http://robei.com #i I Robei EDA i 5 # it

Hil

SRR B H AT R B AT LA R iR AR S o, 5
J R B BT A K MR T IS RO E . “ TGRSR, SRR, P EEEO R E
S, E A B BRI R BB TR

Robei /& k& ¥ A B BRI B ER s st TR, AMURSEgN st TR
AR S ik DT ERIIRE, I TR AAC AR B B B, R RTHIE I,
JiAERER A A, I RBE TR R 5

FeGe B R B R TE R K B HEF ARANE SN 1o W22 R 2 4 O R — ik
TE =Sk R X 5 TE — RS — R I R, AR K —HE A AE () A
HUBFE T 48454 3] . Robei W LLLEA)SEE P Ra M AR IE A JERITEIE R B JFIR I 7 RiaE
FPGA [17J5%. Robei )& 431 7 27 ST BB ER AORBR, R i i - BRT3E A 1 Bk,
NEE 2 NAESR PR B 27 ST (R B L R T

TR GEIN T FEHR AL th & RS, AT FIIR A R DR SE, 1R 2 W RT3 BN SR
AR T M3 A 052 RO & A e 2 S R b sk ok, SR)EHE
H ORI 21039 5 G0 . BN TR DB — R4, AER 504 . A45H
RBEEYIFE L, ZOINEL, BEREIREE, TS AR

TS e, HEKTAIR, B mBgtisfmazR, SoEHrRIE. AN
Bk F I ZH M.

FEA AT B, B FONAAAS 857 3K B DU A PR = (10 AR 53 BA
R SE5RBEERIANRA:

i}



http://robei.com #i I Robei EDA i 5 # it

g A

Bt Robei RIS T H A

Robei & —Z AL 1IES & EDA Wit TH, HABERMETHRE, STt
M5 BT, 3 BB AR AL 2 DA R A AU [ FE P 5T . Robei A48 Fr e vt i B
A, HRRE B A EATCR, BRX =AREATCER, HALRPUHhEIE Robei M 15,
A S AL S AR AR A, BRI S AR S A AN, S8 A BRI .
Robei #472& B ATt A L /NS S TR, 2 —— AR 76 L
) EDA T H. EAMKBTARFES R, E07 55 B34 Verilog 485, #IPLSH & EDA T
HJC4%f4:. Robei L5 H (Easytouse) FlZEH (Easytoreuse) JNFERL, s&—@ Nt H
Wt TR & & e i) & TA.



http://robei.com #i I Robei EDA i 5 # it

FEs AHTHE, BRI oo 10
1.1 AR RODBI ..o 11
LLL FE BN e e 11
1.1.2. EDA BB T oot 12
1.1.3. RODEI FAITEFA v 15

1.2 ZZ2EETEI oo 18
12,00 B8 e 18
12,20 TEM oo 21

1.3 WA RODBI .v.cvoveveviiecece st 24
131 SEHMI T ELZR oot 24
1.3.2. B oo 24
13,30 JBIEAE oo 25
134, TAEZE AL oottt 26
L35, BT et 27

LA RODBE T ThER vttt aee 28
LAL BBEER oo 28
LA.2. B oo 30
TA3. FEFELL oot 31

L5 VENIOG FEA «.ovvececeeeee e 33
15,10 BB oo 33
152, JB IR oot e 33
153, GERIFE I oo 34

Lo BBEERIE St 34

2. FIHITE S 35

B JEBELR oo 35

B I oo s 36



http://robei.com #i I Robei EDA i 5 # it

154, ARIBIEE oottt 37

(O (= OO U OUOTN 37

2. IF B oottt 37

B DEIRTE A oottt 38

A, RS B AT oo 38

5. PHZEBRAE S AP ZE TR covvoveeeeee et 39
155, — MEETELZE oo 40
(T R N ) OO 42
I P o N S N ) OO 43
S S R == 7 OO 44
I N OO 44
2.2.2. TR oot 44
(Ot OO 44

2. MR ST BET oo 47

203, T et 51
2148, FE TLTAB ..ottt 52
2.2 S T BB oo e 53
I N O 53
2,22, BT R e 53

Lo ETETE oot 53

2. MR ST BT oo 55

223 TR T oo 58
224, 5 WA B -FEURBRIR oo 58
2.3 B RIFHD RS oottt 59
2.3, ARBE G et 59
23,2, T e 59
(R s OO 59

2. PR BRI ETE oo 61



http://robei.com #i I Robei EDA i 5 # it

3. IR ST BT oot 62

233, TG BT oo e 64

2.4 TFHITY ALU BT wocvoeeeeeeeeeeee et 66
240, AREE G oo 66
28,2, LTI FE oot 66

Lo ALU BT BT oo 66

2. MR ST BET oo 68

3. 16 A ALU T T oot 70

B, 328 ALU T vt 74

243, TG e 76
Il PRI o 8 = 4 PP 77
3.1 SEHTi Robei 1 Vivado HBRE BHT——R AT B o, 78
T T N PP 78
3.1.2. RODEI BT PIZE oottt 78

L lGht FETZETE oot 78

2. 1ight_th JUTRSCAFFITETT oo 80

3. light_constrain Z1 A SCAEIIBETT covovveeeeeeeeeeeeee e, 81

3.1.3. VIVAUO BT P ZE oottt 83

Lo EFRBIEE oottt 83

2. ffiHH Vivado £5& THREEAE W IF B UE F 25 H 87

3. A Vivado SEHLBETH 3BT LRI H S ZEH o 89

R A ol e SO 91

By BB e 95
Il = o) = 1 OO 95
320, AREE G et 95
32,2 BT I et 96

L. SEH B ITLTE oottt 96

2. Sell_teSt IR STAF BT coveeeeeee e 97



http://robei.com #i I Robei EDA i 5 # it

3. sell_constrain ZI A ST covovveeceeeeeeeeeeeesee s 99

323, BRZIKEAE . vocveeeeeeeeee ettt 100

1. VIVADO Bt G BEAT JE Ui BT oo 101

2. FERIRIGAE vttt 106

324, T BTG oo 107
LY g et N T 7 N OO OO 108
o S - A 2 (YA o 2 i OO 109
A1.0, ZETEE G e 109
B.1.2. BT TR oot 109

L. SNITE AT T T oot 109

2. Shift_test MR SLIEBETT oo 110

3. shift_constrain MR SCAF BT oo 112

B30 BLZEIGAE oottt 113

1. VIVADO it P ST ST I BT covoeveveeeeeceee e, 113

2. FERIIGAE ..o eeteeteee ettt 119

LA, T TR oo e 120

T AN RS T VAN (41 5 OO 120
B.2.0. AT oo 120
B.2.2. BT R oo 121

1. 0AAA FETBLTE oo 121

2. qadd_test IR SCEE I oo 123

IO U2 S iV ot LU 124

B.2.3. BLZEIEAE oottt 125

1. VIVADO Bt F G BT JE IR BT oo 125

2. TE R <.ttt enaenenes 131

B24, T BT oot 132

A3 SEBIIU BRIEBE VT oot 132
N T N 5 OO 132



http://robei.com #i I Robei EDA i 5 # it

B.3.2. BT TR oottt 133

L. diVIder BET VT oot 133

2. divider_test MR STAE AT BT oo, 135

3. divider_constrain ZJ A SCAE T v, 138

B.3.3. HRZLIGAE vttt 138

1. VIVADO Bt G BEAT JE U BT oot 139

2. FERIRIGAE vttt 144

B34, TG IEZE oo 145
R S G L = - OO 146
B ST FIFO ottt sttt 147
B L. ZREE I st 147

B L2, TR ettt 148

Lo BT EETE oottt 148

2. MRBEHLBETE oottt 151

B AT oot 153

5,230 BRZRIAE c..vvoveoceeeeeeeee et 155

1. VIVADO Bt ST TG I BT oo 155

2. TE R ..ottt 161

B4, T I T oo 162

5.2 S+ SPIEZREE T verilog HITEHI oo, 163
B.2. 1. AREE T i 163
I a1 OO 164

1. SPi_MaSter FETLPETE .ot 164

2. spi_master_th TR SCAEITBETT cooveeeeeeeeeeeeee e, 167

5.2.3. SP1 22 I HM UL IBUZLIRAIE «...cvoeeeeeeeeeee et 169
524, T et 172
FEANK: BIEIE, BRI oottt 173
6.1 SEB+ = UART BIAKIE SHEBUEERTE oo, 174



http://robei.com #i I Robei EDA i 5 # it

B.1.1. AR BT e 174

B.1.2. TETTTRFE o overieeeiet et 175

L. BB BT oot 175

2. UARTTEST MR SCEE BT oo 177

3. RIEREHEBETE oo 179

4. UARTSsendtest IR SCAF BB covveeeceeeeeeeeeeeeeeee e 181

B.1.3. TG T oo 183

6.2 S+ = Natalius 8 fi7 RISC AEFEEE .....ooiveeeeeececeeee e, 184
B.2. 1. AREE I oo 184

B.2.2. BT TR vt 187

Lo ALU FEFBETE ettt 187

2. SEACK FETHI T oot 189

3. data_supply FEFLBETE oot 191

4, 2C_CONrol BETLTET .o 193

5. data path FETL BT ..ot 194

6. instruction Memory Y BE T oo 195

7. coNtrol UNit AT BETE Lot 195

8. Natalius processor FEAI T, .......cveevceeceeeeceeee et 206

9. processor_test MR A AT covovveeveeeee e 207

6.2.3. TG HEAR ..ot 209

FEE: R, THBER oot 210
BEZE MR cooveeveve ettt 211
TG B oottt ettt n ettt 212



http://robei.com #i I Robei EDA i 5 # it



Ay

%_‘ﬁt T‘Aiﬂlﬂ, g’ gﬁﬂ

WIS ARMEES], EFE AL T AR AR BRI T D7 s sl O, (R 2428 [ Y AR
P ZERR . A RIS IO R TR EREST R R, 5038 T5 ZR AT R BRI AF AT Verilog 1
%, TR Robei BAF LS AERNE 720, A0 QT v AT 548 Robei B . 4K 2] 581K,
J&, A& Verilog 1 5 IOEEE v OINIRICZ, NIRIFFUG5>) FPGA BETH I # tha] URFA HE
#IR Verilog i 5 HI45 A AITEE

10



http://robei.com EE A DA F AIRALES et

1.1 A4 Ei%F Robei

1.1.1. BEN4H

it EDA it T H ) % H Cadence, Synopsys, Mentor Graphics, Xilinx, Altera %
NT], XN FHERRRER AT, HER EDA #it TR, FE 900 Aok H
BEC, S5 T BUM K E AR S B B L R R, R E 999% 1 ikt T
Bk gt A gshic, B ATBURN X T BT TR SCHRRER KB o AR R L) K
A TR Bk B TR AR R, Wit TR AR R R, shAR M 2
B, BTSRRI R R . LA R, AR, e E R K R A R
(R RNGUE T, A (2 0 SR A L T LR R o 4 — AN E R A= ) PR
IR AT 2 2 AR T JH At TR K ) ) 45 PR IR B, 30 55 T AN 77 I PR e 48 37 L 30 1) Bl R 45 4
o XA BRI R 2 1 i AR B R VA TE R R 3N B H A T BT A B o X P
TR i 2 3 35K 5 46 [ SRR 58 1= MV VR DR AN R, v [ A g 1 4 ol H it 7 I 1) B A1
vig, SRR TS I RNE A A7, FRAE 5 I AN (8 S8R vt TR B S ok BY R,
£ EDA ¥eih TH b, A EA BA W] REFIER 5 AT Bl AR 2

BR 3 E 5K 1 EDA Wit THABBCG AT 1P BERIF, 158 T — AN = s, ©f T
— SO AP AT R A B, BRI AR AR R AT ISR, Bt TE T
BCEAR T T HLE A EAR S SR IP SR E SR, BMEISE T IP, 7E— g I
25, BEERAR L, IPEAFMBRATAIE, WH IP R ZEI AT, [FN T IP
(A R 77 AN RD, 3 K N PR P B B A SR AT 1P PN B S i, R R
wit, SECREMAT VIR TR, R SXOARSAS AR L, PR b iR B 1
L. FATAATREF T BEX AN Ry 2

B N I AR AE B TR A L B BT AN A B i, R AN SRELAR, R Z IR ETE 1P 1EA,
AR B T 1P Witk Lok, FRATESIHEMXBE TR T —MAEHE LSBT
AR, XA EER) CRRME AR RadkE 3, 1P EFFE T E SR
HItETE, @STERMIENEZ ERGIEEL &2 k. (B FEEE R A RIS RN, A
it )RR, R PR AR AR RGN, aneT PR 5 R T 2 AR R R % N AR
TR R, FH SRRV I ey 384 1) 7= R A vy 1 204 ?

Ao — N AR BT P s, M B I ) 5 2 30 B AL T R IR B ik
HLE A ), 345 Verilog Bl VHDL HIARAS (F84r RIGHIT TR , B—B#
SN TARBUF T, R, TR, AR EDA LHSEARE?

PLFEM EDA THE S RE, iR SEIIae It H. Edih a3 K&K
BRER, AT, XA AR TR S A BTG R AT O A S AN AL 58, P R
FEFE B AN PR B ), AN AR UE 51 G 510 0E S IR T RE I 8] o fe) A e S 07 {8
SR AT B4 2

FERR BT, 75 2RO AR — Re 20 Y B B AT 5 2, — BRI 23 i ek,
FH P i A R o s B SR, 4 A B A O T RS AR b T 3R AT B AR B K Y b
], HEZRHEFR I WREEA TR, 52, BT WA TIER. e
FREAT R R B R A E R T W RS I R S R

SRR LR ()25 S — MR I R R, BAME C B F WA, LA g i,
FrOLERRETS . EDA &It HiEa & IFTHATHI, C B EBATHATH, Wi REmC/N A
TR TSV, 1R C 1E S Bl N PRl A8 A vt TARIM? K2 % EDA B2

11



http://robei.com EE A DA F AIRALES et

PSR EWD, EAENTT EDA, BB AHERER B N S OR A 2R RGEER], —Higfr
B, BB R RN OGN AR AN TSR RE A B /N TR FE ] 4 1 5 S A
55> Mk AL E AT FE AN G 3T i xk e ?

PRONBRZ S0 T, EAMK EDA A fEE NS s g, Lt Ea B
CZ R R A WA, ERURE A SR LS 24 WO T IR St YR NS AE B R A ORI SRR AF, I
SE 9% P2 JUAF B T LA GG A AR AR R R o /Nl i FL i ik JE TS R AT
B, RRERM Iz, XM LUE KO R A FBR 7R . nfrikb E ) EDA
Berk TRE IS IR EDA B2 ek At ATTAS B B51 g e FH 6 B T DR R 0 1L 2

A A mlHER B Robei rIAALE Fr it THZ/ESFEAA ) EDA TRMHR EZEmN T —
JZ, BEATRTRUAL I B BRI Fr A A et RIS ) N SR R KA &R, AN T iR
THATER A T A ThRE, Sl RTL O RIS, 98 1 b B KR 2 TR AN 22 46 - [ A
EDA Vit TR EIHOBURIE/> [E 4 EDA itk TRI#E D{EHE . BLAT, ESMY EDA #it T
BAHBENTF A, BRI EAAGE N MR/~ w ] e s R e K, Bide, T Robei 19
Bl AT 2 SR> B JE s Bk TR, KK 7IFSZ. [ Robei SCHF IS5 H AL AT AT
MALBETE, 7 VAR, TR 7B A m A IR WA A, SR T T s RCR AR T T
ThiRE . HATH SR A TR T 2 2 A BT T2, b BT 35 AN 2 30 35 A P g e fi
K i HEAAEEELLE G 8l L+ G, X HUib e ZR Bk R . Robei A2 —4> DA B R
fE, HAAE 10M, W] DUE 2228 22 ST R TR), SRTH52 ST RGEATRCR, T RUOAER AR
AT TR EZ AN

Robei 4Ti&% | — Mg @ W IP T &, X6 L, BN EZ 8%, Sl
() TAEORAT I 5 % SEAF I Bevt, P i BEit5e 4 W, P A5 P £ IR A mT DA s B 50T
By, WATLLES] P Bt AR R . XA GITIERR S Stk — 1k, Suh vtk
IP, EMIAAIHIH, 28RN TINS5, Ti& 1P E2AEX, K3t
T o ASRIATE R B BTl R R 2, IR AR AR B BCE PR ELE, K2 SO
V)5 . Robei Z2 MR —FhA g mt o R, b2 Mt E 2, EERKBIHAE T
R AT G RN R AR W TS, g il BT L i (1 1 &

1.1.2. EDA KRB E

B AR B BR VTR AR T AR T 1, T 74LS RPN BT IERE, Sl — 83K
Mhfe. BEEBORIIREAEDE, HILT PCB Misih, WA mBtit, arblikixeelt
ARHB R ICAEAT R B — A PCB AR 528, PCB [ B v E L S R FE AR T — N 3,
—HIESAE IR IAE . AR b, BT AR IR AR R AR T 1985 4, mRES
(¥ Xilinx 2~ =] HEH . BEARRE AT gmAE 2 aaR 1, AR A T LU T4 A2 EDA TH.

i LK EDA it THZ B E Bt o, R B8 iy bW WK o AT 4
FEIELB o XA TR A ERRE T T P A R B ASLER RE S 2 AR A B
Perp, RIPATARREEEE B ORER RS, H5AE FPGA . JFH ER I m2 Btk
L AHR RIEVEAG o W RAE SR B E ORI — DA B A, AR AN
TR SR RIEAEIE . MRS R B HIF S R, — Bondsfhicih- AR, sl /& Z [l
FRIEEOFERIT 0. /AR P AER SRR EERES . REEEIRY 7tk
BANE, JCHRRAREAEER, BEEESBRERGN, SOt ZEk .

12



http://robei.com EE A DA F AL S B et

Ja R 1 T SR B B T RSB R T SRR R, ik RaEEZE, S BT R EL
VHDL #1 Verilog vt AR RE Bt A IR SLEIL A SR A AR 4 5 S8, AR BETT
A& H AT AR AT e O, B A R 1 E S, BRI 2 ThRESEEL, AT EH
Verilog 8¢# VHDL 855 5 Wit SEil . ARSI s R, S 4 St S AT 4 S 4F,
SREEREANE B TR 2358 KBS A 88 T DI REMZ KIS R, RIS 724585 L 1
e, T BRI AT g0 5 A, S S0 M2 7 42 1 A4 AR B B P 4545 8., B 1k
e PHERAUS T E N E.

S e 77 sURARRS ¥t J7 308 B — 1, A L 22 8] 58 SAR /D o BEERAL B H A BANIE 5858,
REBRARTT . Fe T A MFBHEE AR RE T, BRTRZIIRES, EHEER
Bl EEA, N TRZICRE S MG

21 82 5, tHEEE FPGA MHCREK, TZEokistit, ZEFEMHNECL AR
BEUF I, XA B 1 5 (8 B vt R A P e A o e R HOME B e T AR U2 R
Robei, ERM THEEBLFEH, AR BT FERT A, iR AE B s d s E RS 5
P AR AL & e B AR o 1R Bt 7 ARSI R B Bt B B, S ARG et
¥ R g

N

BRI

N

JE

P 1-1-1 SRl B A e

H Xilinx 22 5] 1984 FFHt A BB, HRME D T 14 UL EREEHEA. FATAT Lo

— AR ISE Bt TARIK/NZ, ROHT EDA BAFRIEZAKIERE . Xilinx ) ISE M
REJLHIRBIBER) 8 4> G, KFEHE P, (HRRIFERET AR HF, WA, 7
AR, O TR ANYE XA P KR, Tt 2R T sA s, A Xilink 2 =141
T NN i S R A F e B R AT, BRAF ARG ] 22 I, XA
RUMBTAT | T A AR Py B 25 R A CooR BT, S0 1 B a2 L A BRI
BATFHI KRS T B KRR, I FERRNEY, SBANPRER, &
AR, A 2 A kA4, Robei &K A - S st TE, A4
Z Hil, Robei JFHERM LN 35 1 AWH], 32 AR AR SZ K108, If 25
13



http://robei.com EE A DA F AL S B et

AT AW S X ISR EHSEE . AL hEL W, HE. HASEK,
REfF 1L Robei tRIEVLHACK B A U AP AR BG RS . 24 H, Robei 75 50l HI 7 S 15t
e, fERRE, NEES R SR

Xilinx ISE & hRAA/)\

9000
8000
7000
6000
m
= 5000
5 4000
.K
3000
2000
1000 I
0 — —
5%
3 m4 5 m6 7 m8 m9 m10 m®m11 m12 wm13 m14
K] 1-1-2 EDA it TR RE (Xilink ISE A1)
- o — -
E United States 49324 13.91 %

Unknown 11789 -3‘ 32 %
India 9801 .2.79 %
Germany 7649 .2. 16 %
Ukraine 6465 .1.82 %
5387 .1.52 %

Russian Federation

=

-

]

|

®  Japan 5302 '|.49 %
B curopean tnion 5141 Buoss
1 5039 .1.42 %
= 4760 .1,34 %
= 4318 .1,22 %
"] 3595 .1.01 %
g 3277 .0,99 %
B caede 2168 Joo s
| | QRSN 1987 'o.&a %
= spin 1861 |0.52 %
Z Israel 1663 |u.41 %
= Netherlands 1593 o =
| | QReSE 1517 'u.a:s %
B Czech Republic 1431 l(u %

- et 1377 lu‘ 9 %
Turkey 1304 ln, 7 %
. Foland 1142 lo,'s.z %
Bl esico 131 o %
H- 1123 ln,.u %
= 1113 lo.?.l %
-1 1069 |o.3 %

K| 1-1-3 Robei i /0 4i K

14



http://robei.com FEENAF AL BT

1.1.3. Robei FI{L %

Robei #& — 3K AT MALHIEF & EDA Bt TR, 24t PRIt sl
W RV B, B IR B DA S AR R AT B P Jt 1T . Robei PR it B2 4k
AL, B =NEATR, EEX=AFEAITTR, HEERPHLEIE Robei T,
AR et B S S B AR S, AEAE RS A B R T, 593 TR .
5 Robei Trial =[] % ]

1le Edit Tool Setting Build View Windo

&smllg B0 0GE0ERARS

—nrr-r] x|

Current

File Edit View

L e=0)

Workspace

clr 0 |
Lights=-21
53[31:013
ssls1:015

& 1-1-4 Robei Fiifi &

Robei /& 7E Verilog AU B it AOZEAY FdE— DG, ibHEE Bt 5 RS it Siil7e 3¢
Ao ARG R B B BAREERARE B, (HR REYEZE, HIP SN AT Aok B
Futit. A BT AR 2 R, (B E AR AU R A E . Robei ByFEid —Fh4h
ey 2T L ETRA B, 52 T AR HR A 7 U e B B R .

15



http://robei.com EE A DA F AL S B et

SIEFERE
L ZNI=RY
F_. T T ™ 1
module seql101_mealy(x, y, CLK, RESET):

input x:
input CLK:
input RESET:
output y:
reg y:

parameter start = 2'b00, gotl = 2'b01, gotl

reg (1:0] Q: // state variables
reg (1:0] D: /4 next state logic output

// next state logic
always @ (x or Q)
begin

y=0:;
case (Q)
sterc: D = x 2 gotl : start:

1-1-5 Robei 1EAE &3+ 5D I THLH EAD

- SIEE: BAERRB -
- BUEE: FRA o0 [51.,'., i = i-vw y oo

module counter(clock,reset,enable,count);

oin e

if (reset == 1) begin (i
count<= 0; L8 4

/1—Ports declearation—

input dock;

input reset;

end
else if (enable == 1) begin
count <= count + 1;

end
nd

input enable;
output [LEN:0] count;

wire dock;

wire reset;

wire enable;

reg [LEN:0] count;

//-~-Code starts here-

counter

begin
If (reset == 1) begin
count<= 0;

end
else If (enable == 1) begin
count <= count + 1;

en
end

SESBEEEN SCELECEEREBcavavaonn

| 1-1-6 Robei H zh4: A S

H AT EDA BBt 8 56 7 2 TAR AR i th Bt 450, FARIE S5 T 5009, & 5 Hid .
AL TREJHAFH Robei B4 AT LA AL BeiH 454, S50 58 i Ja LR A] LL LT T 512005
%, A B S A A E AR I S TR AR SRR S &0 Ko XA AT LT
I EAE VO B b, AN B LA 51 I PR A1 0 B o [RIIN i R A vt L ik
SRS g3 B 86 RAE — SRR AL ot AR, AT AT B B E.
1 "include “counter.v”

2

Jmodule counter_ test();

wire clock;
wire reset;
wire enable;
wire [7:0] result;

//—Module instantiation——
counter counterl (
.clock(clock),
.reset(reset),

. enable (enable),

. count (result)) ;

6 //—Code starts here
7 1initial begin
8

9

outfire

NN =DO0~1T00N

counter1

:enab\e

clock = 1;

reset = 0;
enable = 0;

b reset = 1;
#10 reset = 0;
#10 enable = 1;
#100 enable = 0;
#5 $finish;

end
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A UASEHL& A R G R PR BT 07 EAI . AR AR R Verilog AURY, T EL#ES & A
EDA T HAHR . Robei /& i Wi FH ™ ARl S BETH0F A, 47355 B34 Verilog (A5,
A LLE E/EH A EDA &t THAEH.
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K 1-1-8 Robei &~ H A et LA
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1.2 ZHR51EM

1.2.1. &%

M Robei & 77 Pk (http://robei.com) b T #i & #T ik Robei #4F . fi# )k Robei.zip, #8f5Xt7
Robei-setup.exe, fEFEH e ZE ks “2” , Wi 1-2-1 fiw.

| Iy Il S ] =3 H
) CERRE R A BN TR BT E
Y mm? -

EF#AFR Robei-Setup.exe
B &k
MR IS R IR gE

V) EREHERD) L 2w [ &N

Kl 1-2-1 Ffiifeos

Robei 23 A4 HIL, K 1-2-2 fis.

= P

1 Setup - Robei

Welcome to the Robei Setup
Wizard

This will install Robei version 3.5.1 on your computer.

1t is recommended that you close all other applications before
continuing.

Click Next to continue, or Cancel to exit Setup.

I Next > l ‘ Cancel

1-2-2 ¥ a3

TEFH A H A S “Next”

18
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+.1 Setup - Robei ESEIEH X~

Select Destination Location
Where should Robei be installed?

| Setup will install Robei into the following folder.

To continue, click Next. If you would like to select a different folder, click Browse.

C:\Program Files (x86)\Robei Browse...

At least 16.2 MB of free disk space is required.

| <Bak | Net> || Cancel

1-2-3 ‘I EIRPE

A B et

N E kAR, ATLARL “Browse...” FRHERTIARERRAS, WURATHEE S, SAEH
H A% s “Next” o

“ Setup - Robei R ﬂ

Select Start Menu Folder
Where should Setup place the program's shortcuts?

= E Setup will create the program's shortcuts in the following Start Menu folder.

To continue, click Next. If you would like to select a different folder, click Browse.

Browse...

l < Back ][ Next > ]l Cancel

=

A Next.

1-2-4 FFIH3EHYR N Robei

19
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% Setup - Robei
Ready to Install
Setup is now ready to begin installing Robei on your computer.
Click Install to continue with the installation, or click Back if you want to review or
change any settings.
I Destination location: o~
C:\Program Files (x86)\Robei
Start Menu folder:
Robei
N " b
l < Back " Install | I Cancel
-
Kl 1-2-5 el it
A “Install”.
% Setup - Robei = e s
Installing

H
o
=
>
a

Please wait while Setup installs Robei on your computer.

Cancel

K 1-2-6 3l fE

A B et

20
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A B et

“% Setup - Robei = |

Completing the Robei Setup
Wizard

Setup has finished installing Robei on your computer. The
application may be launched by selecting the installed icons.

Click Finish to exit Setup.

1-2-7 ZedEsp ke

sl “Finish”, Z235g Y8, R DL ST e TP IGSE A rh 3k 3] Robei, J53) Robei
2B 1-2-8 AT .

% Robei Trial Lo

\ 11¢ a1l 00 o€ B View Window Help
BOES x[x|¥]s]fO]=]0], lole

ocolBox == modulel & »,earcl ==

\
ropery =

“ruicni T4HC138
Srwaisi _T4HC151
- 9 module1
v _74HCI81

{rucii _74HC182

‘s _T4HC190

E_TJH('IN; _T4HC194

Graph Code

|>Welcome to use Raobeil!

1-2-8 JEAEN A
1.2.2. E

¥TJF Robei B J5 M3k http://robei.cn/register.php, JEMETHF, HP &P AR 2 A4
SRR . TR SRS P LLEE & sales@robei.com T ST AL
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PAFEMIS S5, R[N AT Robei A, midhizf “Help” , 7& FHisgs Hik#f
“Register” , W'~ 1-2-9 fiw.

(i-z Robei Trial - '

[l File Edit Tool Setting Build View Window Help

DOR®EEBEL0GE:

ToolBox ==|"modulel ¢ TS
T About

System —

1-2-9 JAzh 5 K

TE5 11 Register X 1HAE -R i N 2 BUVEM R P 2 A, S eHl “Get License” |, B
2B BT, 7E1Z M 00 A SR TR S (S B .

@ Regi;ter @g

Robei LLC.
End User License Agreement

INPORTANT EEAD CARFFULLY: This Fnd User License Agreement
("hzreement”™) is a legal and binding agreement between you
{either an individual or a single entity) and Robei LLC.
(“Robei”) for the software product You are about to download or
otherwise install and the associated proprietary media, printed
materials, any associated documentation (including any electronic
documentation), and also any updates or modifications of the
forezoing provided by Eobel or its licensees or agents to You
{collectively, the “Software”).

Username* : robei

SoftwarelD: 1111-1111-%

License* @ |

1-2-10 Register X i HE

Here is your Robei license information

[Username: [robei |
Type: [personal |
Software ID: |1111-1111-26F6-6569 |
our License:||5FEOH-MKAL-ECBJ-CAGI

1-2-11 FEMMER

il Your License: JETiI ) — 5 4mhd, J-4i A2 Register XIEHER “License*: ” 1, s
“Register” %411,

22
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& Regéer @g

Robei LLC.
End User License Agzreement

INPOETANT READ CAREFULLY: This End User License Agreement
("Azreement”) is a legal and binding asreement between you
{either an individual or a single entity) and Robei LLC.
{("Robei”) for the software product You are about to dosmload or
otherwise install and the associated proprietary media, printed
materials, any associated documentation (including any electronic
documentation), and also any updates or modifications of the

foregoing provided by Robel or its licensees or agents to Tou
{collectivelw, the “Software™).

Username* : robei S 11 11111]1]
arelD: 1111-1111-

: BEOH-MEAL-EC

K 1-2-12 FIHEE

WMARERITNE 1-2-13 FrRfIIGhE, RE0R, FEMBT. WRER, EHARE NAH:
robei@robei.com. A “Yes” %4, B HEM.

E". Congratulati

You have registered with Personal!
Please enjoy your time!

K 1-2-13 FMEE

— VIS G, RS, EHEZ, BRI mR,  “Robei Trial” ]
FRECEIHE R, BUMARZ FIR R E MRS 28 . 2225 fi 2 “Robei Student”, /™ A fiR /& “Robei
Personal” , #( & i/ “Robei Education” , % LkkjE “Robei Professional” . Tt Flhi A
#T ABRBEAZARMH, R2 R it M2 IR

Robei Personal

File Edit Tool Setting Build View Window Help

A= Il-lm K87/

ToolBox

Kl 1-2-14 3 ECTh a3 S 2R TS R

23
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1.3 e Robei

Robei B fF/EalE, FmwniE 1-3-1 fon, BAFFRED 3, THEK, THHE, Bk
o, AR ) A S 7 1 JLANER 23 o SIEERR T B SR A T3RAF BOTOEE, 55 IR TR — 4,
TR EAE — i F . M TR A&k sy, aTeiES A .
R AR ST A (0 F) P4 BAS A ARV BR (K P o m 8] 0 AR 25 T 2 i X3, =
AT BCHREERERIA A O “module” o JRABIVHI & 1, REREREIR UL LESE R

) Robei Education - a X
File "Edit” Tool Sefting Bulld View Window Help

DG BEEO N003 (AEE B

ToolBox ulet X

System

‘4HC1

T4HC1 _74HC151

T4HC1E _T4HC182

T4HC1

T4HCIE _T4HC194

4HC?2:

AD0BOS ADDB0S

Graph "Code

>
>>>%5: HEF LI IRHEIRRT € TRASEFPGA Robei SXilinx 3R HAIE » SR ERRT . ML SAIRobei EDAZILR TR FMHFEHARANE L ER RO« EH-8% . BaERS RBRESH2H
EHESIR D Bk, ERREMEARR A SR ERMFPCARH AR 8481 - ERTI=NSABENHHE, FEMOFHERKA: 0532-80972800

Bk Robei EiEE &5 A P EM% B IXMM, BINEERT RERobeipI M LS Hit it itk A R HFIBFMHATINMEHFPCA - BERENR LS OISV EZH, TREZHRIN, BNERREH-
===\ TRPEMBEEPLERNERENAFARLDA NTEEREEERAAER TE: ERAERHEIEN -

K 1-3-1 A
1.3.1. BT A%

Robei N 7 A{EF FEH, fETERA SE A T H4& . 50RO EE “File”
SRR, BH ORI BYUIRIMBRERECETE “Edit” SRR E . 53T OCHIERAE tanidsin
R, S, AL “Tools” SR EL., B 1 iXes, EATE “Build” 325 B AT
HAEEPIARIE,  “View” SEH B FHORGE /N ERAE . WA E g RO E 0, H
JUAlLAE] “Window” SEEL N HOM R & T

File Edit Tool Sefting Buld View Window Help

POEXEENE0N00AE CSEE

K 1-3-2 SERRE AT B4

1.3.2. TR

24
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THA S AWRS, F—F “Current” X R SCEALE N 24100 TAESCHEIE, FRERTEY
BTHEN, AP IR HEER, AR P YRR B AR 0 S E 92 . 55 A2 “System”
el Robei i PF—ite 222647 1, BB 1 Fi R 40 F 7 , FL#% 4% & C:\ProgramData\Robei ”.
F PR BATEIGETARE B, 545 T R S92, Robei 2 E 3hisBUZ U BLATA (1)
Robei 57, IV RLE “Toolbox” B it 8, % “Add” , REiE HNHHRNINE
GHEHE (U 1-2-3 Fis) s

ToolBox
System
?4|[c1:3

éHI[ClEi _T4HC151

gm[cm% _T4HC182

- TAHC 196

EHl[cmﬂ. _T4HC194

E 74HC2 3%
: Library Name: |

Location:

K& 1-3-3 THEFE (&) FRIESEHE 5D
1.3.3. B

Jo& PAEA B 1 R F s A X b il s ik g k. P R LUB SO 2 (s 1k, 4%
N, B R S B RN AR AR DX o B T SR R S AR, i AANREAS
e
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Coment |

Code

Color #f5fhde

K 1-3-4 @i

1.3.4. TAEZ2A]

TAEA R — AL BT K4, R ANAR0E], P AT DRI B, R, 5| AT s
ARV LR R . TAEZS A PN, — SR T B, — MR
WAL, ATLLE Y “Graph” £ “Code” TN i#H4T U1

26
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Graph

K1-3-5 KA i AR RS
1.3.5. @i
Wi DR E ARG R, BHEEREEAELER.

Output

Kl 1-3-6 it & o
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1.4 Robei =&

Robei F = NEARJCZ KARFK Verilog B FILHARE 7 B, 5] JIANER:ZE . 75 Verilog
EEHE, HEEH— R (module) KR, —AMEEATDAARE —NZHETT, — A5,
—/> ALU Bi# —1> SOC %1, HHUR—MIRIS ), EX MRS b, AR
ER]Y I glﬂiﬂmﬁﬁiﬂlﬂﬂiﬁk HAMNEERTTR, 805 S H e g7 imE, MR
— AN RIERELL . X AMEBRL T LU IR, AT L& — Mgk,

1.4.1. R

BEHUR R IMRE R EA TR, TUEELE—NBET. X NRETHE, RitHEn
CATSCE 51 B SRAMGEAS 717, AT DABCE BT (PR R RN N S B2 AR B T g 1) Sy ARAD
RPE AT B SE, — AMEHRT DA /3 A [F 2R 5 . IELETF R B M AT AR # 2 “Module”
KM, HRE—HEIeE, oA “Model” , X AR A] DUZE e R b g/, i
Ao @ AT 7T 5/, ArehEE. B g ek, ORESa MR, A
KSZIAT B “Testbench” 2554, suIil FPGA 3|4 EL ¥ “Constrain” 2575,

1-4-1 Module AT ABE/F— AN 2B & T

(1) Module: Robei FFEAEAY, a7 IELE B H AR A ER, CRA7 5 H 3128 % “Model 7,
FH P AT DS AT Av] J 1

modulel

module

module

Current/a=:

assign y

Parameters

Color #£5f5dc

1-4-2 Module

(2) Model: BLiHiF BRI EBHRER], a1 “Model” 68, &7 @ PEiEAT T
FiRy, ERMAERT MBS ERENE, mgit. SRS,
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Property

T

1-4-3 Model

(3) Testbench: JUARMEERXT T I0AE it IEw B, WUBE F R T 3ah, R W
P, FSRIGUE S48 5. WS EE B0 Bas B, T 0 OR T0Z Bl A B 1) & 1 8
“testbench” , 5 UEAEPEIEHT .

Property

testbnch
initial f e

K| 1-4-4 Testbench

(4) Constrain: ZJ A {42 FRXT FPGA 51 T 2 BC S AR FPGA ) R4l
JEI 7y Bo A AR AR, BTl Robei S ARHEASFIRI) 5 H B0 AR O BT R 1R 5] B2 RS
i, {H2TE Robei 4 BT B 77 =R Ge— 1. ol Xilinx ISE 151 B2 5 SC#F/2 UCF
A, Vivado 5] IZI 52 XDC SC:, Altera 51 1L o S0 & QSF S0, B Ei sy
FCHI G — A2, P A AR b A L0 e 1) 51 BE S 2 h ) 2 5

1-4-5 Constrain

FEGI B> HE 2 R, FH P 75 BRI “ Settings ” HLITLLHE “FPGA” , FISRILFF IR FPGA
5K BN HR AT AR 20 7R A 2 A AR AL

29
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- Configure FPGA settings

FPGA Vendor: Xilins[J Software: Vivado
Software Path:

Device:

Speed : |

Cable : USB B Port: coms: |} |
0K Cancel

1-4-6 %+ FPGA | 1

FESEH “View” [ Fh3Edikd® “CodeView” ,  #tnl L& 3 H 34 U 5] 2 $AR
(T

1 #This file is generated by Robei!

2 #Pin Assignment for Xilinx FPGA with Software Vivado.
3 set_property PACKAGE_PIN G15 [get ports swt[0]]

4 set_property IOSTANDARD LVCMOS33 [get_ports swt[01]

5 set_property PACKAGE_PIN P15 [get_ports swt[1]]

6 set_property IOSTANDARD LVCMO0S33 [get_ports swt[11]

T set_property PACKAGE PIN W13 [get_ports swt[2]]

8 set_property IOSTANDARD LVCHMOS33 [get ports swt[2]1]

9 set_property PACKAGE_PIN T16 [get_ports swt[31]

}(_) set_property IOSTANDARD LVCMO533 [get_ports swt[31]

1 #This file is generated by Robei!

2 #Pin Assignment for Altera FPGA with Software Quartus.
3 set_location_assignment PIN_G15 —to swt[0]

4 set_location assignment PIN P15 —to swt[1]
5set_location assignment PIN W13 —to swt[2]

6 set_location assignment PIN_T16 —to swt[3]

T set_location_assignment PIN_M14 —to led[0]

8 set_location assignment PIN_M15 —to led[1]

9 set_location assignment PIN_G14 —to led[2]
1N cat laratian accionmant PTH N1R —+a 1adl21

1-4-7 %F%F Xilinx F1 Altera 2 7 129 58 04

1.4.2. |

Gl — AR BOREE, W LU BT LRy AR, BT AR B — AN ERE
G B AN B SIRRAEBRE ), REE S AN REE . SR R R RS
T EATIL, SR E AR FLIRI s, L2 ANEDR, BN, XA A A SR FLIR I,
FL2 B KA/, XM o A — AR DUt w] DU A, A P J7 1) B R
Bhifl, PWANRN—FE,
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1-4-8 5| X TR ST BT AL
AN G M E W 1-4-9 B SRR A 20, W “reg” , “wire” , “supply”
%o “Datasize” J& M RfRIZ 5] R AL R L. 5] A RETEBIER L GiEE, ARE
NP A RE B . B I, S I ERBER 3 .
HE: BR PRSI —REERS RN, Tii, ERMBENBEREET I

Property

Datasize

K 1-4-9 3
1.4.3. HEEL

R RIRGER A G, 0TS T IR . At i FER R & T P LI
B, WAL BIZERURAN R, w25 B R T T . R R, A
AR L R A ) S 2, TR AR K, T2

K 1-4-10 #HEL

GO, R AR AR T IR B AR R, RS BUEH Ay B AR5 I
It . MR e O L AN R, SRR MR A B AN AR ]

Property

Datatype

nencoder2

1-4-11 EREL
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Fige, 51AIAERRLSE Robei K1 =J0FK, WILIX=JCEK, Robei {LEALMIE MBI
fap e B e, PR T RN TR ER, Oy R Pt N SR B B T
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1.5 Verilog 284

1.5.1. ¥iE

(1) HEEPIFRES
Verilog A 4 MERSIHFREA: 0, 1, Z A X,

0: HfH 0, fRHT, BLHHHR
1. a1, mr, s IR
Z8F z: mHS

X B x: REISCR AL

(2) BAHFRTT % A+ +E .

#RE
By iyl 3°b101 = % 101
)\t 9’017 JURL ki 17, A4 Tkl 15
il 12 AR5 AR, 72 12
"d11 R d AT, ORI 11
FAHEH 64’hffo1 64 it /N FFOL, kA4 T 65281

*® 1-5-1 HE kRS TTE

(3) iz
TR (R B 2R R R LA IR B 5 5o 402, A . reg A1 wire.

reg: W LAFRAEECE, WifilR 2%
wire: WA G, AREAEEEGE

1.5.2. BEKFF
(1) ZHIEHEF

15 & y=a&h;
B | y=a[b;
F B n y=a"b;
ik - y=-8;
JLki s && y=a&&b;
WL I y=a|[b;
WARAE ! y=la;

% 1-5-2 WiHBHE
(2) FARBERF
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b
H
D
=
>
a

A B et

I + y=a+b
e - y=a-b;
PE * y=a*b;
Fr / y=alb;
HES % y=a%b;
K << y=a<<b
% >> y=a>>b

(3) BB HSF

*1-5-3 BRzEER

KT > y=a>b;
INF < y=a<b;
&T == y=a==b;
KT5ET >= y=a>=b;
INTEET <= y=a<=b;
AET I= y=al=b;

% 1-5-4 WiiEE R
1.5.3. &My

HT Robei K, UTEHORETUAHRBA, XA HRENE, BRAFE

BT RIXHARBIFE. TS ZAIRBESERRPRE .
1. FRHE

Robei (AR MHERIFRR — S, REASBRBU A5 IR B “module™ 45, AR5 2 1% R 1)

YRR, ZJE RS LIS TR A A S )5 25 endmodule”s

module dff(d,q,clk);
IBX B UG w2

endmodule
Amodule dff(
5 d,
6 q
T clk);
8
9 //—Ports declearation——

10 input d;

11 output [7:0] q;

12 input clk;

13

14 wire d;

15 wire [7:0] q;

16 wire clk;

17

18 //—Code starts here
19 always @ ( posedge clk)

20 gq<=d;
21 endmodule //dff
22

1-5-1 Biefye X
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2. BlE X

51 2 Bk 2= R BIPE RS e 465 BLT . #EHE 5E RS, 7E module AT endmodule
e ) 7 B 5| BRI E Do Sk AR N R SN BB, MAPR R M S, TE T Sk i 2 B
AT DA AR AT DU o AR S R R S A . BESE, ARSI ENE S IR,
— %2 wire B reg.

input po;
inout p1;
output [3:0] p2;
wire pO;
wire p1;
reg [3:0] p2;
2module test(p0, pl, p2) ;
3 //—Ports declearation——
4 input pO;
0 5 inout pl;
6 output [3:0] p2;
test 7
1 DQD 8 wire p0;
9 wire pl;
10 wire [3:0] p2;
11
12 endmodule //module
13
1-5-2 5B E X
3. L

HEARZE I E SO R ZSR AN B AL SE A AL FRIBRU, 5 5 IRSEALE SR, (H21E
Robei i, THZMEHLE FRBIER AT AR, HEERSIM, T E R LI AT
TR,

wire clkout_clk;
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clkou

Kl 1-5-3 HEBLRIE L, R clkout_clk AT
4. Btk

BRI AR YR AR B E R T 5, e B ST IIAE ) 51 BRI ERE I 4R, I SR R
RIS EAT B . EGICHII R, 8RR S 25T, MAEHES, %8
BNNEL Z, SRS, ZEHESF A,

Designu_2( .(i 12 1(u_1 %R 1),
G 2(u_L 3k 2),
(G 3(u_L Ak 3),

...... );

S FRZ845 G DFF 14

DFF d1 (.Q(QS),

.Qbar (),

.Data (D),

Preset (), I 1ZE RS
.Clock (CK));
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P 1-5-4 467 e
1.5.4. RIGES
1. RMEEH)

i FA IR & 75 R 4 assign, assign A2 TE &K —ME 5 5 R/ —ME 5 BT HIE,
AEATAS S AR ET A R 22 (. Assign Hh4E 5 /5 145 5 L 22 wire B,

K| 1-5-5 always i&f]
2. Sy XIEH)

if else

KT CIESHH if else MIEE. W if else 54, ot maifries, HERA if &
H else MiEA], Ko BT . TERECF ST MAZR BB B 1074 . 296 2 %150
AET if else a1, 75 5 begin end ¥ % 24 iEA)HE4T 5, LI begin end #124F C
EE PR

K 1-5-6 if else iE)

37



http://robei.com EKEFNAF AR Bt

Case

KT CIES T case M5k, W case 543 H default % B LF, a4t A1
2 T DK 2 A BT B

K] 1-5-7 Case i&f)
3. fEFRIEA)
For

KT CES I For 151k, {H2 Verilog #, ¥%F BINPER), FrLU%HE i++, R
BEH i=i+l.

K 1-5-8 For i&4)
While

FELT CEF I While 15k, While IBRERATR, B RHWIEAPIT KRS
BB NE, WERE, PATRIIEE, AR5 B EF AR AT Z A RIE R H N,
NERE,  HRAT RS RTER R, A, BRI RE A N

K 1-5-9  While iE4])

4. e S EERAT
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Initial

Verilog H H initial FEATHI4E4L, initial RPAT—IR, 75 0 B ZIPAT. T E AL EIEA
B,

module initial example() :
reg clk, reset, enable, data;
initial begin
clk = 0;
reset = 0;
enable = 0;
data = 0;
end
Fndmodule

P 1-5-10 initial i%4]
Always

Verilog 1 always — B 5 & 14T BIFL 545 . Always A [ CRIBURE 5712, F always@
(UGS Lor BUBRME S 2or..) RER, HEUERES KA SRR E RS .

module always example () :
reg clk, reset, enable, q_in, data;
always @ (posedge clk)
if (reset) begin
data <= 0;
end else if (enable) begin
data <= g _in;
end
endmodule

K 1-5-11 always &)

WA HAE R RRE S A4 AT LALE always A1 initial 35 4) b AT e, 2870 % Gl reg
TEA) S

5. fHZEAME 5P 2 RE
RHEZERE ( =)

FE AT IR A, PHZE VRS A4 IR e AT IR B b O HES I (RO AT, BITRT— 2RI A) 3
A FEIRAE AT, Ja T SR AT RERIT, #E 2, JRmriEagPHIE 1. £ always
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begin. .. end Ay b P A 15 AR T AT H, PHEEMREZFE b —SRifa) g a, 4
THEHAT T —2KIERIK .

0QB~reg0
iD > DFREO >0 QB
[ b
ENA
CLR
always @ (posedge clk)
begin 0QA~reg0
oA = 1D; b a D> 00A
00B = 0QA; -
end CLR

1-5-12 PHZEARE 15 )
JEFHEZERE ( <= )

St HATDRIE A MEIE A DG, 1D REGRAAE D E AT, 11 0QA
METIE R R AFAE 53— AN T8, 7F begin #l end 2 [8) {3 18 A) 145 1A R IE AR BT 5 F
fA#seIa, AR RNIREA ST IXFE oQB f3EIRIZ oQA 1 IRAR{E I A2
iD.

always @ (posedge clk) — —
) iD D> b o oo 008
begin = > Z‘A
OQA <= 1[}; LR CLR
oQB <= oQA;
end ——

1-5-12 AP 2E :0RAE 15 A

1.5.5. —MEHH B4

module LA (51 1,511 2,......);
input [k % 2] ST
output[E 4 % FE] it 51 s
parameter Z%(=BRIMH;
reg[##E % L] FFAFIEME T
wire[##E 9 fE] EFFMEE S
A5 2
BRALR #3581, 252, ... ) Btk (
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BRGL GEBERIES D,
BERISI 2 CGEEMES 2
)i

AR R %

/lassign

assign 155 1=155 2;

/lif else

if (%% 11) begin
PATIEA];

end else begin
PATIEA];

end

/lcase

case (L H):
ﬁg—/ME ﬁﬁfiﬁ@:
FAME: PATIER];
default: BRINPRATIE A

endcase

/lwhile
while (Z%f4) begin
PATIER];

end

/lalways
always@ (B85 5 1 or BUR(E5 20r....)
ERRE;

/Ifor
for(i=0;i<10;i=i+1) begin
HAHRE
end

endmodule

PAERRERIRARSS, S H e SEEAR R IR, R AW, AR IEE
PRI BT
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16. F—RPBE

B RIESHMESF AR B EWARE A, N ERFX —RIONE, 4 restiEs)
FHBHABRIIANTH ] H—REATTH T EDA MERJEIFE, TH# T Robei [fI4F SR =70
2, ZFIHEN T Robei BAFFIWIE 2T Verilog 155, XX LRI 34 7 R SEi 3
file RIS AS TN, HEEEGER AN TIREY.
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BR: EBIATF, AkEN

S RBATERL LA LA S Se ], (22— 1 Robei BAFHIBAYEEN . o I & 1k
B AN LA AT AN B B AR o [R]i th m] DL A GRS ¥t DL — S X Verilog
HE N AL o XSRS 01T REFR R LUALIEA, (ELR S DhRE A2 4E FPGA
B RE AR E TN 5298 T B E RS FIRAE AR, DUEREIF 52 Robei () BETHAREA
K55 Verilog FIgifE )T e LA RAIEST, 338 W] DUSCHL N E 21— [ BkER -
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2.1 Sfl— EBEITETT

2.1.1. A&ESE

BB R B R A R 4y o« ARV R AT BB #8117 Robei B fF PR
Fi Verilog i& 3 528U 7R, JREM IZETHES 5 S YIRS IR < AL g
DarR: S
BT

R B R RS, LSRR EOE R IE 5], 80, 6T, Hder, skaE
VR, AR S R i LA B4 Verilog 76 Robei %CfE b i BRI

Ho. DERMSTT (B 2-1-0 A, wEl 2-1-1 fos, sl HEERTUEH, RA4H
AN Y LRI, fbiA 2 1, HARRE O N0 00 STTREARIEADN: y=a&b.

a a b y
Y 0 0 0
b 0 1 0
1 0 0
1 1 1
Kl 2-1-1 5 TrnEEMEMER
KR

#7& Robei #f4:. 7 Robei B J5 M35 Chttp://www.robei.com) F#k&:#1 /it Robei &4,
2% . T7F Robei 4, #47& Robei B4HILEAFIZEH . B BUARE T BAL A B -
BE BT ERINE . E NS At “Help” , A& Robei HehicH B 4.

2.2.2. BIHRE
1. BRA T

(1) #ige B, SR TR R W R, s R “File” SRR R R
R “New” , 27— ARHEMEBLUR (P 2-1-2 Fi) . 28 (AHEAE b i B AT it
P HREL.

Pl 2-1-2 R I H A 43 01«
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Module Name: andgate
Module Type: module l
Language: Verilog '

Input Ports: 2
Output Ports: 1
Inout Ports: 0

0K Cancel

K 2-1-2 FrE—AumiH

Module Name: #EHAFR, X BLILATARGIE —0 andgate FIREHE, 4\ andgate.

Module Type: LA, Robei H AT HF 3 FhZE4L, “module”, “testbench”H1“ constrain” .
X BIRATEIE 2 — M, 4 “module” .

Language: &itiBE s, XHAHF—FitiES Verilog.

Input Ports: F A5 IIECH, FRATRIFIEECE 2 MG 1 a f1 b, FreAfA 2.

Output Ports: #ih 5 I%H , FATBFEE A 1 A5 |y, Bl 1.

Inout Ports: BERT DME A SR IE S S EH , RATBCTH I H 211i%
KA, FrblEiA 0.

SHUHT SERUE il “OK” 424, Robei g2 El— AN Hifsis, £t 2 andgate,
i 2-1-3 pros:

== .()

p2

andgate

h“.

K 2-1-3 51 1Z2EAmK

(2) BEURL. 75 B Bh2E B 57 B B BRI A A SR “p0™ A () 1 s 12 A ok
RIEIRZ T AN B R A 2-1-4 R . RSk R YEA HXT R A FR. O TR BT A4 AR —
B, JAHE p0 KIAFFEUR @, pl KBRS b, p2 BIAFREER yo AECR T E 2 A I Vi
Ay Name BN EEOF Bl 4. T XS, BATAT MBS AR 51K Color {H,
I RUBIGEOR AT . BTSSR WAl 2-1-5 JR:
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Property

andgate

#d2691e

2-1-4 JE/R5IH “p0” 1)@

andgate

& 2-1-5 5| B4 BRI UG 1 S T
(3) Wy N, SEEA R 7R Code (& 2-1-6 frn) #E A E X .

andgate

2-1-6 fiili Code My N HE

TEARIS BT X AT AL T Verilog A5G
assigny=a &b;
AL SEEL 2 5 T 12 IE 5. i 2-1-7 Fis:
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17 assign y = a & b;
18
Graph Code
2-1-7 HiEHN
(4) fRAF. i TR @ Kbr, B mdiems “File” ) FHSER “Saveas” , &

I 2-1-8 G, AL 5 A7 BN S e
HR: 1 RENBETAREAE P IINEH
2. (R RE AS - AR Bk 2 R T Sk
3. MRMIXHBEREER —BET
4. RIS B2 BB R RV B 7R
5. &R Redr Rk verilog FICEEF, W0 “module”, “if” &

= Save File

@@ [1. > 1ab1

Organize ¥

| Favorites

M Desktop

Il Downloads
<» Recent Places

] Libraries
., Documents
& Music
. Pictures

= Subversion
- ...

New folder

-

=

Name

“ -e . -

jf¢ ‘ | Search lab1

Date modified

No items match your search.

<

T | »

File name: andgate

Save as type: lModeI File(*.model)

+ Hide Folders

K 2-1-8 fRAF MY

(5) Zwi%. Eiﬂffé,ﬁﬁ?ﬁéﬂﬁ%)ﬁfﬁﬁi “Build” fJ FHE . “Compile” , 4T
R . WRAHR, SEMHEE P ER, HiRITHE code F R, nILu@EL
BEZATEE ERAT, HRITEURTE code Won BRI, FHEMSAE . DR AR
N, FEEAR, B andgate BEiTE K.

2. WESCHFBE
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(D FE—AH. SRR E+ T P AR, 7R3 H X IR HE R SR 2-1-9 3k
Tt
HER: WHR Module Type At E L testbench, 15 EXRE AN BB

®

Module Name: andtest

Module Type: testbencl'
Language: Verilog [

Input Ports: 2
Output Ports: 1
Inout Ports: 0

0K Cancel

K 2-1-9 Hra st

(2) BEA S Ete, EHEATIH, EREAESOEt, 5 EX AR5
55, WK 2-1-20 fiw.

2-1-10 &5 g

(3) IR midhy TEAF ﬁ Blbr, HBLWE 2-1-11 P50, KRS R

17F andgate BT LE SO R .

HR: LRFRBRAET AR PR
2. RSB RE AR BR E R 3L
3. BHURFEZIM andgate F—E&R2Z T, &M Toolbox H1#AH] andgate itk
4. RIFHISCE B2 B BCA BT BT BEER A FR
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3 Save File ==

ol
=| ). » labl -
l Organize v New folder Fesis 9 |
=~
| .& Favorites < Name Date modified Type |
Deskto
L P, No items match your search.
Js Downloads I
2 Recent Places
a i
- Libraries !
. Documents I
J, Music
& Pictures |
=. Subversion i
- aal| < i »
File name: andtesd -
Save as type: ITestbench(‘.test) v}

' Hide Folders Cancel

Kl 2-1-11 PRAFI S

(4) AR, 7F Toolbox T HAHA Current #2H., £ HBl— andgate Hi%!, iz
JF7E andtest W0,

andgate1 Y|

2-1-12 ¥ s Ay

(5) EH G, md THREEFR /7 Ebr, BiEEBEH “Tool” i) “Connect” , i%E
S po £l a, plE by R p2, WK 2-1-13 fim. XA, EEEEEBELRZHI0.

U R B bR AL ml e PR AR 5, )ﬁﬁ%l%ﬁio

andgate1

K 2-1-13 #EBSIH
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&l

(6) FANWh. AEMABER T “Code” , FANBURN S . WURNACHSE 45 H it i % 22

Fisfinish 45751
initial begin
p0 =0;
pl=0;
#1

$finish;
end

andgate ™ andtest X

15 initial begin

Code

K 2-1-14 S

(DIIT T HIFEFE B - ,ﬁjﬁlﬂﬁ, EERES, RERAHIRZ)E R g

BATOR R, R e B SRR “View” 1) “Waveview” , L EF T, WA

2-1-15 itz . AN SR TR ERCR A “Module Type” N2 testbench, ¥ ANSE I .
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e
v

File Edit View

L sje=0/x], [olo

Workspace

K 2-1-15 WILEE &

(8) miidiAi il Workspace H 1155, #ATHSINF AR . MBI &G4 TAR L ; A
AT A i B RO R R, BRI EHS .

{sle=lOIx], Lolo

\

K 2-1-16 BWHIFXIE

2.1.3. MBS RE%

ARGEGI S TR BT HEAT B, ORI 2id 1] 5 el 2 IR R 07 SO BE T R
11, AR LB I AT 1 FUSAIE ?

BRI BEAT Verilog 5% X G A
517 & assign y=a&b; 741508
8] | assign y=alb; 741532
FE] A assign y=a’\b; 741586
N ~& assign y=~(a&b); 741500
| ~| assign y=~(alb); 741536
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o
=
>
al

2.1.4. F W&

(D A2V B JFEANRNEI?

Robei [ERIAG PURIZEAL.  “module” , “model” , “testbench” Al “constrain” . 1
AR B2 Ja B Y ROZR TZ B EA RS A 15 B Rl “testbench” . [A], testbench ]
Rt N I 2RAIN A “reg” , HHiSRAIN N “wire” .

(2) “model” F1 “module” &4 X 57

IEAE BT A i “module” , — H&THTE R, AT AT H R A 21 & B B v

I, ZARER R E B K “model” o “model” S8 JBIEATT L, SRR T
(3) BArE R e8RS ?

76 “Code” 1, RAGEHE M AN PARKDER 5, 1 HIX SRS A I IS — AT FF 4R T
B, Az “View” W RS “CodeView” , R0 LAE 2 A A, BIEES)
ESniR

(4) WEATM AR BRI ?
APl H2 7 B E H A R
(5) “error: xxx is not a valid I-value in traffic.”, ¥iH] xxx [{] Datatype . i%Zs& reg 2874, (HZ
WE R T wire 2878,
(6) “error: reg xxx; cannot be driven by primitives or continuous assignment.” i #H1Z /& wire

APy, R E Datatype A reg 5%, T HAE assign i AR T .
(7) PRSI RUEE Rl — H X N A RefE “Current” #2H[i& 2.
(8) B FIBHEA T2 S module...... endmodule A1 5| IS B, KN RG14 H 34K
(9) B Afefr 4 Bk verilog FOCEES, W “module”, “if” &
(10) (RIS 22 R BCS AT B I A FR, AH R B SO ZEORAAAE [ — B84, ORAF
ISR ANBE & SRS, IRAF S 2 AR AT IR IR 7 7 T Sk
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2.2 LB HEEE

221 RESHE

TS 2 BB R N2, WA B S AT LR, AR A R A
155, W] DARIAE TN 88 A0 R R R4 25 F B o IXIRIRATTHK % > — N anfel ] Robei A1 Verilog
W RBE A 4 B THEES

BB

THECEIS RN I B AR AT TH R R R . BAERA TR BevE— A 4 FRFIITT
Hds, HAVGHE 0~F 28], WElRit e AME 16, BitBEERWE 2-2-1 k.

| Sigﬁals Values

clock 1

enable 0

reset 0

result[4:0] zzzzz

B 2-2-1 ¥R U R R
2.2.2. WitiiiE
1. BRI

(D Hrgd— M8, S TRA B E* Blbs, B0 R “File” SRJSTE FhSg st
M “New” , &F —MXHEHES R (A& 2-2-2 Fron) o 7R3 RO TR HEh BB AR T i
TR .

®

Module Name: counter
Module Type: module '
Language: Verilog [B
Input Ports: 3

Output Ports: I

Inout Ports: 0
0K Cancel

Kl 2-2-2 Frd—AmA

SHIEE 5ERUE Al “OK” 4241, Robei st&x4Em— AN EiiER, &5 mt/& counter,
nE 2-2-3 fix:
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counter

2-2-3 s A

(2) BERUERY . 78 A 304 ) S B Bk AT A RR B, S 514 clock, enable F reset,
5] B EUR count. FiH count BIAI “Datasize” v 4 EbkE, AT LURIA 4, tHAETLL
N 3:0. AT XaRAGI, AT USSR 51T Color fH, s I ELRAF . BEGE
R A 2-2-4 FToR . Qg R s, 4% “FL” g, mh4s A B Datasheet, 41F] 2-2-5
Fim:

counter

N Inout | Dataly Datasize | Function
| clock [ dnput [  wire [ 1

| reset _ [ | T | |
M% _ ———
_ count » output f________________jr________________w

K 2-2-5 “Datasheet” 7K

(3) NG, AR 7 ) Code (W1 2-2-6 i) HEAACRL#EitX .
EARIE T X NI LLT Verilog AXA5:
always @ (posedge clock)
begin
if (reset ==1)
begin
count<= 0;
end
else if (enable == 1)
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end

(4) fRfF. i LRF

begin
count <= count + 1;
end

x

counter

20 always @ (posedge clock)
21 begin

22 if (reset == 1)

23 Dbegin

24 count<= 0;

25 end

26 else if (enable == 1)
27 begin
23 count <= count + 1;

K| 2-2-6 /7 Code fy NF i

RRAE R AR

AR st

@ BlbR, o iz “File” thi s “Saveas” , K

(5 gk Elﬂﬁ,ﬁﬁﬂz%,ﬁﬁﬁi “Build” [ F 434 “Compile” , HATALTS
Refs. ISATHAR, ST T R IR RRIIR, 458, B counter RIS

o

2. WESC B

(D B —Acff. M TR R [i* b, 25 X T HE

&

Module Name: counter test

Module Type: testbenci]]

Language: Verilog '
Input Ports: 3
Output Ports: 1
Inout Ports: 0
OK

2-2-7 Frid s

B3

EZNNY

2-2-7 ATt
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(2) BEEABIEPEE ., EPRATIE, fEEERs xR 2-2-8 ST &M HE N,
FAEBCHBL, 7 X AR FR S E S .
POI"EB

2-2-8 5ljEMR

(3) BAENMASCAE . )ﬁiﬁiﬂﬁ@ Fbr, BRSO RAE R counter #57 FTLE Y ST A4
JeT

(4) IR, 7F Toolbox T.E46 (% Current ££H, £xHII— counter BifY, F;iZfAl
FEAE counter_test RN, il 2-2-9 Fiw.

ToolBox _‘I couriter ™| counter test

et counter1 countiip result

& 2-2-9 ¥Rty

(5) #EHGIW. M TR 4 Blbs, s EPEEs “Tool” Hiff) “Connect” , W1
2-2-10 PR, JERESIM. XA, R EREERLRHIE . WUR R EAR R,

EEE*/%LO

Jenable

able
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]
&l

2-2-10 ERES|IH

(6) FNBEh. s R “Code” , HANBEUNEE, W 2-2-11 Fos. AR
T 75 55 AR I i 2 F $finish 457K
initial begin
clock = 1;
reset = 0;
enable = 0;
#5 reset = 1,
#10 reset = 0;
#10 enable = 1;
#150 enable = 0;
#5 $finish;
end
always begin
#5 clock=~clock;
end

“counter ® counter test ®

17 initial begin
y  clock = 1;

19 reset = 0;

20 enable = 0;

21 #5 reset = 1:

22 #10 reset = 0;

23  #10 enable = 1:

24 #150 enable = 0;

25 #5 $finish;

26 end

27 always begin

28 #5 clock=""clock;

K 2-2-11 S

-
(DIIT T FHIFEE B - )ﬁéﬁlﬂi‘é@, BRI, KRR R A

AT R, Had E‘ BE S “View” ) “Waveview” , WHEEE ST P, A
A1 Workspace HIMES, #ATHRMIFEE, WH 2-2-12 fic. Sl aEass LA B

9 ¢ BERRIEAT BRI 0T 07 B0 RO R 2, 206 BB 5 B Bk R — 8L
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"FiTe Edit View

sle0]x

I
entio— v [

K 2-2-12 BHIKRIE
22.3. MBS B%

(1) Wl Robei #it— ANt $ess? tHEOFIERA F, SEANREME 5 2R EE R
—o MR T E S

(2) A B seBl 5 25 o 50% 119 2 2040, 4 73 40A 16 0407 #R: Hastl: &
FL P RR RIS TR 7E — AN AT IR B R

2.2.4. H W) 8-F KRB

(D A2 BZ JFEARNBIE?

Robei BRI PUF2EM.  “module” , “model” , “testbench” Al “constrain” . 1
TARAEAT L2 JG 6 T N AZ R T ()7 AR SR AV B Y “testbench” . [A]IS, testbench [
TR N RN “reg” RN “wire”

(2) “model” #1 “module” H A4 X H]?

IEAE BT AT i “module” , — B it5e i, FFAE A E R A 21 & B B

A, IZAEE SR BB AL “model” o« “model” B—EEJE AT, MR T,
(3) BArE IR 2B ?

£ “Code” 1, FRABEEZIH P BANKACRLER 5, 1 HIX AR A I W — AT 4R 1T
. SSH “View” I FHZEH “CodeView” , RETLUE 2IFTA FIARRS, A5 H 3
AR .

(4) TERATM AR BB P ?

AL AH R R H A BRI

(5) “error: xxx is not a valid I-value in traffic.”, i8] xxx [1] Datatype W i% 2 reg 2K, {H2&
WHE N T wire 87,

(6) “error: reg xxx; cannot be driven by primitives or continuous assignment.” i FH 1% /& wire
Ay, R E Datatype A reg 548, T HAE assign iG A 1.

(7) PN R LI RUEE R — H X N A REFE “Current” #2HIHHE 2.

(8) EASHI AT 25 module...... endmodule F15| A B, BN RG22 B34 .

(9) fr AW AREar 44 % verilog OB, W1 “module”, “if” &%
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(100 PRAF B SCAF 44 2 s B AT B OB A AR, AR SO BERAFAE R — B4R N, IRAT
IEAR R AN BE AT T OCRI RS, ORAF SO AN BE DA AR IR 7 T ko

2.3 EHI= Jmikhdes

231 AEFE

AL BT T BRI o TR 5 SN B (e e . LI 2w U7 A S E RS, BCD AT 8-3
Loy, 16-4 ZmILERSE . ARIRITHLL 8-3 BARJe i 3-8 LiRAD A E NG ¥, HEATHL
I ) Gt RS BE LT
Bt R

DLHE G 2 A Rt 224> — A N 24 ol BE /D80 ) B o PR PR SRV o DS 2 T Ak
B U S0E RIS G PR . 8-3 iRt ATy 8 LURr it LA 3 ELARFA 7 3K
A HK. 8 WAL P RERRA —DMRBO R R, HROVIRHE . MR, 3-8 b
7 8 ARET AR 3 IRE B AT T . Ik 2-3-1.
X[71 | xI61 | x[51 | x[4] | x[31 | x[2] [0]

=
=
—_
=
N
—
=
=
—
]
(=)
—_

e lelelel o)l
el leoleolelale]e
elel o lololaol el
[ololeol lolelels
(elololieolalal el d

X
1
0
0
0
0
0
0
0

clloleolel _llele}l ]
ecloleolelel el
RRRrRFRPRFRPROOIOIOK
R OOk kFROIK
RORrRrRORROrrIOK

#2-3-1 8-34miLas HAER
2.3.2. TR
1. ZmASSRA®IT

(1) FrEg—MER 4444 encoder, 2575 module, [EINF 5| E N 2 AN 1t . B4
5 B RPN L2 R 2 IR ] 2-3-1 53R4T WL B 24

Name Inout DataType Datasize Function
X input wire 7:0 input data
en input wire 1 enable
y output reg 210 output

K 2-3-1 51JE M
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2-3-2 Ymhda% S
(2) WIS, SRR R )5 Code ([ 2-3-3 Fian) WAL,

17 always @ (en or x)

18 begin

19 if (en)

20 begin

21 case (x)

29 8’ b00000001 : y = 3’ b000;
23 8’ b00000010 = v = 3" b001;
24 8’ b00000100 = ¥ = 37 b010;
25 8’ b00001000 : ¥ = 37 b011;
26 8’ b00010000 : y = 3" bl00;
27 8’ b00100000 : ¥ = 3" bl0l;
28 8’ b01000000 : v = 3’ bll0;
29 8 b10000000 : y = 3 blll;
30 default : y= 3’ b000;

31 endcase

Grapn | Code

K] 2-3-3 A7 Code fy A\ B

FEARRS BEHHIX A% A\ LA R Verilog A5
always @ (en or x)
begin
if (en)
begin
case (x)
8'b00000001 : y = 3'h000;
8'b00000010 : y = 3'h001;
8'h00000100 : y = 3'h010;
8'b00001000 : y = 3'h011;
8'h00010000 : y = 3'h100;
8'h00100000 : y = 3'h101;
8'h01000000 : y = 3'h110;
8'h10000000 : y = 3'h111;
default : y= 3'b000;
endcase
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end
end
(3) RfF. miidi THAE a Blbn, 3 sz “File” Wi FHizEH “Saveas” , Kt

RAAF R A

(4) G, EIQ*&@%EE%%H&%’Z% “Build” ) FHzE 5 “Compile” , AT
Rf. WRAHIR, SEmHE 0 ExR.
2. BRI R

(1) #Frg—MERIdr 44 decoder, 25744 module, [FIIFSI I E N 2 N 1 %H. &9
5 B JRYE RN 42 R 2 IR 2-3-4 HE4T X6 R IE R

Name Inout | DataType Datasue Function
din input wire input data

__—_I_
outpu wire outpu
| out [ ouput | wire [ 70  foutput |

2-3-4 5w

K 2-3-5 FRdds A
(2) WAL, Ad AR J51) Code (W1l 2-3-6 i) Wsinfad.

Graph Code

2-3-6 fiil Code iy NB1E

ARSI X A A LA Verilog 40RS:
assign out = (en) ? (1 << din) : 8'b0;
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~

al

AR st

(3) fRffF. madi LHEA @ Klbs, KA 5 encoder AR IR 1 SCA e

(4) mi%. Elﬂi‘é,ﬁﬁﬁhﬁﬁﬁgﬁﬁo WARATHR, SR E O P EoR.
3. WA B
(D Frg— 2 FA 15 et sl TAA B E+ bR, LEHH XA AHE

ZRE 2-3-7 ATV
Q X

Module Name: codertest
Module Type: testbenct|]
Language: Verilog '

Input Ports: 2
Output Ports: 1
Inout Ports: 0

0K Cancel

2-3-7 B st

(2) A IME . LRSI, RIS PRI 2-3-8 HEATIZ 0 R L,
s, THEX AR GG S .

Name Inout DataType Datasize Function

data input reg 2:0 signal data
en input reg 1 enable

out output wire 2:0 output data

K 2-3-8 5lEMER

(3) BN, S TR @ ElbR, KRS A7 2] decoder T encoder
PR B TE IO SO T o
(4) IR, 7F Toolbox T HAHM Current £ H, £xHI0—4 decoder 1 encoder #i%,

B ZA T codertest RN, i THEFLHH) / Klbr, JERESIN, W& 2-3-9 Fis.
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in ot
- decoder1

LIS
nencodfarz y

2-3-9 IR

A B et

(5) BN, AR R 771 “Code” , SANURNE I . WURNAR L TE 45 A e 2
Fi$finish 53
initial begin

end

data=3'b000;
en=0;

#1 data=3'b000;
en=1,;

#1 data=3'b001;
#1 data=3'b010;
#1 data=3'b011;
#1 data=3'b100;
#1 data=3'b101;
#1 data=3'0110;
#1 data=3'b111;
#1 data=3'b000;
#1 data=3'b001;
#1 $finish;
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K 2-3-10 #UahAAD

(6) PAT I HIHFEH W - )ﬁﬁilﬂﬁ., BEERMDEL, MERAHIR G M n

AT E, MAE g o TEFH) Waveform & 11 I & i A1 Workspace {55, 4T

IR, W 2-3-11 fis. ﬁﬂiﬂiﬁﬁﬁ%ﬁ&IﬁﬁiE@p BIRREAT B Eh 4T
PRI EER, BRI B MR &S 2

K 2-3-11 BEHEIHIE

233. HESR*%
(1) ] Robei #it—A> BCD Hifih# H-HEAT 17 HIIA
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(2) {#F Robei ¥it— 16-4 Zkgmias Fl 4-16 ZL1F09 8%, F05 EMIA .

(3) A Robei it — M i 4 A8 JF ik
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2.4 ZHI ALU Bt

241 AESHE

ALU (REUZR AT & CPU IBEAL RET 7o Wit ZREIRFARDIRIZF N WilF
JFEEE, KREis S ARG ThRE.

Wi
ALU FIFEAR RN 2-4-1 Fios o FATATBETH ALU B2t AR nikia &, 5odk

A5 EEEDIRE o
Fi ; ZD

R

2-4-1 ALU A4S

(D IEEHEaE 2 FiSeR, — MR AL R IES:, S Mg ikt . A
A EL IR INE A K 2 3K

{D,R}=A+B 1)
7 REALI AT LA T INE 2R R BK, SR A i B AT ik ig 5. wr b iy g8 1t 4 5K
{D,R}=A+B+F 2)
(2) WFisHEWA Y 2 PR A EA s 5
{D,R}=A-B (3)
AL BRI IE 5
{D,R}=A-B-F 4)
WIHER

Bt 87 ALU, JFRESEIIEE S, B, 4R, Rl ARG, RN,
ANHE LR A AL iR IE 5. B HATRM 3 &R, A, B, R 905 8 HRHdE. M
PRSI BAR K ALU Zhig, JF 0805 20 4 4 8 LERFA ALU S 32 LERFI ALU

2.4.2. WitARE
1. ALU #E ¥
(1) H—AMER 4N alu, K%K module, FIRFEE 4 5N 2 @it . G4 TR

A2 B8 2-4-2 AT R B EL
‘ Name ‘ Inout ‘ DataType ‘ Datasize ‘ Function

2-4-2 5| A
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ARSI A ¥ A LR Verilog AR

2-4-3 ALU 5 E
(2) WIS, A AR J7 1) Code (HNE 2-4-4 Fit7n) sIARHES .

27 begin
28 case (op )

29 3 b000: {D,R}=A&B;
30 3’b001: {D,R}=AlB;
31 3°b010: {D,R}=TA;
32 3 b0ll: {D,R}=A"B;
33 3’bl00: {D,R}=A+B;

35 3’bl10: {D,R}=A-B;

38 endcase

34 3'bl0l: {D,R}=A+B+F;

36 3'blll: {D,R}=A-B-F;
37 default: {D,R}=A&B:

26 always @ (A or B or op or F)

IIERESEE
IEASEE
//ENAbEE
RS SIS
eSS =

/IR e
SRR R E
/IEIB B E

/RS EE

2-4-4 fiili Code g N 1%

always @ (A orBoroporF)
begin

end

case (op)

3'000: {D,R}=A&B;
3'0001: {D,R}=A|B;
3'0010: {D,R}=~A,
3'v011: {D,R}=A"B;
3'v100: {D,R}=A+B;
3'b101: {D,R}=A+B+F;
3'110: {D,R}=A-B;
3'b111: {D,R}=A-B-F;
default: {D,R}=A&B;
endcase

N 55
IISEBLBGE 5
ISEBHFB S
ISEBL 5 BE 5
HSEBANH AL I iz 5
NSEBL REAL IR InIE 5
HSEBAS A AL A Pz 5
HSEBLH AL R ks 5
HERN N 5185

A B et
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&l

(3) PRAFFEAL B AN S rp, iR IF A o iRt .
2. BT

(D HFE—A 45N 2 Fd fiA e, 121589 Module Type &~ “testbench” %4~
AT B 2 A 2-4-5 FloR .

Name Inout DataType Datasize Function
a input reg 8 first input
b input reg 8 second input
op input reg 4 operation
cin input reg 1 carry in
result output wire 8 result
cout output [ wire 1 carry out

2-4-5 FrE ke

(2) BN o B MAR SO AT 21 alu A TR (SR
(3) AR, 7F Toolbox T A Current £ 5, S HBL— alu 7Y, BAdZHA A
alutest s, JERESIH, Wik 2-4-6 Ais.

K 2-4-6 R INAETY

(4) N, MBI T “Code” , SIS, WA 2-4-7 Frox. B
2 Z5 TR IR 2 F $fiinish 2571
initial begin

a=0;

b=0;

op=0;

cin=0;

#1

a=3;

b=1;

op=0;

#1
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cin=1;
op=5;

a=4,
b=5;
op=6;
#1
a=4,
b=5;
op=7;
#1
a=4;
b=5;
op=0;
#1
$finish;
end
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alu =

K 2-4-7 b

B PATHHIHFEEBBIE . BE MG RERA SR G BB PV . sidifi 0l Workspace
HES, BATERIFEE I HA R, K 2-4-8 . WIRAEMEE, EEBCHBOE
N2 — B

Workspace

K 2-4-8 BHEIKXIE

3.16 fif ALU #it

(1) FHFRATRE I —A 16 £719 ALU. IXAN TS 2 B ot i i 8 o7 ALU fdl, 42
HINKI 16 BAE SR AP 8 MifE 5, 43t 8 7 ALU b3 5 B4 & il 24 1) 16 Ak s
T

(2) split BB : ZAHR I ThRE R IEH NI 16 AL EE NP 8 A1 EE . bR 5] Ik
&l 2-4-9 fs.
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{_ Name TInout [DataType_\__Datasizej Function
A [input [ wire [ 16 [input Data

[ B output | wire ’ 8 lower of Input
C output ‘ wire ‘ 8 Higher of Input

2-4-9 split FiE 5|

split

2-4-10 split B ¥ it

BB IF )G, sl code A%, H split Abk (AR :
assign B=A[7:0];
assign C=A[15:8];
(3) merge BEHLETT: IZBINDIREZIEMA 8 M HHRA A N—A> 16 A . B | ik
Tk 2-4-11 FoR .

| Name | Inout | DataType | Datasize | Function
| A | input [ wire | 7:0 |
l B | input l wire | 7:0 |
| € I output l wire | 15:0 |

] 2-4-11 merge Hid 5] 1

& 2-4-12 merge FEH it

BT fE, s code FR2E, Hii A\ merge FREER ALY :
assign C={B, A},
(4) 2 FREY M, w4 aluls, BA 4 MR 2 i, 51HdEn FE 2-4-13

s
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Ports:

Name Inout DataType Datasize Function
A input wire 16
B input wire 16

cin input wire 1

op input wire 4

result output wire 16

cout output wire 1

2-4-13 alul6 it 5] ik 1t

{RAE 2 JEHE 2 BT ALU, split A1 merge FHes it alule Kidk, JEEfTiEZk. 528

B AR ER U B 2-4-14 BT

B

2-4-14  alul6 Bt

(5) MR B — M, B RSN testbench, 5] I 1w 2-4-15 Fios.

Name Tnout DataType Datasize
a input reg 16
b input reg 16
op input reg 4
cin input reg 1
result | output wire 16
cout output wire 1

K 2-4-15 alul6 AR ER 5] st it
PRAF JG 3 Z BT TH 1 alule AR g, Hb A7 % 28 . i 48 Ja AR an 1] 2-4-16
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K] 2-4-16 alul6 FIR A it

Hifr code ARAE, A A AR BEURIA A
initial begin
a=0;
b=0;
op=0;
cin=0;
#1

#1

#1

#1

#1

#1
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#1
a=74;
b=35;
op=6;
#1
a=24;
b=75;
op=7;
#1
a=24;
b=55;
op=0;
#1
S$finish;
end

(6) %It Higfr)e, sith Wave EEBIY, WK 2-4-17 s, HEBOHIERHME.

Workspace

R
T

result[15-+ _

K 2-4-17 alul6 FIIREE B 1 F
4.32 Az ALU &3t

(1) TR 8 Brfly ALU ZLEESRUEEHF—A 32 Rty ALU, 3/ i % 4775 T Robei
PF, 75 M RAEIAT O 2

(2) @M, TN 10 MRS, 5 MRS, &4 SRR E i 2-4-18
Fi. AP alu BURTE RS f5
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Name Inout DataType Datasize Function
A0 input wire 7:0 Bit 0-7 of A
BO input wire 7:0 Bit 0-7 of B
Al input wire 7:0 Bit 8-15 of A
Bl input wire 7:0 Bit 8-15 of B
A2 input wire 7:0 Bit 16-23 of A
B2 input wire 7:0 Bit 16-23 of B
A3 input wire 7:0 Bit 24-31 of A
B3 input wire 7:0 Bit 24-31 of B
op input wire 4 lloperation

RO output reg 7:0 Bit 0-7 of R
R1 output reg 7:0 |Bit 8-15 of R
R2 output reg 7:0 Bit 16-23 of R
R3 output reg 7:0 Bit 24-31 of R
D ‘output reg 1 jcarry out

F input wire 1 carry in

2-4-18 32 fir. ALU 5| il

(3) W44 ALU EFS . W 2-4-19 FizR. 4 4 8 frf ALU #4740k, ZH— A
1 DIER NI F, &M ALU 1 D EERTZM D 51 . 25— ALU ¥ F &8 31T
ERE Fo oop #EERITEM op 5IILE, A, B Al R M KA TERE . XM
AsA2A1A0, B3B2B1Bo il RsR2R1R0 73l 7& 32 17 ALU B % A A4 v 111 2-4-19 oo

K 2-4-19 32 7 ALU &1t E

(4) B — AR, 10 NGNS ANMr i, 2RI 2-4-20 H47 5| AL & R F 31 5
alu32bit R [F] — A3 F o

Name Inout DataType Datasize Function
A0 input reg 7:0 Bit 0-7 of A
BO input reg 0 Bit 0-7 of B
Al input reg 7:0 Bit 8-15 of A
Bl input reg 7:0 Bit 8-15 of B
A2 input reg 7:0 Bit 16-23 of A
B2 input reg 7:0 Bit 16-23 of B
A3 input reg 7:0 Bit 24-31 of A
B3 input reg 720 Bit 24-31 of B
op input reg 1 operation

—RO output wire 720 Bit 0-7 of R
R1 output wire 7:0 Bit 8-15 of R
R2 output wire 7:0 Bit 16-23 of R
R3 output wire 7:0 Bit 24-31 of R
D output wire 1 lcarry out
F input reg 1 carry in
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&l

2-4-20 32 7. ALU MR SC 1451 D &
(5) M Toolbox H[fjf¥] Current #:3% alud2bit B, FFnBMERAEL F o 6N 5] A E .
K 2-4-21 fis o

alu321

2-4-21 32 fir. ALU R 5] A0+

(6) B BB, i HERL R,

[sighels vaiues |
A0[7:0] O 0 X I3 X 70 X 3 X 7 X 51
A1[7:0] O T X z X

A2[7:0] O

A3[7:0] 0

B0[7:0] O T X re X X B X
B1[7:0] O 0 X 1 X 0 X
B2[7:0] 0

B3[7:0] 0

F 0 |

op[3:0] 0 T (5 X X X X X ), G ) {
RO[7:0] O G, ST SR, ST { X X y, TR
R1[7:0] O X 5 X X X 7 X—= X
R2[7:0] O X X X—=—X
R3[7:0] O [ X FEST VX X X

D 0 |l

2-4-22 32 fir ALU 1 ELJE T
243 MBER%

1. AZAEH 8 i ALU gk X, B4 Verilog 7E Robei H152Hl—A> 32 {5 64
A ALU.

2. PR 7E 8 AL ALU it BisIngRIEDIRE, Hath gt RATRE 16 kit . FI A A ALU
SIS 16 ALIFVERS o PR 16 I35 UK 8 7 ARy 8 Ao U A[15:0147 73 i A[15:8]
FA[7:0], FFEHRS Bo ZJ5H 4 AN FRiERR 7 5L

® A[7:0]>B[7:0]

® A[7:0]><B[15:8]

® A[15:8]>B[7:0]

® A[15:8]>B[15:8]

R BHATIE AL, HE RTINS SR S IAR .
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j—y 7 g '
B=F: FPFPEE REAT

A RBATHAT BETT , AU ZEAE Robei 804 7 58 BR AT S K Th RE 1 5, 1B B 454 Xilinx
AT BT Vivado, FEIRATGHITZEE, FHEJTRR EIUEThRE R 5 IE . B
FATPTRE R 2 — e [A] 222 Vivado i, 138 7522 H O 25 WG Vivado 4% License. 7E
)BT AR A, AR 2 B R B Robei BEATIhAEDT B AT LASE K, SR A Sl —
AR AR DL EL N, (HRTEEEA FPGA Witimfed, A Vivado XL & un A 1F K20 3R
SEANT D, GBI AR AE 3], B T LB RIS BT B R SR, FE B N
FSEE R
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3.1 BT Robei A1 Vivado FIBRABEIF—RAKST Beit

3.1.1. A&

ZWT TR S VRTE Robei H 5 i— AN BLI1) Verilog ¥ I HL Ik i) A ERSGUER )
WAL ThREIEMATE, BEJS (A Vivado IDE Z5& FISEI I AE L LURF R S, e, KA i
FEARRIL T %53 Zybo FFRAR,  FHELER L BR ISR R T A2 75 IR o
Wit
SERUEAN TR, VRR AR«

« ffiff] Robei. Vivado Bt& ¥itWiH, ] Zybo &M I H #EATIAE, 857 R AE1F 1) ]
B &

« {4 i} Robei 1/j E AR 51t

o AEFRALR Xilink B8 (XDC) U RZHR 51 B ;

o AEGFEIE T

o AR LR

o AR LR AC B FPGA FIEGUE T fE o

B PUANTF ST IS LED AT #E T . BARMIIFAS LED 471 HERIZ 5% &
WA 3-1-1 fios.

r ; XC7Z010CLG400-1 e
8 * swo _ IR18 [~ M Loo .Y
— 1> .ﬁ ;
'—‘—" SW1 P M1 Lb1 ’ AN\ —8
" =l W
I J i T 61 102 H AAA 4
o g
| g D18 03 ' A A A 4
&——= s5w3 N T v

K 3-1-1 Mg
3.1.2. Robei ®i+H%&
1. light #E & ¥

(1) B — MR 4 light, 255955 module, A B4 18N 16id. S5 KR
PRI 44 F7 S 1R T K] 3-1-2 #H47 0 N B L

\ Name ‘ Inout ‘ DataType \ Datasize {
| swt ’ input ’ wire ’ 4 (
’ led ’ output ’ wire ’ 4 (

K 3-1-2  light Abe 5] B e 14
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K] 3-1-3  light & 7w &

(2) WIS, AR J7 ) Code M nARAD .
ARG G -
assign led[0] = ~swt[0];
assign led[1] = swt[1] & ~swt[2];
assign led[3] = swt[2] & swt[3];
assign led[2] = (swt[1] & ~swit[2]) | (swt[2] & swt[3]);

(3) RAEHBATE, WEREA R, Hf view->code view T T & 528 FAHS . 1 &] 3-1-4:

K 3-1-4 code view T ¢ 81 Ui UHS

£ Verilog fURS 5 2 473 X 1 iZAMBEHUAIT 4R (befa X8 module) 3% 22 475E X 1%
FE Chif X4y endmodule) FIZEH. 7-8 475 3C T H AR 3 11, 10-11 475 3C T Hidfa
A, AT 13-17 %E LT BERIGSEBRIRE . ERERRS T, R 13-17 AT A SE PR D) e R
LA, AR Robei B4 AT LLELHE H 3 L B
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(4) RAFBIY B — AR E B CUIF R EARRA A 30, wikiFmEA T

B .

2. light_tb WA AR

(DFE—DLHAN 1 HH light_th MR SCF, ic/3K Module Type ¥ & A “testbench”,
B 5 HHCE W 3-1-5 Fis .

Name Inout | DataType Datasize l
switches input ’ reg - [
leds output l wire - [

K 3-1-5 light_th M8 SC4 51 IR JE 2

(2) FAFNIRSCAF o RS ORAE B _E G AR R BT R (K SO R
(3) MRS, 7£ Toolbox T HAHN Current A2 B, 2 MBLAAT H X NP HA, #diix
PRRIEAE light_to E#SIN, FFRERT M KIS, Wk 3-1-6 s,

3-1-6 light_tb i %t

(4) KN, AEREE R 7 “Code” , SN BRhRE L. BBIARADTE 45 A i 2
F$finish 55K,
B A
initial
begin
#5 switches=4'h1111;
#5 switches=4'h1110;
#5 switches=4'h1101;
#5 switches=4'h1010;
#5 switches=4'h1011;
#5 switches=4'h0110;
#5 switches=4'h0101;
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#5 switches=4'00110;
#10 S$finish;
end

OOPITV EHBEFPI . AERMHEE BB AR RZEEFWIL. st Workspace
HES, EATRINFER SRS R Kl 3-1-7:
File Edit View

sfem0[x] [olo

K 3-1-7 WK
3. light_constrain £ 3044 Kt

i BT LA IR BEPT AEIRIE BT A RO R e FPGA L TT A L
FIF SRR AT OB 10 Skt o Hefiliidt,  ZOPROSCAF RVE P AR Bt v A 2% A\ i
i AU AR LRI SE BRI 10 X RGEAR . 7E—N 581 FPGA BiiHRAERAE T, LA CfF
FELANT D o

Robei i T LA Bh3ATT 58 AR SCAF I T

(1) Frig— Mk, BIHRRALEF constrain. W& 3-1-8 fi7r .

2 X

Module Name: light constrain
Module Type: constraix.

Language: Verilog l

Input Ports: 4

Output Ports: 4
Inout Ports: 0

0K

K 3-1-8 BEELH

EARBATET KT BB AT — AN swt FI— AN Led, {EUR X AN R4 #0
R 4RI, FEARSCMEF, —AMRABCE AR 1AL, FrBABRATI A RS 7 4
AN 4 AN
(2) JEIRXAFEAIBLSRANZ FT B BB RATAE R — DN H R, ORI Toolbox Hi
L PR 1ight BEBRAINBEL) AL IR INE A » 7T AR LSRR (1) 4 M AR 11 ght
BRI N EBGER, FRLAREEE) 4 MRl light BERAH HIEEER, WE 3-1-9
Fs.
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P 3-1-9 ¢ IR LR 1) £ AU B

(3) &M DAL A FR

LTS A 1 1 44 FR 0 T RAR B84 10 51 B2 FR o AR 2B 51 B 42 FR AT DL BB AE
FERMR ) PCB 323, Lhln 4 A~ LED 4T 43 mIAH R & M14,M15, G14,D18, 4 MR K7
HXF RLf /& G15,P15,W13,T16 55 . KA KT BT A 51 Il 1D AT AYE FF A ARAH G SO Bkt HL A 3.

TR swt 1) 4 At D A ARIEHCH G15,P15,W13,T16, #RJEEZERHiH led )
4 i A FRIE U M14,M15,G14,D18.

BETR, BANTREBSOELN AR k- T G15, FRATARLE X M IRA TR 1+
swit [ B AAT ol /& swi[0], IS4 sl B 1 G15 Al [ swt FIELR L ARIE0CN 0. 2L,
B swt U KIEL L0508 0,1,2,3, EHE led FItHR—HFE . Bk MEHUnE 3-1-10.

|I IiE consfraln

B 3-1-10 i FURTEE 2L 44 R cm R B B
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(4) RAEIIRPEIZAT . WRR A%, Robei BMiFmi A H S TR N2 N
constrain fSCESe, FEEH AN E 44 N xde A R Sc . 5B GBI AR —FE, A
DL S A2 1) View->CodeView &5 52 8 2 s ARRS, i 3-1-11 fw.

1#This file is generated by Robei!

2#Pin Assigrment for Xilinx FPGA with Software Vivado.
3 set_property PACKAGE_PIN G15 [get_ports swt[0]]

4 set_property IOSTANDARD LVCMOS33 [get_ports swt[01]
5 set_property PACKAGE_PIN P15 [get_ports swt[11]

6 set_property IOSTANDARD LVCMOS33 [get_ports swt[11]
7 set_property PACKAGE PIN W13 [get_ports swt[2]]

8 set_property IOSTANDARD LVCMOS33 [get_ports swt[2]]
9 set_property PACKAGE PIN T16 [get_ports swt[31]

10 set_property IOSTANDARD LVCMOS33 [get_ports swt[3]1]
11 set_property PACKAGE_PIN M14 [get_ports led[01]

12 set_property IOSTANDARD LVCMOS33 [get_ports led[0]]
13 set_property PACKAGE_PIN M15 [get_ports led[11]

14 set_property IOSTANDARD LVCMOS33 [get_ports led[11]
15 set_property PACKAGE_PIN G14 [get_ports led[2]]

16 set_property IOSTANDARD LVCMOS33 [get_ports led[2]]
17 set_property PACKAGE_PIN D18 [get_ports led[31]

}? set_property IOSTANDARD LVCMOS33 [get_ports led[3]1]

3-1-11 5L FH A

3.1.3. Vivado # it W%
1. TR

Ja3)) Vivado Jfi& 4 XC7Z010CLG400-1, H-ffH Verilog HDL 5 . ffi 3411383 Robei

WAFHITE lightv F1 2284 A light.xde A5«

(1) 4TJF Vivado &I 46> A FL FF>Xilink i1 T HE> Vivado2013.4> Vivado2013.4;

(2) HiAIEF B H Create New Project JE3l1A1F . FRFE 2G4 —SF 1) Vivado 1T H Xf
THHE, Hif Next;

(3) Hiifi New Project BT i%H], Wi i H RN E, Hinm] Luk g1t
c:\xup\fpga_flow\labs, #4555 Select;

(4) fETFEATHN labl. #HIREIEDTE T H K EEE LS. 5 Next;

Project Name

Enter a name for your project and specify a
rlirectur}' where the prn_‘iect data files will be stored

Project name: labl
Project location: |C:/xup/fpga flow/labs

[¢|Create project subdirectory

3-1-12 T H A FRANI H A7 &
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(5) LI H R MR HLK) RTL Project i i, ANZ24E T [ “ Do not specify sources at this time”
I AT ), DMEFRATRT DA TS IR S, S8 )5 Fifi Nexts
(6) A MR, et Verilog 128 H AR S AT EIE S

Add Sources

Specify HDL and netlist files, or directories contsining HDL and netlist files, to
add to your project. Create a new source file on disk snd add it to your project.

Index Name  Library  HDL Source For Location

Add Files... | Add Directories... | |  Creste File...

Scan and add RTL include files into project
V| Copy sources into project

V| Add sources from subdirectories

K 3-1-13 &HFEHAEES

(7) N Add Files.. 3%, 3152 NINIFRAT] Robei 1 H (1) H 3% T 4T Verilog SCF%,
HEFE lightv, H.i; Open, #RJ5 5 Next LEIIELA I IP 2

(8) EABMTEA MR P 3, Bhidix—»5, EEHd Next ZIRINLIH M

(9) I Add Files.. 4%, W% 22 AU THZ R ER S T 1) constrain S, &+
light.xdc H#.i5 OK, 4R ¥iili Next;

Xilinx [ THAHR SO T2 B FPGA AT 34k B AR~ AT P02 10 Hbdik. X

S {5 AT LIS I = ) o P L AR R P P T R R A

(10) EBRINE M, dk$F Parts LI, fE Filter & 70 1% M R higgirh, &
XC7Z010CLG400-1. iTJE&HA/ER 3-1-14 5, 435l2&: 7F Family fFik$ Zyng-7000,
7 Sub-Family Hi&+% Zyng-7000, 7E Package Hi&$¢ CLGA400, Wif7EE 1%, 44S:7E Speed
grade Hik -1, WL TE G i Next;
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Default Part

Choose a defsult Xilinx part or board for your project. This can be
changed later.

Specify Filter

@ Parts | Product category bt Package clgd00

@ Boards Family ¥ | Speed grade -1
Sub—Femily ¥ | Temp grade _All Remaining

Reset All Filters

Search: IQ

Part 1/0 Pin Available  LUT FlioFl Block
= Count I0Bs Elements YPELOPE pame

@ =c72010c1400-1 100 17600 35200 60

400
4 2c72020c1 2400-1 53200 106400

| <Back | Next> | Finizh

3-1-14 284k

(11) . Finish €% Vivado T H .
18 Fl Windows % J5 45 B 2% , I 548 51 c:\xup\fpga_flow\labs\lab1 H 3% . k4> & ¥l labl.data.
labl.srcs H %A labl.xpr (Vivado) I H U ELfilf. % labl.data H3%/& N Vivado F2 /7 %4
JE B i . H 5% constrs_1 A1 sources_1 f labd.srcs H 5% F 47 ; Hidr labl.xdc(constraint)

F1 labl.v (source) #i43HIiB E .
4 | lab1

| lab1.cache
4 | lab1.srcs
4 | constrs_1
4 | imports
| constrain
4 | sources_1

4 | imports

| . verilog
K 3-1-15 LR H 451

(12) 4T7F light.v YA I AT N2« AEBTIRTE I, XEATIT lightv 3EASCA i
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Sources S |
Q< wat RIE
(=7 Desi1gn Sources (!

:VB‘... light ].'. Z:’lt v)

=47 Constraints (1)

=D constrs_1 (1)
f% light_constrain xde
#41Simulation Sources (!

Hierarchy  Libraries Compile Order

K 3-1-16 FTHIESCHF

(13) 7T lightxde JEARELIF TN . ERIEE I, JRIFAHSCR, R JEXWE1TIT
light.xdc #EASCA AR Z9AARRS AT -

set_property PACKAGE_PIN G15 [get_ports swt[0]]

set_property IOSTANDARD LVCMOS33 [get_ports swt[0]]

set_property PACKAGE_PIN P15 [get_ports swit[1]]

set_property IOSTANDARD LVCMOS33 [get_ports swit[1]]

set_property PACKAGE_PIN W13 [get_ports swt[2]]

set_property IOSTANDARD LVCMOS33 [get_ports swit[2]]

set_property PACKAGE_PIN T16 [get_ports swt[3]]

set_property IOSTANDARD LVCMOS33 [get_ports swt[3]]

set_property PACKAGE_PIN M14 [get_ports led[0]]
set_property IOSTANDARD LVCMOS33 [get_ports led[0]]
set_property PACKAGE_PIN M15 [get_ports led[1]]
set_property IOSTANDARD LVCMOS33 [get_ports led[1]]
set_property PACKAGE_PIN G14 [get_ports led[2]]
set_property IOSTANDARD LVCMOS33 [get_ports led[2]]
set_property PACKAGE_PIN D18 [get_ports led[3]]
set_property IOSTANDARD LVCMOS33 [get_ports led[3]]
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|

O
A
X

Sources
G5l | - B (M|
Q22 hiE
45 Design Sources (1)
‘*@.‘. li‘ht lll:';;'Lt v)

(=-{Z7 Constraints (1)

=D constrs_1 (1)

35

[+ Simulation Sources

\rlﬁoru'chyj Libraries Compile Order |

3-1-17 FTIFLIHR A

(14) %F RTL J5 3477041 JEJT the Open Elaborated Design 1) 42 5 () RTL 2304t
{145 3 H. %1t Schematic 75 & JR HEA]
AR (WD) e R R R R
L oled0i_1
) % ADled30]
RTL_OR

ledd _i

SM[3:D]D_ 0 10 : s} ]
RTL_INV
ledD_i_0

2 10 5 3

_AND

ledl i
10 a

——(|
RTL_AND
3-1-18 Wil E

2. £ Vivado gr & TERE GBI Ao B 224 H

(1) B A RS FRSEH TP I Run Synthesis. £ &l PRI /04T lightv S 24380 A4 1%
FTRMR A e X MR TR T 456, BB = NG I 56 BON 1 AE ;

(2) 3%4% Open Synthesized Design £, #AJ5 #ih OK, BIATRA RS B 1EThBE Sl 2 B4
A WA XHERESLH, PR, ORI

(3) EFEI H MBIk IR K Project Summary, JF 7 #R&ANE . WERIREAE B 200 H 5 2k

ﬁ%,%Zﬁ%mWWHMwawLﬁﬁ%ﬁﬁ%%mﬁzo
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Project Summary -0 ax
ij A
“| Project Settings
&
= R ?
Project name: project_1
Product family: Zynq—7000
Project part: 272010124001
Top module neme: light
Synthesis X Implementation
Status: +f Complete Status: =) Not started
Messages: (D1 warnine Messages: No errors or warnings
Part: x¢72010c1g400-1 Part: x¢72010c1g400-1
Strategy: Vivado Svnthesis Defaults Strategy: Vivado Implementation D
Incremental Compile: None
DRC Violations A Timing
DRC information is not availsble because it hasn't been run Timing information is not available because
Utilization — Post—Synthesis A Pover
LuT 1%
1/0 8%
0 o5 50 5 100 k Power information is not available because
Estimated Utilization (%)
| Graph | Table ‘ v
< >

3-1-19 Wi HMEME

MR, BERMETHA RFIRERSGEA R ERE S
(4) B I H R TR ) Table, #n&l 3-1-20 iR . i&7FEE, f4itA 3 LUT #18 4
10 (A%INTN A %) efdi .

Rezource Utilization Availahble Utilization %
LuT 3 17600 0.02
1/0 g 100 8.00

[ 3-1-20 ZHYRF R AR R
(5) fELE4 PSR, Hdy Schematic, BHEZORITHIRER.

swt_IBUF[0]_inst led_OBUF[0] inst_i_1 led OBUF[0]_inst
swt [3:0] O—p2 =0 0 > 1ed[3:0]
1BUF LUT1 OBUF
swt_IBUF[1] inst led OBUF[1] inst i 1 led OBUF[1] inst
1 1 0 N = o I 0 1
p-- — 10 (4] o -
1BUF 11 OBUF
swt_IBUF (2] _inst LUT2
- | led_OBUF[2] inst i 1
IBUF 10 led OBUF[2] inst
swt_IBUF[3] inst 1 0 ‘DU 2
»“—'{>“ 12 F
OBUF
1BUF LUT3
led_OBUF[3] inst_i_1 led_OBUF[3]_inst
I 0 3
10 0
11 OBUF
LUT2

3-1-21 Zra it iR E K
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3 IBUFs 1% OBUF # H ahszlth G Bt rhsxd s N ik T 2847 . 2
BEIILE LUT (L% LUTL, 24N LUT2, 34NN LUT3) HszBl. DU RTL 43 Hrii
LR BIPYAS LUT th 2S5 .

{5 F Windows #EEEFEZS, I6AF labl.runs S92 2 7E labl H3% R 7 runs HE N,
synth_1 H 3% FHRTBCE — L8285 301

4 lab1
lab1.cache
lab1.data

4 lab1.runs

jobs

4 | synth1_1
Xil

lab1.sims
lab1.srcs
K 3-1-22 Z4 Ja HBEit i) H 4514

3. A Vivado SEBLBLTH Y BA K TR H 4

(D HA 7R R SR B P ) S2 BT 55 Run Implementation . SEER R 7R 42 & Wit FistT.
XA R TR T B A AN T S SE RO TEARE 5

(2) %% Open implemented design, Fiififie, DB A A5 7R 28 AF L SZEL et AL I s
(3) IR, REZEEERTT, HRdk. CEIMBTHER T . e &5 28I,
(4) TEMRE O, EBELP—A (Bl swt_IBUF[2]) , FiE i 27 B & A EE I
Hh BT S5 3% 2R T S B LI A R B R )

(5) WIEBAT R, Mk i R bR ab, o2 R U

Netlist =Bl 2 X
>l | '\VJ

aa _u S
3 light
Nets (1
ol led
#}-of 1ed_OBUF
0 swt (4
J swt_IBUF
" swt_IBUF[0]
o swt_IBUF[1]

[ swt_IBUF (3]
Leaf Cells (12

K 3-1-23 AHE B

(6) KM, 45 i%4% Project Summary T H 5 ZHE T+ (FRAT AT E A
BRI RED , JHEELE . %+ Post-Implementation. iEVER:, SZBRIIZEIEF S 3
A LUT fi1 16 M1 10, B4, BHRERRIEXANE TR BRA € XN FAHR (H T XA
HEZBHEBEH) ;
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Project part:

x¢72010c1 24001

Project Summary -0 a X
& N
e Project Settings Edit #
(<}
s Project name: project_1

Product family: Zymq—7000

Top module name: light

Synthesis

Status: «/ Complete

Messages: (D1 warning

Part: xe72010c1g400-1

Strategy: Vivado Svnthesis Defaults

DRC Violations

Summary: @ 0 errors
@0 critical warnings
) 2 warnings

@ 0 advisories

Utilization — Post—Implementation

X  Implementation

Status: «/ Complete
Messages: @ 1 werning
Part: xc72010c1g400-1
Strategy:

Vivado Implementation Defaults

(X8

Incremental Compile: None

[S—u'y Route Status
2 Timing — Post—Implementation

Worst Negative Slack (WNS): 0 ns
Total Negative Slack (INS): O mns
lumber of Failing Endpoints: 0
Total Humber of Endpoints: 0

Setup | Hold Pulse Width |

Post—Synthesis  Post—Implementation

A Pover

Total On—Chip Power:
Junction Temperature:

Thermal Margin:

0 25 50 ] 100
Utilization (%)

! Effective 9JA:
Power supplied to off-chip devices:

Confidence level:

W

w

3.297 ¥

63.0 °C
22.0°C (1.9 W)
11.5 CH

0w

Low v

3-1-24 szPlgs R

{5 FH Windows % 57 325, B\ synth_1 Al impl_1 # 6% 7E labl_runs A —Z H % K.

impl_1 H3k & 20, A SEUE L AR5 SO

(7) £ Vivado 1, G/ ¥ Reports &I ClnsfANHT WL, Fah B 1 Hh 1 5
¥, %% Reports) , #RJ5ALili Place Design section ) Utilization Report 2% H . 1[4 3-1-25
FivR e RIS AER B & O SR BIERI I 2. R, BT R A A T DL

BOA & A4
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Q| Heme Modified Size
EZ-,’ [=-Synth Design (synth_design)
% _é Vivado Synthesis Report 9/22/15 10:23 MM 16.3 KB
“~[3 Utilization Report 9/22/15 10:23 AM 5.7 KB
D Plucc Design (place_design)
3 Vivado Implementation Log  10/8/15 9:12 AM 19.4 KB
i Pre—Placement Incremental. .
Q I0 Report 9/22/15 10:49 M 93.3 KB
-[2 Clock Utilization Report 9/22/15 10:49 AM 45 KB
~[8) Utilization Report 9/22/15 10:49 M 7.7 KB
[2) Control Sets Report 9/22/15 10:49 AM 2.5 KB
i “<JB Incremental Reuse Report
E] Routc Design (routs_design)
(3 Vivado Implementation Log  10/8/15 9:12 AM 19.4 KB
g TebTalk Report 10/8/15 9:12 AM 15.3 KB
| Z Project Sumary X | @ Device X [Eﬁ light_constrain xde X lé'tﬂi:ntiu Report — mt!\_.l XI O X
‘ E/ﬁt;bei_nodule;/an—vnriion/5th_1ius}mi a.ng/project_l/pxoj ect_1. runs/s;mth_lﬂiét_utili zati ox;;;;h, rpt Read—only
249. Instantiated Netlists ~

=
- 25
o 261. Slice Logic
‘\Q R
63| 28
. 29
X 30| Site Type | Used | Fixed | Available | Util® |
nz
2| 32| Slice LUTs* | 31 ol 1700 o.01 |
| 33| LT as Logic | 31 ol 100 .01 |
!434| LUT as Memory | ol 0| 6000 | 0.00 |
‘:il 35 | Slice Registers | 0| 0| 35200 | 0.00 |
& 36| Register as Flip Flop | 0| 0| 35200 | 0.00 |
37| Register as Latch | 0| 0| 35200 | 0.00 |
9| 381 7 Muxes | ol ol ssoo|o.oo|
W/ 351 75 Muxes | ol ol 4400 0000 |
% 40
& 41 * Varning! The Final LUT count, after physical optimizations and full implementation, is typically lower. Run o)
| |
43
44 2. Memory

4. B BTHETF AR _ESEBL

KRB R HIEIFGHR S ON. AR R, FTHFREAF 2

3-1-25 &AMk

(1) Haffi USB HL45i%4: 5] PROG UART #2111 (FF BT 1I5510)
(2) otk IPT W& N USB $24L H i ;

(3) HE AP IR

i, XF FPGA #HT9mFE.

(4) SEFE AR S HUE 1 TS N1 Generate Bitstream.  EUARFL AR it R 7R
R AE U, o A = AR TR ) 58 B TEAE, T

S BigdT. MRS

3-1-27 flin:
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Bitstream Generation Completed ﬁ

Iﬁﬂ] Bitstream Generation successfully completed.

MNext

'_ View Reports

6' Dpen Hardware Manager;

(") Launch iMPACT

[ ] pon't show this dialog again

.ok ][ .cance

3-1-27 HUARRA L

X — B C A B labl.bit SCAFILAE lablruns H 3 N impl_1 H3& T
(5) GEFFATIHEMFE HADEIN, A5 Bdefas . BEORE AR o TR TP IR o “ R IR
KA
(6) il Open a new hardware target. @152 fif 2 FC B A ACUR AT BL s S 41 H
FrBE32 Open recent target, 18] 3-1-28 Jiff 7

Herdware Mansger  unconnected

@ No hardware target is open. Open recent target Open s nes hardware target

3-1-28 ATIFHN LT H AR

(7> Hifi Next F Vivado H & R 518k 55 4 2T
(8) Hiay Next DAIZGFEAI F A L3 o SRS I IF6 E Jy— MEAF H AR JTAG H48, B
Xilinx_tcf. &K B Rl 21 i A4 45
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Select Hardvare Target
Select a hardware target from the list of available targets, '
then set the appropriate JTAG clock (TCK) frequency. If wou

Hardware Targets
Type Port lName

" xiline_tef|  [Dizilent/210279573282A [15000000

JTAG Clock Frequency

Hardware Devices (for unknown devices, specify the Instruction Register (...

Hame ID Code IR Length

@ arm_dap_0 4BAO04TT 4
@ xc72010_1 13722093 6

localhost:60001

VCSE server:
Hardware server: localhost:3121

3-1-29 HrAEAE AR bR B A
(9) FHPIIR Next, X5 H i Finisho ARIEBACF 215 R T SO MRS 28 4 FRIT HA28 4
FseiwaN, WK 3-1-30 . EENER, IRIRESERIIEE A WML
I Hardware Manager - localhost/xilinx_tci/Digllent/210279526127A
IQ There are no debug cores. Proaram device Refresh device

Hardware -0 X
axSEr» N
Name Status

Connected

= U localhost (1)
B'-O xilinx_tcf/Digilent/210279526127A ... Open
@ arm_dap_0 (0) Not programmed

& xc7z010_1 (0) (active) Not programmed

<« | n | » O

@ Hardware ?Ternplates |
K 3-1-30 JTITAEF 251k

(100 EFERRMF, IR labl.bit #i% 9 H MBI o AR P S0 AF
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@ There are no debug cores. Program device Refresh device

a Z=Er»E
Hame Status

= B localhost (1) Connected
= Wle xilinog_toffDigilent/ 2102795261274 ... Open
arm_dap 0 (0) ]

Mot ErErammEd

. @ Hardware | T
Hardware Device Properties — 0O x
- - i
@ 0cTz010_1
Narme HEFEOLIO_1
Fart: ®EFEOL0
1D code: 13722083
IR length: [
[] Is programmabile
Programming file: | Cifup/fpga_flowiabs/labl/labl.runs/fimpl_1/labl.bit |Gzd
Frobes file: C:apifpga_flow/labsilabl/labl.runs/impl_1/debug_nets.fbx
User chain count: 4
4 | il | v B33

| General| Froperties |

K 3-1-31 ZmAs it

(11 fE28F by RAnA 5, EPEFEFa84F, s Program device > XC7z010_1 #5427

H bk FPGA 28 1F T Ym TR

0 There are no debug cores| Progrsm device | Refresh device

=B rr»m

Mame Status

E- B localhest (1) Comnnected
- @e xilinx_tef/Digilent/210279573282A (2) Open

@ awm_dap 0 (0)

xe7z010_1 ALl

Not programmed

Hardware Device Properties. ..

Program Device. ..
Refresh Device

& 9 Y e

. Add Configuration Memory Device. ..

Boot Device. ..

Hardware Device l'rn]l Export to Spreadshest. ..

= = RAlE]

3-1-32 & FPGA BT 2w T

(12) e XT FPGA #H T4 . Done (SERL) KT =i, T B0 2o g AL R T o
(13) BEILTFRMIFHIRMEE LED (GES AT ZHEED Wikt
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= ummsa I.DZ(GIQ) LD](HIS)

swt[0]/y O I, Ied[O],LfF_ svvt[1]7':l 1, swt[Z]j:J 0 Ej‘ Iedl]ﬁi

~ SHO(GLS)

SW2I swif3] A 1 i led[3]55 led[2]24 led[L]=k led[3]ZE A2 MI3E, 70 AR5E

(14) GnSRIETERS, JCPHFF AR HL IR
(15) #%#% File > Close Hardware Manager 5% [ 2% {1 4= i o

3.1.4. M&

ZIUH A48 T 6 Robei SR BITHI) — Mg B AGITHARE, 250 H 18 1d Robei Kift4T
Xt Verilog (¥t 2 JEf Vivado Bh A Zybo JFARBON Beit #EAT4R G, SEBLLL R AR SIE i)
PRI RE

3.2 EHI7N EHBEYORIL

321 AEFRIE

TR BB TN TAERAE AR & LARIRAS, BARH testbench, 5/ 7E Robei R #iAL
17 B AT AT Dy R S BLANT FL AR IE .
Wit R

A BTG SE e clk: BRI reset: RFEENIMES: half dollar: fLEHA
5 AT ; one_dollar: AAFIEAN 1 oHEM; half out: FRHE(E S, dispense: Fonblists

— IRk

2 reset=0 I}, HHRHAET LIRS, SBELSLAE AT (A7 BLZ 5 Mt ay e

I8, NG MM, Rz AT AR 2.5 76, W] ABGE — IR,

DT 25 FEMARSHRT , MRy 3 TN LARITLLE R, T B R B
LT

PN T3 [ 180 Sk *M‘IL HHMES
<2570 o il
=257 TU\E&ﬁ R
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| L

A DB — R OORE, O FLRE |

3.2.2. HitHE
1. sell BRKI ¥t

(D) Fr— MG 40 sell, 284054 module, [FIRFE 4 4 MEAFI 2 N, 8451
HRPERI A IR Z T K 3-2-1 AT X N B L.

| Name ‘ Inout | DataType | Datasize ‘ Function
one_dollar input wire put $1
half dollar input wire put $0.5

| dispense ‘ output

reg

Eell

L_one_dollar

& 3-2-1 sell 5| i & P

sell

3-2-2 sell A&

(2) TS, AR R U7 ¥ Code # AR

(VIR

parameter idle=0,half=1,0ne=2,0one_half=3,two=4;

reg[2:0] D;
always @(posedge clk)
begin
if(rst)
begin
dispense=0;
half_out=0;
D=idle;
end
case(D)
idle:
if(half_dollar)
D=half;
else if(one_dollar)
D=one;
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half:
if(half_dollar)
D=one;
else if(one_dollar)
D=one_half;
one:
if(half_dollar)
D=one_half;
else if(one_dollar)
D=two;
one_half:
if(half_dollar)
D=two;
else if(one_dollar)
begin
dispense=1;
D=idle;
end
two:
if(half_dollar)
begin
dispense=1;
D=idle;
end
else if(one_dollar)
begin
dispense=1;
half_out=1;
D=idle;
end
endcase
end

(3) PRAFRRBLR — A S I U B BE G SISO, Gk A B TR
2. sell_test MR SCAF ¥

(1) FE—ANEA 4 NN 2 M sell_test MRRASCHE, 2454 Module Type BN
“testbench” , &3] I B W& 3-2-3 fix.
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3-2-3  sell_test 5| it & %

(2) A RIS o A ISR R A7 )b TG R (B R BT 22 IR SO
(3) AR, 7F Toolbox T AR Current £ B4 H AR, FLTHIZAR A FEAE sell_test
W, HEESIE, R 3-2-4 iR

half out]hal

Done_dollar  S€l1 gispense

_dollar|

dispense

K] 3-2-4  sell_test Kit Fiif

(4) FNEih. madEER F 77 “Code” , B NBEINEE . BRI ARHD 7 25 oA i fie 22
Fisfinish 45750,
AR -
initial begin

one_dollar=0;
half_dollar=0;
rst=1;
clk=0;
#100 rst=0;
repeat(2) @(posedge clk);
#2 one_dollar=1;
repeat(1) @(posedge clk);
#2 one_dollar=0;
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repeat(2) @ (posedge clk);
#2 one_dollar=1;
repeat(1)@(posedge clk);
#2 one_dollar=0;
repeat(2)@(posedge clk);
#2 one_dollar=1;
repeat(1)@(posedge clk);
#2 one_dollar=0;

#20 rst=1;

#100 rst=0;
repeat(2)@(posedge clk);
#2 one_dollar=1;
repeat(1)@(posedge clk);
#2 one_dollar=0;
repeat(2) @(posedge clk);
#2 one_dollar=1;
repeat(1) @(posedge clk);
#2 one_dollar=0;
repeat(2) @(posedge clk);
#2 half_dollar=1;
repeat(1) @(posedge clk);
#2 half_dollar=0;

#20 rst=1;

#5 $finish;

always #10 clk=~clk;

M
H
o
=
»
a

(5) PATHFIFER B . BEERBIESR.
RARAEM R G EEEIE . mdififl Workspace HHIES, HHATHINIEEE S HT 1

A B et

AR, Wi 3-2-5 fiR:

clk 1 jnnhnnnhnnnnnhnhnhnnnpnhnhnin
rst 1 ] [ [
half;dollar .0 \ [—l_
one_dollar .0 ‘ I_] |_| I_] I—I

B " ] E =

Wd?sr,lrsen;é l = I [

3. sell_constrain Z1 3R 3C4F ¥

sell_test i HIKTE

(1) #rad—AMEB, 4k sell_constrain, FEERSTESEA constrain, B 4 MR 2

M

& 3-2-6 Fis.
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Module Name: sell_constrain

Module Type: constrail.

Language: Verilog l
Input Ports: 4
Output Ports: 2
Inout Ports: 0

OK

K 3-2-6 FSL A RS

(2) H4L BRI 1 sell BISURAFSIE A H R R, R/ T sell B Je
1) ToolBox IS LI HULE i
(3) WEELTR MR T 45 F o 1P 3-2-7 Fia. AUt o obo T 00 7F M 5 B0 F

K 3-2-7 ARt

clk Xf R R AR AR RSO T16:

reset X B R AR ISR AS T5¢ W13;

one_dollar X 3 H & Ak F1# 55 9% G15;

half_dollar 3 BT A AR TR IT5% P15;

dispense XN JF & LED 4T M14;

half_out X} N & i LED 4T M15;

(4) RAFHPAT, WA ER “Generate constrain file complete” , 5 B2 S0 C4 L
IhA:

3.2.3. REKF
R T DRRFT e sell B9 AR, FRATIERAE I RAGHA TR KR IEAE, ZIF KA
B XILINX AA][ Z-7010 05 F, FrblidH VIVADO % it-F & 4T Synthesis.
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Implementation £ Generate Bitstream, 5 2K A2 B BRI S NGB RN, FHEETE
k.

1. VIVADO ¥ i F & #4175 miscit

1.1 JA3h Vivado #3155 % % XC7Z010CLGA00-1 1 AREEXS %, #itiE kM Verilog,
HALHR LR, A i@t Robei Wit S04 sellve.

(1) #TJF Vivado, i&FIF4h>0H FEF>Xilink Design Tools> Vivado2013.4> Vivado2013.4;

(2) FfifilEH i H Create New Project J3 3 m 5. R%H 2 61E —N ¥ Vivado T H Xt
TEHE, Hd Next;

(OFESH PR IGHE 4 N\ TAZE4 sell X TRERAFHIA &, I/ Create project subdirectory
SIEMER T, FdT Next;

4L New Project 52
Project Hame .
Enter a name for your project and specify a directory where the project data files will be stored ‘:il_‘/
Project name: sell
Project location: E:/Vivado Projects/sell E]

Create project subdirectory

Project will be created at! E:fViwade Projects/zellf=zell

3-2-11 TH AL E A

(4) %I H KT ERH RTL Project 115, A2)i% Do not specify sources at this time & it
HE, SRJ5 Hh Next;

(5) fdH FHdiesh, i Verilog 1F A B ARSI BIE 5

(6) MTININ Add Files #44H, I %2 NIKIFA] Robei i H ) H 3% F T FF Verilog SC{13%,
i+ sell.v, iy Open, #RJ5 i Next ZEINIAA Y 1P ALY

(7 HTFBATEE LM P&, Bhidix—=5, i Next ZIRINZ R

(8) A d¥NIN Add Files #2241, %211 sell #H H 5% K (Y constrain U35, A H
1) sell_constrain.xdc 34, #RJ5 #udi Next;

(9) ZEFNE Hrp, MK 5-1-13 Pronik & Filter RN, SR)J51E Parts Hik$*
XC7Z010CLG400-1, it Next;

(10) #.; Finish, 7 Vivado i H 17 I .
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Add Constraints (optional)
Specify or create constraint files for physical and timing constraints. '
Constraint File Location X
A% sell_constrain xde D:\Drive_E\Robei_modules\2nd—version\10th—seller\constrain 3
e
| Create lfilc. |
[¥| Copy constraints files into project
“ < Back H Hext > } Finish Cancel J

3-2-12 SN R4St

Default Part
Choose a default Xilinx part or bosrd for wyour project. Thizs can be
changed later.

Specify Filter
Package clgd00

Produgt category v

H Boards Family
Sub—Femily

¥ | Speed grade -1

¥ | Temp grade _All Remaining

Reset All Filters

Search: | Q-

Part

@ xcTz010c1£400-1
5" xeTz020c] g400-1

Availsble  LUT FlipFlops Bla:l:

Elements
100 17600 33200

400
106400

1/0 Pin
Count I0B=

| <Back | Hext > | Finis

3-2-13 &L

1.2 $T7F sell_constrain.xdc 30, & 5| L SR
(1) fEBTYE % 1 sources W, EIFLIHR AR, Wil 3-2-14, K5 W4T HF sell_constrain.xdc

BEASCA AR
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™
X

Sources B

5 g ) g
QX =

&y oA QJ

&

[E Design Sources
i sell
= Constraints
=17 constrs_1
g4 sell_constrain. xdc
+ Simulation Sources

Hierarchy Libraries |Compile Order

i5 Sources . Templates

K] 3-2-14 JEFFZ95SCAF sell_constrain.xdc

(2) Xilinx Wt R A3 B FPGA A7 T AR _ERITF AR /RAT I EE 10 $dik, 1XE(E R

AL R A S ] R AR ) FH P TR R AT

APBEHILI RSP FARRS ZiE L Robei ¥ B34, {H/2, Robei 84 H ATA L
SRARHE A A N it o R0 G, AEIX AN, FRAMER 1 — AN I Oz i AR SIS
Bl clk, TIARRGE B, XA HBRELE A RO R AR, FTL, EAR R,
MHEFZhEIN— a4

set_property CLOCK_DEDICATED_ROUTE FALSE [get_nets clk_IBUF]

RARIEFRE P AL

e LI HRACRL T

#This file is generated by Robei!

#Pin Assignment for Xilinx FPGA with Software Vivado.

set_property PACKAGE_PIN T16 [get_ports clk]

set_property IOSTANDARD LVCMOS33 [get_ports clk]

set_property PACKAGE_PIN W13 [get_ports rst]

set_property IOSTANDARD LVCMOS33 [get_ports rst]

set_property PACKAGE_PIN G15 [get_ports one_dollar]

set_property IOSTANDARD LVCMOS33 [get_ports one_dollar]

set_property PACKAGE_PIN P15 [get_ports half_dollar]

set_property IOSTANDARD LVCMOS33 [get_ports half_dollar]

set_property PACKAGE_PIN M15 [get_ports half_out]

set_property IOSTANDARD LVCMOS33 [get_ports half_out]

set_property PACKAGE_PIN M14 [get_ports dispense]

set_property IOSTANDARD LVCMOS33 [get_ports dispense]

set_property CLOCK_DEDICATED_ROUTE FALSE [get_nets clk_IBUF]

(3) il File->Save File 77301

1.3 fiH Vivado 2if L HKRLEABETH, FFE4T Implementation 11555281

(1) BEA % FRsEs T K Run Synthesis, ZEar i B /0 HT sell.v SO 354 e 50
o MGEEERER T, HEAHERER, B = MG 58 o tEE
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() WRA AR, MRS BHR BN, BEELGARH R . SR )51%+8 Run Implementation
I, PATAES LI, )5 Hili OK;

(3D LRSS BB AELR G F T FigqT. XN dETm, HEAHEIREE, Hom
H A = AN T AT 25 S 56 O AR 5

(4 WA, RIEHRE RN EN, HRGERARH IR,
1.4 B TP R AR BRI EJETF AL E] ON, AL LLRFR 4T FFRlE 21, X FPGA M T9mfE .

(1 B USB HI45EHF] PROG UART £ H:

(2) HafR IP7 BE Dy USB $ifik R

(3) FEdE IR b8

(4) AT 55 2B 58 G H I X 15 HE H Generate Bitstream 203 s S0 & L vh 4 A AR
{E55 #1111 Generate Bitstream. LURFALA SO AR AEAT S5 S TH 18T« 458 B bUARHIAL 2B A%
J& 2 A = AN T 58 BN T AE 5

(5) X—idFEH L& sell.bit STAFIRALE sell.runs H& I impl_1 H& T

(6) IEFATIFHE{ 7 28 Open Hardware Manager ¥E35, 4R )5 S diffi e . ABAHE FEBS 7 O
BT IR “OREERE” IR

(7) A5 Open a new hardware target. W15 /i L2 AC B ik - RAR VR AT DL o s 4T 1 H
FréEH;: Open recent target;

(8) Hiifi Next F Vivado & 48R 51k 55 s A AR H B

(9) Hifi Next DUIZEFEAH 3 4L 5

Bitstream Generation Completed ﬁ

) Bitstream Generation successfully completed.

Next

(") View Reports

(@) Dpen Hardware Manager

() Launch iMPACT

[ pon't show this dialog again

[ ok || canca |

3-2-16 LURFALAE A
| Hardware Session - unconnected

(D No hardware target is open. Open recent target |Open a new hardware target

3-2-17 FTIFE A B bR
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Select Hardware Target

Select a hardwere target from the list of available targets, ‘
then set the appropriate JTAG clock (ICK) frequency. If you

Hardware Targets

Type Port Wame JTAG Clock Frequency

[ xilinx_tef| = |Digilent/210279573282A [15000000

Hardware Devices (for unknown devices, specify the Instruction Register (...

llame ID Code IR Length

% erm_dap_0 4BADO4TT 4
@ xcTz010_1 13722093 6

VCSE server: localhost: 60001
Hardware server: localhest:3121

¢ Back Ii_[e:t > H Finish Cancel

K 3-2-18 Hr FREAL 6 A B RS

(10> Fafi P Next, #8JE FLidi Finisho AREZAEPF 2 18R B O IR 48 2 0K I HLas 108
LN, W] 3-2-19 fn. IEEER, IR e BT i

Hardware Manager localhost/xilinx_tcf/Digilent/210279526127A

@ There are no debug cores. Program device Refresh device

Hardware — O @ =
o, =[E v |
Name Status
= B localhost (1) Connected
E}-_cﬁ xilinx_tcf/Digilent/210279526127A ... Open
@ arm_dap_0 (0) Mot programmed
i xcFZz010_1 (0) (active) Mot programmed
|E] [ 1 | » O]

H Hardware | ¢ Templates |

K 3-2-19 FI 12 1%
(1) SEFELSE, FHRIOE sell.bit #%8 H MIE I A R 7 SC A5
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Hardware Manager - localhost/xilinx_tcf/Digilent,/2102795731954
@ There are no debug cores. Program dewice Refresh dewvice
Har dware — 0O =
= =|E v »
TName Status
=- B localhest (1) Connected
BB xilinx tef/Digilentf2102795731954 (2) Open
ot programmed
rogrammed
A Hardware L? Templates J
Hardware Dewvice Properties — O 2 X
« S [EE
@ xcTz010_1
Name: xe7z010_1
Part: xe7z010
ID code: 13722093
IR length: B
I= programmable
Programming file: E:/Vivado_Projects/sellfsell/sell. runs/impl_1/=ell bit E]
Probes file: E:/Vivado_Projects/sell/sell/sell. runs/impl_1/debug_nets. Ltx E]
User chain count: 4

3-2-20 YmFE M

(12) 7E #4418y Bbr A 8, %69 Program device B¢ 817 % 111 - J7 58 H /) Program device->
XC7z010_1 B H:F| H b FPGA dsfFikAT s :

@) There are no debug cores.l Program dewcel Refresh device

Hardware —Ow¢ x
az=Er»E
Name Status
=1 B localhost (1) Connected
=@ e xilinx_tcf/Digilent/2102795261274 ... Open
_ Not programmed
7| @ Hardware Device Properties... Ctrl+E

Assign Programming File...

‘@ |Program Device...
@ Refresh Device

H Hardware | 7 Templates | Export to Spreadsheet..
3-2-21 %+ FPGA JEAT 42

(13) A ENT FPGA 3 T9mfE. JF &AM L Done $87R4T 7i, #8fFgmfest o,
(14) k3R S AR S IR M %L LED GESE I 185 ) IiFs 4558 .

2. FFRIRIHIE

B, 1%ME reset (SW2)Hk £ m -, FEREIES) clk (SW3)1 2| 2 Ik, #ATEAIHAE;
Hx, WEAFRBEAN, X859 53477 one_dollar (SWO0), half_dollar (SW1)fE6IE . #)
T clk I BhE, 200U % H s IRSEHLINRE T % .

106



http://robei.com EE A DA F AIRALES et

_ . . _
v~ i +
~— - e L -
LO3COI®) Lox‘n, mlxw _noxn: 1 LO3COI® LO2WLY) Lol L
1

mr e | sy B

one_dollar i half_out ] % half_dollar I half_out 4T A=
3-2-22 A[EEAIS ) LED ST 2/n i &

3.24. MB5R%H
A — AN B S22 A AR I ORI B 1L
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BE: BREHE, REKK

A RIBATHIBEREINR K FXT FPGA BTt A BEAR M AR L o S F ATAE B I R PR T
T M R AT A, B TR B — SR (R M et AR, T AR —F) Verilog 5 F I
TR, B2 nT DUAE ORI IERA (1 A3 R EAT — S OR SE IR IV DI RE - JEm BE Tt Bl T OT K
AR AR BR A, X LA SRR REAE I 2 1 A F AR, U SR B T B B R, mT LI
A BBt A 98 S R B S BTHEAT BR BHIR AT AR SEBL
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4.1 2Bl 8 (AL F AR/

411 REFE
witEK

BURER 8 MBI AAA R, HMRE R 8 ML A AR A DL R WA R
testbench, 5% /5 7E Robei RI AL 7 ELER A 12EAT T RE S AN] FLRIE o
Wit

A 8 LRRIIEE (WIME BN 100111000 FI—ANRAr B B AW s, ARYE s EA,
PR AL X BER AL T M & A, BT 8 LURE, DMtk s AR ya v 0 2 7.
4.1.2. WitHe
1. shift BAL i

(1) Fr—MER Ay 408 shift, 258054 module, [FIRTHE & 5 MaAR 1 AN, &4 5]
(@ AN 2 PR 2 R ] 4-1-1 AT X L RAE 2L

| Name | Inout | DataType | Datasize
[ clr _ I input I wire [ 1
data_in input wire | 8 |
set input wire 3
data_out output reg 8

& 4-1-1  shift 5] B8 P

shift data_out{_Z

K 4-1-2  shift S &

(2) FEIATS. MBI F 7 Code VRINALAS,
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always@ (posedge clk or negedge clr)
begin: shift_reg
if(clr)
data_out <= 8'h0;
else if(en)
begin
case(set[2:0])
3'b0: data_out <= data_in[7:0];
3'bl: data_out <= {data_in[0],data_in[7:1]};
3'd2: data_out <= {data_in[1:0],data_in[7:2]};
3'd3: data_out <= {data_in[2:0],data_in[7:3]};
3'd4: data_out <= {data_in[3:0],data_in[7:4]};
3'd5: data_out <= {data_in[4:0],data_in[7:5]};
3'd6: data_out <= {data_in[5:0],data_in[7:6]};
3'd7: data_out <= {data_in[6:0],data_in[7]};
default: data_out <= data_in[7:0];
endcase
end
end

(3) PRAFAEBI BN — A SR G R BB REA AR SO, W EA TR .
2. shift_test MRASCAF ¥

(D FHE—NEA 5 MIAF 1A S shift_test A, 1245 Module Type &% &
A “testbench” , /N5 IFC & a1l 4-1-3 AR

| Name ’ Inout ‘ DataType ‘ Datasize [
I clocl ’ input | reg l 1 (
| clr ’ input ‘ reg ‘ 1 (
I en ’ input | reg l 1 [
I data ’ input f reg ’ 8 {
| set ’ input I reg ' 3 (
l dataout ’ output [ wire 1 8 (

4-1-3  shift_test I ST 51 RS = 1

(2) FAF NI o A4 AR S ORAT 2 TH O 2R PR B RY Fr 7E [ ST T
(3) IIAMEAL, 7F Toolbox T EAHM Current £ H & HIIRIAY, P iZiB AL IE7E shift _test
B, JREESIE, W R 4-1-4 Fis:
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data_ouf dataout

I 4-1-4 shift _test 51 ]

(4) S NBGh. fdrmaEE R “Code” , M NBAHE . B ARRD L 45 A i
Fi$finish 4571,
MACHD »
initial begin
clock=0;
clr=0;
en=1,;
data=8'n10011100;
set=0;
#1 clr=1;
#2 clr=0;
#40 $finish;
end

always #1 clock=~clock;
always #2 set=set+1;

(5) PATHIHIFEEWRE. BEFEREER.
MERAH IR G BRI . SdifM Workspace HHIES, #HATEHNIFEE i
HEER, K 4-1-5 F)TT

clock 0 Ill || II I | I | I |

clr 0 I |

set[2:0] 4 (Co X Xz X3 Xia s Xis)
data[7:0] 9c ( '
dataout[7:0] |93 (GO0 XEE X T X% X o Xe X7
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4-1-5 shift _test [{145 E
3. shift_constrain JURX - B

(1) HrEE— M, A4 0 shift_constrain, FRELEIESE N constrain, HA 14 M AR 8
MMk, K 4-1-6 R

]

Module Name: shift constrain

Module Type: constraill

Language: Verilog l

Input Ports: 14
Output Ports: 8

Inout Ports: 0

0K

K 4-1-6 i dish

(2) &8 AR IHATIES . o, shift BEHA % data_in A% H data_out 4373l % 57 8
Ao, HN set XFRE 3 AN o ARBETR,  #AN I 6 R AR 51 R s
clk X BT A AR A% BT 2% R18;
clr X BT AR F BT 5% P16
en Xf R R AR SRS 6 T16;
set[0],set[1],set[2]%f ' G15, P15, W13;
data_in[0]——data_in[7]4> %% . V12, W16, J15, H15, V13, U17, T17, Y17;
data_out[0]——data_out[7]4>FIXI R T14, T15, P14, R14, Ul4, U15, V17, V18;
FI\ data_in X R IELR AR T B 0——7, set RIELR A AR EE K 0,1,2. 1BE
LA 4-1-7 Fiis .
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data_out’

Bl 4-1-7 Z9BHR 1
(3) RIEFHFIAT, B HAfE R R “Generate constrain file complete” , i BIZI R i E 4 B
A AR

4.1.3. WREWIE

T WPt shift i TAERRE, @B IF R AR#E B XILINX AR ) Z-7010 &, &M
VIVADO #itF- & #47 Synthesis. Implementation 1 Generate Bitstream, #ix kA= % s
TS N BT RN, FFEEATRAE.

1. VIVADO #iHF & 317 J5 s ¥t

1.1 ja3h Vivado Ik 5 % XC7Z010CLG400-1 (ZYBO) fEAMEEN %, #itif ik
H Verilog, ZIHTH)TAE, @inidt Robei #it )3 ff shift.v.

(1) #T7F Vivado, EFIF4E>F14 FEF>Xilinx Design Tools> Vivado2013.4> Vivado2013.4;

(2) HAAIEFH B Create New Project JA3l1AF . RFEE 2 A1 —SF#) Vivado 1t H %f
THHE, Hifr Next;

(BDFE L H FRHEE H 4 A TR 44 shift Je TRERAFIIALE, I {x Create project subdirectory

SEMERE S, Hidi Next;
e oo T e ()

Project Hame

P
Enter a mame for your project and specify a directory where the project data files will be stored ﬁlf

Project name: shift
Project location: EZfVivado_Projectsfshiftl E] [l
Create project subdirectory

Project will be created at: E:/Vivado_Projects/shift/shift

. e ———

K 4-1-11 T H SRR BRI
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(4) EFETH KK HH RTL Project 15T, /A 4)i% Do not specify sources at this time £i%
HE, SRJ5 ik Next:

(5) ffi I FHrdzdll, sk Verilog /£ H bR SCHRIE BB S 5

(6) ATENIN Add Files #5481, I ¥ 2ININIFA] Robei 3 H 1 H 3% F T JF Verilog S {4%,
4% shift.v, Hifi Open, #RJ5Hiidi Next Z2URIILA I IP A5 AY

(7 BTRATEEEFR PN, Bodix—=25, BE#EFdE Next ZBINLIHTE M

(8) I Add Files $%4H, W 2 NINIEE LA H 56 T (1) constrain S, &+
shift_constrain.xdc, i Open BTN, $RJ5 Hfi Next;

(9) 7EBGNE O, $%MEE 4-1-12 o, BEE Filer HIRIETT, SRIGTE Parts HH &R
XC7Z010CLG400-1, H.if; Next;

(10> #.i5 Finish, A< Vivado i H 61 il .

Add Sources

Specify HDL and netlist files, or directories containing HDL and netlist files, to
add to your project. Create a new source file on disk end add it to your project.

Index MNeme Library  HDL Source For Location

Add Files. .. Add Directories. .. Create File. ..

Scan and add RTL include files into project
¥|Copy sources into project

V| Add sources from subdirectories

Target language: Simulator lmgutge:

4-1-12 EF H AR OB S
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Default Part

Choose a default Xilinx part or board for your project. This can be changed later.

Speufy Filter

io Pltt__i Product category Package | c1g400

# Boards Femily| Z 7 v ||Speed grade| -1
Sub—Family| _-' 7 v | Temp grade | All Remaining

Reset All Filters

Search: ‘ Q

I1/0 Pin Available  LUT . Block
Count 10Bs Elements PlipFlops R&Ms ot

xc72010cl g400-1 E__ 50

0 xe72020c1 g400-1 125 106400 140 220

Part

< > @

< Back \ Hext > L Finish

K 4-1-13 8k

1.2 $TFF shift_constrain.xdc 31, A F 51 EIZ R IFEAR .
(1) fEBEJEE I sources Y, JEALIHCAR, WK 4-1-13 Fow, SREXGERIATHTHF
uart_led_pins.xdc #E N SCA g R AR 5 s

Sources |
A A =
= et R [
[=-{i7 Design Sources (1)
L@y shift (shift v)
=-{& Constraints (1)
=& constrs_1 (1)

A3 shift_constrain. xde
#Simulation Sources (1)

M
X

l[iu'lrely. Libraries |Compile Order |

o

/5 Sources . Templates ‘

Kl 4-1-13 EIFLIH A shift_constrain.xdc

(2) Xilinx Bt LR SCAF I BE FPGA AT AR _ETT R AR AT H3E 10 $uhik, XL 8
AL i S B R AR ) P TR 3R AT
ARSI LIASA AR 2 il i Robei 8- B3I E R, {H72, Robei # i+ H A4z B2
TRARH A0 i N\ it o 1R 20 BE, AEIX AN, AT 7 — AN I I A% 1 A AU IS
B oclk, TIARRGENS B, XAFHERIELE G BN I — Ol Pl fEARc e,
MFTFEFZhIIN—A)dr 2
set_property CLOCK_DEDICATED_ROUTE FALSE [get_nets clk_IBUF]
RARUERAR P A2 IS
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#This file is generated by Robei!

#Pin Assignment for Xilinx FPGA with Software Vivado.
set_property PACKAGE_PIN R18 [get_ports clk]

set_property IOSTANDARD LVCMOS33 [get_ports clk]
set_property PACKAGE_PIN P16 [get_ports clr]

set_property IOSTANDARD LVCMOS33 [get_ports clr]
set_property PACKAGE_PIN T16 [get_ports en]

set_property IOSTANDARD LVCMOS33 [get_ports en]
set_property PACKAGE_PIN V12 [get_ports data_in[0]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[0]]
set_property PACKAGE_PIN W16 [get_ports data_in[1]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[1]]
set_property PACKAGE_PIN J15 [get_ports data_in[2]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[2]]
set_property PACKAGE_PIN H15 [get_ports data_in[3]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[3]]
set_property PACKAGE_PIN V13 [get_ports data_in[4]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[4]]
set_property PACKAGE_PIN U17 [get_ports data_in[5]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[5]]
set_property PACKAGE_PIN T17 [get_ports data_in[6]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[6]]
set_property PACKAGE_PIN Y17 [get_ports data_in[7]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[7]]
set_property PACKAGE_PIN G15 [get_ports set[0]]

set_property IOSTANDARD LVCMOS33 [get_ports set[0]]
set_property PACKAGE_PIN P15 [get_ports set[1]]

set_property IOSTANDARD LVCMOS33 [get_ports set[1]]
set_property PACKAGE_PIN W13 [get_ports set[2]]
set_property IOSTANDARD LVCMOS33 [get_ports set[2]]
set_property PACKAGE_PIN T14 [get_ports data_out[0]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[0]]
set_property PACKAGE_PIN T15 [get_ports data_out[1]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[1]]
set_property PACKAGE_PIN P14 [get_ports data_out[2]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[2]]
set_property PACKAGE_PIN R14 [get_ports data_out[3]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[3]]
set_property PACKAGE_PIN U14 [get_ports data_out[4]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[4]]
set_property PACKAGE_PIN U15 [get_ports data_out[5]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[5]]

set_property PACKAGE_PIN V17 [get_ports data_out[6]]
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set_property IOSTANDARD LVCMOS33 [get_ports data_out[6]]
set_property PACKAGE_PIN V18 [get_ports data_out[7]]

set_property IOSTANDARD LVCMOS33 [get_ports data_out[7]]
set_property CLOCK_DEDICATED_ROUTE FALSE [get_nets clk_IBUF]

(3) riil File—>Save File {&47 3 14
1.3 ff / Vivado Zi & T HREE & W, FiE4T Implementation 11555281

(1) BEEE%% FRsE g ) Run Synthesis, 254 1 Fk 20T shift.y SO 3542 s %50
o MEEERTWR T, HEFHEFEE, ot = AN 56 O TEHE ;

(2) AR, RIEERE BRI TE N, BEREARAR R ER. SEES Run
Implementation &1, HATAES LI, A5 Hd OK;

(3) LM B ELA BRI FiEgfT. xS EEm, BREHRER, Bamm
WA = NG T AT 45 SR 5E ROV T ATE 5

(4) WRAEHR, REHEREERRNEN, HEGEERERIR.
1.4 B FF R LRI IR SR B ON, 2B LA AT 4 2515, X FPGA #HT 4w FE

(1 B USB HI5EHS] PROG UART 2 H:

(2) Wtk IPT BB A USB F ik HJi

(3) FEdE IR b8

(4) p AR 55 52l 52 i Y O HEHE D Generate Bitstream 24 o S & 11 b g P2 AN 13
{1551 Generate Bitstream. Y4 58 B¢ LU A RS 23 58 A — /NI IR 58 o) 1A 5

(5) IX—id s LA B shift.bit SCAE shift.runs H 3 R impl_1 H3%

(6) PRI IFIE{14 7 2% Open Hardware Manager ZE3i, SR )5 SdiifiE . A BEAS & 0
BT IR “OREERE” IR

(7) A5 Open a new hardware target. W15 /i CL 28 AC B ik T R AR VR AT DL o Baln 4T 1 H
FréEH;: Open recent target;

Bitstream Generation Completed ﬁ

io@ Bitstream Generation successfully completed.

Next
(*) View Reports

() Launch iIMPACT

["] pon't show this dialog again

[ OK H Cancel ]

4-1-15 ERAFRAE R

\ Hardware Session - unconnected

() No hardware target is open. Open recent target |Onen a new hardware target

4-1-16 JTIFHIECE H AR
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Select Hardware Target
Select a hardware target from the list of available targets, '
then set the appropriate JTAG clock (ICK) frequency. If you

Hardware Targets
JTAG Clock Frequency

Type Port Mame
| xiline_tef|  |Dizilent/210279573282A [15000000

Hardware Devices (for unknown devices, specify the Instruction Register (...

Wame ID Code IR Length

@ arm_dap 0 4BADO4TT 4
@ xc72010_1 13722093 6

localhost: 60001

VCSE server:
Hardware server: localhest:3121

Finish Cancel

4-1-17 HEIBEAE R A AR

(8) iy Next & Vivado H 3 X Z 5| B AR 55 48 44 FRITIE

(9) Fify Next DAL HEA I T4 Lo 1 5
(10> B Next, #RJ5 Hiidy Finisho ARIEFAEMF 23RS E SOIRSS 4 4 K0 HAs 1k

. WEE R, ZRSERY EEBE WmiE:
| Hardware Manager - localhost/xilinx_tcf/Digilent/210279526127A
I@ There are no debug cores. Program device Refresh device

Hardware — 02 X
QaT=Er»E
Name Status
=+ localhost (1) Connected
Open

E}'-O xilinx_tcf/Digilent/210279526127A ...
-~ arm_dap_0 (0)
@ xc7z010_1 (0) (active)

Not programmed
Not programmed

< I =
h @ Hardware | 7 Templates |

Kl 4-1-18 FTIFBEAF 2505

(11D GEFERRMF, JFIRAIE shift.bit Ak oy IR b iR 7 S
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Hardware Manager - localhost/xilinx_tef/Digilent/2102795731954

@ There are no debug cores. FProgram device Refresh dewice

Har dware — 0O @ X
i |FF
= =Er»E
Name Status
E- B localhest (1) Cormectad
- & xilinx_tcf/Digilent/2102795731954 (2) Open
Mot programmed
Programmed
E Hardware LQ Templates
— 0O =

Hardware Dewvice Properties

« +[EE

@ xe72010_1
Name: xe7z010_1
Fart: xcTz010
ID code: 13722093
IR length: 3]

Is programmable
Programming file:

Probes file:

User chain count:

=

|E fVivade Projeets/shift/shift/shift runs/impl_1/debug nets. ltx |E]

|E:ﬂi’ivado_l’rojectsfshiftfshiftfshift. runs/impl_1/shift. bit

4

K 4-1-19 ZwfEscf

(12) 7E 281 b8ty b A, 1%64% Program device B2 7 & 1 1 5 3 H ) Program device->
XC7z010_1 825 Hbx FPGA #fFilbrgmfs, ikl 4-1-20 fioR;

’@ There are no debug cores.l Program devicel Refresh device

Hardware A
ax=EN»E
Name Status
=+ B localhost (1) Connected
@e xilinx_tcf/Digilent/210279526127A ... Open
Not programmed
‘| '@ Hardware Device Properties... Ctri+E

Assign Programming File...

i@ |Program Device... l
@ Refresh Device

§ C
@ Hardware | © Templates | Export to Spreadsheet...

K& 4-1-20 %% FPGA T4 %
(13) i EXT FPGA 34T 9wfE . JF &M I Done 87~/ =i, #3Fgmfess
(14) Wk iHR s AT R EE LED GESERImAEZHE KD Wik 45 3.
2. FFRRHEAE

A, HAE cIrf(BTND)ANE, 1% 1 F 2 ¥k clk(BTNO), #EATEAI#AE
SRJG, K en (SW3) W E NS ST, #EMALYE data_in[0~7] (SW[0~7]) AL #4% Hl15
5 set[0~3] (SWO0~1), iX HLk#4m A\ EdE A 00110111, AiFs##I15 543 %4 000, 010, 100,

111 AT IR
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B, FEES— RN BERNE S, %1 clk BFEgE, 28508 4R data_out[0~7]
(Led[0~7]), FeUEREALAFAFAR TN RERTS IEH .
set =000 I, data_out Mi’A 00110111; set=010 i, data_out 7>y 11001101;
set = 100 i, data_out >y 01110011; set=111 i, data_out >y 01101110;
00110111 11001101

01110011

4-1-21 F—> set[2:0]%F 2] LED KT i s
I IR UE 25 RAE % 8 AR AL AT A7 48 T S BT 2K .
4.14. MBS B%

Lo e —MER B et — MR AR, IR A AA AR BT A TRE, B AR XA
W, X ThREEE —ME MR R DI He?

240 fr[ SEBLH A TR AL 27 A7 4 ?

4.2 LB\ HRFS AL/ NI B

421 AEFE
i and=k:v)

BEE— AN RS AL/ NEUINIESS . BRI BB S AL BN 32 £, FHorp/Ngr 15 £,
B 16 2, PR RS0 WiHZInykas it DL B3t testbench, 55 7E Robei A #1
AT BAR A3 AT D RE SEELAI 47 IR AIE
agpstd

WA R SRS, AR ECREUES . H Sl b AN N B B4
S W BRI S A Beanga AN IR RO &5 R — e R IR AL, B N AR O g R —
TE A EL BN — IE— s I PR AR P AN s I B /N AT A E .

SR JE R AN BRI BB AL AT B, A5 34 AR BB AL, fJE 4 i BRI A
FALTE AT B

A% sum = addend + addend
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i N
[1] <-N-Q-1bits-> | <--Qbits--> |
(S| HHHHn |FFFFFFFFFFFFFFRF|
LN E /R
a-addend 1 b - addend 2
i 1 4% 2
[1] <-N-Q-1bits-> | <--Qbits--> |
(S| L |FFFFFFFFFFFFFFF|
iy A <
C - result
|< N bits :: :: N bits >|
|i| N-Q-1 Integer bits @ Fractional bits | Iil N-Q-1 Integer bits Q Fractional bits | | elk J

| s I N-Q-1 Integer bits Q Fractional bits

{:. N bits »|
4-2-1 FHEREERE
4.2.2. WiHHRE
1. qadd BRI ¥t

(D g — MM dr 44 qadd, 257475 module, AR B4t 2 MK 1L M, &S5
HRPERI A PR S 8 T 1 4-2-2 BEAT R R FRIE L

Ports:

\ Name \ Inout ‘ DataType \ Datasize [
‘ a | input | wire [ 4 [
’ b ’ input ’ wire ‘ < [
’ c ’ output ’ wire ‘ 4 [

4-2-2  qadd 5| HI) JE 1k
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qadd c

b

4-2-3  gadd FL A

(2) WIS, s NI Code i AR .
parameter N = 4;
reg [N-1:0] res;
assign ¢ = res;
always @(a or b)
begin
if(a[N-1] == b[N-1])
begin
res[N-2:0] = a[N-2:0] + b[N-2:0];
res[N-1] = a[N-1];
end
else if(a[N-1] == 0 && b[N-1] == 1)
begin
if( a[N-2:0] > b[N-2:0])
begin
res[N-2:0] = a[N-2:0] - b[N-2:0];
res[N-1] = 0;
end
else
begin
res[N-2:0] = b[N-2:0] - a[N-2:0];
if (res[N-2:0] == 0)
res[N-1] = 0;
else
res[N-1] = 1;
end
end
else
begin
if( a[N-2:0] > b[N-2:0])

begin
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res[N-2:0] = a[N-2:0] - b[N-2:0];
if (res[N-2:0] ==0)
res[N-1] = 0;
else
res[N-1] = 1;
end
else
begin
res[N-2:0] = b[N-2:0] - a[N-2:0];
res[N-1] = 0;
end
end
end

2. qadd_test JRASCH I #TH

(LFTEE—A 2%\ 15 1 gadd_test M3 SC A, 1075 Module Type &N “testbench”,
BN 5 A E i 4-2-4 FioR .

Name Inout DataType Datasize Function
a input reg 4
b input reg 4
C output wire 4

4-2-4 qadd_test WA ST 51 BT 8 14

(2) FAF RIS o MRS A ORAT 21T O F2 PR RS B 76 9 ST A R
(3) IR, 7 Toolbox T HAHM Current 25, & BB, L ZBE R IE7E gadd _test
BEN, JEERESIE, a0 R E 4-2-5 Bk

4-2-5 qadd_test %ty ]

(4) FNBUHARS . A R “Code” , HINBURN L. WU 7E 25 AR it
fo £ Hifinish 855 . (I TAERAE DI RERIIN 5, A B/ N FBCA AR _ERIXA, SAERIE
NG DR I v i 1 P £ L NS E S REE )
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B A

initial begin
a =4'v0001;
b = 4'b0011,
#10
a=4p1011;
b =4'b1011,
#10
a =4'v0001;
b =4'b1101,
#10
a=41110;
b = 4'b0011,
#10
$finish;

end

AR st

(5) PUTH I LR, EHERMIMEE. AR HRL BT
A Workspace RIS HEATHRINGE A U7 0 045 e TR 4-2-6 T
W E—— T e

File Edit View

X/ 0o®s0

o [ voies |
al3:0] B T G X T X T
b[3:0] B 3 X B X D X 3
c[3:0] E 1 X ; E X T X B

& 4-2-6 qadd _test [1)4j ELI I
3. ARAEHURZ) R e BT
(1) #rE— M, BHRSAIESE N constrain, FLA 8 NN 4 Mgt . (NI

B P 4 AL R N s 1 —AS 4 L)% H oD

Module Name: gadd constrain

Module Type:
Language:
Input Ports: 8
Output Ports: 14
0

Inout Ports:

0K

Verilog

constrait.
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4-2-7 %7 constrain Bk

(2) #HL. ¥4 MNSHN atliZE, FE R4 MRS b M. 4 N 458 5
B ¢ M.
(3) B R s O FER LR AR BT AR 75 B A R SRR %, TRl fdi A
T SUANBE T IR LED AT o X SSREPEAE T R AR 6 S ) 51 B n R
a[0],a[1],a[2],a[3] 43 7% L) 51 B2 V12,W16,J15,H15;
b[0],b[1],b[2],b[3]43 A% BZ ¥ 51 B SA V13,U17,T17,Y17;
c[0],c[1],c[2],c[3] 5> Al Xt Rif¥y 5] j 4 T14,T15,P14,R14;
& 04 5E 3 144 AR Ja TC AT B 2R A FRIB 20N 0,1,2,3. 1B U B2 A H i A
4-2-8 It/

‘ gadd_constrain

4-2-8 LR
(4) RAFIFmPRBAT, WHBEA R, BPAI7E H 3 R A constrain SCAJ& LR 214 A xde
Zygiseff. mrLhiEt View->CodeView B 20 SCARACRS .

4.2.3. WEHRIE

1. VIVADO ¥ i & #17 B ikt

1.1 23 Vivado B 3315 % XC7Z010CLG400-1 VE %t %, 8 = %61 Verilog,
BAHI TR, W niEid Robei Wi H S gadd.v.

(1) FT7F Vivado, EFFF46>HrHF2F>Xilink Design Tools> Vivado2013.4> Vivado2013.4;

(2) #IEE I H Create New Project & 1[5

(3) TEMHMXTIEMEFT N LY gadd & LREMRAIAE, JHH{f Create project
subdirectory & EMHER LS, Hfi Next;
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i Bl
9 —
New Project | : T gy T e u
ﬂ’ ) e e —
Project Hame -
Enter a name for your project and specify a directory where the project data files will be stored ﬁl)
Project name: qaddl
Project location: |E:/Vivade Projects/qadd E]
I |
Create project subdirectory
I
Project will be created at: E:/Vivado_Projects/qadd/qadd l

— — —— —

4-2-12 T H ZRRAL B f N

(4) EFEITH FRBRBE) RTL Project #E10T, ANE/4)i% Do not specify sources at this time &
TEAE DA INVESCAE,  SRJ5 By Next;

(5) fdiH Fhrfzesl, ik Verilog 1F A B ARSI BIE S

(6) fidsihn Add Files 4, 1% FIRIRIBAT Robei 1 H i) H % F4TF Verilog 313,
1%+ gadd.v, Fiid7 Open, #AJ5 Hd Next £ INELA 1) 1P LAY,

(7 HTEATEA LA P I, Hdi Next UL SRR

(8) FEAINZAIHR SO, s Add Files, &3 8R4 42 s constrain SC4ESE R )
gadd_constrain.xdc 3CfF, I s o s

(9 TELMFERE O F, HIEE 4-2-14 FrocikE Filer FIIED, AJS1E Parts HiEHF
XC7Z010CLG400-1, #.ifi Next;

(10> Hi5f Finish, 78 Vivado T H A& B2 .

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints. ‘

Constraint File Location

#% qadd_constrain. xde D:\Drive_E\Robei_modules\2nd—version\6th—quanjiaqi\constrain
X
s
£

Create File. ..
[¥] Copy constraints files into project
< Back Next > Fimish Cancel

K 4-2-13 ININZIRSCE
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Default Part

Choose a default Xilinx part or board for your project. This can be
changed later.

Specify Filter
@ Parts . Produgt category v Package  clgd00
@ Boards Family ¥ | Speed grade -1
Sub—Famly ¥ | Temp grade _All Remaining

Reset All Filters

Search: | CL-

I1/0 Pin Available  LUT FlioFl Block
Count 10Bs Elements TRELOPE P

@ 2720101 g400-1 100 17600 35200 &0

400
£ %e72020c1 £400-1 53200 106400

Part

| (Back | Hext> | Finick

K 4-2-14 #{tikm

1.2 #]7F gadd_constrain.xdc 3CHF, #FE 5] L AR
(1) fEBJEE 1 sources H1, REIFAH MR, SRJEXHF]IF qadd_constrain.xde #F A LA
I
Sources _ N £ [ 1. X
= 2 2k M
=457 Design Sources (1)
L@k qadd (gadd v)
=47 Constraints (1)

& constrs_1 (1)

BN coneirain i)

{Z1Simulation Sources (1)

®

lli.rnrelly. Libraries |Compile Order

& Seurces l 7 Templates I

Kl 4-2-15 JEITZ)H S gadd_constrain.xdc

(2) EANETHH xde SCAF2& Robei 4 H ZhAZ B, F-ATCAGR 1 77 AT H X AL 5L
g, AIDARE A — T IX B AR 2 A AT BE I L AR S — 3K
gadd_constrain.xdc £ 5 SCAFARRD R :

#This file is generated by Robei!
#Pin Assignment for Xilinx FPGA with Software Vivado.
set_property PACKAGE_PIN V12 [get_ports a[0]]

set_property IOSTANDARD LVCMOS33 [get_ports a[0]]
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set_property PACKAGE_PIN W16 [get_ports a[1]]
set_property IOSTANDARD LVCMOS33 [get_ports a[1]]
set_property PACKAGE_PIN J15 [get_ports a[2]]
set_property IOSTANDARD LVCMOS33 [get_ports a[2]]
set_property PACKAGE_PIN H15 [get ports a[3]]
set_property IOSTANDARD LVCMOS33 [get_ports a[3]]
set_property PACKAGE_PIN V13 [get_ports b[0]]
set_property IOSTANDARD LVCMOS33 [get_ports b[0]]
set_property PACKAGE_PIN U17 [get_ports b[1]]
set_property IOSTANDARD LVCMOS33 [get_ports b[1]]
set_property PACKAGE_PIN T17 [get_ports b[2]]
set_property IOSTANDARD LVCMOS33 [get_ports b[2]]
set_property PACKAGE_PIN Y17 [get_ports b[3]]
set_property IOSTANDARD LVCMOS33 [get_ports b[3]]
set_property PACKAGE_PIN T14 [get_ports c[0]]
set_property IOSTANDARD LVCMOS33 [get_ports c[0]]
set_property PACKAGE_PIN T15 [get_ports c[1]]
set_property IOSTANDARD LVCMOS33 [get_ports c[1]]
set_property PACKAGE_PIN P14 [get_ports c[2]]
set_property IOSTANDARD LVCMOS33 [get_ports c[2]]
set_property PACKAGE_PIN R14 [get_ports c[3]]
set_property IOSTANDARD LVCMOS33 [get_ports c[3]]

(3) sili File—>Save File {547 0.
1.3 ff H Vivado Zx& T HKREE G101, FFET Implementation 1:55 521

(1) B2 8115 PR d ) Run Synthesis, 22 & fE 2> 2087 qadd.v SCAEIF42 Bk 36 50
o MEREIETER T, HEEHRRELR, A = AN G 76 MO 1 HE;

(2) WA R, RIS R(E EIRNBI, R GA A Hk. 28 J51EH Run Implementation
I, PATAES I, AR5 i OK;

() MEFSEMIFERALE FT FigdT. SN IETM, HEAEHIREE, Mo
H A = AN T AT 28 S 56 RO TEARE 5

() WRAEHR, RIEERE R RNEN, HESZGEGRAERIR.
1.4 Y4 TF R b FIETT G ) ON, Az B LURRR AT TR 22 1%, X FPGA BT 4R A%

(1) B USB HI5ZERS] PROG UART 2 H;

(2) Wtk IPT BB A USB F ik HiJi;

(3) FEd@ IR b8

(4) fE AR 55 52l 52 i Y A HEHE S Generate Bitstream 24 oy S o 11 b 4w A2 AN 13
{£55 1) Generate Bitstream. EURFR A BT PR AEAR S5 ST 1817 . 458 L ELRRR AR Ak
J& 2R A = AN T 58 BN T AE 5

(5) X—id ¥ DA R gadd.bit SCAFIAE gadd.runs H R impl_1 H 3 R

(6) IEFAT {47 3 25 Open Hardware Manager 167, SRJ5 S e . AEAE FE 2 5
BT H B “RIEER” IRES;

(7)) A Open a new hardware target. 4152 1 O RC B ARt AT PL sl fed 4T H

PREEFE Open recent target;
128



http://robei.com

S LA ] AT B it
Bitstream Generation Completed E
@ Bitstream Generation successfully completed.
Next
I () View Reports
(@) Dpen Hardware Manager
(") Launch iMPACT
i Don't show this dialog again
| ok || cancel |
P 4-2-17 HURRRAE IR
. Haxrdvare Manager -~ unconnected
‘Z’ No hardware target is open. Open recent target Open a new hardware target

3-2-18 FTH B AOMELE H bx

(8) Hiifi Next & Vivado H & IR 51 A5 ds L AR
(9) iy Next DAGEREA I 4 Lo 5

Select Hardware Target

Select a hardware target from the list of available targets, '
then set the appropriate JTAG clock (ICK) frequency. If wou

Hardware Targets

Type Port llame

JTAG Clock Frequency
[ xilinx_tef|  [Digilent/2102795732824

5000000

Hardware Devices (for unknown devices, specify the Instruction Register (.

Name ID Code IR Length
@ arm_dap_0 4BADO4TT 4
@ xc7z010_1 13722093 6

VCSE server: localhost: 60001
Hardware server: localhost:3121

Finish Cancel
Kl 4-2-19 7 BORE A48 B e U

(100 PP Next, #RJ5Hd Finishe AERZAEF2 TR SOV RS 8% 4 Frof Has it
Wemseion, K 4-2-20 fios. EEVER, IRESRYEIL A Bt
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&l

Hardware Manager - localhost/xilinx_tcf/Digilent/210279526127A
@) There are no debug cores. Program device Refresh device

Hardware — 02 X
az=Er»E
Name Status
= B localhost (1) Connected
E}--o xilinx_tcf/Digilent/210279526127A ... Open
@ arm_dap_0 (0) Not programmed
@ xc7z010_1 (0) (active) Not programmed

74| 11 | » O

@ Hardware | 7 Templates |

K] 4-2-20 FTHFHEAF 2 0h

(11) e, JRIIE gadd.bit iy H AL T b R e ST

@ There are no debug cores. Program device Refresh device

Hardware — 0O @ x
G o |7
phg A
Name Status
B"E localhost (1) Connected
E-Ble xiline tef/Digilent/2102795731954 (2) e
arm_dap_0 | ot programmed
& Hardware LQ Templates
Hardware Device Properties — O ¢ =
« >[R[
@ xeT2010_1
Name: xcTz010_1
Part: xcTz010
ID code: 13722093
IR length: =]
DIs programmable
Programming f£ile: |E:.|"Vivado_1’rojectsfqaddfqaddfqadd. runs/impl_2/gadd. bit |E]
Probes file: |EZJ’Vivado_l’ro_‘iects}'qaddfqaddfqadd. runs/impl_2/debug nets. ltx |E]
User chain count: 4
General Properties

K 4-2-21 ZwFE At

(12) 7E g8 b 2adi B br A ke, 1%4% Program device B8 i5 % 1 | 7 3 HY ) Program device->
XC72z010_1 #4231 H A5 FPGA Z84F AT it :

130



http://robei.com EE A DA F AR Bt

| () There are no debug oores.l Program device | Refresh device

Hardware — O x
o T =[Er» H
Name Status
=+ B localhost (1) Connected
EI-E@ xilinx_tcf/Digilent/210279526127A ... Open
Not programmed

~| @ Hardware Device Properties... Ctrl+E

Assign Programming File...

‘@ |Prc:gram Device... |
@ Refresh Device

@ Hardware [? BRI l Export to Spreadsheet...

4-2-22 %P FPGA HHAT9mFE

(13) FrRfERT FPGA #EATHifE.  JF AR L Done fa7- )T 58, SRIFAARETH
(14) GBI HIR AN AL I G FFARUSE LED GBS HHi T 28 B S0 iE 45 R

2. FFRARIAIE

WP 4-2-23 i, X HUE T —ANEHEE IT AT LED AT HITF T FL B 3R (LA Fr B e
BRUR, AL RN T SR L ) B YR RN R AR AR

ARIGUEF, AT HEERANPY IS il E 2 a Fi b (4E, 3X BLAT Xilink Z7010 F &
B Z A T HAR I 3R B 0, 38Ry 10 B4 1 A—4Hk LED 4T 145140y
PAENHIH ¢, MR 1, AR 0.

G a, b iEN
a=0001, b=0011;
a=0001, b=0011;
a=0001, b=0011;

a=0001, b=0011;
RIRAR RIS R ¢ STUNIS RUMELE, 200IE, 2 S A mASHs H o iR
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Yy \‘

9 4

;;-‘iiii-’ AARAARRAR

dddd AR TR TEAN

i k)
Wl AAAR RATRE RTh%

0001 + 0011 = 0100 1011 + 1011 = 1110

0001 + 1101 = 1100 1110 + 0011 = 1011

4.24. HBERB*%

1. SRR UL A B+ R 202
2. WAT IR, ol A Y AR ?

4.3 LI BRIEAs T

431 A&

BUOREIRBRIVESS R, AR R H T PRk S AR e DL R B3 B R AR, e S5 A
Robei i AL FLE 44T Th g SEBURI FLIRAIE
agntd
XABRIE BB L iRk g, R4 i, Syl
(1) BRI IE AR, ARG IEMEABREL BT 7 ZmkRE, Al
N7 E A7 AR R AN T 2K
(2) BEFREcE— bR, EOLNY .
(3) HEIBEFREUNTBRE BRI R N e R
(4) i H 11 285 SRR BR AR PR 25U IE 7 O &R
T El4-3-1 R BRiE AR B T

start_sig done_sig
R 4 N
dividend[7:0] R4 vg B e 1 quotient[7:0]
—i —e
divisor[7:0] Divider reminder[7:0]
— —e
\. J
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K 4-3-1 BRykas i it
4.3.2. BIFHE
1. divider B & &+

(D) HFrd— MR G4 divider, 28745 module, [EINFE4S 581N 3%, 51 )E
PERIAFRSIE T l§l 4-3-2 ZAT R LB TL

l.
|

divisor input | wire 8 ldivisor
done sig output wire 1 done signal
quotient 8 jguotient

Kl 4-3-3  divider 7t 4]

(2) WIS, AR JT ) Code MR INARAD
A :

reg[3:0] i;

reg[7:0] dsor;

reg[7:0] rd;

reg[7:0] dend,;

reg[7:0] gent;

reg isneg;

reg isdone;

always @(posedge clk or negedge rst_n)
if(Irst_n)
begin
i<=4'd0;
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dend<=8'd0;

dsor<=8'd0;

rd<=8'd0;

gent<=8'd0;

isneg<=1'b0;

isdone<=1'b0;

end
else if(start_sig)
case(i)
0: begin
dend<=dividend[7]?~dividend+1:dividend,;
dsor<=divisor[7]?~divisor+1:divisor;
rd<=divisor[7]?divisor:(~divisor+1);
isneg<=dividend[7]"divisor[7];
gent<=8'd0;
i<=i+1;
end
1: begin
if(dend<dsor)
begin
gent<=isneg?(~qgent+1):gent;
i<=i+1;

end

else

begin
dend<=dend+rd;
gent<=gent+1;

end

end

2:begin
isdone<=1'b1;
i<=i+1;

end

3:begin
isdone<=1'b0;
i<=4'do;

end

endcase

assign done_sig=isdone;
assign quotient=gent;
assign remainder=dend,;

(3) RAFRRB R — A A LR AR AR A A RSO, g i I & A LR
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2. divider_test JUSR AR I8

(L Frg—A> 5 % 3 frth 1) divider_test M SC 14, #4 Module Type % &4 “testbench” ,
FAGHIAC E A B 4-3-4 Fis.

,,,,,, input | reg
done_sig output wire 1
quotient | output wire

divisor

P 4-3-4 divider_test MR SC 51 A J 14

(2) FAF MRS o MRS ORAF 21 1O 22 PR B P 2 R ST SRR
(3 IMABERL , 7 Toolbox T ELAH ) Current £ 5L, 2 HI B, BT iZ A% R FH1F divider _test
B, FRERSIW, T 4-3-5 Frk:

divider1

I 4-3-5 divider _test L1

(4) BB, AR 77 “Code” , H NN EIE . AR TE 55 o sk 22
FH$finish 457 .

MAACHS
initial
begin
clk=1'b0;
rst_n=1'b0;
#10 rst_n=1'b1;
#1000 $finish;
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end

always #5 clk=~clk;

reg[3:0] i;

KEAEN

always @(posedge clk or negedge rst_n)

begin

if(Irst_n)

begin
dividend<=8'd0;
divisor<=8'd0;
start_sig<=1'b0;
i<=1'b0;

end

else

begin
case(i)

0:if(done_sig)

begin
start_sig<=1'b0;
i<=i+1;

end

else

begin
dividend<=8'd9;
divisor<=8'd3;
start_sig<=1'b1;

end

1:if(done_sig)

begin
start_sig<=1'b0;
i<=i+1;

end

else

begin
dividend<=8'd3;
divisor<=8'd9;
start_sig<=1'b1;

end

2:if(done_sig)

begin
start_sig<=1'b0;
i<=i+1;

end

else

begin

N\

]

ARG B it
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dividend<=8'd8;
divisor<=8'd2;
start_sig<=1'b1;

end

3:if(done_sig)

begin
start_sig<=1'b0;
i<=i+1;

end

else

begin
dividend<=8'd8;
divisor<=8'd4;
start_sig<=1'b1;

end

4:if(done_sig)

begin
start_sig<=1'b0;
i<=i+1;

end

else

begin
dividend<=8'd8;
divisor<=8'd3;
start_sig<=1'b1;

end

5:i<=4'd5;

endcase

end
end

A
H
o
=
>
a

5) PATHHIFBEEFERE. EFREELR. AR IR GEERE.
s Workspace H IG5, #ATIINIFEE i BEE R . Wl 4-3-6 fis:

Signals 'JI Values

clk

rst_n

start_sig

dividendlT 01

divisor[7:0]
quotient[7:0]

remainder 7+

done_sig

o|lo|loc|ocolocooclo|o

| OOCZXHX
00T CT0000C T 00T

M1 I I I

4-3-6  divider_test (1)1 ELK

A B et
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3. divider_constrain Z15 30K

T I RS SRR R ), FRATHE S S B v B BR V22 1) dividend AT divisor B 8 Az
9 447, PAIKFEE B ERIERCR .
(1) ¥ra— M, 44k divider_constrain, E.4% 11 M@ AT 9 AN
()L A HALRAF BN FI BT divider B E—ANH R, Ze4T7F divider BLHUE dividend,
divisor, quotient, remainder $#E K FEAR K 4 Ar, PRAZFHIAT, it Bbs 0 s
divider BT INHEL) AR o
(3) k. 43 5I3E divider B[ clk, rst_n, start_sig AL ARH I — N NIRARE,;
divider BB dividend, divisor 735l A1 2T UL R g DU N i A s 285 4L divider AEHLE)
i done_sig FNZ AR ) — Ny Hi i AH %, H quotient, remainder FNZI AR 1) 4 /N H
Ui A3 o
(4) BELLIHRBLH 1) T 4 FRFELL AR 2 AR HR 1) 3 11 44 R BRI 23 BC B ARR b () R4
S ARG A 5] -
clk Xt R A AROT K G155
rst_n X RF A BCOT S P15;
start_sig i B A MROT % W13;
dividend[0],dividend[1],dividend[2] dividend[3] 5> BIX ¥ V13, U17, T17, Y17:
divisor[0],divisor[1],divisor[2],divisor[3]43 7l X} B V12, W16, J15, H15;
done_sig Xf R JF &R LED %] M14;
quotient[0],quotient[1],quotient[2],quotient[3] 4> A %) B U14, U15, V17, V18;
remainder[0],remainder[1],remainder[2],remainder[3] 5> #I%f . T14, T15, P14, R14;
B seim 4G, iICEMB 0o M divident, divisor, quotient, remainder 3% 28 4% Fr 7>
79 0,1,2,3. sEMMERUE RIS WA 4-3-7 P

o gvider_constran 7
M1
Gl |clk
donp
14 ¥sf
il dtdr]_ S done_si
rst_n
tart_sig divider1 quotien
ividend
ivisor remainde

4-3-7 IR

(5) R FistT, MEEFLER “Generate constrain file complete” FFE, P H T
e & IR, FERER AT LS View->CodeView K2 B 0T .

4.3.3. WREBAE
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T MBI divider f TAERR:, F i85 %k XILINX A w1 Z-7010 -8 BRI,
LA VIVADO #it-F- 63247 Synthesis. Implementation £ Generate Bitstream, #x 2K
A BB IR S S EREIT RN, AT IR .

1. VIVADO ¥ i F & #4175t

1.1 JA3h Vivado #3155 % % XC7Z010CLGA00-1 1 AREEXS %, #itiE kM Verilog,
HALHR LRE, A iniEd Robei Wit S0 divider.v.

(1) #TJF Vivado, i&FIF4h>0H FEF>Xilink Design Tools> Vivado2013.4> Vivado2013.4;

(2) FfifilEH i H Create New Project J3 3 m 5. R%H 2 61E —N ¥ Vivado T H Xt
TEHE, Hd Next;

(3) e GG HE g N TFE 4% divider M TREARTEMIAI B, FEH{#% Create project
subdirectory S EHER L, 7 Next;

gl*‘_ Mew Project &
Project Hame -
Enter a name for your project and specify a directory where the project data files will be stored ':ll“/
Froject name: divider
Project location: E:/Viwvade_Projects/divider E]

Create project subdirectory

Project will be created at: E:/Vivado Projects/divider/divider

[ < Back ][ Next > ] Finish Cancel

4-3-11 TH AL E A

(4) EFEDUH FRAR H RTL Project #151, ~E/2)i% Do not specify sources at this time &
HAE, SRJE L Next;

(5) M FHidiestl, 1 Verilog 18 HAr SO HAE =

(6) sidi¥sn Add Files 241, % 2IRIKIFRATT Robei 3 H i) H 3% T JT Verilog 3%,
I HE divider.v, HLif7 Open, #AJ5 5 Next EUINIA ) IP 54

(7 HTFBATEE LM P AN, Bhidix—=5, M Next ZIRINZHR LK

(8) s Add Files ¥4, Y EIWINITBE T H 3% T4 2] constrain SCFJe, ke H
(1) divider_constrain.xdc 3Cf, Hitd7 open FE RN

(9 EBNE L, MK 4-3-13 Fronic B Filer AL, SRJ57E Parts H1ik %
XC7Z010CLG400-1, Hiif7 Next;

(10) #. Finish, 7 Vivado i H 17 52 .
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Add Constraints (optional)

Specify or create constraint files for physical and timing constraints.

AR st

Constraint File Location
f% divider_constrain xdc D:\Drive_E\Robei_modules\2nd—version\7th-divider\constrain
X
2
£
i__ Add Files i l Create File...
[V Copy constraints files into project
\ < Back ‘ Hext > Finish Cancel
4-3-12 IMLIH LA

Default Part

Choose = default Xilinx part or board for your project. This can be

:hmgeﬂ later.

Specify Filter

Product category

clg400

v Package

@ Boards Femily

~ | Speed grade -1

Sub—Femily

'_ Temp grade .All Remaining

Reset All Filters

Search: | Q-

1/0 Pin

Fart Count

@ xcTz010c1 24001
5 xe72020el g400-1

400

Block
RAMs
60

LuT
Elements

17600

Available
10Bs
100

FlipFleps

35200

106400

Finis

< Back || Hext > |

4-3-13 #3fikAY

1.2 $77F divider_constrain.xdc 30, T AT E 5| L AR
(1) fEBTYRE 1 sources WY, JRIFLIRCAEIE, SRJE XTI divider_constrain.xde i AL

ARG AR

140



http://robei.com % H# DA F] AIRALES et

Sources ]

- Goid pday 3 A
N\ g A i (}L";

&

= Design Sources (!
b divider
= Constraints (1

= constrs_l

Gl divider_constrain xde

+ Simulation Sources (1)

Hierarchy Libraries Compile Order

¢\ Sources . Templates

4-3-14 JEFFZI R A divider_constrain.xdc

(2) Xilinx Wit R A3 B FPGA A7 T AR _ERITF AR/ RAT I EE 10 $dik, XE(E R

AL R A D ] R AR ) FH P TR R AT

ARBEHILI RSS2 i L Robei ¥ B34, {H/2, Robei A4 H ATA AL
SRARHH A0 N i o R 20 G, AEIX AN, JRAMEH] T — AN I Sz il AR AU
Bl clk, MIARRGE B, X FRHBRESE S I AR, T, EAR RS, |
MHEFZE I — )64

set_property CLOCK_DEDICATED_ROUTE FALSE [get_nets clk_IBUF]

RARIEFRE P A2

e LI HRACRL T

#This file is generated by Robei!

#Pin Assignment for Xilinx FPGA with Software Vivado.

set_property PACKAGE_PIN G15 [get_ports clk]

set_property IOSTANDARD LVCMOS33 [get_ports clk]

set_property PACKAGE_PIN P15 [get_ports rst_n]

set_property IOSTANDARD LVCMOS33 [get_ports rst_n]

set_property PACKAGE_PIN M14 [get_ports done_sig]

set_property IOSTANDARD LVCMOS33 [get_ports done_sig]

set_property PACKAGE_PIN V12 [get_ports divisor[0]]

set_property IOSTANDARD LVCMOS33 [get_ports divisor[0]]

set_property PACKAGE_PIN W16 [get_ports divisor[1]]

set_property IOSTANDARD LVCMOS33 [get_ports divisor[1]]

set_property PACKAGE_PIN J15 [get_ports divisor[2]]

set_property IOSTANDARD LVCMOS33 [get_ports divisor[2]]

set_property PACKAGE_PIN H15 [get_ports divisor[3]]

set_property IOSTANDARD LVCMOS33 [get_ports divisor[3]]

set_property PACKAGE_PIN V13 [get_ports dividend[0]]

set_property IOSTANDARD LVCMOS33 [get_ports dividend[0]]

set_property PACKAGE_PIN U17 [get_ports dividend[1]]

set_property IOSTANDARD LVCMOS33 [get_ports dividend[1]]

set_property PACKAGE_PIN T17 [get_ports dividend[2]]

set_property IOSTANDARD LVCMOS33 [get_ports dividend[2]]
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set_property PACKAGE_PIN Y17 [get_ports dividend[3]]
set_property IOSTANDARD LVCMOS33 [get_ports dividend[3]]
set_property PACKAGE_PIN T14 [get_ports {remainder[0]}]
set_property IOSTANDARD LVCMOS33 [get_ports remainder[0]]
set_property PACKAGE_PIN T15 [get_ports remainder[1]]
set_property IOSTANDARD LVCMOS33 [get_ports remainder[1]]
set_property PACKAGE_PIN P14 [get_ports remainder[2]]
set_property IOSTANDARD LVCMOS33 [get_ports remainder[2]]
set_property PACKAGE_PIN R14 [get_ports remainder[3]]
set_property IOSTANDARD LVCMOS33 [get_ports remainder[3]]
set_property PACKAGE_PIN U14 [get_ports quotient[0]]
set_property IOSTANDARD LVCMOS33 [get_ports quotient[0]]
set_property PACKAGE_PIN U15 [get_ports quotient[1]]
set_property IOSTANDARD LVCMOS33 [get_ports quotient[1]]
set_property PACKAGE_PIN V17 [get_ports quotient[2]]
set_property IOSTANDARD LVCMOS33 [get_ports quotient[2]]
set_property PACKAGE_PIN V18 [get_ports quotient[3]]
set_property IOSTANDARD LVCMOS33 [get_ports quotient[3]]
set_property CLOCK_DEDICATED_ROUTE FALSE [get_nets clk_IBUF]

(3) sHili File—>Save File {547 0.

1.3 ff ] Vivado Zx& T HRELEG 1T, FFHET Implementation 1T:55 521 .

(1) BEEE5 FRSE T ) Run Synthesis, 25 &rid F244 £1E divider.v ST LUK A 4>
EXHIET . M AR T, HEAHRE R, BT A = NI 5 B 1 HE

() WRA AR, MRS BHUR B, HEELA R E R . SR 51%+ Run Implementation
I, PATAES LI, A5 Hid OK;

(3) ESLMAFREELEE R FigfT. BXAMIEEmR, HEEHRER, Ko
HAE A = NG IR AT 45 S 5E RO T ATE 5

(4) WRAHR, RIEERE R NEN, HESGEGRAERIR.

1.4 IR BRI R E] ON, B S LR AT 4 2515, % FPGA #7472

(1) HfRm7 USB H45EH:3] PROG UART #1111 (FEHYEH <5512

(2) Hyfk IPT BB A USB F ik HiJi;

(3) Hm HLJEAR %

(4) FE AR 55 52 52 i Y A HEHE S Generate Bitstream 24 oy S o 11 b 4w A2 AN 13
{£%% 1 [¥) Generate Bitstream. FURFR AR BSOS AR EAT S5 LB THEIE1T o 4 58 B EL AL A A
Je 23 A = AR IR 58 ORHEAE ;

(5) EX—id ¥ O & A i divider.bit SCAFFLALE divider.runs H 3 R impl_1 H 3R

(6) IEFATIFHE{5 7 2% Open Hardware Manager &35, 4R )5 S diffiE . ABAHE FE S 5 O
FATHIRER R RS

(7) riifi Open anew hardware target. 415 2§ L& C B it T R B/R AT L s fedln 4791 H
FrBERE Open recent target;

(8) Hiili Next & Vivado HE XAH R 5| k5548 AR R

(9) Figy Next LUIERE AL F 4L 1

142



http://robei.com EEE NAF

&l

AR st

Bitstream Generation Completed u

@ Bitstream Generation successfully completed.
Next

(7)) View Reports

(@) Dpen Hardware Manager

() Launch iMPACT

Don't show this dialog again

i [ OK ][ Cancel J

Kl 4-3-16 LLAFRAE R

( Herdvare Mansger — unconnected

@ No hardware target is open. Open recent target Open a new hardware target

4-3-17 FTHHAORELE H b

Select Hardware Target

Select a hardvare target from the list of available targets, '
then set the appropriate JTAG clock (ICK) frequency. If wou

Hardware Targets

Type Port Mame

JTAG Clock Frequency
[ xilinc_tef| 0

1g1]ent /2102795732824 [15000000

Hardvare Devices (for unknmosn devices, specify the Instruction Register (...

Wame ID Code IR Length
@ arm_dap_0 4BAO0477 4
@ xc7z010_1 13722093 6

VCSE server: localhost: 60001
Hardware server: localhost:3121

Finish Cancel

B 4-3-18 ST HOBEAFR B RO AS DU

(10> IRk Next, #RJ5 Hidy Finisho ARIEFAEIF 2 TR T SOIR S 4 4 FK0F HAas 1k
FseiN, WK 4-3-19 foR. EEER, RS RYEIE A Hmie;
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]
&l

‘ Hardware Manager - localhost/xilinx_tcf/Digilent/210279526127A
}@ There are no debug cores. Program device Refresh device

Hardware — 1A
= Z2E P »E
Name Status
=B localhost (1) Connected
= @e xilinx_tcf/Digilent/210279526127A ... Open
@ arm_dap_0 (0) Not programmed
@ xc7z010_1 (0) (active) Not programmed
< 11 | » O

@ Hardware | 7 Templates |

K] 4-3-19 FTIFEAF 2 0h

(11) 78 g2 b 2a i B bR A ke, 1%64% Program device B85 % 1 | 7 3 H1 i) Program device->
XC7z010_1 HEH:3| Hbr FPGA 3T HEAT i s

‘ () There are no debug cores.l Program devicel Refresh device

Hardware = E PR
aZ2Er»E
Name Status
||=F B localhost (1) Connected
‘ E-le xilinx_tcf/Digilent/210279526127A ... Open
Not programmed

1@ Hardware Device Properties... Ctrl+E

Assign Programming File...

G‘ |Program Device... I

@ Refresh Device

| o T
[ Hardware | ¥ Templates | I Export to Spreadsheet..

K 4-3-20 %% FPGA T4 1%

(12) R EXT FPGA 3 T49mfE. JF &AM L Done $R7R4T i, #RfFgmfess o,
(13) Rk fH R s A F T 2 KR EE LED GES %R AR 56 Fsh 45

2. FFRIRIIE

B, B rst_n(SWL)E AT RILZ AR, FRREHES) 1 % 2 Ik clk(BTNC)#%8, #H47
SAHRAE, 5% rst_n PR 2 P

WRIE, WERBRERGREE, XREFEWEHRECN 6, BRECN 2 #HT5IE;

BR% SW7~4, #iBr%k SW3~0, 7 LD3~0, £&%k LD7~4.

BJa, BRHRIE—F clk Bpehgd, S—A BAE, BRH T —gE. Bk BRSNS,
quotient & 0, reminder ¥ 6, # LD7~0 ¥ &7~ 000001105 25—k FFHFJG, quotient 4
1, reminder A 4, # LD7~0 2754 00010100; 25 =¥k _EFHi5)5, quotient A 2, reminder
N 2, # LD7~0 FJ 74 00100010; 55 P4k _EFHT i quotient 9 3, reminder 4 0, # LD7~
0 {875 00110000, BEAFiHEHLE5, done_sig Zoid, LIIEIZMRIEARAUIZH IR

00000110 00010100
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4-3-22 &— clk B8 LED 4T 2z

DL AT, B AR (K BB 5 BB AT 2 7 R BRATE, 85 BT 45 BIE B4
RIS
43.4. MES5E%E

PRAGE: BRFATA] e R B LA vt (I BRIE AR O SR Bl — 2, AR AU SR
Ko ETEFERII B AU, B AR I B A L R R A S ERA S 1 B0, JF LAE3A
FRik s B SR BT — NS S AR FEI Bl — BUR IE A BRI A
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A RBATRZAR BT — L B o LA P SCRIRE 1 o L SEH ORI 1 R & 12K T g
PR, (EScbr EAEAEA R A — B, —MELERAE . PRI IR FATRE LA 41 21 42 7
HOLAE R O, A BEE AT R 8] Se v, ) PLE QB iR AR R BOREEAT B 2 il
SO MRKBUR AT BLE Robei 1R M _EHHTHR, TRZELAT .
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5.1 £+ FIFO

5.1.1. A& Sk

FIFO (Firstin Firstout) /75 75 2/ A B4 Vs 7, FSRAEM . SR e 7P
e 2 (R IR AL . 72 S0 BBl BRI b ) AR AR A 5e 4, TR B it 25 o i
RANZE . T FIFO 7] LAE B NN RIS Bk R G 2 ) PR 1 7 (8 M A% S 30040 . 1K vk i)
Bt ATk 2 > — T 4n{Al i Robei A1 Verilog #£i+—> 8 2. 8 %% 1) FIFO, Jfiliid VIVADO
WP G 3T IR IEAE -

WIS
FIFO 1) Ji FEAE Bl 1~ & 5-1-1 fr

wdela »| wdata rdata rda?
winc
wiull wiull &J) wclken
h ]
FIFO Memory
FIFO (Dual Port RAM) FIFO
wptr & rptr &
full empty
waddr raddr
waddr » | waddr raddr |4 raddr
wptr S rptr
winc _Wptr | Tptr. rinc
» winc rinc ¢——
remptx
>  Wq2_rptr rgq2_wptr <
wrst_n IS rrst_n
= .
wclk (“‘ I 4 4 rclk
wrst_n rrst_n

E|5-1-1 fifo 5 HHE &

R, FATEBIE 5-1-1 A — A HA RS AR 5 ) RAM A7k

o XFRIEFSEN T 0 e AR — i LAl s, SRR RS — My, fRIER
— I ZI R REREAT —IRAE (ES) , FATEFN D RAM CERRH LRI RAM, KDy
AR A A — AR R R EMOSZ B B i 1) 2 Ky iX Se sl 8 Bl SEPR I Ol . 3. 5
i LA AN TGS (wr_ptr. rd_pto) PAAERI AL A, Bibhk. (FBESREARS
fERE(E SR IR sy “BdRtt” (rd) A0 “HH84H7 (wo) o SIgEHRR T MR EFA
MR E, SRR T SRR E . RS R SIRE N 1, SEiE e etin
Lo FEAT P RSy B B AR AT B M5 5 7 AE R X MR (AR 559245 FIFO 4R it 427
Cempty) A1 “Gi”  (full) {55 . XS EURIMNT LR FIFO C2A 8 VI F 260 R
BB “Wi” 155, M FIFO NEHAERIRFUIRE, WREI “22” (55, W FIFO it
TERIIE FORAS o SEAERIIG FURAS TR FIFO C& A 25 MRAPH 5 2 B, S E R
PR FIFO AT B 2 B w] AR Y o BE B 4R BT 53 2 (5 5 7 AEBEBRIE ] 75 JF FIFO Fhe 3 ”
o T MLEREE . KR HHRH IR ARBTORER 7o SRRy« 8“7 A BRI
AN FIFO B SRR BRI DRSNS SN L . EE,  “J7 A1 <
55 1E FIFO Al F W EE M, BN 7 REseBlE S SR ME5 B ML 1247 M FH2E
P B AP I X R PR B B E AR R RS (B , M fRe A E
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AT LAE R BEAS FIFO, JFHAES. SR ERHAUE . RBATABLLEfaEHE IR FUIRES
NEERIRES, FIFOILREHS—14 “Ng” B¥EE 4 “/ A Hdh, XKW ELANATREN.

MIjge E&, FIFO ) LAERE ARk A, 5. 5484398 0. iX=2& FIFO 1%
RE, ZhadE (empty) NE S, BERH#FRE CulD AHRHET. 24 FIFO Bl 45 E (empty)
W, ARVFEERIE, HRGERUFSERE. SHRESARIME 0, JHMESHE M 1. try, s
& Cempty) AMRHST . BIEA RAELERAE BB SR —B i E T FIFO R E#HE, —
SEREE, S ESET 7. K EWEEAEST, EEANBIENEE M ERZ T
—MMIE. XY, SHREREREER 0, MM HHIRE (fulD .

N T E AW RS AR, KRB E AU T (fifo_ent) |, RS
75 (mem) HENHIEABLEUWEHE ML 2 FIFO KT S HAER , THEHMRFEA
Ay AT SRR, THEESIN L G T IRERAER, TR 1 YR AT S B AR
BAERD, THEEHE R RS o XA AT DUR I THEES R iR AR A 1 2 50, B 41t
s fifo_cnt=0 I, FoRfFMEaLT2RE, B sind (empty) 5 2iH##s fifo_cnt=8
B, FORAEAERAE TIRES, HHted (fulD) .
WITER

SRR M — NNV AL E, BT RS EAE, MR S — X,
fam NN E . SRS T WAERRE M BN, E X EHERYIa AL E . £
FIFO FEERAE T MBI T, XA BN B A S S 1S 5 1A — BT T+ 2. Wik FIFO
FRBPPRES, T EshfEk < FEm R (underflow), — /N EEdES N R,
XN T8 FIFO, #3475 shfE¥ 2 F8m bt (overflow), —ANME R INEIESHIE A
EEE & XGOSR TRAE, RILREREBHRMTSHAME S, MilE S B ERR
FIFO &bFiiREs, *HiE 5 RARR FIFO 46, H =M LIS ANEHE:; 2G5BT
FoR FIFO T2, MEE S EMER FIFO 355, /A R EHE T sl . #iT%
T 5-1-2 s o

clk 0 e rrrerrrer
data_in[7:0] |29 (25X o X~ 23 X BE X 88 X &1 X ec X D6 X A= X
wr 0 | f
rd 0 [ 1

rst 0 J—l

wr_ptr(2:0]  xxx g O G G r XX
rd_ptr[2:0] xxx 0 T

fifo_cnt[3:0] xxxx ) X ] X X &
data_out[7:0] X\xxxxxx o ek

K5-1-2 fifok ik L E R
5.1.2. #WitiE
1. BRES

(1) B MU, AMdHrr LA by SRt <File” FREHA
“New” , LA AFFHES R (IPES-18FTR) o fERHOXHFE B BRI Y
B,
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5-1-4 flt7R~:

Module Name:

Module Type:

Language:

fifo
module [
Verilog .

Input Ports: 5

Output Ports: 4

Inout Ports:

0K

0

K 5-1-3 Frd — NI H
SRR 5E A i “OK” #4H, Robeiml & B — M HIRLER, 47t fifo,

K 5-1-4  fifo S &

(2) oA, 78 H shA s S B BT SR e G NG clk, rst, wr, rd Al
data_in, #iH5IEMEEUE full, empty, data_out. AN T X35, AT UE AN 5]
JEIE) Color {8, FFrBIZELRAFE. NSk B, % “F17 8, < H3IER— Datasheet,

AR st

data_out 2

e 5-1-5 iR
Name Inout DataType Datasize [
clk input wire 1 [
rst input wire 1 [
| data_in | input | wire | 8 |
| wr | input | wire | 1 |
| rd [ input | wire | 1 [
| full | output | wire | 1 |
| empty | output | wire | 1 [
| data_out | output | reg | 8 |
|

5-1-5 Datasheet
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() NS L, HEEA R Code, HEARILEITIX.
RIS BT X ASIALLT Verilog AXAS:
reg [7:0] fifo_ram[0:7];
reg [2:0] rd_ptr, wr_ptr;
assign empty = (fifo_cnt==0);
assign full = (fifo_cnt==8);
always @( posedge clk )
begin: write

if(wr && !full)
fifo_ram[wr_ptr] <= data_in;
else if(wr && rd)
fifo_ram[wr_ptr] <= data_in;
end

always @( posedge clk )
begin: read
if(rst)
data_out<=0;
else
begin
if(rd && lempty)
data_out <= fifo_ram[rd_ptr];
else if(rd && wr)
data_out <= fifo_ram[rd_ptr];
end
end

always @( posedge clk )
begin: pointer
if(rst)
begin
wr_ptr <=0;
rd_ptr <=0;
end
else
begin
wr_ptr <= ((wr && full) || (wr && rd)) ? wr_ptr+1 : wr_ptr;
rd_ptr <= ((rd && lempty) || (wr && rd)) ? rd_ptr+1 : rd_ptr;
end
end

always @( posedge clk)
begin: count

if(rst)
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fifo_cnt <=0;
else
begin
case ({wr,rd})
2'b00 : fifo_cnt <= fifo_cnt;
2'b01 : fifo_cnt <= (fifo_cnt==0) ? 0 : fifo_cnt-1;
2'b10 : fifo_cnt <= (fifo_cnt==8) ? 8 : fifo_cnt+1,
2'b11 : fifo_cnt<=fifo_cnt;
default: fifo_cnt <= fifo_cnt;
endcase
end

end

(4) fRfF. i THRF H KIbR, B RESEH “File” ) MRS “Save as” , K
RGRAF R — SR U RBRAEANRE R SCE )

(5) %t Eiﬁﬁ)ﬁﬂfﬁﬁﬁﬁﬂiﬁei “Build” HJ Mg “Compile” , AT
K, AR, SERHE O PER. mRRERE RN, WA fifo 58,
2. PR SBET

(D) Frd— M. S THEA B E+ bR, FE5 H ARIEHE o 2 I 6-1-8 REAT it
®

Module Name: fifo_test

Module Type: testbenct[)

Language: Verilog l

Input Ports: 5
Output Ports: 4
Inout Ports: 0

0K

P15-1-6 57 i ik S

Name Inout DataType Datasize
clk | input reg | i
rst input \ reg il
data_in input reg 8
wr | input reg il
rd _input reg by
full output wire 1
empty | output wire 1
data_out output wire 8
fifo cnt output wire <

K5-1-7 5 B e

151



]
&l

http://robei.com EEANAR AL S B et

(2) ZEEA SRR PRSI, ERIER PRI 5-1-7 BT 2SS B b,
[l AT DME L, TP E X A RS EE 5 .

(3) AR ,ﬁﬁlﬂfféﬁ BIAE, B IR S RAE B fifo BIRFTE SO R .
(4) IR, 7€ Toolbox T EAH [ Current #2 5, £ HIHL B i1A fifo B, Bz
RIFEAE fifo_test ERIN.

(5) EESIH. AETEEFN 7/ Elbr, B EFEE “Tool” F1H “connect” , 1
K 5-1-8 FiniEdEs| . SEUERMIBER LI 5-1-8 Fim. XM, 52 A EIERL RIS

o IR EAREAL PR, AR k .

KI5-1-8 R 51 S R s b

(6) HINEU. REHERTITH “Code” , HANBURNGEE . WU IS SR % 2045
F$finish 255,

B A

initial begin
rst=0;
clk=0;
wr=0;
rd=0;
data_in=0;
#1 rst=1;
#5 rst=0;
#3 wr=1;
#5 rd=1;
#5 rd=0;
#5 wr=0;
#5 wr=1;
#10 rd=1;
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#10 rd=0;
#14 S$finish;
end
always
begin
#2 clk=~clk;
end
always @(posedge clk or negedge rst)
begin
if (rst)
begin
data_in<=0;
wr<=0;
rd<=0;
end
else
data_in<=$random;
end

—
, BERLER, KERERR Y G S

(D PIT T HIFER BT - )ﬁﬁ%lﬁi‘ég]
BEAT TR, A e BRI “View” T[] “Waveview” , WL EE R ATH. sl

A1l Workspace TS S, HATHRINHES. MEREEERTAR e ERETH
NG W 5-1-9 Fim. 43005 g It IR, AR HIE S ERE R

Signals | Values |
clk 0 | | e A A N
data_in[7:0] 329 ‘ 0o X_ 2 X_BE X8 X B X _ec X D8 X A X
wr iO ‘ | I_Ii
rd iO ‘ |—|
rst 0 \ J—l
wr_ptr[2:0] |xxx ‘ 0 X1 X X X X XE
rd_ptr[2:0] |xxx ‘ D ) . § 2
fifo_cnt[3:0] kxxx \ 0 X ] X X X
data_out[7:0] xxxxxxxx ‘ ) X X BE

K 5-1-9 WHEKE

3. LR
TEBET LA S 2 R, FRATTIE A B2 8 B TF R AR LF B Y5 I BR 1), 75 B 1 B0 11
PENEECN 4 47,
(1) $TIFZ BB fifo Bk, 4% data_in, %t data_out (K EEECH 4 fr, {#47TH:
PAT . PATEEERI Verilog A HH B K B S8 000, (8T 2 J5 13E.
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(2) FriE— M, a4k fifo_constrain, HEHIRTEREAN constrain, FHK L LRAFRIFIZ
AT THY fifo AR IIR —H %R
%

Module Name: fifo_constrain

Module Type: constrail'

Language: Verilog | |

Input Ports: 8
Output Ports: 10
Inout Ports: 0

0K

K 5-1-10 HrELmpth

(3) L IE M 44 FR. HrP i data_in, data_out, fifo_cnt FEZEXFN 4 N2 R e () ot
I, JFH 4 REL KL TR BN 0,1,2,3. AVt T R 51 BT F -
clk xR R AR T ¢ R18;
rst X B R AR E A% BTG P16;
data_in[0],data_in[1],data_in[2],data_in[3]*} R #&A4H ¢ G15, P15, W13, T16;
wr X B AR E AR % Y165
rd X R AR TR V16;
data_out[0],data_out[1],data_out[2],data_out[3]%f 8 LED 4] M14, M15, G14, D18;
fifo_cnt[0],fifo_cnt[1],fifo_cnt[2],fifo_cnt[3]X} R U17, V13, H15, J15;
full 1 empty 73 7% 52 W16, V12;
SERUR LRGN B 5-1-11 B
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R4+6 - W1

A

R18]clk fa-

&l emgft)

Ik full -

: empty il
4 ata_in fifol  data_out b4
dr fifo_cnt
o wr

5-1-11 Z9UHR LIt

(4) RIEFHFPAT, BB ER “Generate constrain file complete” , I35 B ©L 48 B 2E ik
fifo_constrain.xdc 3 1F .

5.1.3. WKL

9 7T FIFO B TARRHE, 1458 XILINX A W] ) Z-7010 87 ARG B
PLiEH VIVADO %117 &1 Synthesis. Implementation F1 Generate Bitstream, #xZK4:
BRI S R BT AR, FEEAT IR E .

1. VIVADO ¥ it F &7 Esiit
1.1 J2 5 Vivado ¥ 33 1% % XC7Z010CLG400-1 1E Afdfhxt %, &t = ¥ Verilog,
ANTHET TR, W@ Robei Bt SO L fifo.v.

(1) #T7F Vivado, EFIFEa>H1# FEF>Xilinx Design Tools> Vivado2013.4> Vivado2013.4;

(2) REEIEHTH Create New Project Ja 2171 S . FRKE 2812 —ANH1 Vivado T H %f
THAE TP 5-1-15 FizR,  Hiili Next;
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Project Name

Enter a name for your project and specify a
directory where the project data files will be

Project name: project_1
Project location: |D:/FIF0

[¥] Create project subdirectory

< Back Hext > Finish

5-1-15 JiH ARG E A

(DFEH H R HEE 4N T4 fifo J TREARAEMIALE, H R Create project subdirectory
SERER RS, il Nexts

(4) EFIH RBSRF RTL Project 1101, A2)ik Do not specify sources at this time & i
HE, S8R5 Hiili Next;

(5) i Fhrfzesll, & Verilog 1F A B AR SR BIE S

(6) AN Add Files #4H, I S RININIFAT] Robei 3 H i) H 3% T 1 FF Verilog 3%,
1% fifo.v, Hifi Open, #RJ5 i Next U INBLA I IP AL

(7 HFBRATEE TR P I, Bhdix—5, s Next 2L s

(8) mdi¥s N Add Files #2241, i ba BINIRI BT fifo 1L H 3 R 1 constrain S, it
Hh (1) fifo_constrain.xdc SCfF, it Open #EATEMN.

(9 EBNE N, %MK 5-1-19 Frox & Filer L, SR/57E Parts ik %
XC7Z010CLG400-1, i Next;

(10) # Finish, 4 Vivado 3 H 62 % 1) .

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints.

Constraint File Location

% fifo_constrain. xde D:\Drive_E\Robei_modules\2nd—~version\8th—fifo\constrain

Create File...

[V Copy constraints files into project

Fimish [

K 5-1-16 ININZIHR SCHE

156



http://robei.com EE A DA F AL S B et

Default Part

Choose a default Xilimx part or board for your project. This can be
changed later.

Specify Filter

% Parts Produgt category - Package  clgdl0

@ Boards Femily |Z 7 ¥ | Speed grade -1

Sub—Family T ¥ | Temp grade All Remaining

Reset All Filters

Search: |Cb~

1/0 Pin Available  LUT FlipFl Block
Count 10Bs Elements TPELOPE  pae

@ xc72010c1400-1 100 17600 35200 60

£ xe72020c] g400-1 E- 53200 106400

Part

| < Back | Fimish

5-1-17 2343k

1.2 $T9F fifo_constrain.xdc 31, & 5] B2 RIS .
(1) 7EFHJRE 1 sources W, A LUEI X & F Bt A+ fifov.

(2) FEHJEE I sources 1, RIFLR AR, K 5-1-18 Frax, AR5 ATIF
fifo_constrain.xdc 3 A\ SCA G5

Sources 0| e

T2 RE
EJ-‘L-; Design Sources (1)
gy fifo (fifo v)
El = Constraints (1)
2 = constrs_1 (1)

L] i fo_constrain xde

#-4 Simulation Sources (1)

I)li.rnrchy Libraries Compile Order |

45 Sources . Templates ‘

K] 5-1-18 @I L A fifo_constrain.xdc

(3) Xilinx & HZ A5 B FPGA A7 T F AR EBIFF AR ZRAT A BE 10 Hiuhilk, X E61(E 8
AT DL3E i FE AR 1 i 2 R P AR P P TR IR A
AT LRSS 2 T Robei 4 A AR, {H72, Robei #4F H FiAE £
IRACHS A6 4 N g 1B 230G, AR AN, FRATTE 7 — AN I o4 il BB SO
Bioclk, THHERSEN B, XM HLERELR A I o — AR 2 4es, Prbh, ELARCCRSE, K
MFTFEFZhIIN—A)dr 2

set_property CLOCK_DEDICATED_ROUTE FALSE [get_nets clk_IBUF]
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KARUER A2 S .

FERH LIRS T -

#This file is generated by Robei!

#Pin Assignment for Xilinx FPGA with Software Vivado.
set_property PACKAGE_PIN R18 [get_ports clk]

set_property IOSTANDARD LVCMOS33 [get_ports clk]
set_property PACKAGE_PIN P16 [get_ports rst]

set_property IOSTANDARD LVCMOS33 [get_ports rst]
set_property PACKAGE_PIN G15 [get_ports data_in[0]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[0]]
set_property PACKAGE_PIN P15 [get_ports data_in[1]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[1]]
set_property PACKAGE_PIN W13 [get_ports data_in[2]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[2]]
set_property PACKAGE_PIN T16 [get_ports data_in[3]]
set_property IOSTANDARD LVCMOS33 [get_ports data_in[3]]
set_property PACKAGE_PIN Y16 [get_ports wr]

set_property IOSTANDARD LVCMOS33 [get_ports wr]
set_property PACKAGE_PIN V16 [get_ports rd]

set_property IOSTANDARD LVCMOS33 [get_ports rd]
set_property PACKAGE_PIN W16 [get_ports full]

set_property IOSTANDARD LVCMOS33 [get_ports full]
set_property PACKAGE_PIN V12 [get_ports empty]
set_property IOSTANDARD LVCMOS33 [get_ports empty]
set_property PACKAGE_PIN M14 [get_ports data_out[0]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[0]]
set_property PACKAGE_PIN M15 [get_ports data_out[1]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[1]]
set_property PACKAGE_PIN G14 [get_ports data_out[2]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[2]]
set_property PACKAGE_PIN D18 [get_ports data_out[3]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[3]]
set_property PACKAGE_PIN U17 [get_ports fifo_cnt[0]]
set_property IOSTANDARD LVCMOS33 [get_ports fifo_cnt[0]]
set_property PACKAGE_PIN V13 [get_ports fifo_cnt[1]]
set_property IOSTANDARD LVCMOS33 [get_ports fifo_cnt[1]]
set_property PACKAGE_PIN H15 [get_ports fifo_cnt[2]]
set_property IOSTANDARD LVCMOS33 [get_ports fifo_cnt[2]]
set_property PACKAGE_PIN J15 [get_ports fifo_cnt[3]]
set_property IOSTANDARD LVCMOS33 [get_ports fifo_cnt[3]]
set_property CLOCK_DEDICATED_ROUTE FALSE [get_nets clk_IBUF]

(4) fii File->Save File #4201
1.3 ffH Vivado i TR REEA BT, FFE4T Implementation 1T 255281
158



]
&l

http://robei.com EEANAR AT T

(1) BAHEEES ThisEad ) Run Synthesis, Ziarid FRl<x 204 fifo.v SCIE 3R M %
SF MEA IR T, HEARREE, Wl ara = kI 58 o 16 HE

(2) B HHR, IWIEEHAE BIRRNEN, HEEZ AR R)51%$ Run Implementation
I, PATAES LI, )5 Hil OK;

(3) LM B ELE BRI FIEgfT. QXA IEEm, BEREHRER, Bamm
WA = NG TR AT 45 SR 5E ROV T ATE 5

() MPEHR, WIEHEIREBRRAMES, HEEZEAREH IR
1.4 B TP KRR BRI JETF AL E] ON, A LLRFR 4T TRl AE 21, Xt FPGA M T9mfE.

(1) a7 USB HLZ8iIE RS PROG UART #: 1 (FE HLIFHF = (I5514) ;

(2) HafR IP7 BE Dy USB $ifik R

(3) FEdE IR b8

(4) AT 55 2B 58 A H I X 15 HE Hh Generate Bitstream 203 s S0 & L b 4 A AR
f£%% (1) Generate Bitstream. LURFR AR SO AR EAT 55 S BTHEIEAT o 4 58 B HU AL A
J& £ A = AN T 58 B T AE 5

(5) X—id % A B fifo.bit SCAFHAE fifo.runs H 3% Y impl_1 H3X T

(6) IEFATIFHE{ 7 28 Open Hardware Manager ¥E35, 4R )5 S diffi e . AR FES 7 O
BT IR “OREERE” IR

(7) A5 Open a new hardware target. W14 /i L2 AC B ik T RAR VR AT LA s o Baln 4T H
FréEHz: Open recent target;

Bitstream Generation Completed M

) Bitstream Generation successfully completed.

Next

(7) View Reports

() Launch iMPACT

[ | pon't show this dialog again

[ ok || cancel

5-1-20 ELAFRAE R

Hardvare Mansger — unconnected

@ No hardware target is open. Open recent target Open a new hardware target

5-1-21 FTTFHIAEA B FR
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Select Hardware Target

Select a hardware target from the list of available targets, ‘
then set the appropriate JTAG clock (ICK) frequency. If wou

Hardware Targets

Type Port Name JTAG Clock Frequency

| xilinx_tef]|  [Digilent/210279573282A [15000000

Hardware Devices (for unknown devices, specify the Instruction Register (...

lame ID Code IR Length

% arm_dap_0 4BAO0477 4
@ xc7z010_1 13722093 6

VCSE server: localhost: 60001
Hardware server: localhost:3121

¢Back || Hext > | Finish Cancel

5-1-22 SEHRBE (- Fa b ALl

(8) Hiifi Next & Vivado H & IR 51 A5 ds M AR

(9) Hiili Next PA£EAH T4 Lo [ ;

(10D HPIIR Next, S8J5 Hiifi Finishe ARERAIIF T IRA B SO IR S 44 PR IF HAs Tt
. WEE R, ZRSEY EIEBE WL

Hardware Manager - localhost/xilinx_tcf/Digilent/210279526127A
@) There are no debug cores. Program device Refresh device

Hardware — 0O X
o T=EM»E
Name Status
= localhost (1) Connected
E)--o xilinx_tcf/Digilent/210279526127A ... Open
& arm_dap_0 (0) Not programmed
@ xc7z010_1 (0) (active) Not programmed
< | I | » O

@ Hardware | 7 Templates I

K] 5-1-23 FTIFMEAF 2= 1%

(11) 7E 234 b eadds SUbn A 58, 1%69% Program device B¢ 5o 2 111 _F J7 9 Hi i) Program device->
XC7z010_1 H#:3] Hbr FPGA 3T HEAT i

160



AT ARG B it

H
&l

http://robei.com %

| There are no debug cores.I Program devicel Refresh device

§ Hardware o m RIS ‘
aZ=ED»E }
| |

Name Status
=B localhost (1) Connected

[=-@e xilinx_tcf/Digilent/210279526127A ... Open

I @ arm_dap_0 (0 Not programmed
R s @ Hardware Device Properties... Ctri+E

Assign Programming File...
@ |Program Device...
@ Refresh Device

@ Hardware | ¥ Templates ‘ Export to Spreadsheet...
5-1-24 3k#% FPGA HEAT4ifE

(12) HiiafgExt FPGA #HT9mfE . &M L Done 8-/ 7, #8Fgmfess i
(13) ik s A S I R M %L LED GEZSE 185 &) IiFs 4558 .

2. FFRMREHHIE

G, 1%4F res(BTNL)EEATI, FHZ—REM X clk(BTNO)# AT B AL

HIKR, data_in Jef A\ 0001, BREHREHTFIE SWO 23] 1, AR5 1%1E wr(BTN3)F 8 A,
3T clk B R 5 FIFO /7266 #%, FIZ 73704 data_in 1 0011, 0111, 1111, 1110,

1100. 1000. 0000 ¥#E 5 ik AF4Ede
A, T%1E rd(BTN2)BEA, Fi% clk 8, %K clk, e M FIFO fififas i

—ANHE, IR RTE LED T B, SRk B T A

o - A2 o S e
e ﬂ 1 i ) ”253;35"&‘@ : = =] 2
8 LU 5 LoocM S ’c_%gx -] i LDICMIS) LOOCHI®)
: [ c10: c
e = == ~100 € [ (i o = o B
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o I:GE‘O-‘:%%
L*v Lmenc c: LT Y r

[ =1 —;

5-1-28 data_in 3574 AN\ K LED 47 & 7~ S

A4 BT IE AR BT FIFO ThAREIEH , &3 T it H K.

5.1.4. MBER%

(1) ¥ H Robei #it—4> 81 4 IREE FILO,
(2) f#f Robei #it—4> SPI &2k,

A B et
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5.2 S2f]+— SPI &£k O verilog FISEZEL

5.2.1. A& Sk

TH WA IV 2 28 0F 752 SPI B gk TRCE, bhin PLL: ADF4350, AD: AD9627,
VGA: AD8372 %%, AR SPI ¥hil, JmS T —ANEHFM SPI 52 F, AL T 32
REER S, W LIS SPI SCLK AR T e i 24 b
agys ki

SPl S8 R G —FhIFIE R ATAMEHE T, & nl LUl MCU 5585 Fhoh 1 2% DL AR 4707 203k
TS S5 B, AMEIEE FLASHRAM., M2 835, LCD BniXah . AID # e
MCU %. SPI BZk R4in] B 5 8 KA 2 Mbr e/ Bt Bads:, Z#0—K
i 4 4 BATRERZE (SCKD  FEHUEN NN HEHELE MISO. EH LS H/ ML
Bi 2k MOSI A P 20 MHLIE 28 SS(A H SPI 2 8 F s A IS 548 INT. B
SPI 2 L1 %A EHLE ML ZdE 28 MOSI).

SPI (i 5 AR 5, e LA MR, @MiE A — A & — ez A
MBEE, FTEZ/A AR, Tk IMBATLL CREELHN) o H2FTE T SPI k&3t
A, BATE SDI (CBdEFHAN) , SDO (HiEHid) , SCK (B4f) , CS (Fik) .

(1) MOSI - F & fdft, MR&EIEHRA

(2) MISO — F & &HIEHN, M E w5

(3) SCLK - B854, HME®RS™4

(4) CS— M ZEREMES, HEw&dEt]

Ho CS EFHIES R HIE R, WS R A kG S TR RS S B

(TR B AL ) FIs A A3 A 2% XAk e VFAE ) — B2k BB 2 A SPI &k
Nl fES

BT R A STIE T 3R T . J@ B A S e SE Y, X LR RNIE SPI 2
ATIE R, W LR & — 06— PR X Hie SCLK BHEMERAZ7E MR,
SCLK #& ALt & fikaf, SDI, SDO WIHET- bkl 5e st A 4. Zdiuda i@l SDO 2k, %
PEAERS Bl FHRECT FEVR R O, 7R R B I T BT B R . S R — I B A
AR FAE . IR, /0 8 IRITEME S IsCE CRIFFIRIEN—0 , ] LSSk
8 I E I AL 4 -

SCLK > SCLK
EECEEEE

MOSI »  MISO
MSB SPIDATA1 LSB

MISO [+ MOSI

Cs » CS
NrrEEEEEEA

MsSB SPIDATA2 LSB

5-2-1 SPI [T 2k 4544

WA 5-2-1 fis, 48— ETHEREIE %, SPIDATAL ¥imh 1 B, FHK a3
YA 147, X MOSI £ ym i, 1 SPIDATA2 ¥ mifir 0 B, IEErE $E A7 1
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£, IXFE MISO MR SR 2 I RFIT BRI %, SPIDATAL K447 MISO £k [ H
5, G HBANH RS, [FIFEH, SPIDATA2 #4484 MOSI 25 EHF, I8 HB AR
L. &3 8 Mk a, P ANEALEFAE RSk Bl T B 3c e, a2 58 7 —¥k SPI i
i

5.2.2. WiHE
1. spi_master #ER ¥t

(1) Frad—/MEAL, 444 spi_master, 2274 module, H4% 6 M, 1M, 3 MaA
Frdh, BEANGEE MR R R B 5-2-2 FiR

~ Name | TInout | DataType | Datasize |

addr input | wire ’ 2 \

in data | input wire !' 32 |
rd | dnput | wire | 1

w [ dmpet | wiee [ 1
cs | input wire | 1
clk input _wire | 1
out_data output reg | 32
miso inout | wire | it
mosi I inout | wire ! 1
sclk | inout wire | 1

| 5-2-2  spi_master 15| & I

spi_master

5-2-3  spi_master f] S
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reg sclk_buffer = 0;

reg mosi_buffer = 0;

reg busy = 0;

reg [31:0] in_buffer = 0;
reg [31:0] out_buffer = 0;
reg [7:0] clkcount = 0;
reg [7:0] clkdiv = 0;

reg [6:0] count = 0;

always@(cs or rd or addr or out_buffer or busy or clkdiv)

begin
out_data = 32'bx;
if(cs && rd)//selected and read
begin
case(addr)
2'b00:
begin
out_data = out_buffer;
end
2'b01:
begin

out_data = {31'b0, busy};

end

2'b10:

begin

out_data = clkdiv;

end

endcase

end
end

always@(posedge clk)
begin
if('busy)
begin
if(cs && wr)
begin
case(addr)
2'b00:
begin

in_buffer = in_data;

3

(2) WIS, R U7 Code S INACAS

ARG B it
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busy = 1'b1;
end
2'b10:
begin
clkdiv = in_data;
end
endcase
end
end
else
begin
clkcount = clkcount + 1;
if(clkcount >= clkdiv)
begin
clkcount = 0;
if((count % 2) == 0)
begin
mosi_buffer = in_buffer[31];
in_buffer = in_buffer << 1;
end
if(count > 0 && count < 65)
begin
sclk_buffer = ~sclk_buffer;
end
count = count + 1;
if(count > 65)
begin
count = 0;
busy = 1'b0;
end
end
end
end

always@ (posedge sclk_buffer)
begin
out_buffer = out_buffer << 1,
out_buffer[0] = miso;
end

assign sclk = sclk_buffer;
assign mosi = mosi_buffer;

3

ARG B it
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AR st

(3) TRAFIR (fPff IR AR AR SO, iR & A T R H
2. spi_master_tb JURK TR B

(D FHE—A 6 N1 &l 3 AN spi_master_tb M, 12754 Module Type
WEN “testbench” , &AM JHIEC & Wikl 5-2-4 Fias.

Name Inout DataType Datasize
addr input reg 2
in_data input reg 32
rd input reg 1
Wr | input reg | 1
s | input reg ] il
clk j input | reg ‘ 1
out_data | output wire | 32
miso inout wire 1
mosi inout wire |

& 5-2-4 spi_master_th 5] i &1t

(2) BAFRMRSCAE o A4 TR S ERA7 2 101 2 PR B RS BT A R S R
(3) WAL, 7E Toolbox T4 Current £2 5., 2N iGN AR, B iZgiR
FE7E spi_master_tb L¥shn, FHIEHSI, WK 5-2-5 fis:

o=t

miso  mosi

addr
in_data

out_dath

spi_master1
out datafout data

5-2-5 spi_master_tb [ 5[

(4) FNER . RERESR T “Code” , I ABUBIRE . BUmAISH] $finish 459K
D AAD -
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integer counter = 0;

for(counter = 0; counter < 256; counter = counter + 1)

in_data = counter;

while(out_data[0] == 1'b1)

initial begin
addr = 0;
in_data = 0;
rd = 0;
wr =0;
cs=0;
clk =0;
#20;
addr = 2;
in_data = 0;
wr=1;
cs=1;
#20;
addr = 0;
in_data=0;
wr = 0;
cs=0;
#20;
begin
addr =0;
wr=1;
cs=1;
#20;
addr =0;
in_data=0;
wr =0;
cs=0;
#20;
addr =1,
cs=1;
rd=1;
#20;
begin
#20;
end
cs=0;
rd =0;

end

KEAEN

N\

3
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#20 $finish;
end

always #10 clk = ~clk;

5 PATHEHEEWRY . EERHEL.
KA REHE R G EEWNIE. At Workspace HHIIME S, HEATISINHER M
HEER ., WK 5-2-6 Fis:

ren

T —
< : i
addr[1:0] 1 :x:x T 0 1
counter[31:0] 2D EeX 26
: —u Tl
in_datal[31:0] 0 XX XX
miso
mosi 0
out_datal31:0] 1 00 ©¢
rd 1 _|_[
sclk 0 ﬂﬂ_ﬂ_ﬂ
wr 0 Nn
in_buffer[31:0] 468 :mx:,
clkdiv[7:0] 0
clkcount [7:0] 0 ROOUEAO0EOOBOOIOOAOOSOIOOBIONIOOUKEROBIOOUROIEOUIOIOOIOOIOOOUOOH
busy 1 1 1

K| 5-2-6  spi_master_th K47 BT
5.2.3. SP1 £ O P AR K 30 AIE

FEX BLIRAT A ANESL T — VIVADO LRERIAE SPI il i TAE R . A KHAR
9 2Z Fi AL TR PR D 2 BB T RS A 08l 98 P 42 B B AR 1 R AR PR o B
TR — ARG SPI RS, A SAEE T 4s .

AL P DY ARSI A B a N, T =281 %08 reset. clock. BE{# AE
545, (EHDYA LED 4T %R 24650 master HFA- AR (B . BEARID T

module spi_sim(in, clk, rst, master, rd);

input [3:0] in;

input clk;

input rst;

output [3:0] master;

input rd;

reg [3:0] master;

reg [3:0] slave;

reg mosi;

reg miso;

always @ (posedge clk or negedge rst)
begin
if (rst)
begin
master<=4'b0;
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slave<=4'n0;
miso<=0;
mosi<=0;

end

else if (rd)

begin
slave<=master;
master<=in;
miso<=0;
mosi<=0;

end

else

begin
mosi<=master[3];
master[3]<=master[2];
master[2]<=master[1];
master[1]<=master[0];
master[0]<=miso;
miso<=slave|[3];
slave[3]<=slave[2];
slave[2]<=slave[1];
slave[1]<=slave[0];
slave[0]<=mosi;

end

end
endmodule

55 IARBOS N (R 2 RS AR T

set_property PACKAGE_PIN T16 [get_ports {in[3]}]
set_property IOSTANDARD LVCMOS33 [get_ports {in[3]}]
set_property PACKAGE_PIN W13 [get_ports {in[2]}]
set_property IOSTANDARD LVCMOS33 [get_ports {in[2]}]
set_property PACKAGE_PIN P15 [get_ports {in[1]}]
set_property IOSTANDARD LVCMOS33 [get_ports {in[1]}]
set_property PACKAGE_PIN G15 [get_ports {in[0]}]
set_property IOSTANDARD LVCMOS33 [get_ports {in[0]}]
set_property PACKAGE_PIN Y16 [get_ports rst]
set_property IOSTANDARD LVCMOS33 [get_ports rst]
set_property PACKAGE_PIN V16 [get_ports rd]
set_property IOSTANDARD LVCMOS33 [get_ports rd]
set_property PACKAGE_PIN P16 [get_ports clk]
set_property IOSTANDARD LVCMOS33 [get_ports clk]

ARG B it
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set_property PACKAGE_PIN D18 [get_ports {master[3]}]

set_property IOSTANDARD LVCMOS33 [get_ports {master[3]}]

set_property PACKAGE_PIN G14 [get_ports {master[2]}]

set_property IOSTANDARD LVCMOS33 [get_ports {master[2]}]

set_property PACKAGE_PIN M15 [get_ports {master[1]}]

set_property IOSTANDARD LVCMOS33 [get_ports {master[1]}]

set_property PACKAGE_PIN M14 [get_ports {master[0]}]

set_property IOSTANDARD LVCMOS33 [get_ports {master[0]}]

set_property CLOCK_DEDICATED_ROUTE FALSE [get_nets clk_IBUF]

£ VIVADO A T2, FHATLRE . S8l A Rrn s — Ry fE, Bin]
1£ ZYBO F &M L 5HIE SP1HR
(1) #%1{¥ BTN3, 4% BTNL, SR reset TAEXH G HEAT A7
(2) WIUMNERS I G E— AR, XEAEA 1011 3HF, 2 J5#%4F BTN2, #%—F
BTN1, # 1011 iX/NEHEEE N master. BEAS LED 4T M 245582, &R master (1, W& 5-2-7
FiR. TIX slave HI{E M 242 0000,

5-2-7 master 52 Nk i FF < [ {E

(3) ¥ Tk, BHah—Ik BTNL, BIBHL—/NEreh T, Ses— A difeiss. %3
WG, ROZ5ER master £ slave (%4 B4, ULlS LED 474K, GZahlUik)E, &fa—10
BHEILTE mosi 1, HEAR LED 24K, 1E|E£WEE?§& T\&ﬁmﬁk)

B =0
1 'LDI(H15) LOOCHI4)

5-2-8 #%#— 1k BTN1 K 5-2-9 #%EHIk BTN

., ' ')—' ﬁ-rs

K 5-2-10 %71 =% BTN1 K 5-2-11 #0107k BTN
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(4) k&:4%7) BTNL BEATHBhAE, TR, &FF LED 4T X4k 1011, HPseil T

- = |
LD3¢018) LD2(G! o v

i | L3
Lo3co1® LD?(GIQ)'L 5> LDOCHMI4

l J
.’:: SHICP19) HULOLD)

5-2-12  SPI [H¥3E1L 8

JE SH3 ] SHZLWI3) SHICP1S) a_uuu:m)

5.24. MBS5B#%

AVt R AR SPI PR S Atl B4 5 K — AR L SPI S S RE, T LLEAT 32 K
fIEes, RIS AT LABCE SPISCLK AN T F I Bl oMb o AEAS VR0 i) FEAth L 2l st A
#ATRIIAER) MCBBHC11A8 FFy HLI SPI 211, BEA 12 Fhidt Z Ut £ 9 SCf7 DU A AL s .
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B/AKR: BOBEFE, RERIT

A RBATBTT I ZA9] Lo AR E AT B B2t A A5 B A AR AR 10 25 Ak
TSI PC AT AR Z B . AFEKS DEESAARNSHICE, SEITEHE
MR8 SEFR N HTEAT B T ALBE 252 SRR AL TP AZ O B 7, B — MBS HCH B ORI 45
Ky A SRR EIIRE, BRSO P B S B R AN EIRE 2 2 A AL AR )
Beih, (HRREX AL B AR AR 2 HA S — DN TR
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6.1 SE2H+ = UART KK i% 5B

6.1.1. REFE

wIitHK
(1) %> UART (I TAERE, F£H verilog #it4iS UART A& ER.
(2) #Z5iz H Robei B AT BB & .

WIH R

UART [k =

S0 B AT Bl 1 — ek 3 JRIR A+ BRI+ A AR, HeriE IR AL 1AL, B2 8
R EEE e 7 A BdE I 1 A A ARG AL, SR 2 A, A 6-1-1 PR

o104 kA S

6-1-1

(1) FUle )2

BT UART &R, WaEmALRE . AT RS M IERPE, RFE
BRI 16 % 2088 DR 2 00 B AT SR AR, R BREE O 115200, TR B I B A
clk16x=115200x16, &F/NEHE 585 16 AN RAER Bh R, Lbit Fin A7 +8bit 217 +1bit {5 147
=10bit, [FL—mwitt 545 1610=160 SRALR B, HREBIREA BRI AT RER 1-2 A RFERS Bh
JE BRI RS, DRI 3 AN A 1) R B I 2R R i, DURIERFEA I RS EiRAS . —
UART — il A HON 8, X FERIME RN AR A — DI iR 2, Bellom 1 ag IR R A
BB . NI, REERZA 24kt #4167/ 16 4N 4f). 40, 56. 72, 88. 104. 120. 136.
152(f&1E47), W R 6-1-2 fis:

RX

o | 0 1 ] 1 ] 1 ] I |

K 6-1-2 H4E 5 KFER A 5

Hor, RXCONESIIE, CNT X REEI Bt T i 30 o s -
(2) RikJFEH:

MIATHERME A LIS, MBS BIRIETR A, WK EEEZ UART Ihillfit, Sttt —4
RSP aa A, R MBI S 8 AN AL, et R IE M & IR, f a2 s P
(12 1Ao7 5

BT RIERBR cIk16x R 16 %, [RIUEXT clk16x vH443 16 i, &% DO; 114
321, KIEDI..... AKILEHE, WA 6-1-3 AR;
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X

i Y S N O 0 O

6-1-3 K 5 AL A 1

6.1.2. BitHE
1. BSOS BT

(D FrgEg— MR, 455 UART, KB4 module, B4 3 A 2 Hith, &A5IH0EME
AAAFRUN K 6-1-4 i

pamo Inout DataType Datasize
clklbx input | wire 1
rst_n | input wire il
DataReady | output reg 1
DataReceived output reg |

Kl 6-1-4 UART B4 [ &1

DataReceived|/

K 6-1-5 UART [ %11 Kl

(2) TIARES . g8 R U7 i) Code W IIARES o
reg[7:0] cnt;
reg trigger_ro;
reg [3:0] count;
wire neg_tri;

always @ (posedge clk16x or negedge rst_n)
begin
if(Irst_n)
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begin
trigger_r0<=1'b0;
end
else
begin
trigger_r0<=rx;
end
end

assign neg_tri=trigger_r0&~rx;
reg cnt_en;

always @ (posedge clk16x or negedge rst_n)
begin
if(!rst_n)
cnt_en<=1'h0;
else if(neg_tri==1'b1)
cnt_en<=1Db1;
else if(cnt==8'd152)
cnt_en<=1'h0;
end

always @ (posedge clk16x or negedge rst_n)
begin
if('rst_n)
cnt<=8'd0;
else if(cnt_en)
cnt<=cnt+1;
else
cnt<=8'd0;
end

always @ (posedge clk16x or negedge rst_n)
begin
if(Irst_n)
begin
DataReceived<=8'h0;
count<=0;
end
else if(cnt_en)
case(cnt)

8'd24:begin DataReceived[0]<=rx;count<=count+1;end
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8'd40:begin DataReceived[1]<=rx;count<=count+1;end
8'd56:begin DataReceived[2]<=rx;count<=count+1;end
8'd72:begin DataReceived[3]<=rx;count<=count+1;end
8'd88:begin DataReceived[4]<=rx;count<=count+1;end
8'd104:begin DataReceived[5]<=rx;count<=count+1;end
8'd120:begin DataReceived[6]<=rx;count<=count+1;end
8'd136:begin DataReceived[7]<=rx;count<=count+1;end
endcase
end

always@(posedge clk16x or negedge rst_n)
begin
if('rst_n)
DataReady<=1'b0;
else if(cnt==8'd152)
DataReady<=1'b1;
else
DataReady<=1'b0;
end

(3) RAER (FERE SRR REA SRRSO, I &A R -

2. UARTTEST W& AR #

(LB —A 34 2 fath 1 varttest WA ST, 121544 Module Type #&& vy “testbench”,
FA 5 I E a1 6-1-6 FTaw .

’ Name ‘ Inout ’ DataType ‘ Datasize [
| 1k16x ‘ input | reg ’ 1 {
’ rst n ’ input ‘ reg ’ 1 {
| rx ’ input | reg ’ 1 I
| DataReady ’ output | wire ’ 1 {
l DataReceived ’ output l wire ’ 8 [

6-1-6 uarttest [1¥15] & P&

(2) AR o B S R AT 21 _E T B 2 PR A BT e R SO R o
(3) WINEER, 7F Toolbox T B4/ Current #2 B & HBIERY, BATZARIIFAE varttest
whn, IREEESIH, WK 6-1-7 Fis:
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DataReagly
DataReady |Da

K 6-1-7 uarttest [f1 71 K

(4) N MR N 71 “Code” , H AN BRI RESH $finish 455,
MACHD «

initial begin
clk16x=0;
rst_n=0;
rx=0;
#2
rst_n=1;
#2
rst_n=0;
#2
rst_n=1;
#2
rx=1;
#32
rx=0;
#64
rx=1;
#128
rx=0;
#64
rx=1;
#32
rx=0;
#32
rx=1,
#100
$finish;

end
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always #1 clk16x=~clk16x;

(5) PATHIFEEWNE. EEHRHELR.
KB A R G A BB . A M Workspace H M55, #ATIRINIEEE M7
HEER, K 6-1-8 flin:

Siy grtmlgj Values
clkl6x 0
rst_n 1
X 1
DataRecei 2
DataReady 0

ent[7:0] o€
cnt_en il

trigger r0 1

& 6-1-8 uarttest [ 17 EL Ik T

3. RIAEHBIT

(1) Frd— MR, 4K vartsend, 25794 module, E 4% 4 #iN 2 #id, AT BT E 1
FAFRA0 R B 6-1-9 AR

—
-

‘Name Inout |
clk1l6x input

:ﬁﬁ

TransEn input
[ Da ans | input

uartsend

| >TransEn

DataToTrans

& 6-1-10 uartsend [ 51 &
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(2) B, Rid A7) Code #nAAD
reg [7:0] cnt;
reg TransEn_r;
wire pos_tri;
reg cnt_en;

always@(posedge clk16x or negedge rst_n)
begin
if(Irst_n)
TransEn_r <= 1'b0;
else
TransEn_r <= TransEn;
end

assign pos_tri = ~TransEn_r & TransEn;
reg [7:0] ShiftReg;

always @ (posedge pos_tri or negedge rst_n)
begin
if(Irst_n)
ShiftReg <= 8'h0;
else
ShiftReg <= DataToTrans;
end

always @ (posedge clk16x or negedge rst_n)

begin
if(Irst_n)
begin
cnt_en <= 1'b0;
BufFull <= 1'b0;
end
else if(pos_tri==1'b1)
begin
cnt_en <=1'b1;
BuffFull <= 1'b1;
end
else if(cnt==8'd160)
begin
cnt_en<=1'h0;
BufFull <= 1'b0;
end
end
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always @ (posedge clk16x or negedge rst_n)
begin
if(Irst_n)
cnt<=8'd0;
else if(cnt_en)
cnt<=cnt+1;
else
cnt<=8'd0;
end

always @ (posedge clk16x or negedge rst_n)

begin

if(Irst_n)

begin
tx <= 1'bl;

end

else if(cnt_en)
case(cnt)
8d0 : tx<=1h0;
8'd16 : tx <= ShiftReg[0];
8'd32 : tx<=ShiftReg[1];
8'd48 : tx <= ShiftReg[2];
8'd64 : tx <= ShiftReg[3];
8'd80 : tx <= ShiftReg[4];
8'd96 : tx <= ShiftReg[5];
8'd112 : tx <= ShiftReg][6];
8'd128 : tx <= ShiftReg[7];
8'd144 : tx<=1b1;
endcase

else
tx <= 1'bl;

end

(3) HiRIFR A AR, A5 SO RAE B b TG BB BT 7R (¥ S S F
4. UARTSsendtest MR 3C 48 i1t

(1) ¥E—A 4 %A 2 & UARTsendtest M cf:, id439% Module Type W& N
“testbench” , &5 AL E & 6-1-11 Fis.
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Name Inout | DataType  Datasize
clkl6x |  input || reg 1 ]
18t m input reg 1
TransEn input | reg 1
DataToTrans | input | reg 8
BufFull | output | wire 1
tx | output | wire 1

6-1-11 uartsendtest [f15] & ot

(2) S3AF RSO o IS R A7 2 1 61 2 B BT AE I SO R R
(3) TRINEERY . 7 Toolbox T HAHM Current £ HLox H IR, FihiiZ iR H7E uartsendtest
EBusm, FRERESIE, W 6-1-12 k.

clklbx |

K 6-1-12 uartsendtest [ 5L iH &

(4) SN s MRREER R R “Code” , SNISA . BRCISH $finish 44
MACHD «
initial begin

clk16x=0;
rst_n=1;
TransEn=0;
DataToTrans=0;
#2
rst n=0;
#2
DataToTrans=8'010110010;
#2

rst n=1;
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#2
TransEn=1;
#1000
$finish;

end

always #1 clk16x=~clk16x;

(5) PATHIEIEFRBIY . EERHEL.
REREHRLEAEWY . sdififll Workspace "IMES, HHATRINIFEER M
HEER. W 6-1-13 Ji:

. \S.i,sn‘@ls_. ~ Values
clklbx

1
1
1
TransEn 0
DataloTran™ 0
Buffull X
ShiftReg[7" xxxxxxxx
DataToTran™ 0
ent[7:0] 0
cnt_en X
0

pos_tri

K 6-1-13 UARTSsendtest [1)1}j E3 T

6.1.3. MBES5RE%E

1. KFERTBE clk16x LAUE AT 16 1%, MRrRAEE % B W 57600, 9600 25 & A, HE
W2 16 1555 5.
2. TEARVEBEH IR b, SRRSO IR B8 A, R rTRESE mAL ks B2, PRI

183



]

ESAA ARG B it

&l

http://robei.com %

6.2 £+ = Natalius 8 fif RISC kbz52

6.2.1. AESE
azg=h:)
T EF R Natalius 8 7 RISC Ab¥H S (¥ e A LE M FIZAT 2. ARHE Natalius [r145 44

Pt AT LSS IE — 4 7 B Th RE Y testbench, /5 i i Robei ARG ELAHEEEST Th ik SLELAN
15 B IAIECHT T Robei H BT AS 32 $readmemh () dir 4, %5 B4 ELEGIEAE Modelsim F13E4T ).

wiH R
1. Natalius fajf

Natalius & — 451055 . 20 B e &AM 5E 4 L Verilog #it 8 £ RISC 4b#E
P NK%. Natalius $2it 7 —/NAT LLIZATZE python #4546 F V4w 2. Instruction memory H7F
i 7 2048 %154, H&IA 16 1%, HPATHEEIZT 3 M.

2. 184

Natalius £ 7 KEi - A BAS T A A MR 25 Bf: A7, Hediss., 24
IBFEAMBEESAER] . R ER 6-2-1 MK 6-2-2 TR .

Instruction Description Type Instruction Description Type

Idi load immediate | memory access ret return subrutine | flow control
Idm load from memory [ memory access adi add with imm arithmetic
stm store to memory [ memory access cszZ csr if zero flow control
cmp compare arithmetic cnz csr if no zero flow control
add addition arithmetic csc csr if carry flow control
sub subtraction arithmetic cne csrif no carry | flow control
and logic and lagical sl0 shift left zero fill logical
oor logic or logical sil shift left one fill logical
XOor logic xor logical sr0 shift right zero fill logical
jmp Jump flow control srl shiftright one fill logical
jpz Jjump if zero flow control rrl rotary register left logical
jnz Jjump if no zero flow control rre rotay register right logical
Jpc Jump if carry flow control not lagic not logical
jnec jump if no carry flow control nop no operation nop

csr call subrutine flow control

* 6-2-1
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Opcode Instr Description Use
2 Idi load immediate 1di rd,imm (rd=imm)
load from
3 Idm memory ldm rd,port_addr (rd=data_in <= mem[port_addr])
4 stm store to memory stm rd,port_addr (rd=data_out => mem[port_addr])
5 cmp compare cmp rd,rs (affects carry and zero)
6 add addition +rs)
7 sub subtraction rs)
3 and logic and and rs)
9 oar logic ar or rs)
10 Xor logic xor xor rs)
11 jmp jump jmp inst_addr (pc=inst_addr)
12 jpz Jjump if zero jpz inst_addr (pc=inst_addr if zero)
13 jnz jump if no zero jnz inst_addr if ne zerao)
14 jpc Jump if carry jpc inst_addr if carry)
15 jnc Jjump if no carry jnc inst_addr _ if no carry)
16 csr call subrutine csr inst_addr (pc=inst_addr) save pc+tl in stack
17 ret return subrutine ret (pe=value stored in stack)
18 adi add with imm add rd, imm ({rd=rd+imm)
19 sz csr if zero csr inst_addr (pc=inst_addr if zero) affects stack
20 cnz csrif no zero csr inst_addr (pc=inst_addr if no zero) affects stack
21 csc csrif carry csr inst_addr (pc=inst_addr if carry) affects stack
22 cne csrif no carry csr inst_addr (pc=inst_addr if nc carry) affects stack
23 sl0 shift left zero fill 510 rd (rd <= {rd[€:0],0})
24 sl1 shift left one fill 51l rd (rd <= {rd[€:0],1})
25 sr0 shift right zero fill sxr0 rd (zrd <= {0,zd[7:1]})
26 srl shiftright one fill srl rd (zd <= {1,=zd[7:11)
rotary register
27 rrl left rrl rd (rd «= {rd[€:0],zd[7]1})
rotay register
28 rrr right rrr rd (zd <= {rd[0],xd[7:1])
29 not logic not sub rd, rs (rd=rd-rs)
30 nop no operation no operation (take 3 clk )

3. Natalius %5

% 6-2-2

Natalius 4bF 28 15 2 (1132 L1{E S T & 6-2-1 i, FAME S BAR 5 XFIfER 6-2-3

data_in [7:0] ———»

Natalius Processor

—— data_out [7:0]

[—— port_addr [7:0]

CLK ———n —— write e
RST ——n — read e
Signal Direction Description
clock input: All Natalius registers are
clk input | clocked from the rising clock edge
reset input: To reset the Natalius
processor, this rst is asynchronous input
and it set program counter register to zero
st input | address
Input data port: The data is captured on
the rising edge of CLK (used in /dm
data_in[7:0] input | instruction)
Output data port: Output data appears on
this port for three CLK cycles during a stm
instruction, capture this data when write_e
data_out[7:0] | output |is high (uded in stminstruction)
Port address: This addresses the peripheral
port to the input or output by instruction
port_addr[7:0]| output |/dmor stm

% 6-2-3
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4. Igmas AL A

%% Python:
(1) "%k Python
IR es, # Atk https://www.python.org/downloads/release/python-343/4 %) 1| 71
e F77, M¥EH RN B I FAE S AT, i 6-2-2 Fiw.

Files

Version Operating System  Description MD5 Sum FleSize  GPG
Gzipped source tarball Source release 4281ff86778db65892c05151d5de738d 19554643 SIG
XZ compressed source tarball Source release 7d092d1bba6el7f0d9bd21b49e441ddS 14421964 SIG
Mac 0S X 32-bit i386/PPC installer Mac0SX for Mac 0S X 10.5 and later 548f79e55708130c755bbdof1ddd921c 24734803  SIG
Mac 0S X 64-bit/32-bit installer Mac0SX for Mac 0S X 10.6 and later 86b29d7dddc60bab3fc5848de55cat0e 23170148 SIG
Windows debug information files windows b3d8752e74a502db37bd0c6ef30ac60f 36900012 SIG
Windows debug information files for 64-bit binaries  Windows 6clbe415ae552e190ef0fb06a5ded473 24301250 SIG
Windows help file Windows d5703787758ebla674101ee2b0bc28be 7405996  SIG
Windows x86-64 MSI installer Windows for AMDE4/EME4T/x64, not Itanium processors  f6ade29acaf8fcdc0463e69a6e7ccf8T 25550848 SIG
Windows x86 MSI installer Windows cb450d1cc616bfcBf7a2d6bd88780bf6 24846336 SIG

K 6-2-2 PR A

F T HRAE ¥ FL 2 Windows7 64 f735/E 248, BT LLIEHE Windows x86-64 MSI installer
AT N
(2) %% Python
Rk NECT RV LR HAT R I EACIF N IR N H . BRI 223 Hax 2
“C:\python347,
{8 F assembler.py X} code.asm #1744
(1) %%’5 code.asm ftH5
4 “Natalius 8 bit RISC Processor.pdf” SR H5 3 U1 Table 3, FFZHEEE 4 TIH|% 5 7T
1) 5.1 Example %75 — B4R AD
9 51— B i) B A ARG I R
Idir1, 22
Idir2, 80
Idi r3, 36
Idi r4, 45
add ri, r2
stmrl, 11
add r3, r4
stmr3, 25
add ri, r3
stmrl, 32
H S FE AR TR A2 PN A N K AR RAFE N “testasm”. AR i K IR ACHS
“test.asm” F1I\ OpenCores “Natalius 8 bit RISC Processor” F# K[ “assembler.py” —
ETBHE e, AREFEHIERTIE T “E:\python_test” H1.
(2) £ CMD 557§ F Python ¥ code.asm ¥4 instruction.mem
FITF “TFEG” S, 1£ “GREFHC” RETRA “omd” Jf4% FEIZER, #EA

K 6-2-3 Fias B A :
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B SER: C\Windows\system32\cmd.exe o|E| X

£t Windows [f7R 6.1.76811 N
F (c) 2009 Microsoft Corporation. {REIFTEINF .

C: \Users\Admninistrator>

6-2-3 A cmd FLTH

a. WIE Python 1%
W 2235 Python [RIHE A BE %1%, F A\ LU R a2 1€ Python #%1%:
set path=%path%;C:\python34
b. FTHF “testasm” e 1F%
AHFET “testasm” JE T “E:\python test”, #ithii A\ LA iy 4
“E:” A%
“cd python_test” [A] 7
SRIG AT LA dir 53 dir /o 25 H RN %

B BER: C\Windows\system32\cmd.exe o B X

fi. 6.1.7601] s
(c» 2089 Microsoft Corporation. {REZFTHH .

C:\Users™\Administrator>E:
[E:“>cd python_test
E:“python_test>dir +h
lassembler. py

test .asm

E:“python_test>

6-2-4 #E X python_test H 3

c. AL, HHATHEM
SRJEHIN “assembler.py -s test.asm”, i 5E 2 Ja ] LA F] “E:\python_test” N H [
—™ “instructions.mem” Ao 1Z3CAF BRI 2 FRATIEAT 45 B 75 EH 2110 304

6.2.2. BitHE
1. ALU BRI ¥t
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&l

(D g — A %8 ALU, 258058 module, [FIFFE4 4 f N 3 ik, A5 M &1k
ARSI K] 6-2-5 HEAT XS B B

Name Inout DataType Datasize Function
a input wire 8
b input wire 8

opalu input wire 3
sh input wire 3

dshift output reg 8

Zero output wire 1

carry output wire 1

K 6-2-5 ALU 3] e & 1t

K 6-2-6 ALU A&

(2) BINARS . AR 771 Code R ANARAY .
reg [7:0] resu;
wire [7:0] result;
always@(a or b)
case (opalu)

0: resu <= ~a;
‘resu<=a&b;
jresu<=a”b;
‘resu<=a]b;

; resu <= a;
‘resu<=a+b;
‘resu<=a-b;

default: resu <=a + 1;
endcase

o 01 B WDN -

assign zero=(resu==0);
assign result=resu;
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assign carry=(a<b);

always@(result)

case (sh)

o O A W DN L O

s
H
M
\=
»

: dshift <= {result[6:0], "0"};

: dshift <= {result[6:0], result[7]};
: dshift <= {"0", result[7:1]};

: dshift <= {result[0], result[7:1]};
: dshift <= result;
: dshift <= {result[6:0], "1"};
: dshift <= {"1", result[7:1]};

default: dshift <= result;

endcase

al

A B et

(3) (RAFART (AL SO B AR BE A AR D), S it g AR
2. stack BRIt
(1) g — MR G428 stack, 25818 module, [EIRFEA 7 8N 2 %k, &4 51 B 8 1t

A4 FR

Z N & 6-2-7 AT X BB B
Name Inout DataType Datasize Function
clk input wire 1
rst input wire 1
wr_en input wire 1
rd_en input wire 1
ldpc input wire 1
selpc input wire 1
ninst_addr input wire 1
PC output reg 11
.ot ouput  wre 11
B 6-2-7  stack 5| I JE 14
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inst_addr

6-2-8 stack Fi-[ [l

(2) IS, fiE AR J7 ) Code 7 ALAS .
reg [7:0] resu;
wire [7:0] result;
reg [3:0] addr;
reg [10:0] ram [15:0];
wire [10:0] dout;
wire [10:0] din;

always@ (posedge clk or posedge rst)
begin
if (rst)
PC<=0;
else
if (Idpc)
if(selpc)
PC<=ninst_addr;
else
PC<=PC+1,
end

assign din = PC;
always@ (posedge clk)

begin
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if (rst)
addr<=0;
else
begin
if (wr_en==0 && rd_en==1)
if (addr>0)
addr<=addr-1;
if (wr_en==1 && rd_en==0)
if (addr<15)
addr<=addr+1;
end
end

always @(posedge clk)
if (wr_en)
ram[addr] <= din;

assign dout = ram[addr];
assign out = dout + 1;

E
i
=

7

a

A B et

(3) DRAFEA (AERf AP RN BEA SRR S0, iR B e iR i

3. data_supply %3+

(1) HFrEgg— /MR ar 4474 data_supply, ZR%459 module, [FIBy E 4 12 A 2 i, &A4N51
JEN ) Je 1 A B S R 1 6-2-9 JEAT 6 N IR 2L

| Name [ Inout DataType | Datasize ’ Function
’ clk input wire | 1
we input wire ’ 1
wa input wire \ 3
raa input wire ’ 3
| rab input wire | 3
’ shiftout ’ input wire ’ 8
I insel ’ input wire | Il
‘ selk input wire 1
| data_in input wire 8
| kte ’ input ‘ wire | 8
’ selimm ’ input ’ wire ’ 1
’ imm ‘ input ‘ wire ’ 8
portA ’ output wire 8
muximm ‘ output wire 8

6-2-9 data_supply 51 &P
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data_supply

muximm|_2

&l 6-2-10 data_supply 5 i &l

(2) HIRHD. AT 70 Code ARANILHD.
wire [7:0] portB;
wire [7:0] regmux, muxkte;
reg [7:0] mem [7:0];

always@ (posedge clk)
begin
mem[0]<=0;
if(we)
mem[wa]<=regmux;
end

assign portA=mem|[raa];

assign portB=mem[rab];

assign regmux=insel? shiftout : muxkte;
assign muxkte=selk? kte : data_in;
assign muximms=selimm? imm : portB;

(3) RAFBIR (AR SO R BARANRER A AP0, S & TR R .
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4. zc_control B

(1) Fr— MG 4 zc_control, 287454 module, R B4 5 M 2 t, &S5
(R ARSI T B 6-2-11 HEAT X R B L.

Name Inout DataType Datasize Function
clk input wire 1
rst input wire 1
Idflag input wire 1
Zero input wire 1
carry input wire 1
z output reg 1
C output reg 1

6-2-11 zc_control 3| i J& 12k

| 6-2-12 zc_control F- 1 [

(2) IS, sE B R Code i IS . AR
always @ (posedge clk or posedge rst)
begin

if (rst)

begin
z<=0;
c<=0;

end

else

if (Idflag)

begin
Z<=7€ro;
c<=carry;

end

end
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&l

(3) RIFREA (RS IR AR A B AN S0, Ymik Rt A o =
5. data path #EE 1+

(1) Frg—/MEA Ay 448 data_path, 28744 module, [AIEL 4 20 # N\ 5 i, FEN5] 5
() J I AN & ARS8 R 1K 6-2-13 3EAT X N B2 .

Name Inout DataType Datasize Function
clk input wire 1
rst input wire 1
data_in _input wire 8
insel input wire 1
we i input wire 1 = |
raa input wire 3
rablh & ol input wire 3
wa input wire 3
| opalu ~ input wire 3
T [ 0 wieel [ 3 [ T
selpc input wire 1
selk input wire e
input wire 1
input wire 1
T [aiwinplle [ = wire g T
p input wire 1
ninst_addr input wire | 11 |
kte input wire 8
imm input wire 8
selimm input wire | il
data_out output wire 8
| inst.addr =1
stack_addr | output ' wire 1 11 |
z output wire 1
(5 __output wire 1

K] 6-2-13 data_path %[Hﬁﬂ‘])ﬁ‘ﬁ

clk 3
Tk
_in e
st a
= a portA P
iy =1 b
- * hiftout
LRI 3
i elk
ata_in
sklk|selk te e
—
mm t
1 ) b
2o Lelika abidr
Ik
& i Feptes 101 o
e dshift]
[ 9989 ¢ ontrol3
thet—srir paly ALU4 el g —
cal
e h = amy 1B
mm

K 6-2-14 data_path 5 fi ]
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VER: data_supply B muximm 23] ALU 1) b 3 15 ALU [ dshift [ i %32 2] data_supply

K shiftout F1 data_path fJ data_out.

(2) FRIRED. T ORI ALU, stack, data supply il zc control /ML £

ERER, P EARS.
(3) RAFBA (AR SO R AR ANRER A M50, G IR & A RS

6. instruction memory AREIE i+

(1) FrE— MR G 42 instruction_memory, 25744 module, RN B4 2 #iN 1 %,

5[4 D12

&l

TG R R YEM A PRSI T B 6-2-15 HEAT X M2

A B et

Name Inout DataType Datasize Function
clk input wire 1
address input wire 11
instruction output reg 16

6-2-15 instruction_memory 5| il ) J& 1%

Ik

: : instruction
Instruction_memory
ddress

6-2-16 instruction_memory F 1 [&]

(2) WA, MM R J7 /) Code M INAAS .
fRi%: BT Robei M H Al A S Fr$readmemh() ek %, #uf RS iR BT BB T o
Je T A% T Modelsim 547477 F B I 75 224 1K AT AR IE S5
reg [15:0] rom [2047:0];
wire we;
[linitial
/I$readmemh(“instructions.mem", rom, 0, 2047);
assign we=0;

always @(posedge clk)
if(we)
rom[address]<=0;
else
instruction <= rom[address];

(3) {RAFBA (At AT TR AR A BEA TAE AT X0), SR E A AR .
7. control unit B 1t

(D #rid—/MBi8ar 44 control_unit, 282454 module, [AIRf B4 6 FiA 20 fit, &5l
195



D R JER AR AN 44 PR 2 TS TR EAT X 2 R A2 25

Name | Inout DataType Datasize Function
clk | input wire 1
rst | input wire 1
instruction input wire 16
z input wire
c input wire 1
stack_addr input wire 11
port_addr output reg
write_e output
outpt  reg 1
_outpt < reg 1 |
 output  reg 1
raa output reg
rab output reg 3
wa output reg
| opau | output [ reg [ 3 [
sh output reg 3
selpe output reg 1
ldpc output
—_———
| selk | output | reg | |

rd_en output
imm output

ééé
Cooreg 1

T selimm Coutput
| idflag | output | reg | 1 | |
6-2-17 control_unit 5| i i) J&

http://robei.com EE A DA F AR Bt
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| _instruction

control_unit

| Jstack_addr

6-2-18 control_unit %t &l

(2) BINARS . i8R 77 189 Code MR NARAD .
parameter fetch=5'd0;
parameter decode=5'd1;
parameter Idi=5'd2;
parameter [dm=5'd3;
parameter stm=5'd4;
parameter cmp=5'd5;
parameter add=5'd6;
parameter sub=5'd7;
parameter andi=5'd8;
parameter oor=5'd9;
parameter xori=5'd10;
parameter jmp=5'd11;
parameter jpz=5'd12;
parameter jnz=5'd13;
parameter jpc=5'd14;
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parameter jnc=5'd15;
parameter csr=5'd16;
parameter ret=5'd17;
parameter adi=5'd18;
parameter csz=5'd19;
parameter cnz=5'd20;
parameter csc=5'd21;
parameter cnc=5'd22;
parameter sl0=5'd23;
parameter sl1=5'd24;
parameter sr0=5'd25;
parameter sr1=5'd26;
parameter rrl=5'd27;
parameter rrr=5'd28;
parameter noti=5'd29;
parameter nop=5'd30;

wire [4:0] opcode;
reg [4:0] state;

assign opcode=instruction[15:11];

always@(posedge clk or posedge rst)

begin
if (rst)

state<=decode;

else
case (state)

fetch: state<=decode;

decode:

case (opcode)

: state<=Idi;

: state<=Ildm;
: state<=stm;
: state<=cmp;
: state<=add,;
: state<=sub;
: state<=andi;

© 00 N O O B W DN

: state<=oor;
10: state<=xori;
11: state<=jmp;
12: state<=jpz;
13: state<=jnz;

KEAEN

N\

3

ARG B it
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14: state<=jpc;
15: state<=jnc;
16: state<=csr;
17: state<=ret;
18: state<=adi;
19: state<=csz;
20: state<=cnz;
21: state<=csc;
22: state<=cnc;
23: state<=sl0;
24: state<=sl1;
25: state<=sr0;
26: state<=srl;
27: state<=rrl;
28: state<=rrr;
29: state<=noti;
default: state<=nop;
endcase
Idi:state<=fetch;
Idm:state<=fetch;
stm:state<=fetch;
cmp:state<=fetch;
add:state<=fetch;
sub:state<=fetch;
andi:state<=fetch;
oor:state<=fetch;
xori:state<=fetch;
jmp:state<=fetch;
jpz:state<=fetch;
jnz:state<=fetch;
jpc:state<=fetch;
jnc:state<=fetch;
csr:state<=fetch;
ret:state<=fetch;
adi:state<=fetch;
csz:state<=fetch;
cnz:state<=fetch;
csc:state<=fetch;
cnc:state<=fetch;
sl0:state<=fetch;
sl1:state<=fetch;
srO:state<=fetch;

E
i
=

7

»

a

ARG B it
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end

srl:state<=fetch;
rrl:state<=fetch;
rrr:state<=fetch;
noti:state<=fetch;
nop:state<=fetch;
endcase

always @ (state)
begin

port_addr<=0;
write_e<=0;
read_e<=0;
insel<=0;
we<=0;
raa<=0;
rab<=0;
wa<=0;
opalu<=4;
sh<=4;
selpc<=0;
ldpc<=1;
Idflag<=0;
naddress<=0;
selk<=0;
KTE<=0;
wr_en<=0;
rd_en<=0;
imm<=0;
selimm<=0;
case (state)
fetch: ldpc<=0;
decode:
begin
ldpc<=0;
if (opcode==stm)
begin
raa<=instruction[10:8];
port_addr<=instruction[7:0];
end
else if (opcode==Idm)
begin

3

ARG B it
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KEAE A

wa<=instruction[10:8];
port_addr<=instruction[7:0];
end
else if (opcode==ret)
begin
rd_en<=1,;
end
end
Idi:
begin
selk<=1;
KTE<=instruction[7:0];
we<=1;
wa<=instruction[10:8];
end
ldm:
begin
wa<=instruction[10:8];
we<=];
read _e<=1;
port_addr<=instruction[7:0];
end
stm:
begin
raa<=instruction[10:8];
write_e<=1;
port_addr<=instruction[7:0];
end
cmp:
begin
Idflag<=1;
raa<=instruction[10:8];
rab<=instruction[7:5];
opalu<=6;
end
add:
begin
raa<=instruction[10:8];
rab<=instruction[7:5];
wa<=instruction[10:8];
insel<=1;
opalu<=5;

A

ARG B it
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we<=1,

end

sub:

begin
raa<=instruction[10:8];
rab<=instruction[7:5];
wa<=instruction[10:8];
insel<=1;
opalu<=6;
we<=1,

end

andi:

begin
raa<=instruction[10:8];
rab<=instruction[7:5];
wa<=instruction[10:8];
insel<=1;
opalu<=1;
we<=1;

end

oor:

begin
raa<=instruction[10:8];
rab<=instruction[7:5];
wa<=instruction[10:8];
insel<=1;
opalu<=3;
we<=1,;

end

Xori:

begin
raa<=instruction[10:8];
rab<=instruction[7:5];
wa<=instruction[10:8];
insel<=1;
opalu<=2;
we<=1,;

end

jmp:

begin

naddress<=instruction[10:0];

selpc<=1;

N\

3
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ldpc<=1;

end

ipz:

if ()

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1,;

end

jnz:

if (2)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;

end

jpc:

if (c)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;

end

jnc:

if (!c)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;

end

Csr:

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;
wr_en<=1;

end

ret:

begin
naddress<=stack_addr;
selpc<=1;

ldpc<=1;
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end

adi:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
imm<=instruction[7:0];
selimm<=1;
insel<=1;
opalu<=5;
we<=1,

end

CSz:

if ()

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;
wr_en<=1;

end

cnz:

if (2)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;
wr_en<=1;

end

csc:

if (c)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;
wr_en<=1;

end

cne:

if (!c)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;

wr_en<=1;
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end

sl0:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
sh<=0;
we<=];

end

sll:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
sh<=5;
we<=];

end

sr0:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
sh<=2;
we<=];

end

srl:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
sh<=6;
we<=]1;

end

rrl:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
sh<=1;
we<=]1;

end

rer:

N\

3
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begin

raa<=instruction[10:8];
wa<=instruction[10:8];

insel<=1;

sh<=3;

we<=]1;

end
noti:
begin

raa<=instruction[10:8];
wa<=instruction[10:8];

insel<=1;

opalu<=0;
we<=1;

end

nop: opalu<=4;

endcase

end

M
H
i
=

>
a

7

A B et

(3) DRAFIEA (AERSCAF SRR AN BB AR50, i PR B o iRt

8. Natalius processor 1% it

(1) HE—MER A4 4 processor, 25744 module, AR E 4 3fN 4 i, SANSIIT
JEPERI G FRS 8 R B 6-2-19 HEAT XN S TL .

| Name [ Inout l DataType ] Datasize l Function
| clk | input | wire 1

| rst . input ‘ wire 1

| data_in \ input ‘ wire 8 ‘

} port_addr ’ output ‘ wire 8 |

’ read e ’ output wire 1l

’ write_e ' output wire 1

| data_out | output ‘ wire 1 8 l

6-2-19 processor 5| I JE
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4+ S @instruction

opal ¥
control_unitt seI;c

Iopcf>— o A
Icfiagig=—= inst_add|

stack_addip
data_path2

stack_addr

Ik : 3
cjgégyctjon_mgﬁtgﬁ}éo »;

.
6-2-20 processor F-T &

(2) WA, MR R J7 % Code B8 INARAS
ZREH data_path FEHSALL, U SEHE control unit, data path 1 instruction memory =4~
B AR, FrLAIE AR .
(3) TRAFELIY (FAif SO IR AR A BB A AN 30), B A & A A R

9. processor_test JRRSCAF B
(1) 1T Robei #fF H a4 X Fr$readmemh() A %L,  #AS BETH A EALE Modelsim

BEAT .
(2) R Z A i A B A B A RS 2 A 2 1) 1) — S SeffSerp, IR —> Modelsim
project.

(3) g — A4y “test_processor.v”, KA T MRACHS & i B S fE b,
“timescale 1ns/ 1ps
module testbench_processor();
reg clk_tb;
reg rst_tb;
reg [7:0] data_in_tb;
wire [7:0] port_addr_tb;
wire read_e_tb;
wire write_e_tb;
wire [7:0] data_out_tb;

processor processor_i(
.clk(clk_tb),
Jrst(rst_tb),
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.port_addr(port_addr_tb),
.read_e(read_e_tb),
write_e(write_e_tb),
.data_in(data_in_tb),
.data_out(data_out_tb)
)i
initial begin
clk tb=0;
rst_ tb =1,
data_in_tb =0;
#5 rst_th = 0;
#2000 $finish;
end
always #2 clk_tb = ~clk_tb;
endmodule

ARG B it

(4) —E W “2.4 W Imas AL ” AR RAFR) “instructions.mem” SCAAJHCE 1E1% project

PIAERIF]—A> H e, SRJE 47 DABEAT (7 5

(5) BATHHIFER B . MG AT AR, EE I HE R,

AYA EAF ) “testasm” U1 R
Idirl, 22
Idi r2, 80
Idi r3, 36
Idi r4, 45
addrl, r2
stmrl, 11
add r3, r4
stmr3, 25
addrl, r3
stmrl, 32
i Python b2 JE 45 R an N & 6-2-21 s

B BE&: C\Windows\system32\cmd.exe

xvjsq2813
N —45sTHIZF1A3ZET6 U3.6TF

[E:\>cd python_test

E:\python_testddir /b
lassembler.py
instructions.men
test.asm

[E:\python_test>assembler.py —s test.asn
addr inst asm

A 1116 1di 1. 22
il 1258 1di r2, 88
2 1324 1di r3, 36
3 142D 1di r4, 45
4 3148 add »1, »2
3 21688 stm rl. 11
6 3380 add r3. r4
7 2319 stm r3. 25
8 3168 add r1. »3
7 2128 stm rl, 32

[E: \python_test>
-

==
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6-2-21 A= h% imstruction.mem SCA4:

Fepl “instructions.mem” ZJ&, FFREAT 07 AT B BIE AT B R

4  jtestbench_processor fdk_th
4 jtesthench_processor frst_th
B jtestbench_processor/data_in_tb
B jtesthench_processor fport_addr_th
4 jtesthench_processorfread_e_th
Jtestbench_processor fwrite_e_tb

Jtesthench_processor/data_out_th 0 [ T o[z il il 0 TV pfes ol | |

Cursor 1 35437 ps
K 6-2-22  Modelsim )4/ H 4%
ZI0IE, PiHARIEFI IR,

6.2.3. MAEEBkER
AT L2208 Natalius #5848 5 28810384, S2BUEE N 24 1 Thke.

ARG B it
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BLE: BERE, TER

W2 B3], MG AT FPGA BT | o B B4 A 1, (B2, Wik
TEEORGIE, BUR EAT HORE N AR Tk 2l see . B . SR EENEZARAN
7% AT N — RO ELESE R B, AR i3 o )R By B I (8] (1, (22314
AR H B, AiRANR, 1EZ TR R R S, B A ORI R
RACAS S S PR R . BARBITBIREEA IR, HE2%5 R s, 3 n LI
IR B MBS R BUR, thrT BUR A SR _EAZ 3] Robei B 5 M3k, 5 K% 70 5. Robei
MRS IERRIRT 6, BERLHR T, Robei 15 KFfE.
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