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Tém tat
Virtex-7 FPGA VC709 duoc hang Xillinx sdn xuét va duwa ra thj truong tir ndm 2010. Pay la
mét ho kit FPGA méi ¢ céu hinh manh véi téc dé xir ly 1én téi 40Gb/s, phu hop cho céc (ing
dung bédng théng cao va hiéu ndng Ién. Kit bao gbm h&u hét cac phén cing, céng cu va IP
cén thiét dé cac nha phéat trién cé thé nhanh chéng két néi va danh gié hé théng cda minh.
Bén canh céc giao tiép PCI Express thé hé 3, 16i DMA IP cung bd nhé o FIFO, kit ciing cé
giao dién GUI véi ddy du cac trinh diéu khién céan thiét. Bai bao nay gidi thiéu, phan tich cau
tric téng quat cua Virtex-7 VC709 va néu ra mét sé (ing dung co ban cta Virtex-7 nhdm
gitip cac nha nghién ctru cé thé str dung kit trong céc (rng dung sau nay.
Twr khéa: FPGA, Virtex-7, VHDL, Verilog.
Abstract
Virtex-7 FGPA VC709 was designed and manufactoried by Xillinx in 2010.Virtex7 VC709 is
a platform with speed of 40Gb/s for high-bandwidth and high-performance applications.
Virtex-7 includes many helpful hardwares, tools and IP to quickly develop, connect and
assess the designed sysems by developers and programmers. Besides some interfaces
such as PCI Express Gen 3, DMA IP core and Virtual FIFO memory, Virtex-7 also includes
a GUI which includes all the software drivers. This paper not only presents the structure of
Virtex-7 but also introduces basic applications of Virtex-7. Therefore, the developers and
researchers can ultilize this kind of Virtex for future applications.
Keywords: FPGA, Virtex-7, VHDL, Verilog.
1. Gi&i thiéu vé ho FPGA Virtex cta hang Xillinx

Ngay nay, thuat ngir FPGA (Field Programmable Gate Array - mang phan t& logic kha trinh)
da tré nén phd bién va théng dung cho cac nha nghién ciru va ngudi thiét ké. Véi kha nang tuy bién
cao, dé& dang lap trinh va dwoc trang bi nhiéu tinh nang cao cép, cac nén tdng FPGA dang hé tro rat
tdt cho cac nha khoa hoc trong viéc trién khai cac gidi phap nghién clru cGia minh. Trai nguoc voi
céc kit ASIC (Application-specific integrated circuit - vi mach tich hgp chuyén dung) la nhirng Kkit,
chip ¢6 téc dd x& ly nhanh do dwoc chuyén biét héa, cac kit, chip FPGA cé kha nang tai cdu hinh
cao nén giup cho viéc thiét ké va ché tao dwoc gidm gia thanh va day nhanh thoi gian ché tao ra
san pham thwong mai cubi cung.

V&i vai tro 1a mét nha cung cép chip FPGA bén canh Artera, hang Xillinx da san xuét cac ho
va thé hé FPGA nhu: Virtex, Spartan va sau nay 1a ho Zynq. Trong d8, ho Virtex déng vai trd cht
lwc ctia hang véi nhiéu thé hé da dwoc phat trién va cai tién tir Virtex thé hé dau tién vao nam 1998,
trai qua nhiéu thé hé, dén nay ho Virtex da phat trién dén thé hé thi 10 (Virtex UltraScale+ vao ndm
2015).

Virtex-7 1& thé hé Virtex thir 8 cGa hang Xillinx dwoc dwa ra thi trwéng tir thang 6 ndm 2010
[1]. So v&i cac thé hé trudc, Virtex-7 (V-7) dwa trén cong nghé xt& ly 28nm giam thiéu céng suét tiéu
thu, c6 cau hinh vwot troi véi 80 bd thu phat, hd tro cac kénh riéng biét tbc d6 13.1Gb/s. Bén canh
do, né con hé tro giao tiép bé nhé DDR3 téi 72 bit (day la con sé 16n nhét trong cong nghiép) va co
thé dat dén tbc do doc 2133Mbps. Vi vay, V-7 tr& thanh bo mach chii lwc trong thiét ké radar va mau
ther ASIC. Trong thiét ké k¥ thuat, thiét ké ASIC I&n, tai nguyén clia FPGA thwdng bi gi¢i han. Cac
nha phat trién thuwong phai st dung nhiéu FPGA lién két véi nhau, diéu nay sé lién quan dén truyén
s6 liéu gira cac khéi ctia FPGA. Téc d6 khac nhau, lwu lwgng khac nhau doi héi ché do truyén khac
nhau. V&i V-7, cac ché do nay déu dwoc dap ing khi V-7 cé thé cung cép céac giao dién truyén tai
s6 lieu khac nhau nhuw GTX, GPIO_LVDS,... ciing nhw hé trg phan cirng dé truyén tai s6 liéu gita
cac FPGA. Bai bao nay phan tich ciu tric phan cirng cla kit Virtex-7 VC709 véi cac théng sb co
ban. Trén co s& d6 trién khai mét ing dung cla Virtex-7 VC709.

CéAu tric cuia bai bao: sau phan mé dau, phan 2 phan tich cAu tric cla Virtex-7 VC709. Cach
thiét I1ap phan cirng va phdn mém dé mé phéng XT Connectivity TRD dwoc dwa ra & phan 3 va phan
4 trinh bay nghién ctu vé rng dung Virtex-7 trén VC709 dé thuc hién bd diéu ché QPSK. Cubi cuing
mot sé két luan dwoc dwa ra & phan 5.
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2. CAu trac cua kit Virtex-7 VC709
2.1.C4u tric cor ban cua kit Virtex-7 VC709

Bo mach VC709 cung c&p nén tang phan ctng dé phat trién va danh gia cac thiét ké cho chip
Virtex-7 XC7VX690T-2FFG1761C FPGA. VC709 c6 kha nang cung cap nhieu dac trwng co ban cho
cac hé thong xt ly nhung véi 2 khe ram DDR3, mét giao dién PCI Express 8-lane, ho tro' cac giao
tiép co ban 1/0 va mét giao tiep UART. Cau truc tiéu biéu ctia VC dwege minh hoa & Hinh 1, bao gom
céac thanh phan co ban:

- Trung tdm chinh la vip Virtex-7 XC7VX690T-2FFG1761C FPGA,

- 2 khe RAM DDR3 c¢6 dung lvong 4GB dang SODIMMs;

- B4 nh¢ flash 128MB;

- Modun giao tiép USB JTAG.

Cac mach tao xung nhip: LVDS 200MHz cb dinh, LVDS 233.33MHz c6 dinh, LVDS 12C kha
trinh, dau n6i chuan SMA, dau ndi chuan SMA cho xung nhip thu phat GTH.

- Cac b6 thu phat GTH: 10 bo thu phat qua dau néi FMC HPC, cac dau ndi SMA (mét cap cho
MGT_REFCLK), giao tiep PCI Exrpess,...

Bén canh do, VC709 con co6 mét cau chuyén dbi USB-to-UART, cac bus I2C. Cuéi cung,
VC709 c6 cac giao dién I/0 ngwéi str dung nhw: LED, nat an, cong tac DIP,...

CAu truc, hinh anh thwc té ctia VC709 dwoc md ta & Hinh 2.
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Hinh 1. So’ @6 khdi ctia bo mach VC709 Hinh 2. Vj tri cdc thanh phan trén bo mach VC709

Chi tiét vé& cac thanh phan clia VC709 va vi tri cla tirng thanh phan clia VC709 co thé dé dang
dwoc tim thay trong [2].
2.2. Cau hinh FPGA

Bo mach VC709 hé tro 2 trong 5 ché d6 cau hinh FPGA:

- Ché d6 master BPI s dung bd nhé flash trén bo mach;

- Ché d6 JTAG st dung cap chuyén ddi type-A sang micro-B USB dé két ndi PC véi VC709
théng qua cbéng cau hinh.

Méi giao dién cAu hinh twong (ng véi mét hodc nhidu ché d6 ciu hinh va téc d6 bus nhuw liét
ké & Bang 1.

Béng 1. Cédc ché dé ciu hinh cho VC709 bang SW11

Ché d6 c4u hinh Cai dat chuyén mach SW13 DIP (M[2:0])
Master BPI 010
JTAG 101

Trong Bang 1, cac chuyén mach DIP M2, M1 va MO & trén SW11 tl vj tri thr 3 dén thir 5.
Trong ché d6 Master BPI, bd nh¢ flash BPI dwoc st dung dé ciu hinh ho&c dé lwu trir phdn mém.
DPong thoi, bd nhé flash BPI ¢6 thé dwoc ciu hinh ddng bd véi FPGA & tan s 80MHz s dung ludng
di liéu cAu hinh tao b&i BitGen. Phwong phap ciu hinh nhanh nhét Ia st dung bd dao déng 80MHz
bén ngoai ndi dén chan EMCCLK FPGA.

Vi ché d6 JTAG, PC két néi t&i VC709 thong qua cdng USB téi cdng USB loai micro-B trén
VC709 bang cap USB (dwgc cung cip kém véi VC709). Ché dd JTAG cho phép PC tai lubng bit
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xudng VC709 FPGA théng qua cdng cu cua Xillinx (nhw Vivaldo Design Suite). Ngoai ra, JTAG cho
phép cac cong cu debug hodc phan mém debug truy cap vao FPGA.
2.3. Cac giao dién

Dé thuc hién két ndi va giao tiép v&i cac ngoai vi khac, VC709 c6 cac dang giao dién khac
nhau:

- Giao dién PCle: két ndi PCle 8-lane hé tro tc dd truyén tai 2,5GT/s (GT: gigatranfer [3]) cho
cac ing dung Gen1, 5,0GT/s cho tng dung Gen2 va 8GT/s cho trng dung Gen3. Cac dwdng truyén
tai PCle c6 tr& khang 85W. Bén canh d6, cac bd thu phat GTH cta VC709 dwoc st dung cho cac
giao dién néi tiép & tbc do hang Gbps;

- SFP/SFP+: VC709 hé tro 04 cong két néi SFP+ (Small Form-Factor Pluggable);

- USB-UART: VC709 c6 1 cau chuyén dbi Silicon Labs CP2103GM USB-to-UART dé két ndi
PC véi VC709 théng qua cdng USB. Ngoai ra, nhé trinh diéu khién Virtual COM port (VCP) dwoc
cai trén PC cho phép ciu chuyén d6i USB-UART nay dugc coi nhw mét cdng COM trong cac (rng
dung truyén théng nhw HyperTerminal;

- Giao dién FMC: VC709 h tro 1 két ndi FMC theo chuan VITA57.1 dé truyén thong di liéu
tbc d6 cao. Giao tiép FMC nay 1a dang HPC (high pin count) v&i 400 chan (gém 40 hang, mdi hang
¢6 10 chan) hé tro téi: 10 bd thu phat GTH, 160 tin hiéu, 2 xung nhip GTH, 159 chan néi dat va 15
chan cap nguén.

3. Két n6i hé théng cho VC709

bi kém véi VC709, hang Xillinx cung cép 2 giai phap BIST (Build-in seft-test) va TRD
(Connectlwty Targeted Reference Design) [4] dé 1ap trinh va moé phong véi VC709. BIST cung cép
giai phap thuan lgi dé kiém thir cac dac diém cua bo mach vé kha nang cu hinh lai. TRD mé phdng
hé théng truyén tai di¥ liéu tbc d6 cao tir PC xudng VC709 s dung PCle 8-lane Gen3, 02 bd nhé
DDR3 SODIMM duoc st dung lam bd dém géi di liéu, div liéu dwoc truyén tai qua lién két BASE-
R Quad 10G.

Céc thanh phan ciia VC709 dwoc st dung b&i BIST dwoc minh hoa & Hinh 3. Pong théi, can
phai cai dat tai chuyén mach SW11 & ché d6 Master BPI (010) va cai dat trinh diéu khién (driver)
cho thiét bi Silicon Labs UART trén PC [5]. Tiép theo, thiét lap cac thong sb cho cbng néi tiép dé két
ndi gitva PC va VC709 nhw Hinh 4. Cubi cung, tién hanh chay tng dung BIST bang cach 4n va nha
nut PROG SW9 nhu & trén Hinh 3, khi d6 luéng bit BIST s& cAu hinh FPGA. Man hinh sé& hién thi
menu BIST nhw Hinh 5.
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Hinh 4. Thiét Iap théng s6 cho cong noi tiép Hinh 5. Menu chinh cua BIST
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4. Ung dung VC709 dé thwc hién bo diéu ché QPSK
4.1 Diéu ché QPSK

Trong cac hé théng thong tin sb, dé truyén dan céc tin hiéu sb trén kénh truyén cé bang théng
hiru han, cac k¥ thuat diéu ché sb sé dwoc st dung. Day 1a mot khau xi ly tin hiéu then chét duoc
thwe hién bang cach ghép céc tin hiéu sé vao trong mét séng mang cao tan. Céac k§ thuat diéu ché
sb théng dung nhu: khéa dich bién d6 ASK (Amplitude Shift Keying), khéa dich tdn s FSK
(Frequency Shift Keying), khoa dich pha PSK (Phase Shift Keying), diéu ché bién dd cau phwong
QAM (Quadrature Amplitude Modulation) [6].

Ky thuat diéu ché PSK dwoc thuc hién bang cach ghép cac td hop k bit (goi [a 1 symbol) tin
hiéu sé vao trong 1 séng mang. Khi do trong khéng gian tin hiéu c6 M = 2* tin hiéu dang séng (goi
la (M-ary) PSK), khac nhau & géc pha va dwoc biéu dién bdi [6]:

Sy—psi () = g(t)cos (27rfct +(G-1) %”) i=12 ..M 1)

Trong d6 g(t) la dang xung tin hiéu, £, 1a tan s séng mang.

V6i M = 4, twong ng k = 2, ta sé& cé diéu ché (4-ary) PSK con dwoc goi 1a quasiphase PSK
(QPSK) hoac khoa dich pha cdu phwong QPSK (Quadrature Phase Shift Keying) 4 géc pha. Khi dé,
tin hiéu diéu ché QPSK c6 thé dworc biéu dién [7]:

Sepsk® = [Zcos (2nfit 47+ (- DT); i=1234 @

Trong dé E,, T, twong (rng la nang lwgng va d6 réng cdia 1 symbol. Dang séng cua tin hiéu
QPSK dwoc minh hoa & Hinh 6. Nhw vay, trong khéng gian tin hiéu sé co6 04 tin hiéu dang song vé&i
04 goc pha khac nhau.

T|n hieu I'|hl phan
| —‘ ,—\ [7
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Tin hieu dieu che QPSK

o
DWMWA/
M
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Hinh 6. Dang séng cua tin hiéu QPSK Hinh 7. M6 hinh mé phéng bé diéu ché QPSK str dung Xillinx
Blockset trén Simulink
4.2 M6 phéng va thuchién bé diéu ché QPSK trén VC709
Dé c6 thé thuc hién moé phdng va trién khai bod diéu ché QPSK, (2) sé dwoc bién dbi thanh:

Sopsk (D) = I(t)\/rzs cos (27cht + %) + Q(t)\[Tzs sin (Zﬂfct + %) 3
Trong do:

I(t) = \/E; cos (g), Q(t) = /Eqsin (g)

Tw (3), dé thuc hién diéu ché QPSK, can phai cé 2 séng mang c6 pha tryc giao, méi séng
mang s€ duwoc diéu ché can bang trén kénh dong pha (I- inphase) va kénh vudng pha (Q-quadrature).
Dé thuc hién mo phong va trién khai bd diéu ché QPSK trén FPGA, ngoai phan mém Vivaldo Design
Suite, ta can st dung thém Matlab/Simulink [8]. So d md phdng bd diéu ché QPSK trén Simulink
dwoc minh hoa & Hinh 7, trong d6 st dung cac khéi ctia System Generator (goi 1a Xillinx Blockset),
day la mét b cong cu dwoc Xillinx phat trién nham két ni gitba Matlab/Simulink va Vivaldo Design
Suite [9]. M6 hinh m6 phdng bao gom kénh | va kénh Q. Tin hiéu sb dwoc dwa qua bd bién ddi nbi
tiép/song song tach thanh 2 bit 1&, ch&n twong trng di vao kénh | va kénh Q.

Két qua mé phdng bo diéu ché QPSK dworc thé hién trén Hinh 8. Khi cac thong s6 mé hinh
mo phdng da dwoc thiét lap téi wu, ta tién hanh bién dich md hinh (Iwu y: chi cac khéi va hé théng
con cla Xillinx Blockset m&i dwoc bién dich tir Simulink sang FPGA) thanh cac file chwong trinh
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FPGA. Cac file FPGA nay dwoc Vivaldo Design Suite bién dich va ciu hinh thwc hién trén phan
crng FPGA.

Két qua s dung tai nguyén cla Virtex-7 trén kit VC709 khi trién khai bo diéu ché QPSK dwoc
minh hoa & Hinh 9. Cé thé nhan thay, cac tai nguyén ma bd diéu ché QPSK st dung trén Virtex-7
chiém sb lwong khong dang ké&. Ngoai ra, khi st dung phan mém Xillinx Xpower Analyzer Tool ndm
trong Vivaldo Design Suite ta sé cé dwoc mirc cong suét ctia bd diéu ché QPSK nay 1a 1.352W. So
v&i cac nén tang khac, mirc cong suét nay la twong dwong, tuy nhién, khi xay dwng cac hé thdng
cau hinh lai (re-configurable) trong dé trién khai nhiéu bd diéu ché cung luc trén FPGA, mic cong
suét tiéu thu c6 thé dwoc tiét gidm xudng kha nhiéu. Day la mét hwéng nghién clru tiép theo cla
nhém tac gia.

AR LI R T E—

Logic Utilization Used i izati Note(s)

Number of Slice Flip Flops 41/ 607,159 0.007%|

Number of 6 input LUTs 67 303,533 0.022%)

Number of occupied Slices 70 75,830 0.092%)

Number of Slices containing only related logic 70} 70 100%}

Number of Slices containing unrelated logic 0 70 0%)

Total Number of 6 input LUTs 67 303,533 0.02207%)|

Number of bonded 10Bs 119] 581 17%|

Number of BUFGMUXs 1 31 3%)

Number of MULT18x18510s 1 20 4.8%

Average Fanout of Non-Clock Nets 1.96}

Hinh 8. Tin hiéu mé phong diéu ché QPSK Hinh 9. Tai nguyén thiét ke cho b6 diéu ché QPSK

5. Ket luan

Kit Virtex-7 VC709 thuéc mét trong nhirng Kit phat trién FPGA rat manh cta hang Xillinx so
v&i cac thé hé trwéc d6 cla hang ciing nhw clia cac hang khac. Viéc nghién ciru lam chd dwoc
VC709 sé gitp cho cac nha thiét ké, nha nghién cu c6 thé nhanh chéng phat trién cac (ng dung
ctia minh dé dwa dén trién khai clrng trén cac chip ASIC. Bai bao da dé cap dén c4u truc va cung
cap mot trng dung veé thiét k&, mo phdng va thuc hién bd diéu ché QPSK trén nén tang FPGA Virtex-
7. Trong céc bai bao sau, cac ing dung khac ctia VC709 va hé théng cau hinh lai (reconfigurable)
trén nén tdng FPGA sé dwoc dé xuét.
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