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Abstract

With the rapid development of the information age, the new stage of industrial and internet makes
the new requirement to new engineering students in universities to train the ability of software
and hardware development before getting into the job to adapt to the changing employment mar-
ket demand. With the background, the paper presents the cultivation strategy and implementa-
tion plan of an FPGA design and development experiment course for the optoelectronic postgra-
duates whose circuit skills are relatively weak. The Nexys 4™ development board carrying the A7
series FPGA produced by the Xilinx company is adopted. The course starts with a given develop-
ment instances and involves the parts of independent design and development experiment by
students and programming examine. The teaching practice shows that the combination of theory
and operation cultivation strategy can help students deepen the understanding of the learning
content. Meanwhile, the individualized teaching effect is also achieved.
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TEAWT DA S BAGRT AR 5T, AN B — R ey S AR, SO RS G IR 3
KEE. “HEEE 20257 & R E KNS, AT 2017 4 2 H DORBRNAERE T TR, JFRAm
TR TR S S5 7 A He IR A1), & U IRRIE RS S i b EE A TR, B
Bl o [E w5, “# LR (Emerging Engineering Education, R 3E) [2]/& A T &M Tk 4.0 BHACAT B EE
M 2.0 HrEr B TSR #ET 0 TR B R RS, EPehERE N TR R, KEGE. =it B, X
B ORI BRI ER TR, B TR EREERE ) SRR L
FEMEEEAEH RS TRIAA, PodE N AR PR R R (3] BB 57 b ks
TR AL E I TAER A ATR TR EoR, RHA RIE R ARG Brh a8 B & — i i fFT
RIEEAE AT B A SR G eI B — DO TR bR, 256 B A 0 A —E 18 SO OGERIA] 45 B ge i, Tk
I, FPGA. STM32. DSP. LabView S 51T O 4 sl ALt 7 AR 78 56 O IT 78 . 0 H Bk &t
R R AR RE[4]. AT, HT SRR B FR HirE R, RA /D BGTRAE 8E R % 55 5 I AR}
A TR AICIREE, I IR, AL, AL G BRI AR TR FPGA Wit F R SEER RN
i, 4Gk TREEBE AU AR M AR A, DIOFR SO 7 GIN, SRR + SCERBEE RIS T
Bl A BB FRROR

2. RERARESEIRT
FPGA (Field Programmable Gate Array)E] “ILIZ Rl g2 18551 , J&—Fh ol L 85 1572 Ak
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Hds. H 20 4 90 LR FPGA 345 1R Wt A e, B KSR B R AR, 30T
KRG PP EE A GBI RR G IRTT R L, ERABTF RAELMMERFE L —. Ll FPGA
ARE N R AL B, Homd . RThAE. WA 5T R SEHE rU A AR 2 b Sei i b BE R v
RIETARFEZNMER, Ca/ ZMATRES5RE, KRERAH, KR, AN THERESESM TR
BARUH[5]

2.1. SCIGHFIAEE

WRFEIKFE Digilent A &) Nexys 4 KB, FRWRUIE 1 Bk Nexys 4 /255 224 Ay 253 1) — 3K
=T BE FPGA FFRIR[6], HR#EK Xilinx A 7] &8 R FI[1 Artix-7 FPGA & 7 XC7A100T-1CSG324C.

Figure 1. The Digilent Nesys 4 development board of FPGA
1. Digilent Nesys 4 FPGA FF & ]

Artix-7 42 7 BANPREA ZRFG KA T 28 nm TE, 5 E—4845 nm 23 H L DIRERRIT T —2F,
T 7] AR U N, R TV 2R i DL T REAMEHE 45 . Artix-7 FPGA BHRAEH 5, &
15,850 NMZHEHLIG, 4860 Kbits PRIEHE RAM, 6 MTEPEHIFIE, 240 A DSP #t, A AL
2, A EREME | Pios. BN, JPRRER TIRSIT . $4l. BB S IEA SN, USB. LUK
M. VGA N5 AN, DL 285 F Y R D RE QIR BE AL s . I BE T, B 22 oW EE, IXFE
TTIINY FAS H H BRI Nexys 4 FFRMUSLREST KRB V2 N, 584 RET W] 538 12 ] EKR

Table 1. The list of resource on Artix-7 FPGA
% 1. Artix-7 FPGA | L &R

BHR He FAL
BT 15,850 A
P RAM 4860 Kbit

I A B BT 6 A
DSP #.% 240 A
RHEAL 3 2 o

SIS HET 28 R (Xilinx) A A ) Vivado ST KM, R Verilog AR . Xilinx AFER
AR (PLD)MI T /e, A S0%MTiIntn i, Nk P iR AL AT g e 5 7 (CPLD. FPGA Hl
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PROM). #A#it T E . AEZH AR BUZP Core) A K 2R 4844 1) 58 B A1k 77 %€ . Vivado B
S Xilinx A FHEH ) FPGA ST KA LS, MUBFEZH TSR0 —Y), EAGKERES AN E
X LEME S, EAEHHA DR T, BPIREh3E T HDL ff B A P IR 25 5 i E WM . Vivado
AT FHD AR U A 1 B A5, FE 0B Xilinx () FPGA 8 F 543 1R KT 3, 4l 2L BN R 38 F 1 FPGA
TR, Verilog 855 CiBFRMAMLL, BTFHIBERY, 5T HE, XM EDA THZ, AR,
KR K AR A7 Bk [ 7]

2.2. RERNBEN

FPGA ¥ it F k3= A FEH 0N B T A () o B A5 v A B T2 A R SRR SR B 40, BT XT R, 48 4F
TE R T PR A B SE ], RS TR, EDK IRA RS KT, System Generator DSP
R 1P R THE[8], ARSI MRS THIE Al STl LA TR T HOR TR L RE ) )7 T (1) RE
iR, G CHEARLEE SLIR I SEBRE L, R BRI A BON L) FPGA i gmfescikae /1, 18
IS + SCEHIBURIENG, B e IR TR S UK Seilid FPGA TR SEBIE A B Xilink
FPGA H R EFIEAR AR, A E8d HIEF A S0 INIR FPGA Wit HIEAR, Wb R &gnfe A,

23. RIECEEYER

R AL, ARG TR Tk S A M R AR R b 2 A TP B T FLB A OGERAE, 141 TER A
B 7B TELAS . R BRI B SR DGR RE N A, IRl b s AR AR T A i BOE B AR
WIS IR LR A AT R, 1T FPGA JF R 2 — M@ e 8 i At B g TR I, Fxbbrisk
WEFCAIT BN FPGA BT A S IRAESE i FE b A BU R ARG 1) RAGUAIMRMIEE S, FFER
BAid FPGA BT R TR 2) SRR T BE IS 55, MELUE R 22 MR B 3) FPGA
P R RENESEILR A IAT AT /L SRR B ST 30T 1 5 R SELE R B AR H R Xl
4) FPGA FEfy 5H v B Z B AT B KR, 2 FPGA JPR T EER PRI 2 MU R . £T
U, ASCIGURAVE R T RS §5 30, k22 Al SLIR BRI AP B2 FPGA iy 80 Bt (3 Atk 40
IRRIZEALRE, Y BLJE BB 7N TRE N B3 5E 2L A

3. FPGA SLIRTBEIT AR
3.1. RIS

BEX I IR EE A MV SERBLIR AT FPGA BT A S RIME /L, ik T anl&l 2 s MERFEL 1,
WG T RIUFT ARG, B IR SRIS AN K =T .
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it HEFE
;‘,zgﬁ YRiESCE
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Figure 2. The scheme design of FPGA experiment course
[ 2. FPGA SERHRIRIZEEMNZ T
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AN IR LSRR % Verilog 165, HK4 8 BIARRDIZ I UE BRI TF R, HdAT 7R~ 51
TR, AZEBIT A ARTE 2 R 6 NURES, TERGTTE H H 20% 1 E . H 31 R TR0 2 A S0 R PR I A,
AL T ANAS TR B R B IR AR ST A H , 224 H R 12 U 58 eSS, 78 SE 3 1B Ja — KR,
AT N AT R, R R EA AR A, RS SR, RS
W b 50% . B JE W2 45 IR B AL 53, SR FTERLE B F] A FF S L5 1 77 30, 7ERRGTFE T i 30% K708 -
3.2. REREEIT

BFETE R SR A P2t 7 e B AD SoepAE, HoP i ass 7 TR Al FEIReE
SERMR A AR, DL R ISR 77 OB B IR AR D IR, b A i — e & — i, d@
REZRSIVRANIL 7RO Z5E . S, NEURIAIAR FPGA JFARRIE, B2 SEIUAETT R AR i) -G Bt
E R R “HELLO FPGA” FFf,

TR BB A3 L ) 32 A oy, PRV RE ) 12 AELHE FE AN R OB T R AN R A R, SR 2R AR
A G ACF RN Z L, B HEREH P — AN A g, M REBEE A H T 24 AR A S
AL FTE . IR SEIGAE Ve b =5 f8 2 A AN TR b b 3, A T DUIE Ik Jok o 5 B 38 T 1
il =& LED AT sS 7 sE36 (i 3), A REsRBL FPGA bt 4T 4 A2 AR I B 7 R0 R AN it b
SR, A FAT B A FE IR /INERAEEE S 5ER R AR I X S (1] 4)o B ANH e PR i S R S S BT
X, AT S EM ST FESCE R RN TR, 0 nT LA BT 8 7 T 5080

R:255; R:255; R:255; R:128; R:0; R:0; R:0; R:0;
G:0; G:128; G:255; G:255; G:255; G:255; G:255; G:128;
B:0 B:0 B:0 B:0 B:0 B:128 B:255 B:255

Figure 3. The experiment of lighting tri-color LED
3. =& LED AT R =i

/ AN
/ N\ JNER A
a3
N
/
/

/

4—¢—/L—b

AP A # Bl
Figure 4. The experiment of ball game

bouncing against walls

4. (NIRAIEE 7 SRR SEE

3.3. RIEEERHIBRTT R

VR (R i AE T LI 8] A EOR SR B AR PR 45 & SLRR R BB WA RE 70, HL75 B e AR,
DIUEAE BT ERFEEE M AERFE N A, 7R B B g 2 LR HL . BEXT Verilog A5 Vavido 1H7L 1
e, SAEAEEE REUT AoR Bl e rp BN rE s 42, JF et T 2% (9], ids. Hok, £
FERURATHBL HSE Xilinx [ FPGA SR A JPRBCRIERI . TP BEE . Hfeil 5 UHg-5 % A
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BN/ B R AT S A LA BR U, A5 S TT AU R IR I SR BIRE P IO B, R ANTR N5
AR FPGA JFR BRI, SERURVHEIN B FHE 30 7380, B4 /B KB B BIT A E], JIf &
I Bl Bl 2 2R R DR AE T R R T A B 1

34. BEEZZAR

WM E G T TR, HMmEZARERRERANE, SGRBERAITE EHE RN, £
FLRE I 18] PY 58 BT BT A S FF AT J0IE,  LEINB S5 AT . SRRaR s, H IOFE T4 585 AT 5 107
K IIfE ST LB AT G R S AR B 4B

4. LERIE

N TG NGET TARHEBCEOR, S A E 17 A b AT 24 F 2 5 2 RS R AL B BB S R S RETT
FPGA U2 TR AA AR HE R — 1R IR, FGPA ife LA 1 il w70 A48 5 I LAZ T H L PRAT
FEAHR L 5 T () — A R, &1 X6 LT TeA: A B SRR AR X 95 45 R, SCEIRR T HS +
B FPGA SCE iR IR iR, BRI R e e sk T O R SIPRIRN A E s SR i
PRy s oy, Bk AR Bl B4R FPGA BT ST A BRIl TS BRI PSR I 3G,
IREAARNT B I ARSI G], nsR G BARRR AR, SRR . RS IFAT A D AR R A
AR RS, A E IR B 7 B SR ARSI Z [RGB TH LB TR F7 . 5K
BRI, T B s A AR e B 1 5 5] JE AT AR B IR FPGA BETH3EAL, SO SE OT Y], DL
SLARR LR T AR, SRS 58 AR A BN ER B i e e, AL TR AR e
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