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TOM TAT
Bai bao trinh bay mot giai phap thiét ké mdy tinh nhiing trén nén tang phan cung ZYNQ ciia

hang Xilinx, trong do, siur dung kién triic logic kha trinh PL (Programmable Logic) két hop 16i vi
xit Iy ARM dé ting s6 lugng cac giao tiép ngoai vi nhuw UART, SPI, I12C, ETHERNET, GPIO,..
May tinh nhiing dwoc thiét ké ¢ the hoat dong hiéu qua trong cac ung dung can nhiéu giao tzep
ngoqi vi, hé thong xit Iy tin hiéu so ciing nhw dam bdo kha nang phan cimg linh hoat va mém déo
trong qua trinh thiét ké ung dung.
Tur khoa: May tinh nhung; FPGA; ZynQ; Cortex-A9; UART; SPI; 12C.

1. MO PAU

Cung vé6i v6i su phat trién ciia khoa hoc cong nghé, may tinh nhing ngay cang tré nén quan
trong va duoc Gmg dung rdng réi trong nhiéu linh vyc. Cac may tinh nhiing hién nay duoc phat
trién chu yéu trén nén tang vi xir ly cua cdc hang nhu Intel, AMD, ARM,... nhugc diém ctia cac
may tinh nhing nay la cac giao tiép ngoai vi c¢b dinh va c6 sd lugng hitu han Do d6, d6i voi cac
tmg dung doi hoi sb lugng ngoai vi 16n, cling nhu cac loai ngoai vi da dang cac may tinh
nhung truyén thdng gip nhiéu khé khin. Giai phap dit ra 1a thiét ké mot may tinh nhing ma
c6 kha niang mo rong cac ngoai vi mém déo, linh hoat va thudng sir dung mot core FPGA két
hop mot hé vi xir Iy dé 1ap trinh cac ngoai vi trén nén tang FPGA, giai quyét cac khoi lugng tinh
toan phuc tap, thoi gian thyc ma may tinh nhing kho xir ly. Dé dap tng nhu cau nay, trong
nhitng ndm gan day nhiéu hang san xuat IC nhu Xilinx, Altera hay MCHP da dua ra cac dong
san pham tich hop 16i vi xir 1y va FPGA trong mt chip duy nhét. Trong s do, 'dong ZynQ-7000 [1]
ctia hang Xilinx 1a san pham tién phong. Bai bao trinh bay mot giai phap thiét ké may tinh nhung
dua trén chip ZYNQ, trong do, tép trung vao giai phap thiét ké phan cirng, xay dung cac core
phan mém, mé rong cac két ndi théng thuong, tao ra nhidu giao tiép UART, SPI, 12C, GPIO,.
tur core trén FPGA.

2. GIAI PHAP THIET KE MAY TiNH NHUNG DUA TREN DONG CHIP ZYNQ 7000

Céc IC thude dong ZynQ-7000 [1, 4] déu duoc tich hop mot hé vi xir ly PS (Processing
System) trén co so bo vi xir ly ARM Cortex-A9 va mét kién tric logic kha trinh PL
(Programmable logic) su dung cdng nghé 28nm cua Xilinx [2, 3]. Trong d6, vi xt ly ARM
Cortex-A9, 1a mot bo xir Iy “ctng”, dugc trang bi nhiéu tai nguyén tinh todn bd trg khac tao
thanh don vi xtr ly tng dung APU (Application Processing Unlt) va nhiéu giao dién ngoai vi, bo
nhé cache, giao dién ghép ndi bo nho, mang truyen thong, va mach tao tin hiéu dong bd clock.
Tai nguyén logic kha trinh PL bao gom cac két cdu logic c6 kha ning tai ciu hinh (Logic
Fabrics) va mot sb tai nguyén phan cing chuyén dung tuong thich véi chuin FPGA Artix-7 va
Kintex-7 cua Xilinx [2, 3]. CAc két cau logic kha tai cau hinh gdm: Khéi logic kha trinh CLB;
Slice; LUT; Flip-Flop; Ma tran chuyén mach; Cac khdi 10B; Block RAMs; DSP48E1 cung
cap cac phép tinh sb hoc toc do cao hudng téi xir Iy DSP.

Giao dién ghép ndi gitta PS va PL [1, 2] cho phép ngudi st dung c6 thé xay dung cac hé
thdng phtrc hop bang cach ghép ndi hé théng vi xir ly PS véi cac 18i IP phan cing chuyén dung
dugc thuc thi trén PL. Thanh phan then chét tao nén giao dién ghép ndi giita PS va PL 1a chuan
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AXI. Phién ban cao nhat cia AXI 1a AX14 1a mét phan ctia chuan AMBA 3.0 do hing ARM dé
xuat. ZynQ sir dung 9 giao dién ghép ndi AXI cho muc dich két ndi PS véi PL.

Dua trén ciu tric cua céc IC thudc dong ZYNQ 7000, mot may tinh nhiing duoc xay dung co
céu trac va cac khdi chirc ndng nhy hinh 1. Khdi vi xir 1y va khdi FPGA dugc tich hop trong IC
ZYNQ 7010, bd vi xtr 1y Cortex A9 cua hing ARM va mot kién tric FPGA [5]. Cac ngoai Vi
nhu khdi RAM, bé nhd, céng HDMI, céng USB, giao tiép thé nhé Sdcard, Céng GPIO, céng
UART, cong SPI, cong 12C,...
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Hinh 1. So' do khoi may tinh nhiing két hop FPGA.
3. KET QUA CHE TAO PHAN CUNG MAY TiNH NHUNG VA THU NGHIEM

3.1. Thi cong phin ctrng may tinh nhiing

_Trén co s6 so dd khéi may tinh nhung da dugc xay dung, viéc thiét ké so dd nguyén ly dugc
tién hanh. Trong dd, cac khdi duge két hop sir dung chip Zyng 7010 v6i IC chirc nang nhu khoi
ngudn dugc xay dung dua trén IC NCP159BMNTW, RAM la loai DDR3 véi dung lwong ;I.GB,
Bus 32 bit, toc d§ 1066 Mbps, Khoi giao tiép HDMI sir dung IC PIULS5C202, khoi giao tiép bd
nhG SD card st dung IC SDINBDG4-16G, khoi giao tiép UART su dung IC PI4ULS5V202,
khoi giao tiep SPI sir dung IC S25FL512SAGBHI1A13,... Cac thong so k¥ thuat ciia may tinh
nhang P3-VDT 01 dugc mo ta trong bang 1 va san pham may tinh nhiing hinh 2.
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Hinh 2. San phdam may tinh nhing P3-VDT 01 sau khi han linh kién va nap phan mém.
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Bing 1. Théng s6 ky thudt ciia may tinh nhiing P3-VDT 01.

Chip Ram HDMI | GPIO | UART | Ethernet | SPI 12C USB

ZYNQ 7010 | 1 Gb DDR3 | 1 cong | 64 cong | 6 cong | 1cong | 4 cong | 4 cong | 1 cong

3.2. Nap hé diéu hanh va thir nghiém cac loai giao tiép

Trén co s& cac ph?m cung da duoc thiét ké, viéc trién khai cac giao tiép ngoai vi dugc thyc
hién bang cic ngdn ngit mo ta phan cing nhu VHDL hodc Verilog trén bo cong cu Vivado ctia
hang Xilinx. Trong d6, viéc lién két giira cai 161 IP ngoai vi trén PL va vi xir Iy PS duoc thuc
hién thong qua giao thirc AXI, day 1a bus két ndi ngoai vi trong cac vi xir Iy cia ARM dugc
Xilinx tich hop vao bd cong cu Vivado. Sau khi ngoai vi dugc thiét ké trén cac ngdn ngir mo ta
phén cung, viéc trién khai nap phﬁn mém, thir nghiém dugc thyc hién nhu hinh 3.
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Hinh 3. Trinh tw nap hé diéu hanh va driver cdc logi giao tié}).

X4y dung va tao cdu hinh HDMI, SD card, UART, SPI, 12C,... trén Vivado Project, tao
Bitstream, Devicetree va SDK, tao file Boot.bin, file mdi U _boot, Build hé¢ diéu hanh Linux, cac
file hé théng va copy nhiing file cén thiét vao thé nh¢ SD card, khoi chay phan mém trén may
tinh nhing. Céc loai driver giao tiép trén dugc nhung vao hé diéu hanh PetaLinux, phan 16n
nhimg driver nay dugc hd tro boi hé diéu hanh trong phan khong gian nguoi dung. Cac cong
giao tiép ciia may tinh nhing P3-VDT 01 dé duoc thir nghiém dat cac cau trac, thong s6 ky thuat
ma cac chudn giao tiép quy dinh. Nha thiét ké c6 thé sir dung mot chuong trinh trén Linux dugce
viét trén ngon nglr C++ va bién dich bang GCC theo bd cong cu di kém cua Xilinx dé viét va
dich cac chuong trinh theo muc dich yéu cau.

4. KET LUAN

Bai bao dé trinh bay mot giai phap phap thiét ké may tinh nhung trén nén tang phan clng
Zynq 7010 ciia hing Xilinx. Két qua di ché tao dugc mot may tinh nhing VOl nhiéu giao tiép
ngoai vi khac nhau nhu HDMI, SD CARD, ETHERNET, USB va cac giao tiép duoc 1ap trinh tir
core FPGA nhu UART, COM, SPI, 12C,.. . Tuy theo muc dich bai toan cac giao tiép tir core
FPGA c6 thé duoc lap trinh, ciu tric lai thanh cac giao tiép khac theo yéu cau. Cac ngoai vi da
dugc thir nghiém dat theo cac chuan giao tiép quy dinh. Két qua ctia bai béo 1a tién dé quan trong
trong dinh huéng nghién ctru phat trién cic hé didu hanh, mdy tinh nhing Gmg dung trong cic
linh vyc dan sy cling nhu quén su.
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ABSTRACT

Solutions for designing computers employed multiple performances
based on ZYNQ foundation

The article presents an embedded computer design solution on Xilinx's ZYNQ
hardware platform, which uses PL (Programmable Logic) architecture combined with
ARM processor cores to increase the number of interfaces. Peripherals such as UART,
SPI, 12C, ETHERNET, GPIO, etc. Embedded computers are designed to work effectively
in applications that require a lot of peripheral communication and digital signal
processing systems, as well as ensuring hardware flexibility and flexibility in the
application design process.
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