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eove (6.1 ¥ BRLPMAELLE B

6.1.1 TS ER AR HH
(1) FTHLPMZEIRe A &5

L4 MegaWizard Plug-In Manager [page 2a]

Thea Megain/izard Plugin banages belps you create o mody

denign hles thal contan custom vanahons of megahnchong Whach megafunciion would you Bee D QSOMIE?  wisdh device fasmdy wil you be Lsng? | Cyckens IVE
Wolhuchy actioen di o weant i pedonm? el meguincuen fom fie et hesew Which type of output Se do you want to create?
( [Create & new custom megalunchon vaiston o T 2 0w
" Eckt an easting custom megalunchion vanstion i "'""‘”*’rm *|l & wex
" Copy an esisting custom magaiunchion vatistion *-. :gﬁm AT
b

Copuright 713512005 Abara Corporation 7%, LPM_aD0_SUB What name do you want for e cutput fle?

%, LPM_COMPARE DiWLPM_MDYCNT4S

“5, LPM_COUNTER

Ouitpuit e will be generabed g the dass: B drucire

w | | ) g .'..‘h LPM_DHVIDE Rieturn to this page for another create coeration
6.1 EhIT M ETA E 6-2 LPM RINEEHRIETE




¢ 6.1 THEBELPMAELLE F 2~ 15

6.1.1 TS ER AR HH
(2) HE#rNextizHl 5T W E6-3Fr = KX EHE

) LPM_COUNTER [ ot [evameniion

' Ontional Inputs ..

Currently selected device family: | udone IV E

L =
E— updown o l | Match project/default

1> clock af3..0]

How wide should the 'q cutputbusbe? 4 v bits
What should the counter direction be?
Up only
Dowern onty

9 Create an ‘'updown’ input port to alliow me to do both (1 counts up; 0 counts down)

B 6-3 1% 4 fualinEit e



¢ 6.1 THEBELPMAELLE F 2~ 15

6.1.1 TS ER AR HH

(3) BHENextiZH, FTHUNE6-45T7RBIRTEHE

Y —

[ clock
ck_sn

—

S P —
Lﬂ:llﬁﬁl'hﬂ Gy L

3. 0]

coL

—

B 6-4

Which bvpe of counber do you want?

Plair binary
= Modidus, with a counk modulus of |12

Do youl wart sy optional additional ports?
= Clock Enable Carry=in
Count Enable o Carry-oul

RETTHER | AT ehaEaE A B b



eove (6.1 ¥ BRLPMAELLE B

6.1.1 TS ER AR HH
(4) HRENextiZdl, FTHUE6-5F RN iEHE

Do you want any optional inputs?
e il mvoduirs 1 Synichronous inputs Asynchronous inputs
— data]3. 0] Chaar | Claar
| o M’j -+ Load Load
LI T R
| i Sak St
1> clock
H— clk_en
|

B 6-5 A4 NHTHIEMBINEE



6.1 THEARLPME

6.1.2 LPMit# B3R5 S8UE 3B ER N
[l 6-1]

module CHT4B

(aclr, clk en, clock, data, sload,

input aclr,clk en;

/IR A EETRE B iR

input cleck,slcad;

input[3:0] data; input updown ;

cutput cout; output[3:0] q;

sub wire(; wire[3:0]

wWire sub wirel;

wire cout = sub wire(; wire[3:0]

updown ,

MREEO,LEO AEERS  LERE . o ZEiE

B 7~ B

cout, g);

J1mE | o

/fafuTmEBmAiEEs 1m0
SRR 4 it S
/BN RAEES

g = sub wirel[3:0];

lpm counter lpm counter component(//EBHLEAPFAROSTAEHEEET

.s5load (sload),
.datal{data), updown (updown) ,
.cout (sub wirel), .g(sub wirel), .alcad(l'bO),
.aset(1'b0), .cin{l1'bl), .cnt en{l'bl},
.eqfl)., Belr(l'bl), .sset(l1'b0));

defparam

.clk en(clk en}),
.clock (clock),

.aclr(aclc),

lpm counter component.

lpm counter compeonent.lpm modulus = 12,

lpm counter component.lpm port updewn = "PORT USED",

lpm counter component.lpm type = "LEM COUNTER",

lpm counter component.lpm width = 4;

endmodul e

lpm directien = "UNUSED", R FRTTHESHAE
/8 12 TGRS

/M ERMEATE
/i EEREE
ST R



¢ 6.1 THEBELPMAELLE F 2~ 15

6.1.2 LPMitEasWh 5 24 ia B M A
defparam <&HRBTHFFILEE> «BERSTE> = <SWEH>

[ 6-2]

module REGZ4B (input[23:0] d, input elk, output[23:0] g);
lpm £f w©i{.gq {g{lli:0]), .data (d{11:0]1), .clock {clk));
defparam Ul.lpm width = 12Z;
lpm £ff U2{.gig(23:12]), .data({d[23:12]1), .clockiclk)):
defparam UZ.lpm width = 1Z;
endmodul e

[l 6-3]

module CNT4BIT (RST,ENA, CLE,DIN, SLD,UD,COUT,DOUT) ;
input RST, ENA, CLEK, SLD,UD ; input[3:0] DIIN;
output COUT; output[3:0] DOUT ;
CNT4B Ul(.sload (5LD), .clk en (ENA), .aclr (RST), .cout (COUT),

.clock (CLE), .data (DIM), .updown (UD), .g (DOUT));
endmodul e



eove (6.1 ¥ BRLPMAELLE B

6.1.3 G2 LESMHENR

a (T Ui oo U UIuuy
RST M
= T | R
2o I M |
: W ] |
- o 1
5+ oor (DOHEEEOOROTOTOE ﬁimffaﬂmﬂfmﬁ”ﬁm’f@ﬂ@_
cour [ ] ek

B 66 CNT4BITv BHEEER



° (6.2 AlH Btz gk FI R

[5l 6-4]

module MULTS (al,Bl1,22,B2,R1,R2);
output signed[153:0] Rl, R2; JIEMBRSREEERY
input signed([7:0] &1,Bl,A2,BZ; EMNEESEREERESA
wire[1l5:0] R2Z J/* synthesis mumltstyle = "logic" */;
wire[15:0] Rl /¥ synthesis multstyle = " logic " */;
agssign Rl = Al * Bl; assign RZ2 = A2 * B2Z;

endmodul e
/* synthesis multstyle = "logic" ¥/

/* synthesis multstyle = "dsp" */



6.2 FI|FJB ¥l ik 28 A 2

Flow Status Successhid - Tue May 23 21:32:59 2017
Quartus II 64-Bit Version 13. 1.0 Build 162 10/23/2013 5] Full Version
Revision Mame MLULTE
Top-evel Entity Mame MLULTS
Faenily Cydone IV E
Device EP4CESSF2ICE
Tirming Models Firual
Total logic elements 190 /55,856 [ < 1%)
Total combinational functions 190 /55,856 (< 1%)
Dedicated logic registers 0 /55856 (0 %)
Total registers 0
Total pins &4 /325(20%)
Total virtual pins 0
Total memory bits 02,396,160 (0 %)
Embedded Multipher 9-bit elements 0 /308 (0 %)
Total PLLs 0/4(0%)

Fl67 ELHABELE THERIZNREEFRS



6.2 FI|FJB ¥l ik 28 A 2

(Flowy Status) Successful - Tue May 23 21:30:42 2017
| Queartus I1 64-Bit Version 13.1.0 Buid 162 10/23/2013 5] Full Version
| Revison MName MULTS
Top-evel Entity Mame MULTS
|Fiamiy Cydone IVE
| Device EP4CESF23C8
Timing Models Final
Total logic elements 0f 55,85 (0 %)
Total combinational functions 0 /55856 (0%)
Dedicated logic registers 0 /55,85 (0 %)
Total registers i
Total pins 64/325(20% )
Total virtual pins 0
Total memory bits 02,396,160 (0 %)
Embeddad Multipier 9-bit elements 2/308(<1%)
|Total PLLs 0/4(0%)

Fe6-8 AT DSPESRNEEHRE



6.3 LPM FENL/7fi 2% A i EATE A

6.3.1 fFiEasAIaAk 4
1. miff& 0

) DATATXE. mif

tiltilt]’l

£
BO |B6
DA [DE
F5 |F8
FFFF
Fs F3
03
Al
7
43
bl
o7
00

EEIE R EE E P EIE EIEE Bl E

(i
24
&5

SEEEERSIEE

=
BC

|E2
Fa

FE

[Fo

Do
AS

73
43

0
05

i

0F

|2F

S8

32
1
EE
FB
FE
ED
k=]
9E
&0
3E
18
04
Li}]

12
4
&1

#0 [ +1 t?[ tSFI

]
[EA
[FD
FD
[

€
B

[ED
FE
Fa

=]

=

o2

G

34
12

o1
04
18

3£
&0

1D
43
3

AL

6-9 mif YHHEE

6-10 FIE mif £ REB4E K mif FagE 4

P DATATEE.mif - W&

e SRE s ¥
DEPTH = 128;

WIDTH = &;
ADDRESS_RADIX = HEX;
DATA_RADIHX = HEX;
COMTENT BEGIN

o0en : 0ORN;
0081 : 00BG:
0082 : 0DRC;
0083 : 0pe2;
0004 : 0098;
0085 : OO9E:
00B6 : 0DAS;
U0B7 : O0AA:
0008 : 00RA;
007E : 0073;
0O7F @ 0079;
EHD ;

6-11 mif X




o e (6.3 LPM BEVFHEaSHI 1 B A,

6.3.1 frfEasvIamib 34
1. mifi& 0

[l 6-5]

DEPTH=128; : MIERE , MO EE

WIDTH=8; MR E

RDDRESS RADIX = HEX; :Hbab#dE3c® | mex ®ZpEE TA#HGIHEERR
DATA RADIX = HEX; : FREBIERE | uEX RFEETAHASIHIERR
CONTENT WS

BEGIN s bR Eia

0000 : 0080;

0001 : 0086;

0002 - 008cC:;

- (BUEREE )

007E : 0073;

007F : 0079;

END;



o e (6.3 LPM BEVFHEaSHI 1 B A,

6.3.1 &R X
2. hex#& X3

3. datig = 0

00 E3 8D ... 34



6.3 LPM BENLF6E 281 R E AT

6.3.2 LPM_RAM) & & fiEH

.

4 MegaWizard Plug-In Manager [page 2a]

Which megafunction would you ke to customize?  hich device family wil you be using? | Cydone IVE -

Select a megafunction from the list below

‘Which type of output file do you want to create?

o =
! AHDL

-\---_ Ll rL

Ay AD 2 Yeriog HDL

ALTLUFM What name do vou want for the output fle?
s, FIFO D fLPM_MD RaMP -[._'::_]'
% Firuipen Output files will be generated using the dassic file structure
S M SHITTRCS Return to this page for another create operation
%, FLAM initialzer
;i . - Note: To compie a project successfidly in the Quartus I software, your design
b RAM: 1-POR files must be in the project directory, in a lbrary spedfied in the Libraries page of
5, RAM: 2-PORT ﬁ?mmmmﬁmwwj.cr&ﬁrvmﬂﬁednﬂELhﬂiﬂm
. = | of the Sattings dialog box (Assignments menu].
%, ROM: 1-PORT E )
';\ BOM: 2-PORT Your current user lbrary directories are:

Ee-12 @AEOLPMRAM

Hy )



® (6.3 LPM FENL/71f 281 3 B AT

6.3.2 LPM_RAM) & & fiEH

Z) RAM: 1-PORT

Parameter

Widths Gl Type fChs RegsChen Byte Enable (tdrs Reead During Write Opbon

TS Currently selected device famiy: -
- o710 I o | Mateh praject/defoult
Home wide should the ‘g’ output bus be? ] ~ bits
How many 8-bit words of memary? 128 w words
Jnclock Note: You could enter arbétrary values for width and depth
- What should the memory block type be?
=t & Auto

LCs

Set the maximum blodk depth to Auto » wonds

‘What doddng method would you Beoe to use?
Sngle chack

@ Dwal dodk: use separate input’ and ‘output’ dods

B 6-13 EERAMBH




® (6.3 LPM FENL/71f 281 3 B AT

6.3.2 LPM_RAM/¥)i& B & H

WA R LS SR P IR LT T

: LasialT 0] ] .

| veren -
] .. o . ;
| ke seib. 0 o 1 oLtput ot
}:I_i_]_:ﬂ- %
Crybe ane dock enable signal For sach
:'l‘_u:ln-cl. clock signal, Al registerad ports are
| ke e controfad by the enabls: signai(s).

B 6-14 18E RAM {5 ArT&rizsl

data{7 .0 7.0
oo H LT Sigie Port Read-During-Wiite Option
— H =5
podresslf 0] = | % what should the q outpat be when
! readire fiom a memony location bemg
valithes 107
relock .

BE6-15 @EAE AEMEHEHIE : OldData

Hy )
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® (6.3 LPM FENL/71f 281 3 B AT

6.3.2 LPM_RAM/¥)i& B & H

Do you veank bo specify the initial content of the memony?

RAMIP

.dﬂtﬁ 7.0 : a7, 0Ll ND; leave i blank
|wren W
Jaddress(6 0] 1 B2
' 2k & ¢ Yes, use this file for the memary content data
(You can use a Hexadecimal (Intel-format) File [.hex] o a Memory
Initialization File [.mif])

|nclock
=

Block type: MK
File narme: JOATAT XS mif

~ alow In-System Memory Content Editor to capture and update content
independenthy of the svstem cock

The 'Instance ID' of this RAM is: MYRM |

616 BEDMBCHNATERGE RS

Hy )
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® (6.3 LPM FENL/71f 281 3 B AT

6.3.2 LPM_RAM/¥)i& B & H

I+ (5 e i i - v dataf7 0] _D—. qI]rDl: (b siamaistampipii ety
?l'fl-ITJ-'EI?‘.I [T ——— ...:....... T ....._}.Jua!. . .E i WTEn _D_ - . LA T .-.:.. — SEN R EaE . SR | |
TR S FEr L. address[6. 0] LH =

s | inclock

E6-17 EREELEZETNRAMIER

Hy )



B F ¥ EPFE

6.3 LPM BENLTF 2% )& B A

6.3.3 {FENIARAMZEE

CLE

WREN

| |

00 101 X092 03 {04 X 05 X 06 X07 } 08 X 03 X 00 X01 02X 03 X 04 {05 X 06 X 07 X 08 (03 X0a X 06 00 o1 X 02 X 03 {04 X 05 X 06 X07 (a8 X0 X

A0S X0 X3 X 74 429 XOE J13 X 48 X 7D )82 XET X 1 4 51X 86 488 X FO X 25 )} 54 X8F XC4 P9 X 22 Y63 %98 XD X 02 X 37 X6C A1 XD6 X 08 X «

[CO OB OO )0 CF ) €3 D 0 CF D Y () €3 V) € @) € EY Ca

B 6-18 6-17 I RAMBFE L



® (6.3 LPM FEML77 a1 i B A 1H H

6.3.4 525K Verilogfg ik

[#1 6-6]

//EM rRaM MY s U EEER RO
//ENM REM MY 8 U BiER AR DO
input wire[6:0] B, J/ENM REME 7 v b ab g A dm O

input wire CLK,WREN ); //EMR#HHERFES
/* synthesis ram init file="DATAT7X8.mif" */;

module RAM78 ( output wire[7:0] Q,

input wirel[7:0] D,

reg(7:0] mem[127:0]
always @ (posedge CLK)

if (WREN) mem[Z] <= D; //# cLk EFHANEEED D EES A bHE TR T p

//Ert, Mt RSB T RS S HEm O

assign Q = mem[Aa];
endmodule

[41 6-7]

module RAM78 (output regl[7:0]1 Q,input[7:0] D,input[6:0] A, input CLK, WREN) ;
reg[7:0] mem[127:0] /*synthesis ram init file="DATATXB.mif" */;
always @(posedge CLK) if (WREN) mem[RA] <= D;
always @(posedge CLK) Q = mem[Aa];

endmodule



® (6.3 LPM FEML77 a1 i B A 1H H

6.3.4 525K Verilogfg ik

1. HFiEddum Ok

module RAM78 (output[7:0] Q,input[7:0] D,input[6:0] 2, input CLE,WREN)

2. HFhiE#MVerilog— itk

parameter width=8, msize=1024;
reg[width-1:0] MEMB87[msize-1:0];



® (6.3 LPM FENL/71f 281 3 B AT

22

6.3.4 & VerilogRig#iid
2. g2 Verilog— iR

reg[7:0] mem87([128:0];

memd7 [16]=8"b11001001;

mem87[122]=T76;

reglis:=0] &A:
reg MEM[15:0];

A[5] = 1'b0;
MEM[7] = 1'bl;
A = 16"hABCD ;

MEM = 16'hABCD;

//memB7 TEEERME 122 R R ERN TG 76

JIEMNT— 16 U EFiFea
JIBMNT—12ER1, 14Ul , EEFER 16 WIEHS

[/ AN TSR AMESNRED
[T N S MEM E TN ETEE 1

[/ RN B ee o BAERE

//ER ! FATHNERES I REFEE CRERERA

Hy )

//memB7 FHEERMNEE 16 B BRE RN —#5IF 11001001



® (6.3 LPM BENLfFfit s ) B A,

6.3.4 & VerilogRig#iid
3. FiESEPIBH X EAERR

/* synthesis ram init file="DATAT7X8.mif" */;

(* ram init file = "DATATX8.mif" *) reg[7:0] mem[127:0]

[41 6-8]

module REM78 (output[7:01Q, input[7:0]1D,input[6:0]A, input CLEK,WREN)
reg[7:0] mem[0:127];
always @ (posedge CLK) if (WREN) mem[R] <= D ;
assign Q = meml[A];
initial S$readmemh ("RAM78 DAT.dat", mem);
endmodule



o e (6.3 LPM BEVFHEaSHI 1 B A,

6.3.4 525K Verilogfg ik

4. iER)EEVLH

initial
begin FA 1;¥BA2;... end



® (6.3 LPM BENLfFfit s ) B A,

6.3.5 FhEAS I THIS WiEH)

WRENEED———"
LK ER—e——{ st
EE?_ I:I:—l—l—. ATART | ERATASLITTY —l—l—=-lf]['||I l:]

e T
E6-19 Hl6-6 B RTL S iEEHRE

bAERA

WREH s
c ¥

7 o7

00

.—_c}

| R

B 6-20 fl6-7M RIL BigEHE



® (6.3 LPM BENLfFfit s ) B A,

6.3.5 FhEAS I THIS WiEH)

Top=level Entity NHame
Famaly

Dewice

Timing Hodels

Met timing requirements
Total logic elements

Total combimational fonctionz
Dedicated logic registers

Total registers
Total pins

Totel wirtusl pins
Total memory bilts

Embedded Multiplier 9-bit elements

Total Fll=

RAMTS

Cyclons III
EP:3C55F464CE

Final

/A

1,497 / 55,856 (3 %)
1,340 f 55,856 (2 %)
1,024 / 55,856 (2 %)
1024

25 f 396 (B %)

1]

0/ 239,180 (0% ]
0D/312 (0%)
0D/4(0%)

B 621 #l6-6 HEmERE

Top—level Entity Hame
Family

Dewice

Timing Bodels

Met timing requirements
Total logic elements

Total combinational functions
Dedicated logic registers

Total registers
Total pinz

Total wirtual pins
Total memory bits

Embedded Multiplier 9-bit elements

Total Pllsx

EANTE

Cyclone ITI
EF3C55F4B4CE
Final

B &

0/ 5565 (0%)
0/5583 (0%)
0/55685 (0%)
0

25/328 (8%)
i}

1,024 / 2,386, 180
0o/f312 (0%)
0/4(0%)

B6-22 Hl6-7 HEERS



e

e |6.4 LPM_ROM{5E &I s

6.4.1 {45 E5Z{5 5 KAES T

") ROM: 1-PORT

f
[ + MegaWizard Plug-In Manager [page 5 of 7] ¥ &3
|

> fegs/Clen|Adrs

nddness(s. 1

gk

EF_'J;L..

Do you want to spedify the initial content of the memary?

@ Yes, use this fle for the memory content data

(ou can use a Hexadedmal (Tntel-format) Fie [hex] or a Memory
Initialzation Fle [.mif])

| Browse... |

File name: | DATATE. mif

=) Mo In-System Memory Content Editor to capture and
update content ndependently of the systesn dodk

The Trstance ID° of this ROM is: ROMS

6-23 MAFMBGEEELHEHATFERSFE ROM AE




® oo 6.4 LPM_ROM]E i F1s F =

6.4.1 &5 EZE 5 REHRRIT

AR e o EER J siroa ﬁﬁf
(MR A28 {7 fEROM i

E6-24 FRiEsA4sadEGER



6.4.1 &5 %55 REHRRTT

® (6.4 LPM ROMIF¥] 5 il A1 B 7~ 45

o e N

CNT7B

ROMTE

— address(e..0] —= g[7..0]§ it ; &
CLx C—— 5 —@+—> clock """‘:-;u'! = -3 .
R — cken 5 s

. WNOT
Rt sl ipc '
: L 1]

B625 IERESEESES0RREER



EEF Vv

e

6.4.1 &5 %55 REHRRTT

6.4 LPM ROM{ & &I Ff

] 5]

| j0ps 1.28 us 2.56 us 3.84us 5.12us B.4us 7.68 us 8.9 us 10.24 us 11.52
M Eps i ] i L] [ i (] i ]
CLE
- | B
RST L]
ar (K oo Xo1gpa XooXo1Xo2X03 K04 X0s §os 07 £08 X 03 oA X 08 £oc K00 foE K oF ¥ 10) 11
Q@ |f__® (85 4(8C }30 X6 ¥5C $92 308 X oF 3 as Kaa Xeo 3ee Fec XC14ce fCo 00 XDS 20A ) DE

Fe6-26 Mo6-25 B{BERE




e

6.4.2 IE5%215 5 KA/ LI R

2 SignalTap [ Logic Analyzer - D:/LPM_MD/SIN_GNT - SIN_GNT - [output_files/SIN_stpl.stp]"

6.4 LPM ROM{ & &I Ff

] 5]

Fle Edit View Project Processing Tooks Wi el B

Instance Manager: ::_ﬁ! E_!, a4 ﬁ Ready to scquire I__"El 3 | JTAG Chain Configuration: JTAG ready

Instance Status LEs: 6590 Memory: 51430  Smal: 00 Hardware: |USE-Blaster [USE-0]
B snT1 Mat running 840 cells 61440 bits 0 blacks :

Device: B1: EP3CSSEPACESS (0x020F 5000

2 = . I}}] SOF Manages: L:'.,]I i:.l;-,l JI D: /LPM_MDjoutput_files/S1
g 201 TS 23:41:16 4
Type|Alias] Hame |150 151 152 153 154 155 156 57 15 159 160 161 162 163 164 165 188 1
4 - AR {_04h % O5h §_06h % OTh #_08h ) 05h 4 GAh § 0Bh 4 OCh 4 0Dh % OER 4 OFh % 10h & 11h % 12h % 13h ) 14h
e ] -0 { 92n £ 98h X 9Eh X ASh £ AAh X BOh i BGh X BCh X Cih X C6h J CBh X DOh X D5h X DAh 3 DER X E3h X E6h |

6-27 ERESEE:REEER HM SignalTap T =FDIHRME



6.4 LPM ROM{ & &I Ff

] 5]

6.4.2 1F5%{5 5 KA 20844 SC I AT

Fie

Edit
lrﬁtan-ctl‘dmaq:er "'ﬂ! ﬁ-:" -
Instam: Status
& 5Tl Mot running

log: 201 THOSZ3 23:41:16 1

-i u Ready to acqure

g EignaITap i chic Analyzer - D:/LPML_ MD.-"SIN_GNT - SIN_GNT - [output_files/SIN_stpl.5tp]®
View  Project F"rucewsg Tn-uh

$
L_-,a X | JTAG Chain Configration:  JTAG ready

Memory: 614490 Smad: 00
61440 bits 0 blocks

Hardware: |USB-Blaster [USS-0]

Device: B1: EPICSS/EPACESS (0x020F 5000)

[>>| soFManager: (] [0 D:APM_MDjoutput_fles/st

Type | Alias

Hame 150 151

1%-1 lEI-E 15|S- 1"_:,? 15|E 15|9I Ilsvﬂ 161 182 163 184 1%5 I?E 1

)

+- AR {_D4h % O5h 3 06h % O7h & 08h J, 0Oh X OAR X 0Bh ) OCh % 0Dh X OEh % OFh & 100 & 11h 2 12h X 13h 1 14h

oL

ey

+-0 { 92h X 93h X 9Eh X ASh { Aah X BOh X B&h  BCh X C1h i CBh 1 CBh X DOh £ O5h X Dah § DEh X E2h ) E6h |

6-27 IERfESEES[YIER HM SignalTap I =L R E

Type

M-l.-||:l|und 507 -Gel

448 512

6-28

-1 AAATAT LA
FAWAVAVAVAVAVLAV

IF%E= A4 =M SignalTap 1 i E ~E



® | 6.5 FE ARG G

=3

4
/T3}
l

/

(1) T ERGFERTREE

I =]
== In-System Memory Content Editor - D:/LPM_MDy/SIN_GNT - SIN_GNT = B
] ;g|
== = e f ITAG Chain Configuration:  ITAG read e8] =
Instance Manager: || 33| W | [El| Ready to acqure 15 R e -
Index Irstance [D Status Width Degth T Hardware: | LiSE-Hlaster [USE-0] ) |_Setpn.
0 RMTS Fat runnng 8 18 RA | Device: | @1 EP3CSS/EP4CESS (0x020F5000) = | | ScancChan
rie: ()
4 1} ¥ — =
Instance O: RM7T3
0oO00D BQ 86 8C 92 9B SE AS AM BO BE BC CL €6 CP DO DS DA DE E2 ES EA ED FO F3 FS FB  ...cucusassnansassasnnnnns
00001a FA FB FD FE FE FF FF FF FE FE FD FR FA F8 F5 F3 FO ED EA E6 E2 DE DR D5 DO CB uvescnnrcnasnessrsnsas s
Q00034 C6 C1L BC BE BO AR AS SE 58 52 8C 86 7F 73 73 6D €7 61 SA 55 4F 49 43 3E 39 34 . .cnunvwas oo amgaZloIC>54
Q0004= 2F 2A 25 21 1D 19 15 12 OF OC OA O7 05 04 02 0% 01 00 00 00 01 0% 02 02 0507 F*"1, ivacvearssnrossarass
000068 OR OC OF 12 15 19 1D 21 25 2R 2F 34 35 3E 43 49 4F 55 5A 61 67 6D 73 78 »enws o LR SESRCTOUZ Agma Y
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® (6.5 ERAGFHALFXERES

=3

(2) ZEYROMH ¥R

Instance 0: RM78

(3) Eﬁ% 000000 31 11 3131 131 131 11 11 ;—..3; BO B6 BC C1 C& €B DO D5 DA DE E2 E6 EA ED FO F3 F5 F8
00001a FA "3 FD FE FE FF FF FF FE FE FD FB FA F8 FS F3 F0O ED EA E6 E2 DE DA D5 DO CB
000034 Ce& C1 BC B6 BO AA AS SE 98 92 BC B8 7F 79 73 6D 67 61 SA 55 &F 49 43 3E 39 34
00004 2F 2A 25 21 1D 19 15 12 OF OC OA OT7 05 04 02 01 01 00 00 OO O1 01 02 04 05 07
000068 OA OC-OF 12 15 19 1D 21 25 2R Z2F 34 39 3E 43 49 4F 55 SA 61 67 6D 73 7139

6-30 TEUEHEETFNIEER A FPGA T8 ROM I

Type Alusl Hame I

6-31 SignalTap I1 W45 i B4R e 72

(4) %\ %o B8 S



® 6.6 LPM#x A\ BirH¥ 8 H

6.6.1 EL R A\ ABUHI T

Which megafunction would you like to customize?  \Which device family will you be using? iCydone IVE -
Select 3 megafunction from the list below

Which type of output file do you want to create?
|

]

T AHDL
"%, ALTMEMPHY e
o VHDL
'\.‘ ALTPLL @ Verilog HDL
"‘ ALTPLL_RECOMFIG What name do you want for the output file?
', ALTREMOTE_UPDATE D:/LPM_MD/PLL20M |z

B 6-32 #EBMEE ALTPLL



¢ 6.6 LPMx A\ BiAHHH

6.6.1 EL R A\ ABUHI T

<p ALTPLL

EF'~¥-:HT-"..|II:T
Settings
Gener al Maodes :' Irputs Lock -‘ _:' Clock switchaver :-
Currently selected device famiy: |-
| [] Match project fdefault
|
eik0 SEES Able to implement the requested PLL
Aresel i T ke
3 e T General
::'J__"_" l'_'_'_f'i__ff_f:'_'__i .
Whidh device speed grade will you be using? |18 -
] What is the frequency of the indid input? m [MHz - |

B 6-33 &FEEASEH inclko R 20MHz



6.6.1

2R AR GUEI T

PLL2OM %
clk0 I co,
resot | ooeation Mode: Normal locked |}
fdena . ‘%

.
=
e IVE 3

6.6 LPMix A\ BiAEFAH

Able to implement the requestad PLL

Optional Inputs
Create an pllena input to selectively enable the PLL
| Create an ‘areset’ input to asynchronously reset the PLL
[¥| Create an 'pfdena’ input to selectively enable the phase ffrequency detector

Lock Output
| Create locked' output

|| Enable self-reset on loss lock

G EBAEENRHEES



eve (6.6 LPMEx AR BiIAHAEH

6.6.1 EL R A\ ABUHI T

— c0 - CorelExternal Output Clock
Able to mplement the requested PLL
| Use this dock
M) | ok Fraee T cit Clock Tap Settings
b racrtny 20000 Mkz Requested Settings Achual Settings
= R T — 2 Enter output dodk freqguency: 0.002 MHz v | 0.002000
_[ _}] o T :
1
Clock muttiphcation factor
C Z
: Clock division factor SeLov | 10000
Clogk phase shift 0.00 T |dea 0,00
Clack duty cyde (3&) 50.00 = 50.00

B 6-35 &8FcO WEHITER 0.002MHz



6.6 LPMix A\ BiAEFAH

6.6.1 EL R A\ ABUHI T

ncii

i

ef,

c1 - Core/External Output Clock
Able to implament the reguested PLL

| Use this dock
Clock Tap Settings
Requested Settngs Actual Settings
@ Enter output dock frequency: 195 MHz v 195.000000
Enter output dock parametens: -
Clock multiphicaton factor 3 - - -
L4 =
Clock drvision factor | L _Eﬂpf 4l 4
Clock phase gheft 0,00 : deg = 0,104

B 6-36 BHIBEB-THR&SEScl



¢ 6.6 LPMx A\ BiAHHH

6.6.1 EL R A\ ABUHI T

SUTRUT AjE o
PLLZOM nput 20MHz, Output ¢ 0=2kHz I
CNTTB ROM73

address |5 0] g[7 0

Nl 0  clock LB s QUTRIT [ aff 0]
inclkl freguency: 20000 MHz (sl | s
Operation Mode: Normal 1 ¥ Cle_en ®
Cilk | Ratia |Ph (dg)|DC (%) it

128 vanrdp

=ldlg

&
E=

119090 0.00 | S0.00
3544 0.00 | 50.00

nclock
nat

Biock type: MOK

natd

Cyclona IV E EN D—hglj—] ! ART
L
N
RET BT
L GHD
Clk ——r ﬁ
e

DUTPUT  — couTt

637 RATBADSHEIERGNEZESEERER

6.6.2 A BIFHA



® | 6.7 In-System Sources and Probes Editor{s F 5%

(1) ETE i+ AIn-System Sources and Probesf&ii

(2) BEESH

-a In-System Sources and Probes

Parameter
Settings

| Currently sslacted device famay:

JTAGT

+| Match project/default

— 5,
=] probefis.0] Do you want to spedfy an Instance Index?

@) No, assign it automa tcally

Yfes, use this number ||

The 'Instance ID' of this instance (optional): IGTT 4 characters
How wide should the probe port be? |18 ~ | bits

How wide should the saurce port be? 13 = | bits
|Advanced Options...

B 6-38 A In-System Sources and Probes IR 1ZESH



® | 6.7 In-System Sources and Probes Editor{s F 5%

(3) EREMARIEERRERLT

JTAGT

ARE.D] SWIRE T PEM4.8 ]
»* .J} ! k { st2.0
ﬂ

PEI1S.0] source|2..0] =

@70 SRE T eB[7.0) ==t probe[15..0]
“ 'h]‘&s i X

inzi2

i CNTIB s
WiRE courter] | ' ROM78
o W =1 i _ |
mﬁ 1 L > clock * | a0 | addres

ngtE | gl5..0]
s WiRETTTTT BN i
fhij i

clk_en

cout

Shis
128 whtds

-
(=]
1]

| inclock |
| Block type: AUTO
BB L e
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® | 6.7 In-System Sources and Probes Editor{s F 5%

(4) AHIn-System Sources and Probes Editor

| In-Systemn Sources and Probes Editor - D:/LPM_MD1/SIN_GNT - SIN_GNT - [Spflspf]®
Fle Edit Yiew Poossn Toos  Wiodow  Hoe )

JTAG Chain Configurabion:  JTAG ready

Instance Manager: (1] 3B W | L] [[5]] Readytoacqure &) =
Probe read interval Event log Hardveare: | LISB-Blaster [LISB-0]
Current interval: 0 samples per second Maximum size: [15 - | Device: | @ EPIC16/EPACELS (0x020F2000)
Automatic ] save data to eventlog Fle: (2] D:APM_MDLSIN_GNT.s0f
@ Mamual = i — -
L B Wite source data: i_len.nl,df '| 4l
Irdex Instance 1D Status Sources: 3 Probes: 16 Name
[# o JGTT Not running 3 16 JTAG 1iinst4|altsource_pr..
[®]o w6
Index Type i@ Name Data ;16 B A R i i 3 1 i i
Pis  ¥x  cour D
P(14.8] ¥ & aR6.0 I Zh 4 2 ¥ Xk §  2ah % mh N 2ch 4 Dk X Xk X Fh ¥ 3k
P70l Hexr = Q7.0 Bch Fah % FBh % Fsh % F3h 4 FOh 4 EDh % EAh X Esh A EH 4 DEh
82  =+"e= QST 1
§1  =+"s= EN 1
o -

6-40 In-System Sources and Probes Editor B 15 %
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o0 |6.8 NCORXEIZIRZ 2:1F FH /7Y

(1) E#INCO

£4 MegaWizard Plug-In Manager [page 2a] &

Which megafunction would you like to customize?
Select a megafunction from the list below

Which device family will you be using? :C]ldme IVE - |

Which type of output file do you want to create?

& %
4 .—’-‘J Installed Plug-Ins - ! 5
| e VHDL
1 Arithmetic
] Communications Verilog HDL
4 | ] Dsp What name do you want for the output file?
] Error Detection/Correction D:A .pM_M.D-3II|NC-U32 ' s R= T —
= Fibers Output files will be generated using the dassic file structure
« 4 : _g eneralian £|[ [] Return to this page for another create operation
“a, NCOv13.1
Ha | i
& Transforms Mote: To compile a project successfully in the Quartus II software, your design

files must be in the project directory, in a Bbrary specified in the Libraries page of
1 Video and Image Processing the Options dialog box (Tools menu), or a Bbrary spedfied in the Libraries page

6-41 FTFF Core I EEEEH O %EFE NCO &




e 6.8 NCOXBIERYG a8 T iA

(2) Bt ACore XA L FEE
o mco vo.0 L] 5|X]

W

LL""I]] Aboutthis Core

B Documentation

Stap 1
Farameterize |
WY Step 2: |

B 6-42 BEA Core MEHERERED



(3) HESH

£ Farametarize — NGO

Parameders

Coreration algantn

6.8 NCO#%3

T

implementation | Resource Estimate

Pristigiong

Phase Diniosing

) Grmall ROM Phage Accumulalor Precisionze [F] Implemant Phase Dinering
Angular Resoludion 0 1
Chitkyar Lival Y
% Large ROM Wagnbude Frecision 10 e
Generated Sutpul Freguency Pasameters
) CORDAC
Clock Rale 200 WH: -
Degirgd Cutpus Freguency i L b
O MuBiligr-Basad Phase ncramerd Valss 33886
Real Dutpud Frequency 0 FUIRERAETSEEC BE
Fraquency Domain Responge T¥ne Domain Response
Armpidude
E] . :
i ."ﬂ'n. i rg' \ B e
w44 P | r A f |
A \ J X £14 /
me 4 § ] I \ | i | !
! § i f L1 f i f
i | 1 ,I 1 || lll, [ | 'I i
L i | 1 y { i [ 1 .-I
\ f \ | f ] 1 !
i ! !" L} lL .'I \ i | |
\ |- - 4 k- = of \ =)
T J - f =7 ! ';'I \-of
et U \ A \J V. (¥
[T P I TP e Y o JRIONO A4S 5182
Tieng (eig)
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(3) KESH

¢ 6.8 NCO#::

Parameters  Implementation ' Rezource Estimate

Frequency Modulation
[#] Frequency Modulation Input

Modulator Resolution [

Modulator Pipeline Level |y w

Device Family

Taroet Cyelone Il

Phase Modulation

Modulator Precision 10

Modulator Pipeline Level |1

W

B 6-44

Multi-Channel NCC

Mumber of Channels

@& NCO ZH

Bk 2 1F

Cuputs

(%) Dual Output

(7 Single Output

»



® (6.8 NCOXEEIRLy o+ ik

(4) AR B

(5) IIAIPEAUAH

(6) EFH IR, RJaRERBIBREET 9% K ) aef il

greviy -

i C16
1 1193044 e

T e L e
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e 6.8 NCOEIZEIRY#1EH Ti%

(6) EFEHEIREI, R E MBI EET 9 P KL Th el

T R N e e e e e et e e

a-FS

N T A L NS
- Lo e " LS
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6.9 FIRXMEH A

H(z)= Eh(n)z‘" (6-1)

= y— | Bl | Aal L Y= Y=
vin)
- s - - - R

B 647 EEE rFRIERSLENE



6.9 FIRZAEH %

N-1
Y(H)Z;h(m)x(ﬁ—m) (6-2)

xinm)

e— x(p) XRE2 ) o wx N2 ) xln-N+1)

L i
L

xtinl1)

| )

HEIRFRAY h{0) h(N-1)

ik

i &

B 6-48 [EiEE FIR =ML



6.9 FIRZAEH %

ML 5 5 A

A/D

FIR

D/A

B 6-49 FIR EREIEITRE
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¢ |6.10 DDSsLH)JH # 5 M H

6.10.1 DDSJR

S, =Asimowt = Asin(2xnf, 1) (6-3)
=2=f_ 1 (6-4)
2nf
A6 = 279::-“?;1]: i = { 6-5 }
Jese
E;‘LE e f;:-ut . N fm;r

_ 8 6-6
2_\. _}211: ' i ﬁm ( .}

,_,

S, =Asm(6,_, +A0)= Asm[ -(By_ +B, )—i Af(B; +B,;) (6-7)

]

B, ~—=1.2% (6-3)



¢ |6.10 DDSSE

6.10.1 DDSJR

H“*i:l’imh_lf EES

ﬁM%Mﬂé | r_—ﬁf——

N
i -k

FEFRN 5
Coe

| > §
5 mmmmﬁ{ ;
e | ol .

Lt .

B 6-50 EFDDS &£
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ev0(6.10 DDSLHEH 5MNFH

6.10.1 DDSJR

B
j;u::?___:l:'ﬁm {6-9 ]

=y (6-10)



¢ |6.10 DDSsLH)JH # 5 M H

6.10.2 DDS{E 5 kAR it ~p
(1) 32/ iniE23ADDER32

B[31.18)

ADDER32 | ' DFF32

et f3t1( 31 (]

=t clock ER I




¢ |6.10 DDSCHlJFH

6.10.2 DDS{E5 RAE R THHI
(2) 326 & HF75DFF32

(3) EEZFEHEHFEROM
(4) FERZEHFHAB[17..10]

_B[31..0]

~32

f;}ut : f;ﬂk

(5) DACIKZj%#E O DACI[9..0]

5 REF

(6-11)



¢ L8 5wt

6-4 R HEHERERGR T

71 74244b EL||_1 ]| e R
| o AGN AT[A |"i ﬂ' F’ELJTPLJT — ]

AR W .
i s — * ” ﬁ::“* OINS.. 0]

L

— A4 1]

————— o .
S A R e | nBGN BY[4. 1] | —f e e

+ DN, 0 _lhﬂ]_‘:" !
|.. ] R : E".:-"* ':":-_l"'ll_. EJFFEF‘? ; o o] | o EN_IJD ")
CNT10B | ye— ol A2

up Counter
| godrass{a_ 0]

T R —— N—— - {
- i ﬁz T tloc q[5 O]t :

clhk_en

i et M ¥ i LB fog7. 4

8 b
1024 words

- b

= jinclock
. . . ; | yinclockean
| [ inst3  Block type: ALTO

i

r'.L:t... T : wlaln
{CLH_EN [y u;;"&;r . | i el A
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6-5 BHESRERBI

AAT31.0]

S S oy e P R - . . - “ﬂf;i}h. T
160MHz rADOERIZE |

¢ L8 5wt

rséL}cﬁ e s e s s bbbt

B L[ EEn
Ul W o ST IR L W
d— 771 11]

2.8

Lowd

| L L

DOUT.0f

address|S 0]

nat?

| st

! inatd

BAZY. W I IES

nciock

a0

R PRI

;mtﬂ[EGEH fEROM2

| %in_rom

D

addreas[s 0

ot AN3.22) -
34— *———.

A T

LT

10 sl

nciock

8.0

T e RO 6

! inst

of3 TEE 8k R OM!

T N

AD.0]  S8.0)

{FWORD(S.0)

- .gﬁmi ; S—

: metl

E9..0]

Load

DeE 0]

DOUT]E. 0]

T 2R

: nath

Be653 2YNFEHESAEERERER
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SEH 5wt

6-7 & HHEF ISR FE BT

4Hz

E%ﬁmﬁﬂuﬁﬁ

'mnsar

&k cuTeo)

| instll

cO=TMHz§5 ) 55 ith 7%
ia. et e RS et 1 LR A D S j‘:lﬂkn_

ristd

PLLZ20

inclkd frequency: 20 000 MHz
Crperation Mods: Mormal

ik | Ratio
co | 120
ci |1Ho0000

P (ehat) | D (%6)
003 | 5000
000 | 5000

:EI;

el

R SFMIBROM

LK SPHE

MILSIC I

AR

address|7..0]
—{>inclock

qnmijr

NX[3.0]

CODE[3.0)

10100

I 1 — ﬁuéaﬁw LB
Bgs AR

= o
_“_'T_—' ;

:nl ITEUT : LEqs T ""':

1 ! g
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- S 5 it

6-7 i Hi B 2= FL BRI

[#1 6-9]

module SPKER (CLE, TN, SPES);
input CLK; 1input[10:0] TN; output SPKS:
reg SPES; reglli:-0] CNELL;

always @(posedge CLK) begin : CNT11B LOAD //11 fUTITREiH#EE

if (CNT1ll==11'h7FF) begin CNT11=TN; SPKS<=1'bl; end
else begin CNT11=CNT11+1l; SPKS<=1'b0; end end
endmodule



.co S 5 it

6-7  Hi AR 2= FL BRI

(51 6-10]

module F CODE (INX, CODE, H, TO):
input[3:0] INMX; output[3:0] CODE; cutput H; ocutput[l10:0] TO:
reg[l0:z0] TO; reg[3:0] CODE; reg H;
alwaya E{INK) begin

case (INX) // FEel ERFE  PIFEnEE

0 : begin TO <= 11'HVFF; CODE<=0; H<=0; end
1 : begin TO <= 11'H305; CODE<=1l; H<=0; end
2 @ begin TO <= 11'H390; CODE<=2; H<=0; end
3 : begin TO <= 11'H40C; COLDE<=3; H<=0; end
4 : begin TO «= 11'"H4A5C; CODE<=4; H<=0; end
3 : begin TO <= 11'H4AD; COLDE<=5; H<=0; end+
& : begin TO <= 11'H50A; COLDE<=6; H<=0; end
7 & begin TO <= 11'H55C; CODE<=7; H<=0; end
8 : begin TO <= 11'H582; CODE<=1; H<=1; end
9 : begin TO <= 11"H5CS; CODE<=2; H<=1l; end
10 : begin TO <= 11'"H&60&6; CODE<=3; H<=1; end
11 : begin TO <= 11'Hed0; CODE<=4; H<=1; end
12 : begin TQ <= 11'H656; CCODE<=5; H<=1l; end

13 : begin TQ <= 11'H634; CCODE<=&; H<=1l; end
14 : begin TO <= 11'H69A; CODE<=7; H<=1; end

15 : begin TO <= 11'H&CO; CODE<=1; H<=1l; end
default : begin TO <= 11'H&CO; CODE<=1l; H<=1; end
endcase end

endmodule
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SIS W Th

§-38

Irchss: | nstanes Il | Siatus | ik | Conpik | Ty M | :

ol ez Netnreing 4 6 RAWAOM ResdWine | ] Pl LPT1] Sl
Device | @1 EFCI0/5{0x020F1 00D x| _Scanhan | o

w0 ol

poaoog EFDCEACI35 39035053547 TEC6BEEE G Y OB LE

000036 & 85 55 5! EALAC? 7996856565363 366796666E665680804% C A9 949

DOODEC 3 B 6 § 333 33 888 36616540865 C68E6c00000000000000000000000000M
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- S 5 it

6-7 ‘SRR BRI
[5] 6-11]

module FDIV  (CLE, PM) ;
input CLE; output EM; reg[B:0] Ql; reg FULL; wire RST;

always @& (posedge CLE or posedge RST) begin
if ([RS5T) begin Ql<=0; FULL<=1; end
else begin Q1 «—= Ql+1; FULI<=0; end end
assign RST = (01—499); assign PM = FULL;
assign DOUT = Ql;+

endmodule
(%l 6-12]
module CNT138T (CLE, CNTB);
input CLE; output[7:0] CNTB; reg{¥:0] CNT; Wwire LD;

always @ (posedge CLE or posedge LD) begin
if (LD) CNT <= B'kb00000000; else CHT<=CHNT+1; end
assign CNTE=CNT; assign LD (CHNT=—138) ;
endmodule



.co S 5 it

6-7 ‘SRR BRI
[ 5l 6-13]

/RR R RERE

DEPTH = 256 ; !/ EFRE 139

ADDRESS RADIX = DEC ; //Hbut#iEER +i &l

DATA RADIX = DEC ; TR EE eR T

CONTENT BEGIN I ERERTATERFUETEE E—#HE5—1T

WIDTH

Il
S
-

00: 3; 0D1: 3; 0Z2: 3; 03: 3; 0D4: 5; 05: 5; 0D6: 5; 07: o; DB: B; 09: B;
T0-= 8; 13- W F2- 6 13: B 14: 5; 15%: 5; 1le:12; 17- 12518: 12;19:15;
20:13; 21:12; 22:10; 23:12; 24: 9; 25: 9; 26: 9; 27: 9; 28: 9; 29: 9;
A0: 9; 31: 0; 32: 9; 33: 9; 34: 9; 3A5:10; 3e: T; 37: 7; 38B: 6; 39: 6;
40: 5; 431: 5; 42: 5; 43: e6; 44: B; 45: B; 46: 9; 47: G; 48: 3; 4%: 3;
BO: B; 51: 8; S52: 6; 53: 5; 54: 6; Bhh: 8y 56z 5; 57: 5;:58: 5; 59: 5;
60: 5; 6l1: 5; 62: 5; €3: 5; 64:10; 65:10; e6:10; e7:12; &B: 7; &%: 7;
Tz 9; s 90 720 8 F3: By Td4s 5; Tas 9 G 5 §9E SR 9 M S;
80: 3; Bl: 5; B2: 3; B3: 3; B4: 5; 85: ©; Be: T; B7: 9; BB: 6; B89: 6;
90: o; 91: &; 92: b; 93: B; 94: 5; 95: 6; 96: B; 97: 8; 9B8: B; 99: 9;
100:12;101:32;102:12;103:10;104:09; 105: 9;106:10;107: 9;108: 8;109: 8;
110:6; 111:5; 112: 3;113:3; 114:3; 115: 3;116: B;117: 8;118: &8;119: B§;
120:6; 121:8; 122: 6;123:5; 124:3; 125: 5;126: 6;127: 8;128: 5;129: 3;
130:5; 131:5; 132: 5;133:5; 134:5; 135: 5;136: 0;137: 0;138: 0O;



