioudg tns KaTdoTAGHS ASITOVPYIOS
function [ ] = set test mode( serial object, flag )

Ortav n mapdapetpog flag maipver v typn 0, 10te 10 oOotnuo TiBeTOn o€ KaTAGTOON
KOVOVIKNG AEITOVPYLag Kot ToL OEGOUEVA TTOV EIVOL OTOONKEVUEVO OTIG LVILLEG OVOTTOPAYOVTOL
KUKAKG. Tl ool dnmote GAAN Ty T0 oot tibeton o testing mode, ondte to dedopéva
avamopdyovtal pio LOvo POopa Kol ToTOXPova Yivetal amobKkevoT TV dEdOUEVOV ELGOSOV.
MOMG TEAEUDGEL 1] AVOTOPAY®YT, TO OESOUEVE GTEAVOVTAL OTOUOTO HECH TNG CEPLOKNG

GUVOEGTG GTOV VTOAOYIOTH.

5.7 Opioudg Tov EMITEIOV TAGHS TWY KAVALLDY

H nopduetpog value pnopei va mapet tipéc amod 0 £o¢ 15 mov aviiotoryobv og dlagopikn Taon

omd KOPLPN-GE-KOPLPT TOL PAIVETOL GTOV TOPAKATED TIVOKOL:
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[3:0] Vppp
4'10000 0.269
4'b0001 0.336
4'b0010 0.407
4'b0011 0.474
4'10100 0.543
4'00101 0.609
4'b0110 0.677
4'b0111 0.741
4'11000 0.807
4'b1001 0.866
4'b1010 0.924
4'b1011 0.973
4'11100 1.018
4'b1101 1.056
4'b1110 1.092
4'b1111 1.119

5.8 Evepyomoinon OlicOnon paong

Me v mopdpetpo transceiver_number opiletor o opBudc tov kavaAlod oto omoio O
epappoctel oMobnon edonc. H tun g pmopel va givar and 0 g 23. H mapdperpog
txpippmstepsize pmopei vo  givoaw e dvadik T mwAdtog Sbit pe  dexaefadikn
avarapdotoon. To mo onpoviikd bit txpippmstepsize [4] kaBopiler v avénon 1 v

peiwomn g eaong. Ta vwoérowo téocepa. bit kabopilovv to méc0 Oa petafinbei n pdaon.

function [ ] = txpi enable( serial object, transceiver number,
txpippmstepsize)

5.9 doprwon Agdouévarv

function [ ] = set given data(serial object, final address,
number of blocks, Data)

H cvuvaptnon set_given_data kdvel yprion cuvaptice®v yoUnAdTEPOL ETMESOL Y10, Vo BEGEL
Tov aplfud tov Kavoldv kol to mAnfoc tov byte mov Ba goptwboldv. H mapdpetpog
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final_address mpocdiopiler 10 mAnBog tov dedopévov mov Oa oamobnkevtodv evd 1
number_of_blocks 6ételr tov apiBud tov xavolodv mov Ba eoptmbovv pe dedopéva. Xtov
mivako Data mpémer va givar kotaympnuéve mov 8o poptwbovv. To péyeBog tov mivaka

npénet  vo  eglvar ico pe 10 ywopevo 1tV mopapétpev  final address  *
number of blocks.
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Metpnoeig, Amotreiéouara kar MEALOVTIKES

Enextooceig

e ovtd T0 KEPAANIO cLVOWIOVTOL Ol TEPOUOTIKEG UETPNGELG KOL TO OTOTEAEGLOTOL TNG

vAomoinong. Eriong mpoteivoviatl peALOVTIKEG ETEKTAGELS TOV TAPOVTOG GUGTHUOTOG.
6.1 Xovown

¥1t6%0¢ TG TOPOVoEG OSWAMUOTIKAG MTav 1 avamtuén €vOg  GUTOUOTOTOUEVOD
GUOTNUOTOC EAEYXOV OAOKANPOUEVOV KUKAOUATOV LYNADV TOYVTNTOV. ZUYKEKPIUEVA
vAomomOnke M AETOVPYIKOTNTA TNG OVATOPUY®OYNG TOPAAANA®V  SOVUGUAT®V, TNG
gvbuypappion eaonc tov dedopévayv, e pOHOUENE TAPAUETP®Y, TG POPTMANG dedOUEVMV
KOl TNG GVAAOYNG Oe0UEVEOV KOl OITOGTOANG TOLG GTOV LIOAOYLOTN Yo emPefaimon g
opOng Aertovpyiog T cvokevn Vo EAeyyo. H kawvotopio ot oyediaon £yKettal 6To yeyovog
OTL €QOpUOLETOL ALTOLOTY EVBVYPAUULOT] TOV OECOUEVMV.

Y10 TpdTa Ke@arato divovtal ol amapaitntes BempnTikég Pacelg mov yperdlovTol yio TNV
oyediaon kai viomoinon adyopibuwv ce FPGA. AxoloObmg mapovotdlovial ol TOUTOdEKTEG

VYNADV TOYVTHTAOV, 1] OPYEAVOCT] TOLS KOl T VITOGVGTI LA TTOV TOVS OTOTEAOVV.
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IMa v peiétn, oyediaon Kot VAOTOINGT TOL GUOTNHOTOC EAEYYOL aKOAOVONONKE N €ENG

owodtkooio:

1.

Apyucd  peArethnioy ol TOUTOOEKTEG LYNADY TAXLTATOV KOl opioTnKav ol
MEPLOPIGUOL TOV GUGTHUOTOC, T.Y. CLYVOTNTA HETASOONC, ONUIOVLPYIC POAOYLOV
ovapopag,.

AxoloOOnce M oxedloon ™G APYITEKTOVIKNG TOV GUGTHUOTOS LE TOV OPICUO TMV
VIOUOVAS®V OV TO GLVOETOVV KOt 1) GLYYPAPT TOV KOdKa oe YA®ooa Verilog y
K@Oe por amwd TIg LVTOUOVADEC.

Xt ouvvéyeln yo. kGOe o amd Tic vmopovadec (modules) kotaokgvdoTnKoy
testbenches ot exteréotnkav mpooopoidoelg yioo v emniPePfaiwon g opbng

Agrtovpyiog OA®V TV VIOROVAS®OV EEY®PIOTA KOl TOV OAOV GUGTHLLOTOG,
Opiotnkoav meplopiopoi (constraints) yio tnv viomoinon tev povadwv oto FPGA.

AxolovOnoe n ovvBeon kot viomoinor tov cvothpatog oe FPGA kavovtog ypron

™ mhateoppog Vivado 15.2.
Egpapudotnkav teyvikég time closure yio vo emilvbodv mpofinuata ypovicpov.

To bitstream 7mov mopdyetor perd v vAomoinon ypnoylomomibnke yw TOV

npoypoppationd tov FPGA.

"Eywve ouyypagn kodiko oe MATLAB yuo tnv dnpiovpyio cuvaptnong xepiopon g

TAOTPOPLLOG.

Téhog €yve éheyyog TNG GMOTNG AELTOVPYIOG TOV GLOTNUATOG GLVOEOVTAG KOOEVA
omd TO KAVAALL GE TOAUOYPAMO KOl ETKOWVOVIO PE MAEKTPOVIKO VTOAOYIOT Y10
OTTOGTOAN EVTOAMYV, KOl OTOGTOAN Kot ANym dedouévav. EALyyOnkav xor ot dvo

KOTOOTAGELS AELITOVPYIOG.

6.2 Merpnoeig

6.2.1 Empfefaiowon ths allomiotios TS 6OVIEGNS HE NAEKTPOVIKO DIOLOYIGTH

Mo Boctkn omoitnon Tov GLOGTAUOTOS €ivol vo, Uy LTAPYOVYV COUANNTO KOTO TNV

petddoon kot Aqyn dedopévov petald niektpovikod vroioyiot) kot FPGA. T tov Adyo

avto cvvtdydnke MATLAB script to omoio kataokevdlet apyeio pe Toyoia dedopéva, Enerta

ta otélvel oto FPGA. Ano v mhevpd tov FPGA 1o 6edopéva Aappavovtal, amodnikebovrol

0€ UTAOK UVAUNG KOl VOTEPO OMOGTEAAOVTOL TIG® GTOV VTOAOYIOTH Kot amobnikebovial 6
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éva, apyeio avayvoonc. Ta 0vo apyeia cuykpivovtar peta&d Tovg Yo vo emiPePainbei 6T dev

vIdpyovy cEaALOTO 6TV emtkovmvia Tov FPGA pe tov vtoAoyioth.

6.2.2 Empfefaiwon ths avtopatns evOvypouuions pacns

Ta dedopéva eivar amapaitnto va givol cuyypovicpéva yio va Anedovv yopic Aabn amd
TNV GLOKELT] VIO EAEYY0. XTI TOPAKAT® EIKOVEG PAIVOVTOL CTIYUIOTLTO OO UETPNOELS GE
naApoyphoo mov emPePardvouv OtL €xel yiver evBuypdppion. Znv TpdT) €1KOvVa 1 TV
ypopp &tvalr o pohdl ovapopdc Kot ot GAkeg 600  ypappés €xovv  otobepd
enovaiapPovopevo pattern 00001111 (peoaia ypopuun) ko 11001100 (kdto ypopun). Xtnv
OgvTEPT] EIKOVA KPOTMOVTOG OTOOEPEC TIC 6V0 KATMO YPOUMES, Yo avapopd, £Puprolovpe

Toyaio 6edopéva oTNV TPAOTN KoL TOPATNPOVUE Kot TAAL evfuypdppucn edong.

File Control Setup Measure Analyze Utilities
Acgquisition is stopped.
20.0 GSafs 1.00 kpts 8GHz Standard BW

_—
H- BrH - BlEH Bl

Help 5 Aug 2015 3:07 Ph
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6.2.3 PibBuion tov emirédov tdong

Extedovtag v ovvdptmon v ouvvlptnon set driver swing control pue

TOPALETPO!
e TXDIFFCTRL =1:
set driver swing control(s, 1);
[Mopotnpeitor tdon amd Kopuen o€ kopuen Vp, = 200mV
e TXDIFFCTRL =1:
set driver swing control(s, 1);

IMopatnpeiton tdon and kopver e kopoen Vp, = 440mV
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File Control Setup Measure Analyze Utilities Help 1 Oct 2015 3:02 PM

20.0 GSa/s 1.00 kpts

(1of2)
Delete p-pl4) Vop-pl ) V p-pl2) V min(1)
All Current 281 mV 184 mV¥ Source off

Mean . 203.1 m¥ 78,1l mV ---------------
Min 184 mV 171 m¥
215 m¥ 198 m¥ 00 memeeeeeeoao-o-

File Control Setup Measure Analyze Utilities Help 1 Oct 2015 3:03 PM

1.80 kpts 8GHz Standard BW

More

(10of2)

Delete V p-p(4) V p-pi2) V min(1)
All Current 7 404 my Source off

Mean 7 . 321.41 mv e
Min ? 171 mv
A Y ==ee==cco==cco-
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6.2.4 PvBuicn tys pdomeg.

Me kMjon g ovvdptmong txpi enable(s, '17', '01') divoviog 6to de0TEPO
opwope oV aplipd TOL KOVOAOD KOl G TPITO OPIGHO TNV TIUA TNG TUPOUETPOV
TXPIPPMSTEPSIZE[4:0] énog éxetl meptypapel 610 KEPAANLO 3 UTOPOVUE VOl LETATOTIGOVLE
v @don kabe Kavoilod Eexwplotd. TTo TUPUKATO GTIYHOTLO, TOPATPOVUE TNV Ueimon
Mg @aong (UETATOMION TPOG TO. UPLOTEPH) TOV TAVE® (TPAGIVOV) KOVOALOD UE OLUOOYIKES

KANOELG TNG GLVAPTNONG.

1 Oct 2015 9:48 AM

[ 8GHz Standard BwW
PEN " R =k =
v ~ v ~ v ~

File Control Setup Measure Analyze Utilities Help

20.0 GSa/s 1.00 kpts
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File Control Setup Measure Analyze Utilities Help 1 Oct 2015 9:47 AM

20.0 GSa/s 1.00 kpts 8GHz Standard BW

More

(10f2)

Delete n V min{l)
All Current Source off

File Control Setup Measure Analyze Utilities Help 1 Oct 2015 9:48 AM

20.0 GSa/s 1.00 kpts

More

(10f2)

Delete V min{1)
All Current  Source off
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6.3 Amoreléouara Yiomommuévns Lyediaons

e auth TV evotnTa mopovctdlovTol To amoterécpata ypHone topwv tov FPGA petd myv

oLVOeGT KOl LAOTOINGT| TOV GUGTHUATOG

6.3.1 Xpnon Illopwv

[Mopakdte eaivovtal To T060GT XPNoNg TV JOEcIL®Y TOP®V OV JSBETEL | GVoKELN

XC7VX690T-3FFG1927E

Resource Ltilization Available Utilization %%
FF 153392 866400 2.12
LuT 20431 433200 4.73
Memory LUT 792 174200 0.45
Ij0 32 200 53.33
BR.AM 335 1470 26.19
BUFG 15 32 45.338
MMCM 4 20 20,00
GT 24 100 24.00
FFll 2%
LUT 5%
Memory LUT | 1%
Ijo 50y
BRAM - 26%
BLIFG 47 %
MMCM Z20%
GT 7 Z4%0
T T T T T T
0 25 S0 75 100

6.3.2 Aixtvo dracivvoeons tov FPGA

Litilizakion (%)

2TV TopaKAT® EKOVO POIVETOL ETOTTIKA TO d1KTLO dlaoHVOESTG TV TOprV Tov FPGA.

Onwg gaivetal 1 cLoKeLN elval YOPIGUEVT G€ TTEPLOYES OTOV KAOe meployn Exel To dkd NG

dikTvo d1adoomg Poroylov. XTI KUTOKOPLEES oTHAEG Ppiokovtol tomobemuéva o UThok

pvnung.
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6.3.3 Amoteiéouara Xpovicuov

6.3.3.1 Setup Time

Waorst Megative Slack (WNS): 0,543 ns
Total Megative Slack (THNS):  Ons
Mumber of Failing Endpoints: 0

Total Mumber of Endpoints: 22328
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6.3.3.2 Hold Time

Warst Hald Slack {WHS): 0.021ns
Total Hold Sladk (THS): 0ns
Mumber of Failing Endpoints: 0

Total Mumber of Endpoints: 22328

6.3.3.3 Pulse Width

Warst Pulse Width Slack (WPWS): 0.72ns
Total Pulse Width Negative Slack (TPWS): 0ns
Mumber of Failing Endpoints: 0

Total Number of Endpaints: 12356

6.4 Amoteléouaro uETpnons KAToVAiwGNS IGYVOS

Total On-Chip Power: 7.589 W
Junction Temperature: 31,4 °C

Thermal Margin: 63,6 "C (76,9 W)
Effective G1A: 0,3 "Cfw

Power supplied to off-chip devices:  0.004 W

6.5 Meliovrikéc Enextacels

Mepucéc amd Tig LEAMOVTIKEG EMEKTAGELS TOL VILAPYOVTOG CUGTHUATOC vl ot ENG:

1. Ylomoinon oiyopibuov Cyclic Redundancy Check (CRC) yw tov evtomiopd

COUALATOV KOTO TNV HETAO0O0T OE00UEVOV OO KOl TPOG TOV VITOAOYIOTH.

2. Tayotepn emkowvovia FPGA pe vroloyiom) péow PCI Express.

3. Eméxtaon g pvnung pe e€otepkn pviun DDR3 SDRAM.

4. Ylomoinon olyopiBumv ynoukng emeepyaciog ONUOTOS Yo TNAETIKOWVOVIOKEG
EQOPLOYEC.
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Kodwkag Heprypapnc Yiikov oe \erilog.

7.1 Controller UART

module controller uart #
(
// Memory Blocks

parameter ADDR WIDTH =

parameter NUMBER OF BLOCKS

// UART Receiver

parameter DBIT = 8,
UART

parameter SB_TICK = 16,

parameter DVSR = 14

input uart clk,
input user clk,

input reset,

input wire rx,

24,

// Number of data bits transmitted and received by

// Number of ticks for stop bits
// baud rate divisor

// DVSR = 200MHz / (16 * baud rate)

output wire [64 * (NUMBER OF BLOCKS - 1)- 1:0] data out b extended,
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output wire [63:0] clk data out,

output wire soft reset,

output wire [3:0] diffctrl param,

// TX Phase Interpolator

output wire [2 ** NUMBER OF BITS IN BLOCK COUNTER - 1:0] txpi selector,
output wire [4:0] txpippmstepsize,

output wire txpippmsel,

// Write Receiver Data
output wire start writing,

output wire test completed

// Signal Declaration

localparam NUMBER OF BITS IN BLOCK COUNTER = log2 (NUMBER_OF BLOCKS) ;

wire [7:0] instruction;
wire test mode;
wire fetch;

wire data_ transmission_complete;

// VIO ouputs

wire [ADDR WIDTH - 1 : 0] final addr write;
wire [ADDR WIDTH - 3 : 0] final addr read;
wire [10:0] txpi param, txpi param hold;

wire [NUMBER OF BITS_ IN_ BLOCK COUNTER - 1:0] num blocks_param;

wire start data_ loading;
wire [4:0] contr_current state;

wire [ADDR WIDTH - 1:0] address_a;

// UART
wire tick;
instruction controller #
(
.ADDR_WIDTH (ADDR WIDTH),
.NUMBER_OF BLOCKS (NUMBER_OF BLOCKS)
)
instr controller
(
.clk(uart clk),
.reset (reset),

.instruction code (instruction),
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.fetch _instruction(fetch),

.data_transmission_ complete (data transmission complete),

.mem_ size param(final addr write),

.final address read param(final addr read),
.diffctrl param(diffctrl param),
.num_blocks_param(num _blocks_param),
.soft_reset (soft reset),

.start _data loading(start data loading),
.test mode (test mode),

.txpi param(txpi param),

// Debugging
.current_state(contr_ current_ state)
)i
data hold #
(
.WIDTH(11),
.HOLD CYCLES (1000)
)
data_holder
(
.clk(uart_clk),
.reset (reset),
.async_in(txpi param),

.out (txpi param hold)

assign txpippmstepsize = txpi param hold[5:1];

assign txpippmsel = txpi param hold[0];

decoder #
(
.NUMBER_OF_ BLOCKS (NUMBER OF BLOCKS)
)
txpi decoder
(
.select (txpi param hold[10:6]),
.out (txpi selector)
)i

// Instatiation of UART Receiver
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uart rx #
(
.DBIT (DBIT),

.SB_TICK(SB_TICK)

uart rx unit

.clk(uart_clk),
.reset (reset),
.rx(rx),
.s_tick(tick),
.rx_done_ tick(fetch),

.dout (instruction)

// Baud Rate Genarator
mod m counter #
(

.M(DVSR) // 14

baud _gen_unit

.clk(uart_clk),
.reset (reset),

-a(),

.max_tick(tick)

vio 0 vio_controller
(
.clk(uart_clk), // input wire clk
.probe in0(final addr write), // input wire [19 : 0] probe in0

.probe inl(diffctrl param), // input wire [3 : 0] probe inl

.probe_in2 (contr current state), // input wire [3 : 0] probe in2
.probe_in3(address_a), // input wire [15 : 0] probe in3
.probe_in4 (instruction), // input wire [7 : 0] probe in4
.probe_in5 (num blocks param) // input wire [4 : 0] probe inb

memory manager #

(
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// Memory Blocks
.ADDR WIDTH (ADDR_WIDTH),
.NUMBER_OF BLOCKS (NUMBER_OF BLOCKS)
)
mem manager
(
.clka(uart_clk),
.clkb (user_clk),
.reset (reset),
.start (start _data loading),
// limits

.number of blocks (num blocks param),

.final addr write(final addr write),

.final addr read(final addr read),

// uart

.rx_done_ tick(fetch),
.rx_data_ out (instruction),

// Write Receiver Data Control Signals
.test mode (test mode),

.start writing(start writing),

.test completed(test completed),

// output

.data out b extended(data out b extended),
.clk_data_out (clk data out),
.data_transmission_ complete (data transmission complete),

.address_a (address_a)

// log2 constant function

function integer log2 (input integer n);
integer 1i;

begin
log2 = 1;
for (1 = 0; 2 ** 1 <n; i =1+ 1)

log2 = 1 + 1;
end

endfunction

endmodule
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7.1.1 Instruction Controller

module instruction_controller #

(
parameter ADDR WIDTH = 16,
parameter NUMBER _OF BLOCKS = 24,
// Default memory size = 56 = 0x38
parameter default mem size first byte = 8'h38,
parameter default mem size second byte = 8'h00,
parameter default final addr read = 8'h0f,

// The default value of the driver swing control corresponds to Vppd = 0.973V

parameter default diff ctrl = 4'hB,
parameter default num of blocks = 5'hl18
)
(
input wire clk, reset,
input wire [7:0] instruction_code,
input wire fetch_instruction,
input wire data_ transmission_complete,
output wire [ADDR WIDTH - 1:0] mem_size param,
output wire [ADDR WIDTH - 3:0] final address read param,
output wire [3:0] diffctrl param,

output wire [NUMBER OF BITS IN BLOCK COUNTER - 1:0] num blocks param,

output wire [10:0] txpi param,

output wire soft_reset,

output wire start data loading,
output wire test mode,

// Just For Debugging

output wire [4:0] current_state

localparam NUMBER OF BITS_IN BLOCK COUNTER = log2 (NUMBER_OF BLOCKS) ;

localparam[7:0]

Set Memory Size = 8'h42,
Set_Driver_ Swing_ Control = 8'h43,
Set_Soft_Reset = 8'h44,
Load_Data = 8'h45,
Set_Number_ of Blocks = 8'hdo,
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Enable_Phase_Inerpolator = 8'h47,

Set Final Address Read = 8'h48,

Set Test Mode ON = 8'h49,

Set Test Mode OFF = 8'h4a;
ittt
it States —-————----—---—————-———————— o
[/ mm T oo
localparam([4:0]

idle = 5'b00000,

instruction_fetch = 5'p00001,

// Instruction: Set Memory Size

mem_size = 5'p00010,
first mem size byte = 5'b00011,
second_mem_size byte = 5'b00100,
third mem size byte = 5'pb00101,

// Instruction: Set Driver Swing Control

diff ctrl = 5'b00110,

write diff ctrl param = 5'b00111,
// Instruction: Set Soft Reset

set _soft reset = 5'b01000,

// Instruction: Load Data

data_ transmission = 5'p01001,

end_of data_transmission 5'p01010,

// Instruction: Set Number of Blocks

set_number of blocks = 5'p01011,

write num _of blocks 5'p01100,

// Instruction: Enable Phase Interpolator

phase interpolator enable = 5'pb01101,
phase interpolator num = 5'pb01110,
txpippmstepsize = 5'b01111,
phase_interpolator send = 5'b10000,

// Instruction: Set Final Address Read

final address_read = 5'b10001,

first_final address_read byte = 5'b10010,

second final address read byte = 5'bl10011,

third final address read byte = 5'p10100,

// Instruction: Set Test Mode ON

set test mode on = 5'b10101,

// Instruction: Set Test Mode OFF

set_test_mode_ off = 5'p10110;
A ittt
[/ == Signal Declaration ——--—-=----—-—--—-———-——o—oo oo
A e i




reg [4:0] state_reg, state next;
reg test mode reg, test mode next;

// Memory Size

reg [7:0] mem size first byte, mem size first byte next;
reg [7:0] mem_size_second_byte, mem_ size_ second_byte next;
reg [3:0] mem_size_third byte, mem size_third byte_ next;

// not used for 1l6bit address
reg [ADDR WIDTH - 1:0] mem size param reg, mem_size_param_reg_next;
// Set_Final Address_Read

reg [7:0] final address_read_first_byte_reg,

final address read first byte next;

reg [4:0] final address_read_second_byte_reg,

final_address_read_second_byte_next;

reg [3:0] final address_read third byte reg,
final_address_read_third byte next; // not used for 16bit address

reg [ADDR WIDTH - 3:0] final address_read param reg, final address_read param_ next;
// Differential Voltage Swing Control

reg [3:0] diffctrl param reg, diffctrl param reg next;

reg [3:0] diff ctrl reg, diff ctrl reg next;

// Number of Blocks

reg [NUMBER OF BITS_IN BLOCK COUNTER - 1:0] num_of blocks_reg, num_of blocks_next;

reg [NUMBER_OF BITS_IN_BLOCK_COUNTER - 1:0] num_of blocks_param reg,

num_of blocks_param_next;
// TX Phase Interpolator

reg [5:0] phase interpolator num_reg, phase_interpolator num next; // Choose 1 between 64

(2 ~ 6) transmitters
reg [4:0] txpippmstepsize reg, txpippmstepsize next;

reg [11:0] txpi param reg, txpi_param next;

e /7
e State Register ———--—-—-—--——-—————-—————-——- //
/) ST //

always @ (posedge clk, posedge reset)
begin

if (reset)

begin
state_reg <= idle;
test mode reg <= 1'b0;

// Memory Size

mem size param reg <= {default mem size second byte,
default_mem_size first byte}; // For more than 1l6bit address change this line

mem_size first byte <= default_mem_size_ first byte;

mem_size_ second byte <= default_mem_size_ second_byte;

mem_size_ third byte <= 4'h0;

// Set Final Address Read
final address read first byte reg <= default_ final addr_read;
final address read second byte reg <= 4'h0;

final address_read third byte reg <= 4'h0;
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final address read param reg

diffctrl param reg <=
diff ctrl_reg <=
num_of blocks_reg <=
num_of_ blocks_param_reg <=
phase_interpolator_num reg <=
txpippmstepsize_reg <=
txpi_param reg <=

end

else

begin
state_reg <=
test_mode_reg <=
// Memory Size
mem size param reg <=
mem_size first byte <=
mem size second byte <=
mem size third byte <=

// Set Final Address Read

<= {4'h0, default final addr read};

default diff ctrl;
default diff ctrl;
default num of blocks;
default num of blocks;
6'b000000;
5'p00000;

11'b00000000000;

state_next;

test_mode_next;

mem size param reg next;
mem_size first byte next;
mem size second byte next;

mem_size third byte next;

final address read first byte reg
final address read second byte reg

final address read third byte reg

<= final address read first byte next;
<= final address read second byte next;

<= final address read third byte next;

final address_read_param_ reg

diffctrl_param_reg <=
diff ctrl reg <=
num_of blocks reg <=
num_of blocks param reg <=
phase_interpolator num reg <=
txpippmstepsize reg <=
txpi param reg <=
end

end

[/ mmmmm e

[/ ——mmm e Next-State

[/ mmmmmm oo

always @ *

begin
state_next =
test_mode_next =
// Memory Size
mem_size param reg next =
mem_size first byte next =
mem size second byte next =

mem_size_ third byte_ next =

<= final_address_read_param_next;

diffctrl param reg next;
diff ctrl reg next;
num_of blocks next;

num_of blocks param next;

phase_interpolator num next;
txpippmstepsize next;

txpi param next;

state_reg;

test_mode_reg;

mem_size param reg;
mem_size first byte;
mem_size second byte;

mem size third byte;
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// Set Final Address Read

final address read first byte next =
final address read second byte next =

final address read third byte next =

final_ address_read_param next
// Differential Voltage Swing
diff ctrl_reg_next =
diffctrl param_reg_next =
// Number of Blocks

num_of_ blocks_next =
num_of blocks_param_next =
// TX Phase Interpolator
phase_interpolator num next =
txpippmstepsize next =

txpi_param next =

case (state_req)
idle:
begin
txpi_param next =
if
state_next =
else

state_next =

end

instruction fetch:
begin

case

final address read first byte reg;

final address read second byte reg;

final address_read third byte reg;
= final_address_read_param_reg;

Control

diff ctrl_reg;

diffctrl_param_reg;

num_of blocks_reg;

num_of blocks_param_reg;

phase_interpolator num reg;

txpippmstepsize reg;

txpi_param reg;

11'b000000000000;

(fetch_instruction == 1'bl)

instruction_ fetch;

idle;

(instruction_code)

// Instruction: Set Memory Size

Set Memory Size:

state next = mem size;

// Instruction: Set Final Address Read

Set_Final Address_Read:

state_next

= final_address_read;

// Instruction: Set Driver Swing_ Control

Set_Driver Swing Control:

state_next

= diff ctrl;

// Instruction: Set_Soft_Reset

Set_Soft_ Reset:

state_next

= set_soft_reset;
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// Instruction: Load Data
Load Data:

state_next = data_transmission;

// Instruction: Set Number of Blocks
Set Number of Blocks:

state next = set number of blocks;

// Instruction: Enable Phase Interpolator
Enable Phase_Inerpolator:

state_next = phase_interpolator_enable;

// Instruction: Set_Test_ Mode ON
Set_Test_ Mode ON:

state_next = setitestimodeion;

// Instruction: Set Test Mode OFF
Set_Test Mode OFF':

state _next = set test mode off;

default:
state_next = idle;
endcase

end

set_test mode on:
begin
test_mode next = 1'bl;
state_next = idle;

end

set _test mode off:
begin

test mode next = 1'b0;

state_next = idle;
end
/) ST oo
e Instruction: Set_Final Address_Read ----------
/) oo

final address_read:
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if (fetch instruction == 1'bl)
begin
state next = first final address read byte;
final address_read_first_byte next = instruction_code;

end

first final address_read byte:

if (fetch_instruction == 1'bl)
begin

state_next = second_final_address_read_byte;

final address_read_second byte next = instruction_code[3:0];
end

second_final address_read byte:
if (fetch_instruction == 1'bl)
begin
state next = third final address read byte;
final address read third byte next = instruction code[3:0];

end

third final address_read byte:

if (fetch instruction == 1'bl)
begin
final address_read param next = {final address_read second byte next,

final address read first byte next};

state_next = idle;

end
A e bt //
[/ === Instruction: Set Memory Size —----—---------- //
/) ST - //
mem_size:
if (fetch_instruction == 1'bl)
begin
state_next = first mem size byte;
mem size first byte next = instruction_code;
end
else

state_next = memisize;

first mem size_byte:
if (fetch instruction == 1'bl)
begin
state next = second mem size byte;
mem_size_second_byte next = instruction_code;
end

else
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state next = first mem size byte;

second mem size byte:
if (fetch instruction == 1'bl)
begin
state_next = third mem size_byte;
mem_size third byte next = instruction_code[3:0];
end
else

state_next = second mem size_byte;

third mem size byte:
if (fetch_instruction == 1'bl)
begin

// For more than 1l6bit address change this line to: mem size param reg next =

{mem_size_ third byte, mem size_second byte, mem size first byte};

mem_size param reg next = {mem_ size_second _byte, mem size first byte};
state_next = idle;
end
else
state next = third mem size byte;
/) ST oo //
[/=mmmm e Instruction: Set Driver Swing Control —------------- //
/) ST oo //
diff ctrl:
if (fetch instruction == 1'bl)
begin
state_next = write_diff ctrl param;
diff ctrl reg next = instruction code[3:0];
end
else

state_next = diff ctrl;

write diff ctrl param:
begin
diffctrl param reg next = diff ctrl reg;

state next = idle;

end
[/ s //
[/ = e s Instruction: Set Number of Blocks  ------- //
/] m e !/

set _number of blocks:
if (fetch instruction == 1'bl)
begin
state_next = write_num of blocks;
num_of blocks_next = instruction_code[NUMBER_OF BITS_IN_BLOCK_COUNTER - 1:0];

end
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else

state_next = set number of blocks;

write num of blocks:

begin

num of blocks param next = num of blocks reg;

state_next = idle;

end
F e //
[/ ==mmm e Instruction: Set Soft Reset  —--—-——---—-———-—————-———- //
F e //
set_soft_reset:
state_next = idle;
/o //
[/ == Instruction: Load Data  —————=—-—-———--—————-—————————— //
F e ittt bt //
data_transmission:
state next = end of data transmission;
end of data transmission:
begin
if (data_transmission complete == 1'bl)
begin
state_next = idle;
end
else
state_next = end of data_ transmission;
end
J e ittt bt //
[/ ==mmm Instruction: Enable Phase Interpolator  —-—-—-————=--—————-———————— //
/oo //

phase_interpolator_enable:
if (fetch instruction == 1'bl)

begin

state next = phase interpolator num;

phase interpolator num next = instruction code[4:0];

end

else

state next = phase interpolator enable;

phase_interpolator num:
if (fetch_instruction == 1'bl)
begin

state next = txpippmstepsize;

txpippmstepsize next = instruction code([4:0];
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end

else
state next = phase interpolator num;
txpippmstepsize:
begin
txpi_param next = {phase_interpolator num reg, txpippmstepsize_reg, 1'bl};
state_next = idle;
end

// Default Next State is idle.

default:
state_next = idle;
endcase
end
/] oo //
[/ mm e Output Logic ——=--==-—-----—-—--——m—mm oo //
/] oo //
assign mem size param = mem_size param reg;
assign final_address_read_param = final_address_read_param_reg;
assign test_mode = test_mode_reg;

assign diffctrl_param diffctrl_param_reg;

assign num_blocks_param = num_of blocks_param_reg;

assign txpi_param = txpi_param_next;

assign soft_reset = (state_reg == set_soft_reset);
assign start_data_loading = (state_reg == data_transmission);

// Debugging

assign current state = state_reg;

assign first byte = mem_size first byte;
assign second byte = mem_size second byte;
assign third byte = mem size third byte;

// log2 constant function
function integer log2 (input integer n);

integer i;

begin
log2 = 1;
for (1 =0; 2 ** 1 <n; 1 =1 4+ 1)
log2 =1 + 1;
end
endfunction
endmodule
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7.1.2 Data_Holder

module data hold #

(

parameter WIDTH

parameter HOLD CYCLES =

input wire clk,

input wire

output wire

localparam[1:0]

idle

start

[WIDTH - 1 : 0]

11,

100

reset,

async_in,

count up = 2'bll;

reg [1:0]

reg [10:0]

reg [WIDTH - 1
always @

(posedge clk, posedge

state_reg,

count_reg,

[WIDTH - 1 : 0] out
= 2'b00,
= 2'b01,
0] out_reg, out_next;

reset)

if (reset)

begin

end
else

begin

end

state reg <= idle;
count _reg <= 0;

out reg <= 0;

count_reg
out reg

state_reg

// Next-State Logic

always @ *

begin

count_next =
out_next

state_next =

count_reg;
= out_reg;

state_reg;

case (state_req)

idle:
if (async_in[0

begin

state_next;

count_next;

<= count_next;
<= out_next;

<= state_next;

] == 1'b0)
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out next = 0;

state_next = start;

count next = 0;
end
start:
if (async_in[0] == 1'bl)
begin
out_next = async_in;
state_next = count_up;
count_next = 0;
end
count_up:
if (count_reg == HOLD CYCLES)
begin
count next = 0;
state next = idle;
end
else
count_next = count_reg + 1;
endcase
end
assign out = (state_reg == count_up) ? out_reg : 0;
endmodule
7.1.3 Txpi_decoder
module decoder #
(
parameter NUMBER OF BLOCKS = 24
)
(
input [NUMBER_OF BITS IN BLOCK COUNTER - 1: 0] select,
output [2 ** NUMBER OF BITS IN BLOCK COUNTER - 1: 0] out

// Signal Declaration

localparam NUMBER OF BITS IN BLOCK COUNTER = log2 (NUMBER OF BLOCKS) ;

wire [NUMBER _OF BITS_IN_BLOCK_COUNTER - 1: 0] not_select;

wire [NUMBER OF BITS IN BLOCK COUNTER - 1: 0] t [2 ** NUMBER OF BITS IN BLOCK COUNTER
017

genvar 1i,3;
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for (i = 0; i < NUMBER OF BITS IN BLOCK COUNTER; i

not (n

for (1 =0

begin
for (3j
begin
if
el
end
assign
end
// log2 co

function integer log2(input integer n);

intege
begin
log2 =
for (i
lo
end

endfunctio

endmodule

ot select[i], selectl[i

; 1 < 2 ** NUMBER OF BITS IN BLOCK COUNTER; i

1)7

= 0; j < NUMBER_OF BITS_IN_BLOCK_ COUNTER;

((1 > 3) $ 2 ==0)

assign t[i][j] = not_select([]];
se

assign t[i][Jj] = select[jl;
out[i] = &t[i];

nstant function

r i;

1;

=0; 2 ** 1 < n; 1 =
g2 =1i + 1;
n

7.14 UART_RX

module uart rx #

(

// Number
parameter
// Number

parameter

input wire
input wire
output reg

output wir

of data bits
DBIT = 8,
of ticks for stop bits

SB TICK = 16

clk, reset,
rx, s_tick,
rx_done_tick,

e [7:0] dout

i+ 1)
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// Symbolic State Declaration
localparam [1:0]

idle = 2'b00,

start = 2'b01,

data = 2'blO,

stop = 2'bll;

// Signal Declaration

reg [1:0] state_reg, state_next;
reg [3:0] s_reg, s_next;

reg [2:0] n_reg, n_next;

reg [7:0] b_reg, b _next;

// body
// FSMD state & data registers
always @ (posedge clk, posedge reset)
if (reset)
begin
state_reg <= idle;
s_reg <= 0;
n_reg <= 0;
b_reg <= 0;
end
else
begin
state_reg <= state_next;
s_reg <= s_next;
n_reg <= n_next;
b_reg <= b_next;

end

// FSMD next-state logic
always @ *
begin
state_next = state_reg;
rx_done_tick = 1'b0;
s_next = s_reg;
n_next = n_reg;

b_next = b_reg;

case (state_req)
idle:
if (~rx)

begin




state_next = start;

s_next = 07

end

start:
if (s_tick)

if (s_reg == 17)

begin
state_next = data;
s_next = 0;
n_next = 0;
end
else
s_next = s_reg + 1;
data:
if (s_tick)
if (s_reg == 15)
begin
s_next = 0;
b_next = {rx, b_reg[7:1]};
if (n_reg == (DBIT - 1))
state_next = stop;
else
n_next = n reg + 1;
end
else
s_next = s reg + 1;
stop:
if (s_tick)
if (s_reg == (SB_TICK - 1)
begin
state next = idle;
rx done tick = 1'bl;
end
else
s_next = s_reg + 1;
endcase
end
// output

assign dout = b_reg;

endmodule
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7.1.5 Baud Rate Generator

“timescale 1ns / 1ps

/*

*/

The baud rate generator generates a sampling signal whose frequency is exactly 16 times
the UART's designated baud rate. To avoid creating a new clock domain and violating the
synchronous design principle, the sampling signal should function as enable ticks rather

than the clock signal to the UART receiver.

For the 19200 baud rate, the sampling rate has to be 19200 * 16 = 307200 ticks per second.
Since the system clock rate is 50MHz, the baud rate generator needs a mod-163 counter

(50 * 1076) / 307200 = 162., in which a one-clock-cycle tick is asserted once every 163
clock cycles. The parameterized mom-m counter can be used for this purpose by setting the

M parameter to 163.

module mod m counter #

(

// M parameter specifies the limit

parameter M = 14 // Mod-M

input wire clk, reset,
output wire max tick,

output wire [log2(M) - 1:0] g

// Signal Declaration
localparam N = log2 (M) ;
reg [N-1:0] r_reg;

wire [N-1:0] r next;

// Regiser
always @ (posedge clk, posedge reset)
if (reset)
r reg <= 0;
else

r_reg <= r_next;

// Next-State Logic

assign r_next = (r_reg == (M - 1)) ? 0 : r_reg + 1;

// Output Logic
assign q = r_reg;

assign max tick = (r reg == (M - 1)) 2 1'bl : 1'b0;
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// log2 constant function
function integer log2(input integer n);

integer i;

begin
log2 = 1i;
for (1 =0; 2 ** 1 <n; i=1+ 1)
log2 =i + 1;
end
endfunction
endmodule

7.1.6  Memory Manager

module memory manager #

(
// Memory Blocks
parameter ADDR _WIDTH = 16,

parameter NUMBER OF BLOCKS = 24

input wire clka, clkb,

input wire reset,

input wire start,

// limits

input wire [4:0] number of blocks,

input wire [ADDR WIDTH - 1:0] final addr write,
input wire [ADDR WIDTH - 3:0] final addr read,
// uart

input wire rx_done_tick,

input wire [7:0] rx data out,

// output

output wire [63:0] clk data out,

output wire [64 * (NUMBER OF BLOCKS - 1) - 1:0] data out b extended,

output wire data_ transmission_ complete,

// Receiver Data Write Control Signals
input wire test_mode,
output wire start writing,

output wire test completed,
// Testing

output wire [ADDR WIDTH - 1:0] address a

localparam NUMBER OF BITS IN BLOCK COUNTER = log2 (NUMBER OF BLOCKS) ;
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// Signal Declaration

wire [(2 ** NUMBER OF BITS IN BLOCK COUNTER) - 1:0] block enable;

wire [ADDR_WIDTH - 3:0] address_b;

wire [ADDR_WIDTH - 4:0] address_b_clk;

wire [2:0] current_state_db;

wire [(NUMBER _OF BLOCKS - 1) * 32 - 1:0] data_out_b;

// Memory Loader Instantiation
mem_loader2 #
(

.ADDR_WIDTH (ADDR_WIDTH) ,

.NUMBER OF BLOCKS (NUMBER OF BLOCKS)
)
memory loader
(

.clk(clka),

.reset (reset),

.start (start),

.init_addr(0),
.final addr(final addr_write),
.rx_done_tick(rx_done_tick),

.num_of blocks (number of blocks),

.address (address_a),
.data_transmission_complete (data_transmission_complete),

.block enable (block enable),

// Testing Only

.current_state db(current state db)

// Memory Blocks Instantiation
memory blocks #
(
.ADDR_WIDTH (ADDR_WIDTH) ,
.NUMBER_OF_BLOCKS (NUMBER_OF_BLOCKS)
)
mem_blocks
(
.clka(clka),

.clkb (clkb),
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.write enable (rx done tick),
.data_in(rx data out),
.address_a(address_a),

.block enable (block enable),
.addrb (address_b),
.address_b_clk(address_b_clk),
.clk data out(clk _data out),

.data_out (data_out_b)

// Instantiation of Data Extention
data_extention #
(

.NUMBER_OF_BLOCKS (NUMBER_OF_BLOCKS)
)
data_extention_ 32 to 64
(

.data_in(data_out b),

.data_out (data out b extended)

read counter #

(
.ADDR_WIDTH (ADDR_WIDTH)

)

read_counter_unit

(
// Inputs
.clk(clkb),
.reset (reset),
.test_mode (test_mode),
.final addr_read(final_addr_read),
// Outputs
.address_b(address D),
.address_b_clk(address_b_clk),
.start writing(start writing),

.test completed(test completed)

// log2 constant function

function integer log2 (input integer n);
integer 1i;

begin
log2 = 1;
for (1 =0; 2 ** i <n; i=1+ 1)

log2 = 1 + 1;




end
endfunction

endmodule

7.1.6.1 Memory Loader

module mem loader2 #
(
parameter ADDR _WIDTH = 16,

parameter NUMBER OF BLOCKS = 24

input wire clk, reset,

input wire start,

input wire [ADDR WIDTH - 1:0] init addr,

input wire [ADDR WIDTH - 1:0] final addr,

input wire rx done tick,

input wire [NUMBER OF BITS IN BLOCK COUNTER - 1:0]  num of blocks,
output wire [ADDR WIDTH - 1:0] address,

output wire data transmission complete,

output reg [(2 ** NUMBER_OF BITS_IN BLOCK_COUNTER) - 1:0] block_enable,
// Testing Only

output wire [2:0] current_ state db

localparam NUMBER OF BITS IN BLOCK COUNTER = log2 (NUMBER OF BLOCKS);

// Symbolic State Declaration

localparam([2:0]

initial_ state = 3'b000,
check num of blocks = 3'b001,
check num of words = 3'b010,
wait for rx done tick = 3'b011,
load_complete = 3'b100;

// Registers

reg [2:0] state_reg, state_next;

reg [ADDR WIDTH - 1:0] address_reg;

reg [ADDR WIDTH - 1:0] address_next;
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reg [NUMBER OF BITS IN BLOCK COUNTER - 1:0] block count reg;

reg [NUMBER OF BITS IN BLOCK COUNTER - 1:0] block count next;

always @ (posedge clk, posedge reset)

if (reset)

begin
state_reg <= initial_ state;
address_reg <= init_addr;
block_count_reg <= 0;

end

else

begin
state_reg <= state_next;
address_reg <= address_next;
block count reg <= block count next;

end

always @ *

begin
state_next = state_reg;
address_next = address_reg;
block_count_next = block_count_reg;

case (state_req)
initial state:
begin
address_next = init_addr;
block count next = 0;
if (start == 1'bl)
state _next = check num of blocks;
else

state next = initial state;

check _num of blocks:
begin
address_next = init_addr;
if (block_count_reg < num_of blocks)
begin
state_next = check num of words;

end

else

state_next = load complete;
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check num of words:
begin
if (address < final addr)
begin
state next = wait_for_ rx done_ tick;

end

else
begin
state_next = check num of blocks;
block_count _next = block count_reg + 1;
end

end

wait_ for_ rx_done_tick:
begin

if (rx done tick == 1'bl)

begin
state_next = check num of words;
address_next = address_reg + 1;

end

else

state next = wait_ for rx done_tick;

load_complete:

state next = initial state;

default:
state next = initial state;
endcase

end

// One-Hot Decoder
always @ *
begin
// In normal operation, after loading, all memory block enables are deasserted.
if (state_reg == initial state)

block_enable = 0;

else
begin
block enable = 0;
block_enable[block count reg] = 1'bl;
end
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// Output Logic
assign address = address_reg;

assign data transmission complete = (state reg == load complete) ? 1'bl

// Debugging

assign current_state_db = state_reg;

// log2 constant function

function integer log2 (input integer n);
integer i;

begin
log2 = 1;
for (1 =0; 2 ** i <n; i=1+ 1)

log2 =1 + 1;
end

endfunction

endmodule

7.1.6.2 Memory Blocks

module memory blocks #

(

parameter ADDR WIDTH = 16,

parameter NUMBER OF BLOCKS = 24

// Inputs

input wire clka, clkb,

input wire write enable,

input wire [7:0] data in,

input wire [ADDR WIDTH - 1:0] address_a,

input wire [(2 ** NUMBER OF BITS_ IN BLOCK COUNTER) - 1:0] block enable,
input wire [ADDR WIDTH - 3:0] addrb,

input wire [ADDR WIDTH - 4:0] address_b clk,

// Data Outputs

output wire [63:0] clk data out,

output wire [(NUMBER OF BLOCKS - 1) * 32 - 1:0] data_ out

// Signal Declaration
localparam NUMBER OF BITS IN BLOCK COUNTER = log2 (NUMBER OF BLOCKS) ;

genvar i;
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blk mem gen clock block memory clock
(
.clka(clka),
.ena(block_enable[0]),
.wea(write_enable),
.addra (address_a),
.dina(data_in),
.clkb (clkb),
// The address space of block memory clock is half of block memory.
.addrb (address_b_clk),

.doutb (clk_data_out)

generate
for (i = 1; i < NUMBER OF BLOCKS; i = i + 1)
begin: mem block
blk mem gen 0 block memory

(

.clka(clka), // input wire clka
.ena(block_enable[i]), // input wire ena
.wea(write_enable), // input wire [0 : 0] wea
.addra (address_a), // input wire [19 : 0] addra
.dina(data_in), // input wire [7 : 0] dina
.clkb (clkb), // input wire clkb
.addrb (addrb) , // input wire [17 : 0] addrb
.doutb(data out[(32 * (i - 1)) + 31:(32 * (i - 1))]) // output wire [31 : 0]
doutb
)i
end
endgenerate

// log2 constant function

function integer log2 (input integer n);
integer 1i;

begin
log2 = 1;
for (1 =0; 2 ** 1 < n; i =1+ 1)

log2 =1 + 1;
end
endfunction

endmodule
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7.1.6.3 Data Extention

module data extention #
(

parameter NUMBER OF BLOCKS = 24

input wire [ ((NUMBER OF BLOCKS - 1) * 32) - 1:0]
output wire [ ((NUMBER OF BLOCKS - 1) * 64) - 1:0]
)i
genvar i;
generate
for (i = 0; i <= (((NUMBER OF BLOCKS - 1) * 32) -

begin: Verkabelung

assign data out[2*i] = data in[i];
assign data_out([2*i + 1] = data_in[i];
end
endgenerate

endmodule

7.1.6.4 Read Counter

module read counter #

(

parameter ADDR WIDTH = 16

input wire clk, reset,
input wire test_mode,

input wire [ADDR WIDTH - 3:0]

output wire [ADDR WIDTH - 3:0]

final addr_read,

address_b,

output wire [ADDR WIDTH - 4:0] address b clk,

output wire

output wire

// Symbolic State Declaration

localparam[2:0]

idle = 3'b000,
normal_mode = 3'p001,
testing_mode = 3'b010,
start_test = 3'b011,

assert_test completed = 3'b100,

start writing,

test completed
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end of test

wire [ADDR WIDTH - 3:0]
wire [ADDR WIDTH - 3:0]
wire [ADDR WIDTH - 4:0]

// Signal Declaration

reg [2:0]
reg [ADDR_WIDTH -
reg [ADDR_WIDTH -

assign final_adrr_read _even =

assign final_ addr_read clk =

= 3'bl01;

div2 test;
final adrr_read_even;

final addr_read clk;

state_reg, state_next;

3:0] count_reg, count_next;

3:0] count_clk_reg, count_clk_next;
make odd(final addr_ read);

final adrr_read even / 2;

// FSMD state & data registers

always @
if (reset)

begin

(posedge clk, posedge reset)

state reg <= idle;

count_reg <= 0;

count_clk reg <=

end

else

begin
state_reg

count_reg

count_clk reg <=

end

<= state_next;

<= count_next;

count_clk_next;

// FSMD next-state logic

always @ *
begin
state next =

count next =

state_reg;

count reg;

case (state_req)
idle:

if (~test_mode)

begin
state next = normal mode;
count_next = 0;
count_clk next = 0;

end

else

begin
state_next = start_test;

count_next =

0;
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count_clk next = 0;

end

normal mode:
if (test_mode)
begin

state_next = start_test;

count_next = 0;
count_clk next = 0;
end
else
begin
if (count_clk reg == final addr read clk)
count_clk next = 0;
else
count_clk next = count clk reg + 1;
if (count_reg == final_adrr_read_even)
count next = 0;
else
count_next = count_reg + 1;
end

start_test:

begin
state_next = testing_mode;
count_next = count_reg + 1;
count_clk next = count_clk reg + 1;
end

testing_mode:

begin
if (count clk reg == final addr read clk)
count_clk next = 0;
else
count_clk next = count_clk reg + 1;
if (count_reg == final adrr_read_even)
state_next = assert_test completed;
else
count_next = count_reg + 1;
end

assert_test_completed:
begin
count_next = 0;
count_clk next = 0;

state_next = end of test;
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end

end of test:
begin
if (test_mode)
begin

state_next = end_of_ test;

end
else
state_next = idle;
end
endcase
end
// Output Logic
assign address b = count_reg;

assign address b clk = count clk reg;

assign start writing = (state reg == start test) ? 1'bl : 1'b0;

assign test_completed = (state_reg == assert_test_completed) ? 1'bl : 1'b0;

// log2 constant function
function integer log2 (input integer n);

integer i;

begin
log2 = 1;
for (1 =0; 2 ** 1 < n; i =1+ 1)
log2 = 1 + 1;
end
endfunction

function integer make odd(input integer n);

begin
if (n % 2 == 0)
make odd = n - 1;
else
make_odd = n;
end
endfunction
endmodule
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7.2 Write and Transmit Received Data

module write receiver data #
(
parameter WRITE ADDR WIDTH = 9,
parameter READ ADDR WIDTH = WRITE ADDR WIDTH + 3,
parameter DBIT = 8,
parameter SB TICK = 16,

parameter DVSR = 14

input clk, reset,

input gtO_rxusrclk2 i,

input start_writting,

input start_transmission,

input [63:0] gt_rx data,

input [WRITE_ADDR WIDTH - 1:0] final addr write,

input [READ ADDR WIDTH - 1:0] final addr read,

output tx

// Block RAM Write Enable

wire write enable;

// Block RAM PORTA addra

wire [WRITEiADDR7WIDTH - 1:0] addra;

// Start UART TX (send an 8bit word)

wire tx start;

// Every time an 8bit word is transmitted by UART_TX this signal is asseted
wire continue_count;

// Start Address Counter of PORTB for transmission of data to the PC
//wire start_address_counter;

// Block RAM PORTB addrb

wire [READ ADDR WIDTH - 1:0] read addr;

// Baud Rate Generator

wire tick;

// Start Read Counter

// wire start writting pulse;

// 8bit word to be transmitted by UART_TX. BRAM -> uart_tx

wire [7:0] tx data in;

write receiver data_counter #
(

.ADDR_WIDTH (WRITE_ADDR_WIDTH)
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write_rx data_counter_unit
(
// Inputs
.clk(gt0_rxusrclk2 i),
.reset (reset),
.start writting(start writting),
.init_addr write(0),
.final_addr write(final addr_write),
// Outputs
.write_enable (write_enable),

.addra (addra)

blk _mem receiver bram receiver
(
// PortA - Write Port.
.clka(gt0_rxusrclk2 i),
.wea(write enable),
.addra (addra) ,
.dina(gt_rx data),
// PortB - Read Port.
.clkb(clk),
.addrb (read_addr),

.doutb (tx_data_in)

uart_tx #

(
.DBIT (DBIT),
.SB_TICK(SB_TICK)

)

uart _tx unit

(
.clk(clk),
.reset (reset),
.tx start(tx_start),
.s_tick(tick),
.data_in(tx data in),
LEx(tx),

.tx_done_tick(continue_count)

// TX address counter
address_counter #

(

.ADDR_WIDTH (READ_ADDR WIDTH)
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)
addr_counter
(
.clk(clk),
.reset (reset),
.start (start_transmission),
.init_addr (0),
.final addr(final_addr_read),

.continue_count (continue_count),

.tx_start_tick(tx_start),

.count (read_addr),

// Testing Only
.current_state(),

.count _next i()

mod_m_counter #

(

.M (DVSR)
)
baud_gen_unit_tx
(

.clk(clk),

.reset (reset),

-q0)

.max_tick(tick)

endmodule

7.2.1 Received Data Counter

‘timescale 1lns / 1lps

module write receiver data counter #

(

parameter ADDR_WIDTH = 9

input wire clk, reset,

input wire start writting,
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input wire [ADDR WIDTH - 1:0] init addr write,

input wire [ADDR WIDTH - 1:0] final addr write,

output wire write enable,

output wire [ADDR WIDTH - 1:0] addra

// Symbolic State Declaration
localparam [0:0]
idle = 1'bO,

write = 1'bl;

reg state_reg, state_next;

reg [ADDR WIDTH - 1 : 0] addra reg, addra next;

always @ (posedge clk, posedge reset)
begin
if (reset)
begin
state_reg <= idle;
addra_reg <= init_addr_write;
end
else
begin
state_reg <= state_next;

addra_reg <= addra_next;

end

// Next-State Logic
always @ *
begin
state_next = state_reg;

addra next = addra_ reg;

case (state_req)
idle:
begin
addra_next = init_addr_write;
if (start_writting == 1'bl)
begin
state_next = write;
end
else
begin
state next = idle;

end
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write:
begin
if (addra_reg < final addr write)
begin
state next = write;
addra_next = addra_reg + 1;
end
else
begin
state_next = idle;
end
end
default:
state next = idle;
endcase
end
// Output Logic
assign write enable = (state reg == write);

assign addra = addra reg;

endmodule

7.22 UARTTX

module uart tx #
(

parameter DBIT

I
@©

parameter SB TICK = 16

input wire clk, reset,
input wire tx_ start, s_tick,

input wire [7:0] data_in,

output reg tx done_ tick,

output wire tx

// Symbolic State Declaration
localparam [1:0]
idle = 2'b00,

start = 2'b01,

// Number of data bits

// Number of ticks for
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data = 2'b10,

stop = 2'bll;

// Signal Declaration

reg [1:0] state_reg, state_next;
reg [3:0] s_reg, s_next;

reg [2:0] n_reg, n_next;

reg [7:0] b_reg, b_next;

reg tx_reg, tx_next;

// Body
// FSMD state & data registers
always @ (posedge clk, posedge reset)
if (reset)
begin
state reg <= idle;
s_reg <= 0;
n_reg <= 0;
b_reg <= 0;
tx_reg <= 1'bl;
end
else
begin
state_reg <= state_next;
s_reg <= s_next;
n_reg <= n_next;
b reg <= b _next;
tx_reg <= tx_next;

end

// FSMD next-state logic & functional units

always @ *

begin
state_next = state_reg;
tx_done_tick = 1'b0;
s_next = s_reg;
n_next = n_reg;
b_next = b_reg;
tx_next = tx_reg;

case (state_req)
idle:
begin

tx_next = 1'bl;
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if (tx start)
begin
state_next = start;
s_next = 0;
b_next = data_in;
end

end

start:
begin
tx_next = 1'b0;
if (s_tick)
if (s_reg == 15)
begin
state_next = data;
s_next = 0;
n_next = 0;
end
else
s_next = s_reg + 1;

end

data:
begin
tx_next = b reg[0];
if (s_tick)
if (s_reg == 15)
begin
s_next = 0;

b_next = b_reg >> 1;

if (n_reg == 7)
state_next = stop;
else
n_next = n reg + 1;
end
else
s_next = s_reg + 1;

end

stop:
begin
tx_next = 1'bl;
if (s_tick)
if (s_reg == 15)
begin

state next = idle;

105




tx done tick = 1'bl;

end

else

s_next = s reg + 1;

end

endcase

end

// Output

assign tx

endmodule

= tx_reg;

7.2.3 Address Counter

module address counter #

(

parameter ADDR WIDTH = 12

input
input
input
input

input

output wire

wire

wire

wire

wire

wire

clk, reset,

start,

[ADDR WIDTH - 1:0]
[ADDR WIDTH - 1:0]

continue count,

[ADDR WIDTH - 1:0]

output tx_start_tick,

// Testing Only

output wire

output wire

// Symbolic State Declaration

init_ addr,

final addr,

count,

[1:0] current state,

[ADDR WIDTH - 1:0]

localparam [1:0]
idle = 2'b00,
set_tick = 2'b01,

hand_shake = 2'b1l0;

// Signal Declarationh

reg [1:0]

reg [ADDR WIDTH - 1:0]

reg [ADDR WIDTH - 1:0]

state_reg,

count next i

state_next;
count_reg;

count_next;
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// State Register

always @ (posedge clk, posedge reset)

begin
if (reset)
begin
state_reg <= idle;
count_reg <= init_addr;
end
else

begin

state_reg <= state_next;

count_reg <= count_next;

end

// Next-State Logic
always @ *
begin
state_next = state_reg;

count_next = count_reg;

case (state_regq)

idle:
begin
count_next = init_addr;
if (start == 1'bl)
begin
state_next = set_tick;
end
else
state next = idle;
end
set tick:
if (count reg < final addr)
begin
state_next = hand_shake;
count_next = count_reg + 1;
end
else
state_next = idle;
hand_shake:
if (continue_count == 1'bl)
state next = set tick;
else
state_next = hand shake;
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default:
state next = idle;
endcase

end

// Output Logic

assign tx_start_tick = (state_reg == set_tick);

assign count = count_reg;

// Only for testing

assign current_ state = state_reg;
assign count_next i = count_next;
endmodule

7.3 Tcl Script yia Tov mpoypouuaticuo rov SuperClock

Module2

# This is the frequency the SCM2 will be configured to
FHEEHFH AR R R R R R R R R R R R
set freq 265.00

FHEFHEF A H AR AR R R R R R R R R R R R R R R R R

#

# get_valid code - table lookup to find proper ROM code give the frequency (in MHz)

#

proc get valid code { freq } {

set fregs [list 161.13 81.25 162.50 325.00 650.00 173.37 61.44 122.88 153.63 245.76 \
491.52 67.50 81.00 135.00 162.00 106.25 212.50 425.00 62.50 125.00 \
250.00 500.00 187.50 132.81 195.31 265.63 390.63 531.25 76.80 153.60 \
307.20 614.40 19.33 77.76 155.52 311.04 622.08 166.63 333.26 666.51 \
666.75 167.33 669.31 168.05 174.69 100.00 125.00 250.00 75.00 150.00 \
300.00 600.00 74.25 148.50 297.00 594.00 167.06 334.13 668.25 78.13 \
156.25 312.50 625.00 66.67 133.33 166.67 266.67 333.33 533.33 644.00 \
666.67 205.00 210.00 215.00 220.00 225.00 230.00 235.00 240.00 245.00 \
250.00 255.00 260.00 265.00 270.00 275.00 280.00 285.00 290.00 295.00 \
300.00 305.00 310.00 315.00 320.00 325.00 330.00 335.00 340.00 345.00 \
350.00 355.00 360.00 365.00 370.00 375.00 380.00 385.00 390.00 395.00 \
400.00 405.00 410.00 415.00 420.00 425.00 430.00 435.00 440.00 445.00 \
450.00 455.00 460.00 465.00 470.00 475.00 480.00 485.00]
if {S$freq == -1} {
return -1
} else {

set freq code [lsearch -exact $fregs $freq]
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if {S$freq code == -1} {
puts "No valid code for frequency: $freqg!"
} else {

puts "found $freq, will use code $freq code"

return $freq_code

# configure_scm2 - configures the VIO 2.0 core in the design to the specified
# frequency, and starts both the Si570 and Si5368 to that frequency. It also
# checks the frequency counters to make sure the proper frequency is being

# detected.

proc configure scm2 { freq } {
set freq code [get valid code S$freq]
if {$freq code == -1} {
puts "invalid frequency code! Exiting..."

exit

set_property OUTPUT_VALUE_RADIX UNSIGNED [get_hw_probes

{super clock/u vio sclk2 control/si570 addr}]

set property OUTPUT_VALUE_RADIX UNSIGNED [get_hw probes

{super _clock/u_vio sclk2 control/si5368 addr}

set_property INPUT_VALUE_RADIX UNSIGNED [get_hw_probes

{super clock/u vio sclk2 control/si570 freq}]

set_property INPUT_VALUE_RADIX UNSIGNED [get_hw_probes

{super clock/u vio sclk2 control/si5368 freq}]

set_property OUTPUT_VALUE Sfreq code [get_hw_probes
{super _clock/u_vio sclk2 control/si5368 addr}

commit hw vio [get hw probes {super clock/u vio sclk2 control/si5368 addr}]

set_property OUTPUT VALUE 45 [get hw probes {super clock/u vio sclk2 control/si570 addr}]

commit hw vio [get hw_probes {super clock/u vio sclk2 control/si570_addr}

set_property OUTPUT_VALUE 08 [get hw_probes {super_clock/u_vio_sclk2_ control/sclk_out_w}]

commit hw vio [get hw probes {super clock/u vio sclk2 control/sclk out w}]

set property OUTPUT VALUE 1 [get hw probes {super clock/u vio sclk2 control/si5368 clkin}]

commit hw vio [get hw probes {super clock/u vio sclk2 control/si5368 clkin}]

set property OUTPUT VALUE 55 [get hw probes super clock/u vio sclk2 control/si570 idcode]

commit_hw_vio [get_hw_probes (super_clock/u_vio_sclk2_control/siS70_idcode)]

set_property OUTPUT_VALUE 1 [get_hw probes {super clock/u_vio_sclk2 control/si570_start}]

commit_hw_vio [get_hw_probes (super_clock/u_vio_sclk2_control/siS70_start)]
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set property OUTPUT VALUE 0 [get hw probes {super clock/u vio sclk2 control/si570 start}]

commit hw vio [get hw probes {super clock/u vio sclk2 control/si570 start}]

set_property OUTPUT_VALUE 1 [get_hw_probes {super_clock/u_vio_sclk2 control/si5368_start}]

commit_hw _vio [get_hw _probes {super_clock/u_vio_sclk2 control/si5368_start}]

set_property OUTPUT VALUE 0 [get_hw probes {super clock/u_vio_sclk2 control/si5368 start}]

commit_hw_vio [get_hw_probes (super_clock/u_vio_sclk2_control/siS368_start)]

refresh_hw_vio [get_hw vios {hw_vio_1}]

# vio input doesn't have decimal places

set expected freqg [expr $freg * 1000]

set 51570 freq [get_property INPUT_VALUE [get_hw_probes
{super_clock/u_vio_sclk2 control/si570_ freq}]]

set 515368 freq [get_property INPUT_VALUE [get_hw_probes
{super clock/u vio sclk2 control/si5368 freq}]

# The script input has 5 digits of precision and the VIO console has 6. Round off the
VIO value

set 51570 freq [expr round([expr $si570 freq/10])]
set 515368 freq [expr round([expr $si5368 freq/10])]
set si570 freq [expr $si570 freq * 10]

set si5368 freq [expr $si5368 freq * 10]

if {$expected freq == $si570 freq} {
puts "Si570 has expected frequency: Sexpected freq"
} else {

puts "Si570 does not have expected frequency (${expected freq}) : $si570_freq"

if {$expected freq == $s5i5368 freqg} {
puts "Si5368 has expected frequency: S$expected freg"
} else {

puts "Si5368 does not have expected frequency (${expected freq}) : $si5368 freq"

FHEF R R R R R R R R
#

# MAIN

#

FHEFHEF R H AR R R R R R R R R R R R R R R R R
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refresh_hw_device [lindex [get_hw_devices] 1]
refresh hw vio -update output values [get hw vios {hw vio 1}]

configure scm2 Sfreq

refresh hw vio [get _hw vios {hw _vio 1}]
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Kaoikag Lvvaptioewy Bifiiio0nknc o MATLAB

8.1 Eykadiopvon Lepraxns Lvvoeons uetaév FPGA kot

VTTOLOVICTH

clear all;

clc;
s = serial('COM5', 'FlowControl', "hardware', 'Baudrate', 921600, 'Terminator',
Yl)
set (s, 'InputBufferSize',5000000);
set (s, 'FlowControl', 'none');
set (s, 'BaudRate', 921600);
set (s, 'Parity', 'none');
set (s, 'DataBits', 8);
(s,

set 'StopBits', 1);

set (s, 'Timeout', 100);

s.BytesAvailableFcnCount = 1;

s.BytesAvailableFcnMode = 'byte';

s.BytesAvailableFcn = @(src, evt)fprintf(2, '%02x ', fread(src, 1) );

fopen (s);

8.2 Opiouog IinBovg Kavaiimv mov Oa ypyoeiuomoinboiv

function [ ] = set number of blocks( serial object, num of blocks )
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end

% Precondition: 1 <= num of blocks <= 24
if ((num of blocks > 24) && (num of blocks < 1))

error ('The value of num of blocks must be between 1 and 24.")
end

% Set the number of memory blocs. The size is a 5bit unsigned number.
2byte instruction: (opcode = 0x43) (Byte)

If not used the default number of blocks is 4.

Example of use: Set TXDIFFCTRL to 0x03.
fwrite(serial object, hex2dec('46'"))
fwrite(serial object, num of blocks)

o° oo o

opcode 0x46
Byte = 0x03

o oP

8.3 Opiouoc IlinBovg byte mov Oa poptwBody oty uvijun

function [ ] = set memory size( serial object, mem size )
9999000000000000000000000000000000000000000000000000000000000000000
355 %5%%5555555%5%%%%%5%55%5555%5%%%3%%5%5%55555%5%%%3%5%5%555555%5%%3%%5%555555%5%5%%%%
00000000000000000 00000000000000000000
$5%%5%%55%5%5%5%%5%5% Instructlon: Set Memory Size $5%%5%%%5%5%%55%555%6005%
9990000000000000000000000000000000000000000000000000000000000000000
53%%%%%55555%5%5%%%%%5%55%5555%5%%%3%5%%555555%5%%%3%%%5%5%% 5%%%%%%5%5%5%5%5%5%%%%%

0x42

Set the size of memory. The size is a 20bit un
4byte instruction: (opcode = 0x42) (1st Byte) (2nd Byte) (3rd Byte)
If not used the default memory size is Ox001FF = 511.

Example of use: Set the memory size to 0x40302.

o° odP oo o°

most significant byte = mem size(1l:2);
middle byte = mem size(3:4);
least significant byte = mem size(5:6);

fwrite(serial object, hex2dec('42'")) % opcode
= 66
fwrite(serial object, hex2dec(least significant byte)) % Least

Significant Byte = 0x02

fwrite(serial object, hex2dec(middle byte)) % Middle
Byte = 0x03

fwrite(serial object, hex2dec(most significant byte)) % Most
Significant Byte = 0x04
end

8.4 Soft Reset

function [ ] = set soft reset( serial object )

end

% Assert the soft reset for one clock period.
% lbyte instruction: (opcode = 0x44)
fwrite(serial object, hex2dec('44'")) % opcode 0x44
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8.5 Opicuog telikng dicvOvvens avayvwons

function [ ] = set final addr read( serial object, final addr read )

Set the size of memory. The size is a 1l4bit unsigned number.
4byte instruction: (opcode = 0x48) (lst Byte) (2nd Byte) (3rd Byte)
If not used the default final address is 0xOF.

Example of use: Set the final address to 0x40302.

d° o o o

most significant byte = final addr read(1l:2);

middle byte = final addr read(3:4);
least significant byte = final addr read(5:6);

fwrite(serial object, hex2dec('48")) %
0x48

fwrite (serial object, hex2dec(least significant byte)) %
Significant Byte = 0x02

fwrite(serial object, hex2dec (middle byte)) %
Byte = 0x03

fwrite(serial object, hex2dec (most significant byte)) % Most
Significant Byte = 0x04

fwrite(serial object, hex2dec('00'"))
end

r r I4

8.6 Opicuocs tys KatdaoTacys Aettovpyiog
function [ ] = set test mode( serial object, flag )

% % %%% Instruction: Set Final Address Read %%%%%%%%%%%%%%%

fwr (s 1 object, hex2dec('4a'));

if (flag == 0)

fwrite(serial object, hex2dec('4a'));
else
fwrite(serial object, hex2dec('49'"));
end

end

8.7 Opi6uos T0ov EMTEOOD TAGHS TOV KAVOAALDY

function [ ] = set driver swing control( serial object, value )

o° oo o
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numb

end

8.8

func

oe

TXDIFFCTRL[3:0] Vppd (V)

% 4'b0000 0.269
% 4'b0001 0.336
% 4'b0010 0.407
% 4'b0011 0.474
% 4'b0100 0.543
% 4'b0101 0.609
% 4'b0110 0.677
S 4'b0111 0.741
% 4'b1000 0.807
% 4'b1001 0.866
% 4'b1010 0.924
S 4'b1011 0.973
% 4'b1100 1.018
% 4'b1l101 1.056
% 4'b1110 1.092
S 4'b1111 1.119

% Set the TXDIFFCTRL[3:0] port of GTH. The size is a 4bit unsigned
er.

2byte instruction: (opcode = 0x43) (Byte)

If not used the default value is 0x0B = 11

Example of use: Set TXDIFFCTRL to OxOA.

ae oo

oe

if (value < 0) || (value > 15)
error ('The value TXDIFFCTRL should be in the range (0, 15)'");
end

fwrite(serial object, hex2dec('43'")) % opcode 0x43
fwrite(serial object, wvalue) % Byte = 0x0A

Evepyomoinon OlicOnyon paong

tion [ ] = txpi enable( serial object, transceiver number,

txpippmstepsize)

% Enable the phase interpolator for a single channel.

% The size of the parameter is a 1llbit unsigned number.

% 3byte instruction: (opcode = 0x47) (1st Byte) (2nd Byte) (3rd Byte)

% In normal operation default value of the parameter is 11'b00000000000.
% Example of use: Enable the txpi of gtO:

o

For gt0 use transceiver number = 0x1E
fwrite(serial object, hex2dec('47')); opcode 0x42 = 66
fwrite(serial object, hex2dec(transceiver number)); % Least Significant

oo

Byte = 0x02

fwrite(serial object, hex2dec (txpippmstepsize)); % Most Significant
Byte = 0x04
end
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8.9 Diprwon Acdouévav

function [ ] = set given data(serial object, final address,
number of blocks, Data)

% Precondition: final address >= 4
if (final address < 4)

error ('The final address must be at least 4.'")
end

o)

% Number of 8bit words to be written
number of words = final address * number of blocks;

% Check if the array Data has the right size.
if (length(Data) ~= number of words)

error ('The size of the given Data array is not right.')
end

% Check the type of data. The type must be uint8.
if (isa(Data, 'uint8') ~= 1)

error ('The given data must be of type uint8.')
end

o)

% Set number of blocks of memory
set number of blocks(serial object, number of blocks);

o)

% Set final address
final address hex str = decZhex(final address);
switch length(final address_hex str)

case 1

fin address = strcat('00000', final address_hex str);
case 2

fin address = strcat('0000', final address hex str);
case 3

fin address = strcat('000', final address_hex str);
case 4

fin address = strcat('00', final address hex str);
case 5

fin address = strcat('0', final address _hex str);
case 6

fin address = final address hex str;
otherwise

fin address = '001FF';

end

set memory size(serial object, fin address);
% Set number of blocks of memory

set number of blocks(serial object, number of blocks);

o)

% Call Load Data Function to enable writting in the memory blocks
load data(serial object);

% Send Data
for i = l:number of words
fwrite(serial object, Data(i));
end
end
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8.10 Emalinfcvon Lvootiuatos UART.

Me 10 mapakdte Script poptdvovtar Toyoia dedouévo oty puviun tov FPGA, petadidovron
oAl wiow oTov VIOAOYIGTH Kot yiveTor ovyyplon peta&d touvg Yo emPePainon g opbng

Ag1ToLPYING TOL GLOTHATOG GEPLOKNG ekTopmnG Kot Aqyng UART.

% This script is used for testing the UART serial communication.
1. Creates a txt file with random 8bit data (hex), named
rand hex.data.txt',
the size of of which is determined by the num of words parameter.
2. Sends the random data from the 'rand hex data.txt' via the serial
port to the FPGA.

- 0P

oe oo

oo

% 3. Reads back the data from the FPGA and stores it to the
% 'data from serial.txt' file.

% 4. Optionaly compare the two files with visdiff (fl, £2).
clear;

clc;

o

$ Number of (8bit) words to be written in file.
num of words = 512;

% 1. Creates a txt file with random 8bit data (hex), named

'rand hex.data.txt',

% the size of of which is determined by the num of words parameter.
fileID = fopen('rand hex data.txt','w');

for i = l:num of words
x = randsample ('0123456789%abcdef', 2, true);
fprintf (filelID, x);
fprintf (£ileID, '\n');

end

fclose (filelID) ;

% Read the hex data.
fileID read = fopen('rand hex data.txt', 'r');

if (fileID read ~= -1)
formatSpec = '%x';
A = fscanf (fileID read, formatSpec);

fclose (fileID read);
end

o\
o\©

oe

2. Sends the random data from the 'rand hex data.txt' via the serial
port to the FPGA.

oe

% Open a new file to write data from the serial port
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fileID serial = fopen('data from serial.txt','w');

% Create serial port object.
s = serial ('COM5', 'Baudrate', 921600, 'Terminator', '")

set (s, 'InputBufferSize', 200000);
set (s, 'FlowControl', 'none');
set (s, 'BaudRate', 921600);
set (s, 'Parity', 'none');
set (s, 'DataBits', 8);
(s,

set 'StopBits', 1);
set (s, 'Timeout', 100);

s.BytesAvailableFcnCount = 1;

s.BytesAvailableFcnMode = 'byte';

% 3. Reads back the data from the FPGA and stores it to the

% 'data from serial.txt' file.

s.BytesAvailableFcn = @(src, evt)fprintf(fileID serial, '%02x\n',
1) )

o

% Connect serial port object to device.

fopen(s);

for 1 = l:num of words
fwrite(s, A(i));

end

o
o

% 4. Check If the two files are identical
visdiff ('rand hex data.txt', 'data from serial.txt')

oe
oe

% Close Serial Object.
fclose(s);

% Close Open File.
fclose (filelID serial);

o©
oo

delete (instrfindall)
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