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MO DAU

Ngay nay cung véi cac cong nghé xtr 1y tin hiéu sé hién dai, cac thiét bi
truyén din sb noi chung d3 va dang thay thé dan cac phuong tién truyén din cii va
lac hau. Viéc tng dung cac k¥ thuat xu 1y tin hi€u s6 hién dai trong cac hé théng
thong tin lién lac ngay cang dem lai lgi ich va hiéu qua rd rét, nhét 1a d6i véi cac
thiét bi s6 dugc ché tao trén cong nghé méi nhu xtr Iy s (DSP), chip tring 1ap trinh
dugc (FPGA) va cong nghé ché tao mach in nhiéu 16p téc do cao.

Hién nay, viéc mém hoa cac chip chuyén dung dang phat trién manh, dem lai
kha nang thich (mg cao va c6 thé tai st dung, cdu hinh lai theo yéu cau. Trén thé
gidi xu huéng str dung phan mém dé dinh nghia phan cing va thuc hién trén chip
trang da duogc st dung rong rii, c6 thé néi hau nhu tat ca cac thiét bi bang rong ciing
nhu bang hep hién dai déu str dung cong nghé ndy thay thé dan cong nghé chip
chuyén dung nhu trudc day.

Ddi véi cac co so nghién ctru trong nudc, day thuc su 1a co hoi dé cac can bod
nghién ctru 4p dung cong nghé hién dai vao trong thiét ké san xuat. Viéc mém hoa
cac phan cimg mang lai nhiéu hiéu qua thiét thuc. Giam thiéu do ruai ro so véi khi
thiét ké hoan toan bang phan cing. Diéu quan trong 1 c6 thé thiét ké mot 1an va
dung lai, c6 phan mém hd tro md phong trudce khi thyuc hién trén phan cting. D6 1a
nhiing lgi ich ma phuong phap thiét ké méi mang lai.

Véi uu diém vuot troi cua cong nghé FPGA va ngdn nglt mo ta phan cing
(VHDL), t6i da chon dé tai luan van 1a: “Nghién ciru thiét ké modul déong khung
E1 bing FPGA”.

Muc dich nghién ctru

Muc dich cuia dé tai 1a nghién ctru k¥ thuat dong khung dit liéu E1, Gmg dung
thuat toan xur 1y tin hiéu sb thiét ké modul dong khung E1 trén cong nghé chip trang
1ap trinh dugc (FPGA) sir dung ngdn ngir mé ta phan cing (VHDL).

Luan van dugc chia lam 3 chuong:

Chuwong 1 Cac vin dé ky thuit



Trinh bay tong quan vé 1y thuyét dong goéi ludng E1, trong d6 tim hiéu vé 1y
thuyét chung ghép kénh theo thoi gian, cau tric khung E1 theo chudn ITU-T. Trinh
bay tom tit vé& sy hinh thanh, phat trién, ing dung ciia cong nghé FPGA. Trinh bay
tom tat vé ngdn ngir lap trinh mo ta phan cing VHDL.

Chuong 2 Thiét ké modul dong khung E1 bing FPGA trén bang mach thuec té

Thuc hién thiét ké board mach phén cung st dung cong cu thiét ké mach
Altium Designer theo cac budc thiét ké so dd nguyén 1y, layout, dit gia cong tai nha
may va han dan cac linh kién. Board mach nay thuc chat 13 mach trung ké ludng E1
trong mot thiét bi truyén dan, trong d6 modul dung khung E1 dugc mém hoa bang
FPGA.

Thuc hién thiét ké modul dong khung E1 bang FPGA st dung ngdn ngit mo
ta phan cing VHDL. St dung cong cu ISE tién hanh lap trinh va thyc hién mo
phdng trén cong cu ModelSim.

Chwong 3 Thue thi va két qua

Tién hanh tong hop thiét ké trén cong cu ISE, tao ra file thuc thi cho FPGA
(dang .bit va dang .mcs), nap cho FPGA va xem xét két qua.

Trong qué trinh nghién ciu, hoc vién ludn cd gang bam sat cac tai liéu khoa

hoc. Nbi dung chi tiét caa luan van s& duoc trinh bay dudi déy.



CHUONG 1 - CAC VAN PE KY THUAT
1.1 — Téng quan déng géi ludng E1
1.1.1 — Nguyén ly ghép kénh theo thoi gian

Viéc chia sé dudng truyén dan thanh nhiéu kénh lién lac cho nhiéu ngudn
thong tin cung stir dung dugc goi chung 13 ghép kénh. Trong k¥ thuét truyén dan tin
hiéu, c6 hai phuong phap ghép kénh co ban la: a) ghép kénh theo tan sb (FDM:
Frequency Division Multiplexing), trong d6 bang tan truyén dan caa hé théng dugc
chia thanh nhiéu bang con hinh thanh nhiéu kénh lién lac phan biét v4i nhau vé tan
s6; b) ghép kénh theo thoi gian (TDM: Time Division Multiplexing), trong d6 thoi
gian st dung dudng truyén dan duoc chia thanh cc phan khac nhau goi la khe thoi
gian va vi¢c truyén dua tin tlre tur cac nguén tin khac nhau dugc thuc hién trong cac
khe thoi gian riéng biét.

Vé nguyén tic, phuong phap ghép kénh theo thoi gian ciing c6 thé ap dung
cho cac tin hiéu analog, thi du nhu ghép kénh theo thdi gian trong thiét bi P404 cua
Lién X6 cil. Tuy nhién, cac tin hiéu analog thuong dugc xem 1a c¢6 phd twong d6i
han ché hay chi it cling c6 thé thyc hién han phd ma khong anh huong 1am dén chat
lugng lién lac. Thém vao do, viéc chuyén phd cia céc tin hiéu analog 1én bang tan
duong day va sip xép ching phan biét nhau vé dai tan co thé thuc hién mot cach
kha d& dang. Do d6, trong cac hé thong truyén dan analog viéc ghép nhiéu kénh lién
lac thudng duogc thyc hién theo phuwong phap ghép kénh theo tan sb.

Tin hiéu sé c6 mot dic diém co ban 13 cac phan tir tin hiéu (xung tin hiéu) co
thoi gian t6n tai hitu han. Thoi gian t6n tai cta timg phan tir chi phu thudc vao do
rong xung co thé tao ra va xtr Iy duoc, mic dau khoang cach giita cic phan tir ké
tiép nhau 1a mot dai lugng cb dinh goi 1a d6 dai khung cua tin higu (125 us d6i voi
tin hiéu thoai PCM ch'flng han). Mot khi d0 rong xung tin hi¢u khd nho hon do dai
khung tin hiéu, c6 thé chia khung tin hiéu thanh mot s6 khe thoi gian va ghép mot
) xung tin hiéu tor mdt ) nguén tin s vao cung mot khung tin hi€u. Tin hiéu tu
mdi mot ngudn tin nhu viy duoc truyén di trén mot khe thoi gian riéng. Doi véi cac

hé théng truyén dan sd, viéc ghép kénh theo thoi gian nhu trén c6 thé thyuc hién kha



thuan loi. Nguyén 1y ghép kénh theo thoi gian c6 thé giai thich mét cach don gian
thong qua so d6 hinh 1.1.

Nguontin1 |_JN__ ~ A\ [Bonhantin1

NK; | Dudng truyén din K,V
Nguén tin 2 — N “1 L Bo nhan tin 2

| |
N K.V,
N N/
NguéntinN"J &\ I_BthanEinN
. N Kﬂb‘ 74
Tin hi¢udong | L/} L_{Gidm sat dong
bo khung | bo khung
Dg‘ng hé Déng hé thu
phén phat | —
LYPéng bo nhip

Hinh 1.1: Nguyén ly ghép kénh theo thoi gian

Duéi tac dong cua cac xung dong hd (xung nhip) cac khoa Ky, K,, ..., Ky
1an luot ndi trong nhitng khe thoi gian x4c dinh cac ngué)n tin thir 1, 2, ..., N voi
duong truyén dan. O phia thu, cac khoa K3, K3, ..., Ky 1an luot ndi duong truyén
dan v&i cac b nhan tin th 1, 2, ..., N mot cach tuong tng. Céc thiét bi dong vai
tro hé théng cac khéa chuyén mach & phan phat va phan thu duoc goi mot cach
tuong tng 13 bo phan phdi phat va bd phan phdi thu. Ching 13 thanh phan cbt 15
ctia cac thiét bi ghép kénh (¢ phan phat) va phan kénh (¢ phan thu). Chu ki lam viéc
clia bo phan phdi phat va phan phdi thu chinh 13 d6 dai khung ciia mot tin hiéu
nhanh va dugc goi 1a mdt khung. Mot khi cac bd phan phéi phat va phan phéi thu
hoat dong ddng bd vai nhau thi viée truyén tin gitta cac cdp nguodn tin — bo nhén tin
s& dién ra khong 16i. Viéc mét dong bo giita phan phdi phat va phan phdi thu co thé
dan dén nhiing sai lac thong tin rat trAm trong va vi vy dong b 1a chi tiéu hang dau

trong ghép kénh theo thoi gian. Dé dam bao yéu cau cao vé dong bd (gidng dung



thoi gian déng ma cac cap khoa K; - Ki nhu trén hinh 1.1) can c6 céc thiét bi dong
bd thuc hién duy tri hoat dong dong bd cia phin phdi phat va phan phdi thu, bao
gdm ca ddng b nhip va dong bd khung.

Pong bo khung trong ghép kénh sb theo thoi gian dugc theo ddi nho viée
truyén lién tuc t6 hop ddng bod khung dic biét trong mot khe thoi gian riéng trong
khung tin hiéu. Bo thu giam sat dong bo khung s& lién tuc theo ddi to hop dong bd
khung. Viéc sai lién tiép t6 hop dong bd khung nay s& dugc hiéu 1a mat dong bo
khung. Viéc diéu khién ddng bo trd lai duoc thuc hién bang cach truot khung di
tirng khe thoi gian cho téi khi to hop dong bd khung duoc thu diing.

Trong trudng hop mat dong bo khung, néi chung t6 hop duoc giam sat bai
bd giam sat dong bo khung s& bi sai. Tuy nhién, 18i truyén dan c6 thé dan dén to
hop nay van ding, gay nén hién tuong dong bo gia hét sirc nguy hiém. Hién nhién,
xé4c suat dong bo gia rat thip va cang nho khi d6 dai tir ma dong bo khung cang 16n.
Tuy vay, néu t6 hop dong bd khung qua dai thi viéc dong bd tré lai sau khi phat
hién thiy mat dong bo khung c6 thé dién ra cang lau. Chinh vi céc 18 trén ma do dai
cta t6 hop ddng bo khung can phai dugc lwa chon mdt cach thich hop.

Tin hiéu dong ho phan thu duoc dong bd theo dong ho phan phat. Thong
thuong, mot thiét bi chuyén bi¢t s€ thuc hién tach thong tin dinh thoi tu chudi tin
hiéu t6i va diéu khién dong ho thu. Qué trinh nay dugc goi l1a dong bd nhip hay
ddng bo dong hd.

Néu mdi ngudn tin s6 nhanh c6 téc d6 B b/s thi toc do bit dudong day tong
cong 16n hon NB b/s mdt chut, lugng doi tdc do nay danh cho truyén cac thong tin
phu bao g6m thong tin déng bd, cac tin hi€u bao hi¢u va tin hi¢u nghiép vu...Viéc
ghép kénh theo thoi gian c6 thé thyc hién ghép theo bit hay theo t6 hop ma.

1.1.2 — Ghép kénh dong bé va ghép kénh cin dong bé

Tuy theo cach thirc duy tri dong bd giita cac bd phan phdi cua thiét bi
ghép/tach kénh vé6i cac ngudn/bd nhan tin nhanh chung ta c6 hai phuong thirc ghép
kénh: (a) ghép kénh ddng bo va (b) ghép kénh can dong bo (khong dong bo).

* Ghép kénh dong bd



Theo phuong thitc ghép kénh dong bd, cac ngudn va bd nhén tin nhanh duoc
duy tri ddng bo lién tuc va ty dong véi cac bd phan phdi ciia bo ghép kénh va bd
phan kénh (muldex: multiplexer - demultiplexer). Téc d6 dong bit 16i ra ciia bd ghép
kénh ding bang N 1an téc do dong bit ciia cic nhanh cong véi toe do cla cac thong
tin phu, v6i N 1a s6 nhanh dugc ghép. Diéu nay c6 nghia 13, néu khong ké téi cac
thong tin phu thi tan sb nhip cua bd ghép/tach kénh dung bang N 1an tdc d6 nhip cua
cac nhanh dugc ghép va quan hé toc d6 nay phai duoc duy tri mot cach lién tuc va
tu dong trong sudt qua trinh ghép/tach kénh.

béi véi ghép kénh déng b0, cac bit hodc cac tir ma cua cac nhanh duoc sép
khit nhau tao nén dong bit duong day (trir cac khe danh cho dong bo khung, thong
tin b4do hi¢u va nghiép vu). Hon thé nita, vi tri ciia cac bit/tr m3 cia mdi nhanh
chiém mot vi tri xac dinh trong dong bit dudng day, biét trudc duge & phia thu. Do
vay, nhitng wu diém cin ban ciia ghép kénh dong bd co thé ké dén la:

- Hiéu qua str dung duong truyén cao;

- Viéc tach ré&/ghép kénh tai cac tram trung gian c6 tach/ghép kénh thuc hién
duoc kha dé dang.

Phuong thirc ghép kénh dong bd trong truyén dan tin hiéu s6 duoc thuc hién
& tbc d6 so cap (2,048 Mb/s — ludng El - tir 32 kénh 64 kb/s v6i hé chiau Au bao
gém 30 kénh thoai s6 PCM, 2 kénh bao hiéu va d@)ng bo; 1,544 Mb/s — lu6ng T1 -
tir 24 kénh thoai s6 64 kb/s d6i v6i hé Bac M) va & cac toc do rat cao (STM-N cua
hé théng phan cap sé dong bo SDH).

* Ghép kénh cin dong bd

Phuong thurc ghép khong déng bo dugc thuc hién theo cac phan cép tdc do
s6 can dong bo (PDH: Plesiosynchronous Digital Hierarchy) tir cac cap toc do so tir
tht hai tro 1én dbi v6i cac hé thé)ng theo hé chau Au va hé MY, va tu tde do cép ba
tr& 1én doi v6i hé Nhat Ban.

Trong cac phuong thitc ghép khong ddng bd, cac bd phan phdi thu va phat
ctia bd ghép/tach kénh khong nhat thiét phai duy tri déng bd v6i cac ngudn va bd
nhan tin nhanh. Téc d6 nhip ctia bo ghép kénh khong dung bang N 1an tbc d6 nhip



cta ting nhanh. Thoi diém bit ddu cua cac tin nhanh c6 thé khong cb dinh trong
dong bit tong cong. Viéc xac dinh dong bit cua tirng nhanh trong dong bit tong cong
do vay co thé rat kho khan do su khac biét tbe do nhip gilra tbe do nhip cua tung
nhanh va 1/N téc d6 nhip cta bd ghép kénh va dé xac dinh khéng nham 1an, khéi bit
phu (header) phai duoc thém vao dong bit téng cong. Didu nay lam ting téc do bit
truyén dan.

Mot van dé quan trong ddi véi ghép kénh can dong bo 1a viée xu 1y chén do
su khong hoan toan dong bo giita cac ngudn nhanh va bd phan phdi ciia may ghép
kénh.

1.1.3 — Céu triic khung EI theo tiéu chudn ITU-T
Tin hiéu s6 dau ra thiét bj PCM-30 duoc sdp xép thanh khung va da khung

trudce khi truyén. Cau tric cua khung va da khung nhu hinh 1.2.

Tok = 125ps .16 =2ms ’*

Pakhung |, [F, |F |F | Fo | Fs [Fo | B2 [ Fo | Fo [ Fuo |Fu | Fi | Fu [ Fud F,sl
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le 0]0 l]l[flllll o]o[ololx]le[x Si:s&dungchoquécgé
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Y =0: c6 dong b6 da khung
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abcd : 4 bit bao hi¢u

Hinh 1.2: Ciu tric khung E1 theo tiéu chuin ITU-T

M3di kung c6 thoi han 1a 125 ps, duge chia thanh 32 khe thoi gian va danh sé
thir tu tir TS, dén TS3,. M&i TS ¢6 thdi han 13 3,9 ps va ghép 8 bit sb lidu.

Céc khe TS, ctia khung F, truyén tir ma dong bo da khung vao vi tri cac bit
thir nhat dén bit thw tu, bit thir 6 truyén canh bao xa khi mat dong bo da khung (Y =
1), cac bit x dung cho qudc gia (néu khong dung thi dat x = 1). Cac khe thoi gian
TS, ciia khung F; dén khung F,s dung dé truyén bao hiéu. Bao hiéu ciia mdi kénh

thoai dugc ma hoa thanh 4 bit a, b, ¢, d va ghép vao ntra khe thoi gian TS;¢. Nua



bén trai truyén bao hiéu cua cac kénh thoai tir 1 dén 15, nira bén phai truyén bao
hiéu ctia cac kénh thoai tir 16 dén 30. Nhu vay, phai ¢6 16 khe thoi gian TS, trong
mot da khung méi du dé truyén bao hiéu va dong bo da khung. Do ciing 1a Iy do
mdi da khung chira 16 khung. Néu cic bit abed khéng dung cho bao hiéu thi dit
b=1, ¢=0, d=1. Ngoai ra can luu y khong dung t6 hop 0000 dé truyén bao hiéu vi nd
tring voi tir mi dong bo da khung.

Cac khe TS, cua cac khung truyén tir ma dong bo khung.

Tin hiéu cac kénh thoai thtr nhat dén thir 15 ghép vao cac khe thoi gian TS,
dén TS, s, tin hiéu cac kénh thoai thir 16 dén 30 ghép vao cac khe thoi gian TS, dén
TS;;.

1.2 — Cong nghé FPGA
1.2.1 — So lwgc vé cong nghé FPGA

FPGA (Field Programmable Gate Array) la mét loai mach tich hgp ¢& 16n
dung cdu trac mang phan tir logic ma nguoi dung co thé 1ap trinh duoc. Chir “Field”
& day mudn néi dén kha niang tai 1ap trinh “bén ngoai” cta ngudi st dung, khong
phu thudc vao day chuyén san suét phirc tap ctia nha may ban dan. Vi mach FPGA
duoc ciu tric tir cac bd phan sau:

- Cac khdi logic co ban lap trinh dugc (logic block)

- H¢ théng mach lién két 1ap trinh duoc

- Khéi vao/ra (10 pads)

- Phan tir thiét ké sin khac nhu DSP slice, RAM, ROM, nhan vi xit 1y...

FPGA ciing dugc xem nhu mot loai vi mach ban dan chuyén dung ASIC,
nhung néu so sanh FPGA véi nhimg ASIC dic ché hoan toan hay ASIC thiét ké
trén thu vién logic thi FPGA khong dat dugc muc do t6i vu nhu nhitng loai nay, va
han ché trong kha nang thyuc hién nhiing tac vu dac biét phuc tap, tuy vay FPGA uu
viét hon & chd c6 thé tai cu truc lai khi dang st dung, cong doan thiét ké don gian
do vdy giam chi phi, rit ngan thoi gian dua san pham vao sir dung.

Con néu so sanh véi cac dang vi mach ban dan 1ap trinh dugc diung cAu trac

mang phan tir logic nhu PLA, PAL hay CPLD thi FPGA uu viét hon cac diém:



- Tac vu tai 1ap trinh cua FPGA thuc hién don gian hon

- Kha nang lap trinh linh dong hon

- Dic biét 1a kién triic cua FPGA cho phép n6 c6 kha ning chira khéi lwong
16n céng logic so v&1 cac vi mach ban dan lap trinh dugc co6 trude no.

Thiét ké hay 14p trinh cho FPGA dugc thuc hién chi yéu bing cac ngdn ngit
moé ta phan cimg HDL nhu VHDL, Verilog, AHDL, cac hing san xuat FPGA 16n
nhu Xilinx, Altera thudng cung cip cic goi phan mém va thiét bi phu tro cho qua
trinh thiét ké (chang han nhu phan mém ISE hay Vivado cta Xinlinx), ciing c6 mot
s6 cac hing tho ba cung cdp cac géi phan mém kiéu ndy nhu Synopsys,
Synplify...Cac goi phan mém nay c6 kha nang thyc hién duogc tat ca cac budc cua
toan bd quy trinh thiét ké IC chuan véi dau vao 1a ma thiét ké trén HDL (con goi 1a
ma RTL).

* Lich st ra doi FPGA

FPGA duoc thiét ké dau tién boi Ross Freeman, ngudi sang lap cong ty
Xilinx vao nam 1984, kién tric méi cua FPGA cho phép tich hop s luong tuong
ddi 16m céc phén ttr ban dan vao mdt vi mach so véi kién tric trude d6 1a CPLD.
FPGA c6 kha ning chira t6i tir 100.000 dén hang vai ty cong logic, trong khi CPLD
chi chtra tir 10.000 dén 100.000 cong logic; con s6 nay ddi véi PAL, PLA con thap
hon nita chi dat vai nghin dén 10.000 cong.

CPLD dugc ciu tric tir sd luong nhat dinh cac khdi SPLD (Simple
programmable Logic devices, thuat nglt chung chi PAL, PLA). SPLD thuong la
mot mang logic AND/OR lap trinh duge c6 kich thuée xac dinh va chira mot sd
luong han ché cac phan tir nhd dong bo (clocked register). CAu trac nay han ché kha
nang thyc hién nhirg ham phirc tap va thong thuong hi¢u suat lam viéc ciia vi mach
phu thudc vao cAu trac cu thé cua vi mach hon 13 vao yéu cau bai toan.

Kién trac ctia FPGA 1a kién trac mang cac khdi logic, khéi logic, nho hon
nhiéu néu dem so sanh v&i mot khdi SPLD, vu diém nay gitp FPGA c6 thé chira

nhiéu hon cac phan tir logic va phat huy téi da kha ning lap trinh cua cac phan tu
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logic va h¢ théng mach két ndi, dé dat dugc muc dich nay thi kién tric cia FPGA
phtre tap hon nhiéu so véi CPLD.

Mot diém khac biét véi CPLD la trong nhitng FPGA hi¢n dai duoc tich hop
nhiéu nhitng bd logic sb6 hoc d3 so bd tdi wu hoa, hd trg RAM, ROM, tdc dd cao,
hay cac bo nhan cong (multiplication and accumulation, MAC), thuat ngir tiéng Anh
12 DSP slice dung cho nhitng tmg dung xr 1y tin hiéu sb DSP.

Ngoai kha nang tai cAu trac vi mach toan cuc, mot sd FPGA hién dai con hd
tro tai cau tric cuc bo, tic 1a kha nang tai cAu trac mot bd phan riéng 1é trong khi
van dam bao hoat dong binh thudong cho cac bd phéan khac.

* Ung dung ciia FPGA

Ung dung ciua FPGA bao goém: xtr 1y tin hiéu s6 DSP, cac hé théng hang
khong, vil tru, qudc phong, tién thiét ké mau ASIC (ASIC prototyping), cac hé thong
diéu khién truc quan, phan tich nhan dang anh, nhan dang tiéng noi, mat ma hoc,
mo hinh phan cimg may tinh, may danh cd (may danh cd hydra c6 32 bd vi xtr 1y
cong thém FPGA di chién thang kién tudng qudc té Michael Adams trong nim
2005)...

Do tinh linh dong cao trong qua trinh thiét ké cho phép FPGA giai quyét 16p
nhiing bai toan phirc tap ma trudc kia chi thyc hién nhd phin mém may tinh, ngoai
ra nhd mat d6 cong logic 16n FPGA duoc tng dung cho nhitng bai toan doi hoi khoi
lugng tinh toan 16n va dung trong cac hé thong 1am viée theo thoi gian thuc.

* Kién triic ciia FPGA

Céu trac téng thé ctia mot FPGA duoc minh hoa & Hinh 1.3.

- Khéi logic

Phan tir chinh ctia FPGA 14 cac khéi logic (logic block). Khéi logic duoc cdu
thanh tr LUT va mot phan tir nhé dong bo flip-flop, LUT (look up table) 1a khi
logic c¢6 thé thyc hién bat ki ham logic nao tir 4 ddu vao, két qua ciia ham nay tuy
vao muc dich ma giri ra ngoai khdi logic tryc tiép hay khong qua phan tir nhé flip-

flop.
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Trong tai liéu huéng dan cua cac dong FPGA Xilinx con sir dung khai niém
SLICE, mét Slice tao thanh tr 2 khoi logic, sb lugng cac Slices thay doi tir vai
nghin dén vai chuc nghin tiy theo loai FPGA. 4 slices tao thanh mot Configurable
Logic Blocks (CLBs). CLBs 1a phan tr co ban cau thanh FPGA, 1a ngudn tai
nguyén logic chinh tao nén cac mach logic dong bd 1an khong dong bd.

Néu nhin cau trac tong thé cia mang LUT thi ngoai 4 dau vao ké trén con hd
trg thém 2 dau vao bd sung tir cac khdi logic phan bd trude va sau nd nang tong sd
dau vao ciia LUT 1én 6 chan. CAu trac nay 1a nham ting tc cac bo sd hoc logic.
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Kién triic tong quan FPGA

Hinh 1.3: Kién tric tdng quan FPGA

- Hé thong mach lién két

Mang lién két trong FPGA duogc cau thanh tir cac duong két ndi theo hai
phuong ngang va dung, tiiy theo timg loai FPGA ma cac dudng két ndi duoc chia
thanh cac nhom khéc nhau, vi du trong XC4000 cua Xilinx c6 ba loai két ndi: ngén,
dai va rat dai. Cac duong két n6i duoc ndi v6i nhau thong qua cac khdi chuyén
mach 1ap trinh dugc (programmable switch), trong mot khdi chuyén mach chira mot
s6 lwong nat chuyén 1ap trinh dugc dam bao cho cac dang lién két phuc tap khéac
nhau.

- Cac phan tir tich hop sin
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Ngoai cac khdi logic tuy theo cac loai FPGA khac nhau ma c cac phan tir
tich hop thém khac nhau, vi du dé thiét ké nhimg Gng dung SoC, trong dong Virtex
4,5 cua Xilinx c6 chira nhan xu 1y PowerPC, hay trong Atmel FPSLIC tich hop
nhan AVR..., hay cho nhitng img dung xir 1y tin hi¢u sé DSP trong FPGA dugc tich
hop cac DSP Slice 1a bo nhan cong tdc do cao, thuc hién ham A*B+C, vi du dong
Virtex ctia Xilinx chira tir vai chuc dén hang traim DSP slices véi A, B, C 18-bit.

- Block RAM

Ngoai ra nhitng FPGA cua Xilinx con c6 block RAM, c6 thé muong tuong
nhu 14 bd nhé nhé nam trong FPGA. Nhitng block RAM nay tuy nho (khoang chuc
kilobit cho dén vai triéu bit tiy theo loai FPGA) nhung c6 thé dung dé tao mot bd
nhd nho nhu ROM, FIFO.

1.2.2 — Gidi phdp va té chirc phan mém dim bdo ciia Xilinx

Thiét ké logic lap trinh dugc di dua ra ki nguyén ma trong d6 mat do cua
thiét bi & don vi hang tri¢u céng, su thuc hién cua hé théng & tbe do hang tram
MHz. Xilinx d3 dua ra cac cong cu thiét ké hoan toan day di ma no cho phép thyc
hién cac thiét ké trong ho PLD cua Xilinx. Cac giai phap phat trién két hop véi cac
k¥ thuat manh tao ra mot su linh hoat, mém déo, giao tiép do hoa dé st dung gitp
ngudi thiét ké co duoc cac thiét ké tot nhat co thé trong mot du an 1én ma khong
can dua nhiéu vao kinh nghiém. Cong cu phan mém thiét ké ISE (Integrated
Synthesis Invironment — Méi truong thiét ké tich hop) 1a cong cu thiét ké tong thé,
bao ham cac cong cu phan mém thiét ké khac nhau va dy ciing 13 cong cu thiét ké
duge st dung nhiéu nhét trong thiét ké cac PLD (Progammable Logic Device) cia
Xilinx.

Phan mém ISE cai thién dédng ké thoi gian dua mot san pham ra thi truong
boi viée tang tdc qué trinh nhap thiét ké. Cac bude thuc hién mot thiét ké duoc cung
cap trong phan mém ISE, ngoai ra chiing con duoc hd tro thém bdi cac phan mém
bod sung khac nhu ChipScope, PlanAhead, Impact, System Generator, v.v.. Pé tién
cho viéc nim bét va phan loai cac loai phén mém ta mo ta phén nay theo thir tu thuc

hién mot thiét ké.
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* Nhap thiét ké

Céc cong cu hd tro cac phuong phap phd bién nhat ngay nay dé tao ra mot
thiét ké bao gdm: Nhap thiét ké bing so dd, bang ngdén ngit HDL, bang viéc tich
hop céac 161 IP, ho trg manh mé viée tai st dung cac 161 IP. Su da dang cua viéc nhap
mot thiét ké di dua ra mot moi trudng thiét ké dé sir dung nhat va cho phép véi tat
ca cac thiét ké logic. N6 bao gom céc cong cu thiét ké sau: Schematic Editor, HDL
Editor, State Diagram Editor, Core Generator System, Pinout and Area Constraint
Editor, Architecture Wizard, Xilinx System Generator for DSP.

* Tong hop thiét ké

ISE cai tién tong hop HDL dé dua ra két qua t6i wu hoa cho viéc tong hop
trén cac PLD, day 1a mot trong cic budc co ban nhit trong phuong phép thiét ké.
No léy cac dinh nghia cua thiét ké trén HDL va tao ra sy mo ta vat 1y hodc logic cho
thiét bj silicon dich.

B0 may tong hop tién tién dua ra mot két qua tdi vu héa cao véi mot thoi
gian diéu chinh va thoi gian dich nhanh. Dé phu hop véi yéu cau nay, bd may tong
hop can phai duogc tich hop chat ché€ véi cong cu thuc hién vat 1y, hon nira sy bo
qua viéc tham do giita thong tin thiét ké vat Iy va ma thiét ké HDL d cai thién dugc
thoi gian bién doi thiét ké.

Phan mém ISE dua ra mot sy tich hop gan lién v6i cac b may tong hop chu
dao nhu: Mentor Graphics Leonardo Spectrum, Exempla, Synopsys va Synplicity
Synplify/Pro, ABEL, XST (Xinlinx Synthesis Technology).

* Thue thi va nap ciu hinh

Viéc thuc hién thiét ké logic lap trinh dwoc 13 gan cc chire ning logic duoc
tao trong sudt qué trinh nhap thiét ké va tong hop chiing vao trong tai nguyén vat ly
cu thé. Thuat ngit “Scfp dat va dinh tuyén” duoc su dung dé mé ta cho qua trinh thyuc
hién cho FPGA con “chp dat’ dugc st dung cho CPLD. Thuc thi chinh 1a nap ciu
hinh cho thiét bi, ma su thuc thi nay chinh 1a tao va tai mot luéng cac bit duoc tao ra

tor thong tin sép dat va dinh tuyén vao trong cac thiét bi dich PLD. Pé thuc hién
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phan nay co cac coéng cu hd trg sau: FloorPlanner, Constraints Editor, Timing
Driven Place & Route, Modular Design, Timing Improvent Wizard.
* Tich hgp mirc Board

Phan mém ISE dua ra sy hd trg manh m& dé giup ngudi thiét ké dam bao
thiét ké logic lap trinh 1am viéc trong mot h¢ théng. Xilinx du bao trudc duoc cac
két qua chinh, ching han nhu viéc sip dit mot board mach phirc tap, tich hop cac
tin hiu, giao tiép bus tdc dd cao, do rong dai thong vao ra, cac nhiéu dién tir cho
nguoi thiét ké mirc hé thong. Pé co thé dé dang thuc hién cac budc nay Xilinx da
cung cip cac k¥ thuat chu dao cho FPGA:

- XCITE (Tré khang diéu khién dugc sb)

- DCM (B quan 1y dong ho sb cho thoi gian cia hé thong)

- EMI (B quén 1y nhiéu dién tir trudng)

- Thong tin dong g6i cho su tich hop ¢ muc Board

- Kiém tra & mirc Board ISE

N6 bao gdm cac phan mém sau: 1BIS Models, STAMP Models, LMG Models,
ChipScope ILA.
* Cac k¥ thuét kiém tra

Phan mém ISE dua ra cac k¥ thuét kiém tra ma no hd tro trong tit ca cac giai
doan cuia thiét ké cho dén khi tich hop ching trén Board.

- Kiém tra tinh

Cong cu kiém tra tinh cho phép ngudi thiét ké kiém tra thiét ké ngoai yéu
cau. Viéc kiém tra co thé thuc hién & moi khia canh hodc kiém tra theo sy chon lua,
cho phép tim 18i trong qué trinh thuc thi. Cong cu kiém tra tinh ciing dua ra cac kha
ning g& roi va phan tich manh mé. Cac cong cu kiém tra tinh nhu: Constraint
Editor, Delay Calculator, Trace, Timinh Analyzer, Prime Time, Xpower, Formality,
Conformal LEC, DRC, Chip Viewer.

- Kiém tra dong

Bao gé)m cac cong cu sau: HDL Bencher, ModelSim XE, State Bench, HDL
Simulation Libraries.
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- Kiém tra muc board:

Viéc st dung cong cu kiém tra tai muc board nham dé dam bao r@ing thiét ké
thuc hi¢n dung theo du dinh va chung duoc tich hop véi ph'?m con lai cua hé théng.
Céc cong cu nay bao gom: I1BIS Models, Tau, BLAST, STAMP Models, Impact.
1.2.3 — Cdc bwdc thuc hign thiét ké trén FPGA
* M ta ban dau vé thiét ké (Specification)

Quy trinh dugc thé hién qua hinh 1.4. Khi thuc hi€én mdt bai toan st dung
FPGA, thi n6 c¢6 ¥ nghia cho mot tng dung riéng biét. Chinh vi xuat phat tir mdi
ung dung trong thuc tién cudc séng, ta s€ phai dat ra yéu cau thiét ké sao cho IC
thuc hién duoc t6i uu nhat nhitng Gng dung d6. Budc dau tién ciia quy trinh thiét ké
nay c6 nhiém vu tiép nhan nhitng yéu cau cia thiét ké va xdy dung nén kién trac
tong quat cua thiét ké.

- M ta thiét ké (Design Specification)

Trong budc nay, tir nhitng yéu cau cua thiét ké va dua trén kha ning cua
cong nghé hién co, nguoi thiét ké kién trac s& xay dung nén toan bo kién tric tong
quan cho thiét ké. Nghia 1a trong budc nay nguoi thiét ké kién trac phai mé ta duoc
nhing van dé sau:

+ Thiét ké c6 nhimng khéi nao

+ Mdi khéi ¢6 chic ning gi

+ Hoat dong ctia toan bd thiét ké va cuia mdi khdi ra sao

+ Phan tich céc k¥ thuat sir dung trong thiét ké va cac cong cu, phan mém hd
tro thiét ké.

Mot thiét ké c6 thé duoc mo ta sir dung ngdn ngit mé ta phan cung, nhu
VHDL hay Verilog HDL hoic c6 thé mo ta qua ban vé mach (schematic capture).
Mot thiét ké c6 thé vira bao gdm ban v& mach mo ta so d6 khéi chung, vira c6 thé
dung ngon ngit HDL dé mo ta chi tiét cho cac khdi trong so do.

- M6 phéng chire nang (Function Simulation)

Sau khi mo ta thiét ké ta cAn mo phong tong thé thiét ké vé mat chirc nang dé

kiém tra thiét ké c6 hoat dong ding véi cac chirc ning yéu cau hay khong.
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- Tong hop logic (Logic Synthesis)

QUY TRINH THIET KE TREN FPGA

QUA TRINH NHIEM V1J CONG CU
I I I I
MO TA THIET KE BAN VE
| | I I
MO TA MO PHONG CHUC NANG NGON NG HDL
SPECIFICATION TONG HOP LOGIC MO PHONG
I I | |
HIEU CHINH KET NOI CONG CUJ SYNTHESIS
PHAN TICH THOI GIAN
ANH XA - MAPPING
THYC THL = ATI 7 PLA = CONG CU BAT KHOI
IMPLEMENTATION i VA PINH TUYEN
DINH TUYEN - ROUTE
CAU HINH
NAP HAY LAP TRINH CONG CU CAU HINH
CONFIGURATION

Hinh 1.4: Quy trinh thiét ké trén FPGA

Tong hop logic 1a qua trinh tong hop cdc mo ta thiét ké thanh so dd bd tri

mach (netlist). Hinh 1.5 thé hién qu4 trinh nay. Qua trinh chia thanh 2 budc:

+ Chuyén d6i cac ma RTL, ma HDL thanh mé ta duéi dang céc biéu thirc dai

sO Boolean.

+ Dua trén céc biéu thirc nay két hop véi thu vién t€ bao chuan san c6 dé

téng hop nén mot thiét ké tdi wu.
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Logic Synthesis

VHDL description Circuit netlist
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Hinh 1.5: Tong hgp logic thiét ké

- Hiéu chinh cac két ndi (Datapath Schematic)

Nhép netlist va cac rang budc vé thoi gian vao mot cong cu phan tich thoi
gian (timing analysic). Cong cu phan tich nay s& tach roi tat ca cac két ndi cua thiét
ké, tinh thoi gian tré ciia cac két ndi dya trén cac rang budc. Dua trén két qua phan
tich (report) cua cong cu phan tich, xac dinh cac két ndi khong théa man vé thoi
gian. Tuy theo nguyén nhan din dén khong théa min ma ta c6 thé viét lai ma va tién
hanh tong hop logic hoic hiéu chinh lai cac rang budc.

* Thue thi (Implementation)

Khi di c6 so d6 bd tri netlist mo ta téng thé thiét ké tai mirc cong (chi gdm
cac cong logic co ban va cac mach logic khac nhuy MUX). Qua trinh nay s& dit so
d6 netlist 1én chip, goi 13 qua trinh thuc thi (Device Implementation). Qua trinh gdm
cac budc sau:

- Anh xa (Mapping hay con goi 1a Fitting — an khép). Hinh 1.6 mé ta bude

Mapping. Qu4 trinh ndy gdm cé chuan bi dir liu dau vao, xac dinh kich thuéc cac
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khéi. Cac khdi ndy s& phai phi hop véi cdu tric cia mot té bao co ban caa FPGA

va ddt chung vao céc vi tri té1 vu cho viéc di day.

Mapping

p o e '_...-.. s HHEO ot
3 (e 11T | L=
T !

P
b -
Tt " 1 j ™ — ] —EOulput 1
rpul S i = v P
— L
L .,:1
R Ll r
r

Hinh 1.6: Anh xa so d6 netlist 1én FPGA
- Pbat khdi va dinh tuyén (Place & Route)

+ bt khoi: Dat cac khdi anh xa vao céc té bao (cell) & vi tri t6i wu cho viée
di day. Hinh 1.7 minh hoa cho qué trinh nay.

+ DPinh tuyén: Budc nay thuc hién viéc ndi day céc té bao. Dé thuc hién viée
nay, chung ta can ¢b cac thong tin sau: Céc thong tin vat ly vé thu vién té bao, vi du
kich thudce té bao, cac diém dé két ndi, dinh thoi, cac trd ngai trong khi di day; mot
netlist dugc tong hop sé chi ra cac chi tiét instance va méi quan hé két nbi bao gom
ca cac duong din bi han ché trong thiét ké; tit ca cac yéu cAu cua tién trinh cho cac
16p két ndi, bao gdbm cac luat thiét ké cho cac 16p di day, tré khang va dién dung,
ti€u thu ndng luong, cac luat vé su dan dién trong mdi 16p. Hinh 1.8 minh hoa cho

qua trinh nay.
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Placing FPGA
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Hinh 1.7: Pit khoi len FPGA

Routing FPGA

Programmable Connections |

s AT / R
e _J FFI | '\
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Hinh 1.8: Pinh tuyén 1én FPGA
* Qua trinh nap (download) va lap trinh (program)
Sau qua trinh thyc hién, thiét ké can dugc nap vao FPGA dudi dang dong bit
(bit stream). Qua trinh nap thiét ké (download) vao FPGA thudng nap vao bd nhd
bay hoi, vi du nhu SRAM. Thong tin cu hinh s& dugc nap vao bd nhd. Dong bit
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duogc truyén lic ndy s& mang thong tin dinh nghia cac khéi logic ciing nhu két ndi
ctia thiét ké. Tuy nhién, SRAM sé& mét dir liéu khi mat ngudn nén thiét ké s& khong
lru duge dén phién lam viée ké tiép.

Lap trinh (program) 13 thuat ngir ¢ mé ta cho qua trinh nap chuong trinh cho
c4c bd nhé khong bay hoi, vi du nhu ROM. Khi d6, thong tin cau hinh van s& duoc
Iru khi mat ngudn.

1.3 — Ngon ngir 1ap trinh VHDL

VHDL 132 mot ngdn ngir mé ta phan cimg (Hardware Description Language),
dugce dung phd bién trong viéc thiét ké cac mach tich hop va cac hé thong s mot
cach dé dang va hiéu qua vai toc do cao.

Ngbén ngit VHDL dua trén mot ngdn ngit mo ta phan cimg khac 13 VHSIC
(Very High Speed Integated Circuit) do Bd quoc phong My phat trién tir nam 1980.
Phién ban dau tién ciia ngdn ngitr VHDL 1a VHDL 87. VHDL la mot ngdn ngit mo
ta phan cing dau tién dugc t6 chirc IEEE chtng nhan 13 mot tiéu chuan chung.

Mot trong nhitng diéu co ban thuc day viéc sir dung ngon ngit VHDL d6 1a
tinh chudn hoa, doc 1ap vé cong nghé cia cac nha cung cip... VHDL dugc tng dung
truc tiép trén cac cong nghé FPGA, CPLDs...Code VHDL dugc viét dé thuc thi
(Implement) cac mach tich hop trong céc thiét bi lap trinh duoc cta cac hing nhu
Xilinx, Altera, Amtel...

Mot s6 vu diém ciia ngdn ngitr VHDL c6 thé ké ra nhu sau:

- Thir nhét 1a tinh cong cong: VHDL dugc phat trién dudi sy bao tro cua
chinh pha M¥ va hién nay 1a mét tiéu chuan cua IEEE. VHDL duoc su hd tro boi
nhiéu nha san xuét thiét bi ciing nhu nhiéu nha cung cip cong cu thiét ké moé phong
hé thong.

- Thir hai 1a kha ning hd tro nhiéu céng nghé va phuong phap thiét ké.
VHDL cho phép thiét ké bang nhiéu phuong phap vi du phuong phap thiét ké tir
trén Xuéng, hay tir dudi Ién dua vao cac thu vién san c6. VHDL cling hd trg cho
nhiéu loai céng cu x4y dung mach nhu st dung cong nghé dong bd hay khong dong

bd, st dung ma tran 1ap trinh dugc hay sir dung ma ngau nhién.
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- Thir ba 1a tinh doc 1ap vdi cong nghé: VHDL hoan toan doc 1ap véi cong
nghé ché tao phén cung. Mot mo ta hé théng dung VHDL thiét ké & muc céng co
thé dugc chuyén thanh cac ban téng hop mach khac nhau tuy thudc cong nghé ché
tao phan cimg méi ra doi nd c6 thé duoc ap dung ngay cho cac hé thong da thiét ké.

- Thtr tu 1a kha nang mo td mé rong: VHDL cho phép mo ta hoat dong cua
phan ctmg tir mirc hé thdng sé cho dén mirc cong. VHDL c¢6 kha ning mé ta hoat
dong cta hé thong trén nhiéu mirc nhung chi st dung mot ca phap chit ché thong
nhat cho moi mirc. Nhu thé ta c6 thé mé phong mot ban thiét ké bao gom ca cac hé
con dugc md ta chi tiét.

- Tht ndm 1a kha nang trao d6i két qua: Vi VHDL 1a mot tiéu chuan dugc
Chép nhan, nén mdt md hinh VHDL c6 thé chay trén moi by mé ta dap ung duoc
tiéu chuan VHDL. Cac két qua mo ta hé théng co thé dugc trao doi giita cac nha
thiét ké st dung cong cu thiét ké khac nhau nhung cing tuan theo tiéu chuin
VHDL. Ciing nhu mot nhom thiét ké co thé trao doi mo ta muc cao cua cac hé
théng con trong mot hé théng 16n (trong d6 cac hé con d6 dugce thiét ké doc 1ap).

- Tht sau 1a kha ning hd tro thiét ké muc 16n va kha ning st dung lai cac
thiét ké: VHDL dugc phét trién nhu mot ngdn ngir 14p trinh bac cao, vi vy né cod
thé dugc st dung dé thiét ké mot hé théng 16m v6i sy tham gia cia mdt nhom nhiéu
nguoi. Bén trong ngon ngit VHDL c6 nhiéu tinh ning hd trg viéc quan ly, tha
nghiém va chia sé thiét ké. Va no ciing cho phép dung lai cac phan di c6 san.

1.3.1 — Céc céu triic co bin ciia ngén ngii lgp trinh VHDL

Céc thanh phan chinh xay dung trong ngén ngit VHDL duoc chia thanh nim
nhom co ban nhu sau:

- Entity

- Architecture

- Package

- Configuration

- Library
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Entity: Trong mot hé thng s, théng thudng duoc thiét ké theo mot sy xép
chdng cac modul, ma mdi modul nay twong tmg vdi mot thuc thé thiét ké (duoc goi
1 entity) trong VHDL. Mi mdt entity gdm 2 phan:

- Khai bao thuc thé (Entity)

- Thén kién trac (Architecture Bodies)

Mot khai bao Entity duoc dung dé miéu ta giao tiép bén ngoai ctia mot phan
tir (Component), nd bao gém cac khai bao cac cong dau vao, cac cong dau ra cia
phﬁn tr d6. Phan than cua kién tric duge dung dé mé ta su thuc hién bén trong cua
thuc thé do.

Packages: Cac dong go6i chi ra thong tin dung chung, ma cac thong tin nay
duogc sur dung boi mot vai Entity nao do.

Configuration: Pinh ciu hinh, n6 cho phép gin két cac thé hién cua phan tir
nao do can dung cua mot thiét ké nao d6 co dang mdt ciu trac va dua cac thé hién
nay vao trong cap Entity va Architecture.

N6 cho phép nguoi thiét ké co thé thir nghiém dé thay ddi cac su thuc thi
khac nhau trong mdt thiét ké. Mdi mot thiét ké dang VHDL bao gém mot vai don vi
thu vién, ma mot trong cac thu vién nay dugc dich san va cat trong mot thu vién
thiét ké.

1.3.2 — Cdc déi twong dir lidu

Mot d6i tuong dir liéu gitt mot gid tri cua mot kiéu nhat dinh. Trong VHDL
¢6 3 16p ddi tugng dir licu:

- Cac hang (constants)

- Cac bién (variables)

- C4c tin higu (signals)

Lop ctia mot ddi tuong dugc chi ra bdi mot tir khoa va n6é duoc chira & diém
bt dau ctia mét khai béo.

* Cac hang
Mot héng 1a mot ddi tuong ma né dugc khoi tao dé chi ra mot gia tri ¢ dinh

va khong bi thay ddi. Khai bao hing dugc phép khai béo trong cac dong goi, cac
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entity, cac kién trac, cac chuwong trinh con, cac khdi, va trong phat biéu cua cac qua
trinh processes.
* Céc bién

Céc bién duoc dung dé luu dit liéu tam thoi, chung chi dugce phép khai bao
trong phat biéu process hoic cac chwong trinh con.
* C4c kiéu tin hiéu

Tin hiéu dugc ding dé két ndi cac entity cta thiét ké lai voi nhau va trao ddi
cac gia tri bién doi & trong phat biéu process. Ching c6 thé dugc xem nhu cac day
dan hay cac bus ndi & trong cac mach thuc té. Tin hiéu c6 thé duoc khai bdo trong
cac dong gbi (package), trong cac khai bado entity, trong khai bao kién truc
(architecture), trong cac khoi (block). Véi cac tin hiéu duoc khai bao trong céc
package thi tin hiéu nay duoc goi 1a tin hiéu toan cyc (cac thiét ké co thé st dung
chung), cac tin hi¢u dugc khai bao trong entity 1a tin hi€u toan cuc trong mot entity,
tuong tu voi tin hiéu dugce khai bao trong mot kién trac, no 1a tin hiéu dung chung
trong mot kién trac do.
1.3.3 — Cdc kiéu diF ligu

Tat ca cac doi tuong dir liéu trong VHDL can phai dugc dinh nghia v&i mot
kiéu dir liéu. Mot khai bao kiéu phai chi ra tén va dai ca kiéu d6. Khai bao kiéu dix
liéu dugc phép dit trong phan khai bao cic dong goi, trong phan khai bao entity,
trong phan khai bao kién trac, trong phan khai béo cac chwong trinh con va trong
phan khai bao cac process. Cac kiéu di liéu bao gom:

- Kiéu liét ké

- Kiéu nguyén

- Cac kiéu dir liéu tién dinh nghia

- Kiéu mang

- Kiéu ban ghi

- Kiéu dit liéu chuén logic

- Kiéu dir liéu c6 dau va khong dau

- Cac kiéu phu
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1.3.4 — Cac toan tir

VHDL cung cdp 6 16p toan tir, mdi mot toan tir c6 mot mirc wu tién nhat
dinh. T4t ca cac toan tir trong cting mot 16p thi c6 cling mot muc wu tién.
* Cac toan tir logical

Kiéu toan tir logic khong chip nhan cac toan hang 1a cac kiéu tién dinh nghia
nhu kiéu BIT, BOOLEAN va céac kiéu mang céc bit, cac todn hang can phai 1a cing
kiéu va cung do dai.
* Cac toan tir quan hé

Céc toan tir quan hé cho ta két qua c6 kiéu BOOLEAN, cac toan hang can
phai c6 cung kiéu va cung do dai.
* Cac toan tir cong

Céc toan tir cong bao gom “+”, “-”, va “&”, trong do6 toan tir “&” 1a toan tir
két ndi chudi va cac ddi twong 12 mang cac thanh ghi. Vi s6 ¢6 dau va khong dau
6 thé duoc dung voi cac sd nguyén va cac kiéu BIT VECTOR.
1.3.5 — Céc kiéu todn hang

Trong mét biéu thirc cac toan tir str dung cac toan hang dé tinh toan cac gia
tri ctia chung. Céc toan hang trong mot biéu thirc bao gom:

- Kiéu chit

- Kiéu dinh danh

- Céc tén duogc danh theo chit sb

- Tén cac Slice

- Tén cac dac tinh

- C4c biéu thire dicu kién

- Cac 101 goi ham

- Cac biéu thirc chuyén doi
1.3.6 — Cdc phdt biéu tudn tw

Phat biéu tuan tu chi ra sy thuc hién tung budc cua mdt qua trinh. Chiing

thuc hién tir cau Iénh dau tién, cau 1€nh thwr hai, ...cau 1énh cudi cung. Cac phat biéu
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nam trong mot phat biéu qua trinh (phat biéu process) duoc goi 1 phat biéu tuan tu.
Céc phat biéu sau day 1a cac phat biéu tuan tir dugc dinh nghia trong VHDL:

- Céc phat biéu gan bién variable

- Cac phat biéu gan tin hiéu signal

- Cac phat biéu if

- Cac phat biéu case

- Cac phat biéu null

- Cac phat biéu xac nhan assertion

- Cac phat biéu vong lap loop

- Cac phat biéu next, exit

- Cac phat biéu while

- Cac phat biéu procedure

- Cac phat biéu return
1.3.7 — Cdc phdt biéu dong thoi

Céc phat biéu dong thoi duoc thuc hién song song trong cuing thoi diém mo
phong, chung khong thuc hién theo thir ty ma chiung duoc viét ra trong mét kién
tric. Cac phat biéu dong thoi chuyén thong tin thong qua cac dudng tin hiéu.

Duéi day 1a cac phat biéu dong thoi duoc dinh nghia trong VHDL:

- Céc phét biéu gan cia mot qua trinh (process)

- Cac phét biéu gan tin hiéu dong thoi

- Cac phét biéu gan tin hiéu diéu kién

- Cac phat biéu gan tin hi¢u dugc chon lya

- Cac phat biéu block

- Cac 101 goi thil tuc dong thoi

- Cac phat biéu x4c nhan dong thoi
1.3.8 — Cdc dong goi

C6 thé dong goi dé cat cac chuong trinh con, cac kiéu dit liéu, cac hing ...
thuong dung dé st dung ching trong cac thiét ké khac. Mot package bao gém 2
phan chinh: Phan khai bao va phan than package.
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1.3.9 — M6 hinh ciu triic

Thong thuong mot hé théng s6 dugc mo ta theo tap hop céc thu bac cua cac
thanh phan. Mdi thanh phan bao gdm mot tip cac cong dé c6 thé giao tiép duoc véi
cac thanh phan khac. Khi mé ta mot thiét ké trong VHDL va mot thiét ké co thir bac
chinh 1a mot thiét ké dwa ra cac khai bdo cuia cac thanh phan va cac phat biéu thé
hién thanh phan dé.

Mot don vi co s& dé dién ta hanh vi hoat dong chinh la cac phat biéu process,
con don vi co s& dé dién ta theo kiéu céu trac chinh 1a cac phat biéu thé hién cta cac
don vi thanh phén. Ca 2 loai nay déu co thé co mit trong mot than cia mot kién tric
(architecture).

1.4 — Tong két chwong 1

Chuong 1 d3 néu ra cic ly thuyét tong quét lién quan dén dong goi ludng E1
nhu nguyén 1y ghép kénh theo thoi gian, ghép kénh dong bo va ghép kénh can dong
bd, cau tric khung E1 theo tiéu chuan ITU-T; da giéi thiéu so lugc vé cong nghé
FPGA, cac giai phap va to chirc phadn mém dam bao cua Xilinx, cac bude thyuc hién
thiét ké trén FPGA; dong thoi khai quat vé ngdn ngit 1ap trinh VHDL nhu cac ciu
tric co ban, cac doi tuong dir li¢u, céac kiéu dit liéu, céac toan tir, cac kiéu toan hang,
cac phat biéu tudn tu, cic phat biéu dong thoi, cac dong goi, mé hinh ciu tric v.v...

Nhu vay trong chuong 1 da khai quét 1én dugc cac van dé ky thuat lién quan
dén thiét ké, 1am co so 1y thuyét cling nhu lam cong cu tham chiéu dé thiét ké duoc

thuc hi¢n chinh xac va thanh cong.
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CHUONG 2 - THIET KE MODUL PONG KHUNG E1 BANG

FPGA TREN BANG MACH THUC TE

2.1 — 1C spartan xc3s500E
2.1.1 — Hg IC Spartan-3E
Ho san phém Spartan-3E cua FPGA dugc thiét ké dic biét dé dap ung nhu
ciu cta cac tng dung dién tir tiéu dung nhay cam voi chi phi cao. Dong IC gém 5
thanh vién cung cip mat do tir 100.000 dén 1.6 triéu cong hé thong, nhu trong bang
2.1
Bing 2.1: Ho san pham FPGA Spartan-3E ciia Xilinx

Devi System | Equivalent (One CEIB_EL?::::,SHCES) Distributed BIOR:‘ Dedicated | gy | Maximum l;".‘;"'“"";'.“l
evice . ! . o8 s ifferentia
Gates | Logic Cells | o e | columns gtg‘; E.!-I?;:Is RAM bits(™| (1) | Multipliers User 0 | “y/5 pairs
XC3S100E 100K 2,160 22 16 240 960 15K 72K 4 2 108 40
XC35250E 250K 5,508 34 26 612 2,448 38K 216K 12 4 172 68
XC3S500E 500K 10,476 46 34 1,164 4,656 73K 360K 20 4 232 92
XC3S1200E | 1200K 19,512 60 46 2,168 8,672 136K 504K 28 8 304 124
| XC3S1600E ] 1600K 33,192 | 76 58 3,688 14,752 231K | 648K ] 36 8 376 156

Ho Spartan-3E xay dung dua trén thanh cong ciia ho Spartan-3 trudc d6 bang
cach tang luong cong logic trén mdi 1/0, giam dang ké chi phi cho mdi phan tir
logic. Cac tinh ning mdi cai thién hiéu ning hé thong va giam chi phi cau hinh.
Nhiing cai tién nay, két hop voi cong nghé xir Iy 90nm tién tién, cung cap nhiéu
chtrc ning va bang thong hon mirc cb thé trude day, thiét 1ap cac tidu chuin méi
trong cong nghiép logic 1ap trinh. Boi vi Spartan-3E c6 chi phi dic biét thip cho
mot loat cac ing dung dién tir tiéu ding, bao gdm truy cap bang théng rong, mang
gia dinh, man hinh / trinh chiéu va thiét bi truyén hinh k¥ thuat s6. Ho Spartan-3E la
mot su vuot trgi so vaol ASIC dugc 1ap trinh. FPGA tranh chi phi ban dau cao, cac
chu ki phat trién dai va tinh khong linh hoat vén c6 ciia cac ASIC thong thuong.
Ngoai ra kha nang 1ap trinh ctia cac FPGA cho phép nang cép thiét ké trong linh
vuc ma khong can thay doi thiét ké phan ctng, didu khong thé ap dung voi ASIC.
2.1.2 — Tinh nang co bdn

- Chi phi rat thap, giai phap logic hiéu suat cao cho cac tng dung hudng t6i
nguoi tiéu dung.

- Ung dung cong nghé 90nm.
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- Giao di¢n da di¢n ap, da ticu chuin chan 1/O:
+ Lén dén 376 chan /O hoac 156 cap tin hi¢u vi sai.
+ C4c tiéu chuan tin hiéu két thic don nhuw LVCMOS, LVTTL, HSTL
va SSTL.
+ Co cac tin hiéu 3.3V, 2.5V, 1.8V, 1.5V va 1.2V.
+ Tbe 36 truyén dir liéu 622+ Mb/s trén 1/0.
+ HJ tro téc d6 dir liéu kép (DDR) nang cao.
+ Ho trg DDR SDRAM lén dén 333Mbs.
- Nguén tai nguyén logic doi dao, linh hoat:
+ Mat d6 1én téi 33,192 té bao logic, bao g@)m thanh ghi dich hoidc hd
trg RAM phan tan.
+ Hi¢u qua ghép kénh rdng, logic rong.
+ Céc bo nhan 18x18 cai tién véi dudng dng tiy chon.
+ Cong nap chuong tinh va g& 15i theo chuan IEEE 1149.1/1532.
- Kién trac bd nhé SelectRAM phan cap:
+ Khbi RAM nhanh 1én dén 648 Kbits
+ RAM phan tan 1én dén 231 Kbits
- C6 t6i 8 trinh quan 1y déng ho ki thuat s6 (DCMs):
+ Loai bo 1éch dong ho (tri hoan khoa vong)
+ Tong hop tan sd, bo nhan, bo chia
+ Dich pha d¢ phan giai cao
+ Dai tan rong (SMHz dén trén 300MHz)
- Tam déng hd toan bod cong voi 8 déng hd bd sung cho mdi nira thiét bi,
cong voi dinh tuyén do léch thap phong phi.
- Giao dién cau hinh cho cdc PROM tiéu chuan cong nghiép
+ Flash PROM chuén nbi tiép SPI chi phi thap, tiét kiém khong gian
+ Flash PROM chuin song song tdc d6 x8 hodc x8/x16
+ Nén tang c4u hinh JTAG chi phi thap
- Phan mém Xilinx ISE va WebPACK hoan chinh
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- Loi xtr Iy nhing PicoBlaze va MicroBlaze
- C6 cac gbi QFP va BGA chi phi thap

2.1.3 — Kién triic tong quan
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Block RAM Multiplier

Hinh 2.1: Kién tric tdng quan ciia IC xc3s500E

Kién tric IC xc3s500E noi riéng va ho spartan-3E noi chung bao gom 5 yéu
t6 chtrc nang 1ap trinh co ban:

- Cac khdi logic c¢6 kha nang dinh cdu hinh (CLB) chtra c4c bang tra ctru linh
hoat (LUT) thuc hién logic cong véi cac thanh phan luu trit duoc st dung lam flip-
flop hodc chét. CLB thuc hién rat nhiéu chirc ning logic cling nhu luu trir dit lidu.

- Céc khéi vao/ra (IOB) kiém soat ludng dir liéu giita cac chan 1/0 va logic
bén trong ctia thiét bi.Mdi IOB hd trg ludng dit liéu hai chiéu cong véi hoat dong 3
trang thai. HJ tro nhiéu tiéu chuén tin hiéu, bao gém bon tiéu chuin khac biét hiéu
suat cao. Cac thanh ghi dir liéu téc do kép (DDR) ciing duoc bao gdm trong do.

- Block RAM h§ tro Iuu triv dit liéu dudi dang cac khdi cong kép 18 Kbits.

- Céc khéi nhan cho phép 2 s nhi phan 18 bit 1am dau vao va tinh toan két
qua.

- Khéi quan 1y ddng ho k¥ thuat s6 (DCM) cung cap cac giai phap tu hiéu
chinh, hoan toan k¥ thuat sb dé phan phdi, tri hodn, nhan, chia va tin hiéu déng hd

chuyén pha.
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Céc phan tir ndy duge td chirc nhu trong hinh 2.1. Mt vong cac I0B bao
quanh mot ddy cac CLB thong thudong. Mdi thiét bi c6 2 cot Block RAM. Mbi cot
RAM bao gdm mot s6 khdi RAM 18 Kbit. Mdi Block RAM dugc lién két voi mot
s6 nhan chuyén dung. Cac DCM duogc dinh vi ¢ trung tdm véi 2 ¢ phia trén va 2 &
phia duéi cia cung thiét bi.

IC c¢6 mdt mang ludi phong pha két ndi tit ca 5 thanh phan chtc ning,
truyén tin hiéu giira chiing. Mdi thanh phan chirc ning c6 mot ma tran chuyén do6i
lién quan cho phép nhiéu két ndi dén dinh tuyén.

2.2 — Thiét ké phan cirng, phan mém
2.2.1 — Thiét ké phén cirng

Phan nay tién hanh thiét ké mot board mach (thuc chét 1a card trung ké El
trong mot thiét bi twong dwong tong dai quan su) trong d6 c6 sir dung IC xc3s500E
va thuc hién modul déng goi E1 trong IC d6 phuc vu cho chtrc ning trung ké E1.
Phan cung nay dugc thiét ké dua trén phén mém Altium, mot phﬁn mém thiét ké
mach rét pho bién hién nay.

* So' d0 nguyén ly

- So d6 két ndi tong quat:

Trong d6 khéi Power 1a khdi cip ngudn cho cac IC, linh kién trong mach.
Khéi cap 3 loai ngudn co ban 1a 3.3VDC, 2.5VDC, 1.2VDC tir nguén dau vio
5VDC.

Khéi ATMEGAS515L 1a khdi vi diéu khién thyc hién chtrc nang diéu khién
chung toan bo card mach va két ndi card mach vé6i cac card mach khéac va véi toan
b0 thiét bi.

Khéi E1LIU 1a khdi c6 chirc nang chuyén ddi tin hiéu dang bit sang tin hiéu
mi duong diy HDB3 dé chuyén tai sang thiét bi truyén din va nguoc lai chuyén doi
tr tin hiéu HDB3 nhan dugc thanh luéng bit dé tién hanh xu 1y. Ngoai ra con céc
chtrc ndng khoi phuc tin hiéu dinh thoi clock, xur Iy rung pha, v.v...

Khéi XFORMERS 1a khéi bién ap co chic nang phdi hop tré khang giira tin
hiéu HDB3 déu ra sau khdi EILIU va duong day.
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Hinh 2.2: So' @6 két noi tong quat trong card mach

Khéi FPGA 1a khéi chinh ma ta dang phat trién, trong d6 thuc hién xir 1i tin
hiéu s, déng gbi E1 tir ludng dir lidu dau vao dé dua sang khéi E1LIU chuyén tai
1én duong day. Trong khéi ndy c6 hat nhan chinh 1a IC xc3s500E.

Khéi CPLD 1a khéi thuc hién cac chirc ning giao tiép gitta vi xir Iy va
FPGA, déng thoi tao ra cac xung déng bo cho FPGA hoat dong.

- So db nguyén 1y khdi cip ngudn: Hinh 2.3 mé ta so dd nguyén 1y khoi cp
ngudn.

Pau vao cta khdi 1a nguén 5VDC. Trong khéi sir dung IC LD1805D2T33R
dé tao ngué)n dau ra 3.3VDC, IC LF25 dé tao nguff)n dau ra 2.5VDC, IC FAN1112D
dé tao ngudn dau ra 1.2VDC. Ngoai ra co cac dién tro va tu dién dé thyc hién cac

chtre ning loc, ghép ndi va cac LED canh bao.
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Hinh 2.3: So @6 nguyén ly khéi cip nguon
- So d6 nguyén 1y khéi diéu khién
Hinh 2.4 md ta so do nguyén Iy khdi diéu khién st dung vi diéu khién
ATMEGAS8515L.
Trong khéi ¢6 sir dung IC vi diéu khién 8515L dé thyc hién diéu khién hoat
dong cua card mach déng thoi két ndi voi cac card mach khac va toan bo thiét bj

téng dai. IC MAX485 cung cip cong console phuc vu cho viéc kiém tra va bug 15i.
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Hinh 2.4: So' dd nguyén ly khoi diéu khién
- So d6 nguyén 1y khbi EILIU
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Hinh 2.5: So @6 nguyén ly khéi E1LIU
Hinh 2.5 m6 ta so d6 nguyén Iy khbi E1LIU. Trong khéi c6 IC LXT384 1a IC

giao tiép ludng. Chirc ning ciia né 13 bién ludng tin hiéu sé dang bit 0,1 sau khi da
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dong thanh khung E1 thanh ludng tin hiéu ma dudng didy HDB3 dé c6 thé truyén tai
trén dudng day (huéng phat) va nguoc lai chuyén d6i tin hiéu dang HDB3 thu dugc
thanh dang bit dé xu 1y (huéng thu). Dong thoi thuc hién tich ghép va khoi phuc
ngudn tin hiéu dinh thoi clock tir ludng dit liéu dau vao, xur 1y rung pha, v.v...

- So dd nguyén 1y khéi giao dién ludng: Hinh 2.6 mé ta so d6 nguyén 1y khdi

giao di¢n ludng.

R R KD RM
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s ERs & s n  mmeow 5 B i s PP | I )
[ 5 i i ]
e R ° o JE B o
=L L.
e o
. mn: s » . . mensn o n 3 mansgcow
il Tos- L0 B i ST 3

Hinh 2.6: So' @6 nguyén ly khéi giao di¢n ludng

Day 1a khéi bién ap thuc hién phdi hop tro khang va mic tin hiéu IC ludng ra
duong day va nguoc lai. Mdi mot IC ludng lai twong thich v6i mot bién ap riéng tuy
theo dic tinh cia n6. Boi v6i IC ludng LXT384 thi ta sir dung bién ap TG29. Ngoai
ra la cac bd loc phu trg va cac tu dién ghép téng.

- So d6 nguyén 1y khéi tao cac tin hiéu dinh thoi va giao tiép véi CPU

Hinh 2.7 m6 ta so dd nguyén 1y khdi tao céc tin hiéu dinh thoi va giao tiép
véi CPU (st dung CPLD).

Trong khéi str dung IC XC95144XL, 1a moét CPLD c6 ning luc vira phai,

vira da dé thuc hién mdt so chirc nang giao ti€p, tao cac xung dong bo, cac xung khe
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phuc vu cho FPGA nhim giam tai cho FPGA (thuc ra khdi nay c6 thé thiét ké ngay
trong FPGA).
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Hinh 2.7: So' d6 nguyén ly khéi tao céc tin hiéu dinh thoi va giao tiép véi CPU
- So d6 nguyén 1y khdi FPGA
Hinh 2.8 mé ta so d6 nguyén 1y khéi FPGA.
Trong khdi st dung IC XC3S500E phuc vu cho viéc xtr Iy tin hiéu $0, dong
g6i E1 va mot sd chirc niang khac. Bi kém véi nd ¢6 IC xcf04 1a bo nhd luu giir

chuong trinh cho FPGA.
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Hinh 2.8: So d6 nguyén ly khéi FPGA

* So' dd mach in
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2.2.2 — Thiét ké phan mém

Ta thyc hién thiét ké modul dong khung E1 bang cach viét chuong trinh theo
ngdn ngit VHDL trén phan mém ISE (phién ban 10.1) sau d6 dich ra céc file dinh
dang .bit va .mcs dé nap cho cac IC.

* Gi6i thiéu vé ISE

ISE (Integrate Software Environment) — moi truong phan mém tich hop — Ia
mot bd phan mém thiét ké cia Xilinx. ISE cho phép tao ra cac san pham thiét ké
thong qua viéc nhap cac thiét ké vao thiét bi chuong trinh hoa cua Xilinx. ISE cho
phép c6 thé chon mét hodc nhiéu phuong an thiét ké khac nhau bao gdm:

- Thiét ké bang ngdén nglr mod ta phan cang HDL (VHDL, verilog HDL,
ABEL).

- Thiét ké duéi dang so do cong logic (Schematic).

- EDIF (Electronic Data Interchange Format).

- NGC/NGO (két hop v6i Core Generator).

- D6 hinh trang thai (State Machines).

- IP codes.

Véi mdi phuong an thiét ké, c6 mot file nguodn, ISE cho phép nhanh chong
xac minh chirc nang cia file ngudén nay nho kha niang mé phong tich hop bén trong,
bao gom MODELSIM va HDL Bench. Vi phuong an thiét ké bang ngén ngit mo
ta phan cing (HDL) thiét ké duoc tong hop bang cong nghé tong hop cua Xilinx
(XST), n6 c6 thé 1a mot phan mém chay doc 1ap, hay duoc tich hop vao trong ISE.
Cong cu thyc hién thiét ké tiép tuc qua trinh sap dat va két ndi trong FPGA va két
thiic ciia qua trinh mot dong bit dugc hinh thanh cau hinh nén thiét ké cia ta. Giao
dién Project Navigator cung cip mot qua trinh toan dién toan bd qua trinh thiét ké.

* So d6 khdi ciia thiét ké

So d6 khoi cia thiét ké duge mo ta & hinh 2.12. Trong hinh c6 5 khdi chinh.

Khéi Control_signals and Common_registers thuc hién 2 chirc ning co ban.
Mot 1a tao céc tin hiéu diéu khién chung cho ca modul hoat dong, trong do co6 viéc

tao cac tin hiéu dinh thoi, cdc bd dém va xung nhip nham dong bg cac tin hi¢u va
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cac khéi. Hai 1a thyc hién giao tiép v6i CPU dé lay thong tin bao hiéu (CAS) tir
CPU can truyén di, dong thdi nhan céc tin hiéu bao hiéu tir kénh truyén dan dua vé
cho CPU xu ly.

Khéi TX_CAS_RAM Ia khdi thuc hién luu trir va dong bo thong tin bao hiéu
nhén duoc tir CPU dé truyén di.

Khéi Rx_CAS_RAM 1a khéi thue hién tach ghép, xtr Iy va luu trit théng tin
bao hiéu nhan duoc tir kénh truyén dé dua vé CPU.

Khéi E1_framer 1a khoi thuc hién ghép dit liéu can truyén di va thong tin bao
hiéu duoc luu trit & khdi Tx_CAS_RAM thanh khung E1 theo chuan cia ITU-T,

Khéi E1_deframer 1a khéi thuc hién tach dit liéu nhan duogc tir kénh truyén
(theo chuan E1) thanh dit liéu ctia cac khe thoi gian tuong ing, dong thoi tach thong

tin bao hiéu nhan dugc dé giri toi khdi Rx_CAS_RAM.

TX | El_framer El deframer [ RX |
il J

Tx_CAS RAM Rx CAS RAM

Il i

Control signals and common registers

( ndoeL

Hinh 2.13: So' @b khdi thiét ké phan mém
* Mé ta RTL céc khoi
- Khéi top:
Hinh 2.14 mé ta RTL modul déng khung E1. Trong sb d6 ¢ cac tin hiéu phia

STbus side nhu dudng dir lidu vao tser (dit liéu can dong goi E1 va phat di), dudng
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dit liéu ra rser (dit liéu da giai dong khung), cac tin hiéu clock sysclk, tclk, cac tin
hiéu dinh thoi da khung tsync, rsync; phia LIU side c6 duong dir liéu vao mtd (di
liéu nhan duoc tir dudng truyén), dudng dit liéu ra dtd (dir liéu di dong khung va
phat ra dudng truyén), dudng clock vao mtc, dudng clock ra dtc; ngoai ra la céc tin

hiéu giao tiép voi CPU nhu ale, a, ad, rd, wr.

Framer_(

i k|
J sysclk|3:0]
m rsync|3:0]
= tserl3:0) rser(3:0] pm
m tclk[3:0] ePm
m tsyncl3:0] dic(3:0] pm
= clkem ;‘= dtd[3:0] m
- mtc[3:0] ERTLE o L
1 G aqr -
= |0s[3:0] f ais b
= a[10:8] .
- ale m-as =
= rd
1 Wr

Framer v1 0

Hinh 2.14: M ta vao ra ctia khdi top
- Khéi E1_framer: Hinh 2.15 mé ta RTL khéi E1_framer, chinh 1a khéi dong géi dix
liéu phat. Dir liéu can phat di pcmtx_in két hop véi thong tin bao hi¢u cas_data va
cac thong tin dong bd khung, da khung duoc xir Iy dong géi thanh ludng dir liéu dau

ra pcmtx_out.
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E1 framer O
i ™
j reset
cas data[7:0]
= clk cas addr3:0)] m

= multi_fs éRTLE cas_rdy p=
- pomtx _in .'- pemtx out pe

= fsync

= Msync

E1 framer v1 0

Hinh 2.15: Mé ta khéi E1_framer
- Khéi El_deframer: Hinh 2.16 mo ta RTL khdi E1_deframer, chinh 1a khdi giai
dong goi dir li€u thu. D li¢u thu dugc pcmrx_in duoc xu 1y tach khung, da khung
theo dung timeslot dwa vao cac thong tin dong bd thanh ludng dir lidu thu vé

pcmrx_out va thong tin bao hiéu thu vé cas_data.

E1 deframer 0

i A

cas data|7:0] t
reset cas addr{3:0]

elastic clk ‘ cas rdy =
= multi_fs éRTLé pemrx_out
- pCmrx in -'- faync

= pcm clk msync =

.

f ais =

E1_deframer v1_0

Hinh 2.16: Mé ta khoi E1_deframer
- Khéi Tx_CAS_RAM: Hinh 2.17 md ta RTL khéi Tx_CAS RAM. Thong tin bao
hiéu tcas_data dwoc truyén tr CPU xudng, dugc luu vao khéi Tx CAS RAM
tuong ung véi kénh cua no, dau ra 1a tx_cas_data s¢ dugc dua vao khung E1 dua

vao cac thong tin dinh thoi.
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tx cas ram 0O

resel

address cas[7:0] ‘

== Wl Ca3s — —
- :RT L: Ix cas data[7:0] m
m fcas data[7.0) - -

m tx cas addd3.0]
= {x cas _rdy

LY Fi

tx_cas ram v1_0

Hinh 2.17: M ta khdi lwu trir thong tin bio hiéu CAS truyén di
- Khdi Rx_CAS_RAM: Hinh 2.18 mé ta RTL khdi Rx_CAS_RAM. Théng tin bao
hiéu thu duoc tir khdi E1_deframer rx_cas_data duoc luu vao khdi Rx. CAS RAM

tuong tng vai kénh cta no, dau ra la rcas_data sé€ dugc CPU doc ve.

rx_cas ram 0

reset
address cas|7:0]

= rd cas

‘ rcas_data[7:0] mm
rx_cas_data[7:0] = = .
: rx_cas_addr(3:0] ERTLE m_ais =

' int0 e

- %_cas_rdy

= fsync
- Msync

LY

rx_cas ram v1 0

Hinh 2.18: Mé ta khdi lwu trir thong tin bio hiéu CAS nhan dwge



44

* So' d0 nguyén Iy ciia thiét ké
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Hinh 2.19: So' @0 nguyén ly cua thiét ké
2.3 — Mo phéng
] vrave - default - o x

o File Edit View Add Format Tools Window
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4o Hmmd O BN &L ||x aaibke %) aqas

e B& tRO: AT || S

Jsimul_framerfuutfu_e1framerjframe
fsim A1

[
L Type here to search

Hinh 2.20: Miu dir liéu mé phéng dwa vao hé thong

Dir lidu dau vao dua vao hé théng (Hinh 2.20): Truyén 1 chudi dir liéu 1a cac
byte c6 gia tri tir 0 dén 31 twong ng véi 32 timeslot (tuy nhién nhitng timeslot
dung cho dong bo khung, dong bo da khung va bao hiéu CAS s& nhan dit liéu tir

ngudn khac khi truyén ra duong truyén).
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] veave - default - o X
file Edit View Add Format Taok Window

NeE&S sB@d0 > Ak

SH@RH|| 4« oo 4 EEG PP Q|| doe|}nladike E|aaag ¥

o
s Ju_et i
Jsimu_framesuju_e framerjcas_data | 35

£ Type here to search

Hinh 2.21: MAu dir liéu bao hiéu CAS dwa vao hé théng

1 vvave - default - a x
File Edit View Add Format Tools Window

NeE& sa@d 0> k%

®

S @3 || 4 = |5F[oooo po | GLEIE | BT Sy Qi || Lk e || [w 0B | % | AARR

imd_f

jsimud_framerjutu_e\framesframe
&

L Type here to search

Hinh 2.22: Dang xung dwa ra dwong day sau khi da déng khung E1
Dit lidu kénh bao hiéu CAS dau vao: Truyén 1 chudi cac byte c6 gia tri tir 21
dén 35 twong ung véi timeslot thr 16 ciia F1 cho dén khung F15 trong mot da
khung.
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] vave - default - o x

File Edit View Add Format Tools Window
IBELEETEL T Y (| SR || 4« | T foooo e HAURIE BT o D] &L ||[N mladiBiF|QARRSR "
|

£ Type here to search

Hinh 2.23: Chudi dit li¢u nhin dwgc sau khi gii dong khung

] vvave - default - o x
file Edit View Add Format Tools Window

SH@H || 4 <= (oo ps S EIEIE BT gy Q|| & & e || W mladiB3e | % | AQAAER

L Type here to search
Hinh 2.24: Chudi thong tin bao hi¢éu CAS nhan dwoc sau khi giai déng khung
St dung luén chudi xung dau ra khoi dong khung E1 1am dau vao cho khoi
giai dong khung E1 dé kiém tra v& mit 1y thuyét hoat dong cua thiét ké ma ta xay

dung.
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Ta nhan théy chudi dir liéu nhan duoc (ngoai trir timeslot 0 va timeslot 16)
tring khop véi chudi dit liéu ma ta dwa vao. Nhu vay 13 hé thong da truyén nhan dir
liéu chinh xac.

Thong tin bao hi¢u nhan dugc chinh la chudi thong tin bao hi¢u ta da gui di,
21 dn 35, twong tmg voi timeslot 16 cta khung F1 d&én khung F15. Khung FO s&
nhan dugc thong tin dong bo da khung.

Nhu vay hé théng déng khung va giai dong khung ma ta thiét ké da thuc hién
duoc chirc nang ctia n6 thong qua viée truyén di mot chudi dir liéu va thu vé duoc
dung chudi dit liéu do.

2.4 — Tong két chwong 2

Chuong 2 tién hanh xem xét cu thé IC ma ta dung cho thiét ké 1a xc3s500E,
mot FPGA thudc ho Spartan 3E, xem xét ciu triic va tai nguyén cta no, 1am co s
dé danh gia do phu hop va muc dap tng cho thiét ké.

Chuong 2 ciing tién hanh cac budc thiét ké phan cung tir so dd nguyén 1y dén
b6 tri linh kién va layout ra board mach thuc thi, dat gia cong & nha may, tién hanh
han dan cac linh kién 1én board mach, kiém tra cac dudng cip ngudn, dat va tin hiéu
cua board mach.

Pong thoi tién hanh cac budc thiét ké phan mém nhu 1én so d6 khdi chuc
nang, so dd khéi chi tiét, xay dung thuat toan, tién hanh viét code, thuc hién mo

phéng.
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CHUONG 3 - THUC THI VA KET QUA
3.1 — Tong hop thiét ké va chay thir
3.1.1 — Tong hop thiét ké

58 Xiliru - ISE - DAl Work\ NTL\2017\ Mange apdE Thsofware'Fram er_E 1\Fram er_E ise - [Fram er vhd] - X
[ File Edit View Project Source Process Window Help X
D2EHI S SDEX wa R PAPHXPE A BBOD AN K& = @ G XAAA £ ZTEZEANMMADNK
Sources for. Implementation v
EFrame E1
& 352005v1 00
[ cFlaFrames - Behavioral [Framet.vhd) 08:03:47 11/16/2017
[uE Thames - E1_ftames - Behavioral [E1_framer. e Bebein
[lu_E 1eliames - E1_defiame: - Behaviorsl (E1_dk fromes - fehavioral
[lu_be_cas - be_cas_ram - Behavioral [o_caz_ram.
[iglu_re_cas - m_cas_ram - Behaviotal [ix_cas_tam.
[l ramee.ucf (irames ucf)
< > 15 Revision:
@ Souces [ Fies Frv Linaist 16 Revision 0.01 - F Creaved
* - d D 17 A tional Commens
18
Processes for. Framer - Behaviorsl - ;z
[ AddEsising Sousee =
[ Create Hew Source 22
£ ViewDesign Summery 23
59 Desion Utiives 24
® % User Constsins 2s claration if instantiating
c 26 any X
18 View Syrihess Repart 27 --library UNISIN:
28 --use UNISIN.VComponents.all:
[ ViewRTL Schematic e
@  View Technology Schematic 30 entity Framer is
€2 Cheok Symian 3 port
9 B3 fGeneiste Post-Synihesis Simulation Model 3z ¢
@ E2  Implement Design 33
@ €2 Generate Programmng Fie ol 3 rser (3 downto 0);
<B 0 35 svaclk loaic 13 downto 01: v
< >
B, Processes
< L Design Summary [ Framer vhd
Unit <Framer> synthesized. ~

INFO:Xst:1767 - HDL ADVISOR - Resource sharing has identified that some arithmetic operations in this design can share the same physical resources for reduced device utilization. For in

< >
(5] Console  @)Emors g\ Wamings @ TciShel 3§ Find inFiles
NUM [ SCFL [Ln 30 Col 15 | VHDL

H L Type here to search if 2 Q% ENG o) jr‘wy\,m‘
Hinh 3.1: Tong hop thiét ké trén cong cu ISE
3.1.2 — Thuec hién thiét ké

558 il - ISE - DA Work\NTL\ 2017\ Nangeap4E 1\sofware\Fram er_E1\Fram er_E1ise - [Framer shd] - o X
[ File Edit View Project Source Process Window Help - %

DRPEHA L XQEX w0 PAXKEIR A BEDD SR KK v vV OO € TEL( AR ON

Sources for_ Implementation v
A Framer_E1
= £ %3:2005vq100
[\c% Frames - Behavioral (Framer.vhd)

[ u_E Mramer - E1_framer - Behavioral (E1_framer

[ u_E1defiames - E1_deframer - Behavioral (E1_de
g u_be_cas - bx_cas_ram - Behavioral (bx_caz_ram.
g u_x_cas - rx_cas_ram - Behavioral [rx_cas_ram.
) frames.uct (ames uc)

< >

B3 Souces | Fies £ Snepshots D) Libaies

Processes foc. Framer - Behavioral
[ AddEsisting Source.
[ Create New Source

View Design Summary

@Y Design Utiites

# 9 User Constraints

@ LA@Syrthesize - ST
[ @ implecrent De:

W 1f instantiating

# Ti
:) )M'ms“e 30 entity Framer 1is
M 3 port
82 PlacetRoute 25
82 Generate Programming Fie 33
482  Conligure Target Device 34 £(3 downto 0):

35 sysclk {3 downto 0)

36 rsvnc r i3 downto O): s
< 2 < >
B Processes =
& X Design Summary  [) Framer vhd

1, HARNING:ConstraintSystem: 119 - Constraint <NET "los[1]" LOC = "p9&” ;> ~
1, UARNING:ConstraintSystem: 119 - Constraint <NET "los[2]" LOC = "pa” ;>

1. BARNING:ConstraintSystem: 119 - Constraint <NET "los[3]" LOC = "p14” ;>

< >

[] Console  @Enors 8 Wanings R TciShel g Findin Files

H L Type here to search

Hinh 3.2: Thie hién thiét ké trén cong cu ISE
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3.1.3 — Tao bitstream nap vao FPGA

vhd) - o8 x

58] il - ISE - DAl Work\NTL\ 2017\ Mangcap4E 1\sofvare\Framer E1\Framer_E ise - [Fram
[ File Edit View Project Source Pracess Window Help S

DAES L sBXwad £ EAANAL ¢ OO0 €+ TEL(ABRAD N

5

H -~
Souces for, Inplementation v 3

&1 Framer_E1 4
03 e 352005vg100 s Create Date: 7 11/16/2017
[ Framer - Behaviceal (Frames.vhd) ¢ beaion Heme:
[u_Ethamer - E1_frame: - Behavioral [E1_tiamer ? Hodule Hes Behavioral
[ u_ETdetramer - E1_delramer - Behavioral [E1_dH : ;:(zz']’:“l:v
[iglu_tx_cas - b_cas_ram - Behavioral [x_cas_ram 10 o1 N
[ilu_pe_cas - ix_cai_ram - Behavioral (x_cas_tam | 39
[lhamet uct framet uct) 12

13

14 -

15 Revision:
< > 16 Revision D.01 - File Created
@Souces [yFes g Snapshots [ Limes iy Additional Comment

19

20
Processes for. Framer - Behavioral o

[ AddExisting Sousce o
[ Creste HewSouce 5
L ViewDesign Summary 24
® @ Design Utiities 25 ent the following library declaration if instantiating
® QP User Conshisms 26 in this code
© 2@ Synthesze -X5T 27
& €21\ Implement Design 28
= Generate Progyamming File e
Progiamming Fie Genesstion Report gs
© 82 Configue Taget Device -

33

34 {3 downto 0):

35 (3 dovnto 0):

36 s (3 downto 01: M
< La| Y >
Py

4 Processes L Design Summary  [5) Framet.vhd
1. BARNING: PhysDesignRules:372 - Gated clock. Clock net -
1 BARNING: PhysDesiguRules:372 - Gated clock. Clock net csl 13 sourced by a
1. VARNING: PhysDesignRules:367 - The 3ignal <clkzm_IBUF> 1is incomplete. The signal
< >
Qo g\ Wamngs @ TciShel g Find in Fies
APS UM Ln 30 Cal 16 |VHDL

ﬂ O Type here to search
Hinh 3.3: Tao file bitstream nap vao FPGA

3.1.4 — Tao file nap cho ROM ngoai ciia FPGA

M¢ cong cu impact:

[ File Edit View Project Source Pracess Window Help -8 X
DRPEA L LRBX waQ PPHAXABR A BEDD A MRk JEFEBEXAAL 0 OO «» TEZ(ARBRON
il &3 2 Compa: -
Souces for. | Implemertation = 3 Engineer:
EFramer_E1 4 -
€3 35200 5vg100 s 1171672
(53 Frames - Behaviceal Frames.vhd) S
[lu_E Thiamer - E1_frame: - Behavioral [€1_hamer 1 ioral
[Rlu_E 1deframe - E1_deiramer - Behavicesl [E1_ck :
[ tx_cat - b _cas_ram - Behavioeal (W cas_vam | | 50
[ilu_m_cas - n_cas_ram - Behavioral (ix_cas_ram 11
[ tramer uct [frame ach] 12
13 Dependencies:
14
15 Revision
< 2| 16 Revision 0.01 -
gSouces [yFer gy Snomhots [PyLimres :; -~ Additional Comm 8 ProjectNavigator ps
Processas x 18 Warming: Mo iIMPACT project file exists. Click OK to open iMPACT. You will then |~
20 need to add appropiiate information to PROM file formatter or SystemACE
P for Fi havior, -
tocesses o Framer - Behavceal 21 and then save the iIMPACT project file. Once this step is completed, subsequent
O AddExistng Souce 22 runs of the ‘Generate Target PROM/ACE file' process can generate the file
O3 Create Hew Souce 23 without needing to apen the iIMPACT GUI,
L ViewDesign Summary 24
&% Design Utikies 25
©§  User Conshants 26
® 2@ Sythesze -X5T
& £ .4\ Implement Design
® €2\ Generate Programming File
582 Conbgue Target Device
#2€ Generste Target FROM/ACE Fie
%  Mansge Configuation Project (MPACT]
< > N
B Processes
x
%‘ < >
& [ Consse @Ewos  § Wamng: [ TelShel g Findin Fies
CAPS [MUM [ SCRL [Ln 30 Col 16 [VHDL

H O Type here to search y AR B m;.v‘w.r« 5
Hinh 3.4: Mé cong cu impact
bit tén va chon dinh dang file:
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5 1 il it
[ File Edit View Project Sowrce Pracess Window Help -8
D2EF S LAREX D) PPHHAR A BBDGT A KA = FEBEAALLAL ¢ OD «» TEL(ARBRON
Sources x 2 N
Souces for. Implementation < 3
Y Framer_E1 4
5 (035200 5v100 s 08:03:47 11/16/2
) Pl Fromes - Behaviordl (Frames.vhd) ] Design Name
Framer - Bel amer .
v IMPACT - Prepare PROM Fi -
[y uE thames - E1_frames - Behavioral [E1_hamer ; Hodule ”r‘;""- B iMPACT - Prepare PROM Files x
, et Neme :
[']u_E 1defiames - E1_deframer - Behaviorsl [E1_de 5B — Torges vevice it Al
[igu_vecoe - b cas_ram- Behaveral (o cas ram | 4o __ o5 P e
[ u_ne_cas - n_cas_ram - Behavioral (1x_cas_ram 330 -~ pescciption: =
[ tramer uct firamet uch] 12 O Genesic Parallsl PROM
:: — Dapencenciess O 3dPaty SPIPROM
15 -- Revision: O PROM Supporting Muliple Design Versionss: | St ar € Ml Bt
< > 16 Revision 0.01
S3Souces [yFler gy Snapshots [ Librasies l; Addicional Cox
1
Processe: x| 19
Processes for. Framer - Behavioal :2 ““"[‘;fr PROM Fie Fomat
[ AddExisting Source o voe @Mes O TEK () UFP(C" fomal)
O3 Cieate New Souce 23 O B0 O BN O 15c
L ViewDesign Summary 24 -
&9 DesignUtikies 25 ey OHEX
© @ User Constiants 26 inx pl
% 2@ Syrihesin -X5T 27 -—-library UNISIM:
28 n.vcon
# 2,1\ Implement Design
€1\ Generate Progrsmming File ;3
¥ Configue Taiget Device e X
€2 Genesste Target FROM/ACE Fie 3 Checksum Fil Vahae (2 Hex Digis} FF
@  Manage Confguation Project (MPACT) 33 PROM Fie Name: Frame:
b Locatiors D-MI_Work\NTLAZ01 7\angeapdE 1\sofware\Framer_ET\ Biowse.
G N T 5 ¥
< >
[ — - = Cancs
I Design Summay [ Framervke

x
E
R >
& (g Console  @Eros 8 Wamng: [ TcIShel g Findin Fies

P [NUM n30Cal 16 |VHDL

H L Type here to search - 7 Ux ENG \:\-Z:‘:;,n« =
Hinh 3.5: Dat tén va chon dinh dang file

Tiép theo chon ché do nap:

= 201 : !

[ File Edit View Project Source Process Window Help - X
DAES L dREX e PAXHPE| A BEOD LA 0L VA SEEREAN C AD «» " E L AR ON
Sources x Company -
Souces for | Implementation ~ neer:
EFramer_E1
£ 35200 5v100 Create Date: 0B:03:47 11/16/2017
T Design Meme:
D Frames - Behavioral [Frames. vihd)
DE“ s - E1_amer - BehovioalE1_amer Module Neme |58 iMPACT - Select PROM Flash Made — X
y > It Project

[islu_E1deliames - E1_defiamer - Behavioral (E1_dd

o
t Devices

Targe
[Qu_te_cas - tx_cas_ram - Behavioral (bx_cas_ram. 10 —- Tool varsions
[Ru_re_cas - m_cas_ram - Behaviotal [rx_cas_tam. 11 -- Description:
[ frame. uct [ames.uch) 12
13 Depe: cles: e 52 v dth for sk ce
14 - than s wid VPROM
15 Revision:
< > 16 Revision 0.01 I need e fles spit across the data b
SgSouces [ Fies £ Snapshots [P Lirasies :: == hdditional Ce
Processes x 19 - - B L

Processes for: Framer - Behavioral E1ibrecy IEEE:

21 IEEE D
[ AddExisting Souce el coe LN P m
Create New Source 16
=] - 23 PROM
L ViewDesign Summary 24
© Y Design Utiibes 25
WY User Conrsints 26
@ 8 2@ Syrthesize -XST 27
i £2.1) Implement Design ::
o Programming Fi
€24\ Generate Progammng Fie 30 entity Framer iz
5 82 Configwe Target Devica a1 ert
gmswmﬂagmuwum a2 ¢
B Manage Configuration Project (MPACT) 33 STous side
34 rser : out|
35 sysclk in

0 = 36 rsvne

N >
& Proceses <ok Concel ‘

X5 Design Summary [ Framer vk

%‘
I [ Corsoe @Ewors )\ Warngs ) TciShel Findin Fles

NUM [ SCRL [Ln 30 Col 16 | VHDL

H £ Type here to search i . : dx ENG M'; 1“4“ B
Hinh 3.6: Chon ché d§ nap

Chon loai ROM tuong ung v6i FPGA da chon
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5 il U
[ File Edit View Project Sowrce Process Window Help -ld X
DAEA L LREX D) PRPXHXARBA BEDT SN MR ~ FEASEANLADL 0 QO « TEL(ARBARON
Sources x - A
Sousces for | Inplemertation v
EFrame £1
5 C%c35200 Svai00 8:03:47 11/16/2017
[ Framer - Behavioral [Frames.vhd)
MPACT - Specify M Dev -
T oot 1 v Botvins E1_fme 558 IMPACT - Specify Xilin: PROM Device x
[ E 1defamer - E1_daframer -Behaviod €100 | g 7 7 00Ty 0 e ool ] Ao Select PROM
[ be o2 - b_cas_rom - Behavieral (w_casram | 10 Tool version
[igu_ne_cas - m_cas_ram - Behavioeal 1_cas_ram 1 Descripti nab
[ framer uct liramet uch] 12 - umber of Fle
13 -- Dependencies
1 - P
15 Revision:
PRI v el 4 M| .
- N - B gy | Selecta PROM s} et wciiids [4M) Add
WgSouces [[yFier gfSnaothotr [PyLinaier :; Positon Part Name.
Processes x 19 _
Processes for: Framer - Behavioral j:
[ AddExisting Source 25
[ Cieale NewSouce 23
L ViewDesign Summary 24
T Y Desion Utiie: 25
# 9P UserConstiainis 26 Delete 41l
& € 2@ Synthesze -X5T 27
£ £ 4\ Implement Desion :S
v \ Pre L
€2, Generate Prograneing Fe 30 entity Framer is
=82 Confgue Taiget Device = sore
E2@ Generate Target PROM/ACE Fie 32
@  Mansge Configuration Project (MPACT) 33 --5Tbus =1de
34 rser out|
e . 79 O AddpataFies
. N 36 ravnc :in M
= >
. < Back Nest > Cancel
'{. Processes ¥ Design Surmary | [5] Framenvi
x
>
Comsole @ Emors gy Wamings [ TclShell g Findin Files
P [HUM Ln 30 Cal 16 |VHDL

ﬂ L Type here to search

Hinh 3.7: Chon loai ROM twong @ng voi FPGA da chon

Chon file bitstream cua thiét ké vira tao:

ENG

2019-11-06

8

= 201 '
|54 add Device X -
" & @ BEL v 00
AL« 2017 > NangeapdEl > sofware > Framer €1 > v & | Search Framer €1 »
Organize > Mew folder ~ @ @ -
Mar ze
# Quick access
_ngo e
5 Documents
_msgs fol
¥ Dweminads Frames_E1_xdb
= Pictures d templates e
2Taileu tmp 7 .
4-HDSD work 2 fol
Lusnvan xine_auto_0_xdb
T ot
framer.bit 2019-11-0 28KE
3 This PC
& Network
File name: | ramer bit | | FPGA BitFiles (" bit -
v
Cortigurstion Opsiations -
TEEED fisston Ope What's New nISE DesgnSute 101 - Desion Summary [ PROM File Formatter
x PROM Name : xcf0ds PROM Size : 524288 Bytes -

/4 *** BATCH CMD :

-- END of Report ——
setittribute -design -attr nawe -value "0"

B
E,.;J Console  @Ences  f\Wamings @ TelShel  (gg Find in Fies

H P Type here to search

Hinh 3.8: Chon file bitstream

Tao file .mcs dé nap vao ROM:
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58] il - ISE - DAL Work\NTL\2017\andc apdE 11 sotware Fram er_E 1\Fram er_E Lise - [PROM File Fom atter]
File Edit View Project Source Process Operations Window Help

- X
-8 X
DRPEHA L LREX D@ R LPHXHAAA BBOD AR K& VEFESEAALL OORLL ¢ QO
X i BO[eN
BB Boundary Scan
295laveSerial
23 5electMAP
“$3Deskiop Configuistion
23Direct 5P Coripuation ncidés
[E)systemacE HW%FA xc35200
[£]PROM File Formattes tramer bt
@gSouce ([yFles gy Snape [ Librane Configuration t
Avaiable Operations are
[ e,
PROM File Generation Succeeded
S Processes | Confipaskon Opersdons What's New in ISE Design Sute 101 Design Summary 1% PROM File Formatter
Writing file "b:\II_Work\NTL\2017\NangcapdEl\sofuareiFramer E1\//Untitled.mes”. "
Uriting file "D:\TI_Vork\NTL)2017\Nangeap4E1\sofvareiFramer £1\//Untitled.prn®.
Uriting file "D:\II_Work\NTL\2017\Nangcap4El\sofware\Framer E1\//Untitled.sig”
< >
[6] Console  @Ewors  j\ Warings (@ TciShel 3 FindinFies
PROM File Generation | Target Xilinx PROM | 1,047,616 Bits used | File: Untitled in Lacation: D21 Work \NTL\ 201 7\Hangcap€ \sofvrare Framer_E|
H £ Type here to search

@ v ® LA OE

Hinh 3.9: Tao file .mcs tir file bitstream da cé
3.1.5 — Nap file cdu hinh cho FPGA va ROM

LOO® LINCATIE]

TR IN

PECEEEEREEEEERLLLEEERRILLY

Hinh 3.10: Sir dung bd nap DLC10 ciia Xilinx dé nap cho FPGA va ROM ngoai theo
chuin JTAG
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i gu Boundary Scan

&| SystemACE
|=] Create PROM File (PROM File Format
|&] WebTalk Data

x€35200 xct02s
framer bt release_vy3mcs

DO,

Available Operations are Executing command...

=% Program

= Verly I o
=b Erase

= Blank Chec

=9 Readback

=9 Get Device ID

= Get Device Checksum

= Get Device Signature/Usercode

o “O & x % Configwation Operation Status X

_‘v L . &t
CP2EH X888 5T F,N
IMPACT Flows ~+08& X

= One Step SVF
=) One Step XSVF '._‘* B’y Soon
Corsole 08 X

'2': Programming device... ~

done.

‘2': Putting device in ISP mode...done.

'2': Putting device in ISP mode...done.

'2': Veritfying device... S
< >
[8] comsole €@ Errors 3\ Warnings

Configuration | Platform Cable USBIl |6 MHz usb-hs

Hinh 3.11: Tién trinh nap file cAu hinh cho FPGA va ROM

3.2 - Két qua

St dung may do ludong VeEX UX400 dé danh gia ludng E1 duoc phat di boi

modul dong khung E1 ma ta thiét ké. Thiét 1ap hé thong do gébm co 1 card

backlpane thyc hién noi cac tin hi¢u gitra cac card, 1 card nguon dé cap ngudn cho

toan hé théng, 1 card CPU diéu khién toan bo hoat dong cua h¢ théng, va 1 card

trung ké E1 ma 15i 1a modul déng khung E1.
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Hinh 3.13: Két ndi hé théng véi may do ludng VeEX UX400
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Hinh 3.14: Két qua do trén may do ludng VeEX UX400

Page 10f3

Hinh 3.15: Cac bao cinh trén may do



56

Két ndi ludng E1 cuia hé théng ma ta xay dung véi ludng E1 ctua may do (TX
ctia hé thong vao RX ctia may do va nguoc lai).

Tir may do phat di 1 ludng E1 va nhén lai bao canh dong bo & card ludng El
thong qua hién thi cta cac dén LED (nhay déu 1s).

Ddng thoi tir hé thong phat di mot ludng E1 va thu duge bao canh dong b &
may do. Hinh 3.14 va 3.15 thé hién diéu do. Lué)ng E1 ma may do nhan duogc tir h¢
thdng hién thi dong bo, khong ¢ 16i (No errors - OK). Céc bao canh LOS (Loss Of
Signal), AIS (Alarm Indication Signal), LOF (Loss Of Frame), RDI (Remote Defect
Indication), Cod (Violation on coding sequence), FAS (Frame Alignment Signal)
déu hién thi mau xanh, tirc 12 khong c6 bao canh (néu c6 bao canh sé& hién thi mau
vang).

3.3 — Nhén xét va danh gia két qua

Trong qué trinh nghién ctru, ludn vin dd ap dung cac 1y thuyét vé xir 1y tin
hiéu sb, ghép kénh sb. Luan van da tham khao nhiéu tai liéu khac nhau, cac khuyén
nghi, tiéu chuan cua céac t6 chirc uy tin hang dau thé gidi, tir d6 xay dung cac khoi
mot cach mém déo, tbi wu sao cho dap ung duoc bai toan dat ra ban dau.

Két qua mo phong cho thdy vé mit 1y thuyét modul dong khung E1 hoat
dong chinh xac theo yéu cau da dé ra khi thuc hién gia 1ap dwa mot chudi dit liéu
vao modul thyc hién phat di trén kénh truyén sau d6 thu lai thyc hién giai dong
khung nhan duoc chudi dit liéu tring khép chudi ban dau.

Két qua thyc té nhan dugc qua viée thyc hién do kiém dénh gia bang thiét bi
dat chuan quoc té, két nbi luong E1 ma modul tao ra v6i ludng E1 ctia may cho thiy
hé thé)ng déng bd hoan toan, khong co6 chi thi bao canh. Diéu nay cho phép két luan
modul ma luan vin xay dung dap Gmg duoc cac chi tiéu, yéu cau da dé ra.

3.4 — Tong két chwong 3

Chuong 3 tién hanh tong hop thiét ké (mi nguén VHDL) trén cong cu ISE,
tao ra céc file nap cho FPGA (file .bit) va file nap cho ROM ngoai cua FPGA (file
.mcs). Tién hanh nap file ciu hinh di tao ra cho FPGA va ROM bang cong cu

Impact cua Xilinx.
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Trién khai hé thong do kiém cau hinh twrong duong mot tong dai trong do6
modul dong khung E1 ma luan vin thiét ké dong vai tro 1a mét trung ké E1, ngoai ra
¢6 thém card backplane, card ngudn va card CPU. Két ndi ludng ddu ra cua trung ké
El v6i may do ludng VeEX UX400. Cau hinh cho may do ludng ¢ dang ché do do
E1/PDH, PCM30.

Két qua do kiém thu duoc thé hién ludng dong bo gitta card E1 va may do
ludng. May do thé hién khong c6 18i, khong co cac bao canh. Co thé két luan modul

dong khung E1 lam viéc tot.
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KET LUAN

Nhu vy sau mot thoi gian nghién ctru voi sy nd luc cta ban than va su
huéng dan tan tinh cua TS. Nguyén Ngoc Minh, dé tai “Nghién ciru thiét ké
modul déng khung E1 bing FPGA” cua hoc vién d3 hoan thanh véi mot sb két
qua sau:

- Niam duoc kién thic co ban vé céng nghé FPGA, hiéu duoc tu tudng ludng
thiét ké trén cong nghé FPGA, kha ning xr 1y dit liéu ctia cong nghé FPGA.

- Hiéu va lap trinh duoc bang ngdn ngit mo ta phan cing VHDL, st dung
ngdn ngit VHDL dé thiét ké dugc 1 16i xtr 1y tin hiéu sd, cu thé 1a modul dong
khung E1 trong hé théng truyén dn so.

- Lam chu va st dung thanh thao cong cu thiét ké mach in Altium, cong cu
thiét ké FPGA nhu phan mém ISE, phan mém mé phong modelSim.

- Nghién ciru va thiét ké thanh cong modul déng khung E1 tng dung vao
bang mach thuc té trong mot thiét bi truyén dan quan su.

Nhitng han ché va hudng phat trién cta dé tai:

- Do thoi gian thuc hién dé tai c¢6 han, chiu chi phdi nhiéu nhiém vu khac
nhau nén chua t6i vu dugc thiét ké. Ban than modul dong khung E1 chua tan dung
hét dugc ngudn tai nguyén kha 16n cua IC da chon.

- Trong thoi gian t6i hoc vién sé& tiép tuc hoan thién dé tai ciia minh, ning
cap 1én cac khung 16n hon nhu E2, E3 hay tham chi cic dong goéi SDH nhu STM-1,
STM-4. Str dung cac cong nghé FPGA m&i c6 nang luc rat 16n va sir dung cac cong
cu cao cap nhu Vivado thay vi ISE dang dan 16i thoi.

Hoc vién rat mong nhan dugc nhiing gop ¥ cta cic nha khoa hoc, dong
nghiép va ban bé dé hoan thién dé tai caa minh.

Ha Noi, thang 11 nam 2019

Nguyén Tién Lap
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PHU LUC

So d6 két ndi cac khdi trong thiét ké phan mém modul déng khung E1

CAS from CPU CAR E1 framer E} bitstream
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