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11.1.1 HPFEIL=
[%111-1]
LIBRARY 1eee;
USE i1eee.std logic_1164.all;
USE 1eee.std logic unsigned.all;
USE i1eee.std logic arith.all;
ENTITY multmux 1S
PORT (AO, Al, B : IN std logic vector(3 downto 0);
sel : IN std logic;
Result : OUT std logic_vector(7 downto 0));
END multmux;
ARCHITECTURE rtl OF multmux IS

BEGIN
process(A0,A1,B,sel)
begin
iIT(sel = "0") then Result <= A0 * Bj;
else Result <= Al * B;
end 1f;
end process; BELRLEE
END rtl; KX
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11.1.1 BEPEILE

[11-2]
ARCHITECTURE rtl OF muxmult IS

signal temp : std logic vector(3 downto 0);
BEGIN

process(A0,Al1,B,sel)

begin
iIf(sel = "0") then temp <= AO; else temp <= Al;
end 1T;

result <= temp * B;
end process;
END rtl;
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11.1.2 BEEMAL

[%111-3]
LIBRARY 1eee;
USE i1eee.std logic_1164.all;
use 1eee.std logic unsigned.all;
use ieee.std logic arith.all;
ENTITY multl IS
PORT(clk - 1n std _logic;
ma - In std_logic_vector(ll downto 0);
mc - out std logic vector(23 downto 0));
END multl;
ARCHITECTURE rtl OF multl IS
signal ta, tb : std logic vector(ll downto 0);
BEGIN
process(clk) begin
iIf(clk"event and clk = "1") then
ta <= ma; tb <= "100110111001"; mc <= ta * tb;

end if; -
end process; BELRL
END rtli; B(X
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11.1.2 BEEMAL

[%111-4]
LIBRARY 1eee;
USE i1eee.std logic_1164.all;
use 1eee.std logic unsigned.all;
use ieee.std logic arith.all;
ENTITY mult2 IS

PORT(clk - 1n std _logic;

ma - In std _logic vector(ll downto 0);
mc - out std logic _vector(23 downto 0));
END mult2;

ARCHITECTURE rtl OF mult2 IS

signal ta : std logic vector(l1l downto 0);

constant tb : std logic vector(l1l downto O0) := "100110111001";
BEGIN
process(clk) begin

iIf(clk"event and clk = "1") then ta<=ma; mc<=ta * tb;

end if; :
end process; BELA
END rtl; Kx
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[#111-5]
LIBRARY 1ieee;
USE 1eee.std logic 1164.all;
use ieee.std logic unsigned.all;
use 1eee.std logic arith.all;
ENTITY pmultadd IS
PORT(clk - 1n std _logic;
a0,al,a2,a3 : 1n std logic_vector(7 downto 0);
bO,bl,b2,b3 : 1n std logic_vector(7 downto 0);
yout : out std logic_vector(15 downto 0));
END pmultadd;
ARCHITECTURE p_arch OF pmultadd IS
BEGIN
process(clk) begin
iIf(clk"event and clk = "1") then
yout <= ((a0*b0)+(al*bl))+((a2*b2)+ (a3ihE))ujmme it mfj———
end process; BELRLEE
END p_arch; KX
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[$111-6]
LIBRARY 1ieee;
USE 1eee.std logic 1164.all;
use ieee.std _logic unsigned.all;
use ieee.std logic _arith.all;
ENTITY smultadd IS
PORT(clk, start : in std _logic;
a0,al,a2,a3 In std_logic_vector(7 downto 0);
b0,b1l,b2,b3 - In std _logic vector(7 downto 0);
yout : out std _logic _vector(15 downto 0));
END smultadd;
ARCHITECTURE s_arch OF smultadd IS
signal cnt : std_logic_vector(2 downto 0);
signal tmpa, tmpb : std logic _vector(7 downto 0);
signal tmp, ytmp : std logic vector(15 downto 0);
BEGIN
tmpa <= a0 when cnt = 0 else

al when cnt = 1 else
a2 when cnt = 2 else
a3 when cnt = 3 else
al;
tmpb <= b0 when cnt = 0 else

bl when cnt = 1 else
b2 when cnt = 2 else
b3 when cnt = 3 else
bO;

tmp <= tmpa * tmpb;
process(clk) begin
if(clk"event and clk = "1%) then
if(start = 1) then cnt <= "000"; ytmp <= (others=>"0");
elsif (cnt<4) then cnt <= cnt + 1; ytmp <= ytmp + tmp;
elsit (cnt = 4) then yout <= ytmp;
end if;
end i1f;
end process;
END s_arch;
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[%111-7]
LIBRARY 1ieee;
USE i1eee.std logic _1164.all;
use 1eee.std logic unsigned.all;
use 1eee.std logic arith.all;
ENTITY adder4 1S
PORT(clk - in std logic;
a0,al,a2,a3 : 1n std logic vector(7 downto 0);
yout : out std logic vector(9 downto 0));
END adder4;
ARCHITECTURE normal _arch OF adder4 1S
signal t0,tl,t2,t3 : std logic vector(7 downto 0);
signal addtmpO,addtmpl : std logic vector(8 downto 0);
BEGIN
process(clk) begin
if(clk"event and clk="1") then
t0 <= a0; tl1 <= al; t2 <= az2; t3 <= a3;
end 1f;
end process;
addtmp0 <= "0"&t0 + t1;
addtmpl <= "0"&t2 + t3;
process(clk) begin
iIf(clk"event and clk = "1%) then yout <= "0"&addtmpO0 + addtmpl;
end 1f;
end process;
END normal_arch;



[#111-8]
LIBRARY 1ieee;
USE i1eee.std logic 1164 .all;
use ieee.std logic unsigned.all;
use 1eee.std logic arith.all;
ENTITY pipeadd 1S
PORT(clk : 1n std logic;
a0,al,a2,a3 : i1n std logic vector(7 downto 0);
yout : out std logic vector(9 downto 0));
END pipeadd;
ARCHITECTURE pipelining_arch OF pipeadd IS
signal t0,tl,t2,t3 - std logic vector(7 downto 0);
signal addtmpO,addtmpl : std logic vector(8 downto 0);
BEGIN
process(clk) begin
if(clk"event and clk="1") then
t0 <= a0; tl1 <= al; t2 <= a2; t3 <= a3;
end 1f;
end process;
process(clk) begin
iIf(clk"event and clk = "1%) then
addtmp0 <= "0"&t0 + t1;
addtmpl <= "0"&t2 + t3;
yout <= "0"&addtmpO0 + addtmpl;
end 1f;
end process;
END pipelining_arch;
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11.3.6 1 H Design Assistantfi & i v 1] FE 1

Categony:
General
Files
User Libraries [Current Project] Specify optionz far the Dezsign Asziztant, which checks a design for potential design problems. Maote:
; & avallability of theze optionz dependz on the current device family.
Device Th lability of th t d d th td farnil

Timing Requirements & Optionz
EDA Tool Settings Bun Design Assistant durning cormpilation

Compilation Process Settings
Analyziz & Spnthesis Settingz

Select the rulez vouw want the Dezign Azsiztant to apply to the project.

T [FH[F[*

- Design Aszistant configuration rule names

Fitter Settings
Timing &nalyzer = Clack
Gated clock should be implemented according to Alera standard zcheme
SignalT ap Il Logic &Analyzer Logic cell should nat be used to generate inverted clock
SignalProbe Settings |:| [nput clock pin should fan out to only one zet of clock gating logic

Simulator || Clock signal source should drive only input clock ports

+- PowerPlay EDWE[ .-'ifnal_l,lzer Settings |:| Clock zignal should be a global zignal
+- Software Build Settings

HardCopy Settings |:| Clack zignal zource should not drive regizters that are tiggered by different clock

T Feset
T Timing closure
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11.3.7 BN P BE ST

Category:

- General Timing Analpsis Settings

- Files
U zer Libraries [Current Project) Specify zettings for the Clazzic Timing Analvzer. Uze the Szzignment Editor for individual timing
S Esice azzighments. Mote: These gettings affect the Clazzic Timing Analyzer only. To specify Timeluest

Timing Analyzer zettingz, uze the Timeluest Timing Analyzer [T ools menu).

=1 Timihg Analysis Settings

: Timing Analyzer Reporting
+- EDA Taol Settings
- Compilation Processz Settings
= .-'-‘-._nal_lrlsis & Synthesziz Settings

YHDL Input
Verlog HOL lnput Specify zettings for each clock that is part of the project. Sssign the settings to input clock signals.

B Delay requirements

D efault Parameters

Synthesiz Metlist O ptimization Enisting cloak-setings

[=I- Fitter Settings : : : .
T Phwszical Sunthesis Optirmizatic Mame | Type |__Fma:-c |__I_'__J__l._4t... | Period | Offset | Phasze z... | Mode(s] Mew. ..
Azzembler clle abzol.. 130... &O 7.E92 nz clk = |

- De=zign Assistant
-SignalT ap |l Logic snalyzer
Logic &nalyzer Interface

H‘E' C].Dl::kl Se‘i:‘i:ings

‘- SighalProbe Settings Clock zettings name: |C|k

=i Sirulator Settings

: Sirmulation Power Applies to node: ICIk I
B Eroieloy Bower Snalvzer, Seling — Relatiohship to other clock settings

+ |ndependent of ather clock settings

Required fras: i13d !MHZ ;l Fiesulting period:

l— Duty cycle (2 |50 i_
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%’E Compilation Report
% Legzal Hotice
%g Flow Summary
%@ Flow Settings
%@ Flow Elapsed Time
% Flow Log
+ %I:l Analysiz & Synthesis
+ %I:l Fitter
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= %ﬁ Timing Analyzer
%% Summary
%@ Settings
%& Clock Settings Summary

%% Clock Setup: 'CLE
%% Clock Setup: “altera int

%@ t=u

Timing Analyzrer Summary

Total number of failed paths
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4| Worst-case th Hi A Hone 3.725 ns
i Horst-caze Minimum tco Hih Hone 16. 645 ns
B | Yorst-caze Minimum tpd 0k Hore 2124 ns=
7| Clock Setup: *altera_internal j tag TCEUTAF' | H/A Hore 85.29 MHz |
E Clock Setup:; 'CLE 0k Hone 153,35 MHz
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Regisztered Performance ltpd ] t=u ] too ] th ] Cuztom Dela}’s]
Clack: [CLK -
Walue | kad
From data_rorm:ul |alksyncram: albsynicram_componentlaltzyncram_.
To #ld_signaltap:zsinoutlacg_trigger_in_reg[5]
Clock. period | 7.499 ns ]
Frequency  [133.35 MH= x>

00:00:15

Wit Start & Repart Mumber of paths ta list; |10 List Paths |_
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11.3.9 &R AL B ]

Family APEXZ0EE

lNevice EFZOEI00ERCE40-23
Timing Models Final

Met timing requirements Yes

Total logic elements 51 f 11,520 [ <1 % )
Total pins 9 /152 [ 5 % ]

Total wirtual pins [l

Total memory bits O,/ 147,456 (0 % )
Total FLL= [l
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LIBRARY IEEE;

USE IEEE.STD LOGIC 1164 _ALL;

USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY SINGT 1S

PORT ( CLK - IN STD_LOGIC;
DOUT - OUT INTEGER RANGE 255 DOWNTO O ):
END;
ARCHITECTURE DACC OF SINGT IS
SIGNAL Q - INTEGER RANGE 63 DOWNTO O ;
SIGNAL D - INTEGER RANGE 255 DOWNTO O ;
BEGIN
PROCESS(CLK)
BEGIN

IF CLK"EVENT AND CLK = "1" THEN
IFQ <63 THEN Q <= Q + 1; ELSE Q <= 0 ; END IF; END IF;
END PROCESS;

PROCESS(Q)

BEGIN

CASE Q IS GET D
LTS
Kx



WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

END;

00=>
04=>
08=>
12=>
16=>
20=>
24=>
28=>
32=>
36=>
40=>
44=>
48=>
52=>
56=>
60=>

D<=255;
D<=245;
D<=217;
D<=174;
D<=124;
D<= 75;
D<= 34;
- WHEN
> WHEN
D<= 13;
D<= 43;
D<= 87;
D<=137;
D<=186;
D<=225;
D<=249;

WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

OTHERS => NULL ;
END CASE;
DOUT <=

END PROCESS;

01=>
05=>
09=>
13=>
17=>
21=>
25=>
29=>
33=>
37=>
41=>
45=>
49=>
53=>
57=>
61=>

D<=254;
D<=239;
D<=207;
D<=162;
D<=112;
D<= 64;
D<=

D<= 1;
D<=

D<=
D<=150;
D<=197;
D<=233;
D<=252;

WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

; WHEN
; WHEN

WHEN

> WHEN
; WHEN
; WHEN

WHEN
WHEN
WHEN
WHEN

02=>
06=>
10=>
14=>
18=>
22=>
26=>
30=>
34=>
38=>
42=>
46=>
50=>
54=>
58=>
62=>

D<=252;
D<=233;
D<=197;
D<=150;
D<= 99;
D<= 53;
D<= 19;
D<= 1;
D<= 4;
D<= 26;
D<= 64;
D<=112;
D<=162;
D<=207;
D<=239;
D<=254;

WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

03=>
07=>
11=>
15=>
19=>
23=>
27=>
31=>
35=>
39=>
43=>
47=>
51=>
55=>
59=>
63=>

D<=249;
D<=225;
D<=186;
D<=137;
D<= 87;
D<= 43;
D<= 13;
D<= O;
D<= 8;
D<= 34;
D<= 75;
D<=124;
D<=174;
D<=217;
D<=245;
D<=255;
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11.3.9 &R AL B ]

Family
Datrice

Timing Models

SLI K]

APEXZ0EE
EFZ0EI00ERCE 403
Final

Met timing requirements Tes

Total logic elements
Total pins
Total wirtual pins

B/ 11,520 (<1 %)
9/ 152 (5 % )
0

Humber of product terms 45

Total FlL=
Total memory bits

0

B, 144 / 147,456 [ 4 % )
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11.3.10 Slow Slew Rateix &

E=izting option settings:

M ame:

Auto Regizter Duplication

E nable Buz-Hald Circuitoy
Final Placement Optirmizations
|0 Placement Optirmizations

FCI [0

Flacement Effart Multipher
Fouter Effort Multiplier
Slow Slew Rate

Wwheak Pull-LIp Resistor

Logic Cell Inzertion - Logic Duplication
Optimize [0C Reqizter Placement far ..

S etting;

Iff

Iff
Autornatically
Ory

Auto

Oy

Iff

1.0

1.0

i
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Processing Tools  Window  Help
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]_ B Start Compilation TR —
i r
1
l W Start Analysis & Elaboration ] EI
1
@ Compilation Repark Chrl+R, ';? Start Analysis & Synkhesis Chrl+K, =
Skart Fitter
Start Compilation & Simulation — Chrl+Shift+HE :E&I = T
_ _ _ _ Start Assembler .
zenerate Functional Simulation ketlist i
- . . ® Skark Timing Analyzer Ckrl+5hift+L .
) B Start Sirmulation Chrl+I . . . I
[ &, Start EDA hletlist Writer e e el
§ Simulation Debug » - Fel,, [ y acl ald
- . qg Skart Design Assistant SR S :
iﬂb Simulation Repart Zkrl+Shift+R. : L 'L 2 T D)
B . |
] %ﬂ Start Incremental Fitting A i :
= . = - 1 1
!:‘ Skart Software Build Chrl+0) W o - . Ie I d 5 :
B % Start SignalProbe Compilation  Chri+Shift+3 :
_________ r ¥ . Skart /O Assianment Analvsis :
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11.4 Chip Editor)V.

11.4.2 Chip EditorZh g1 8

IMemnry Bits IPins Ivirtual Fin=
T ) I

(1=

e

<l

IMm M T I M T LT I L

Metlist Explorer

* next ronting element

;I Eun Command

my atom

output term fanouts
input term fanins
routing element fanouts
source routing element

* fanin routing elements
¥ pext routing element
¥ famin conmectlons

* fanout conmections

¥ expand conmection/path

Locate

Clear Highlights

Inwert Selection

Femore

Clean Juplicates

x
|
|
|
|
I
|

Aocumulate
v Highlights

&19-30 T FrNetlist Explorer & KX/»%Z’WJE?
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11.4.2 Chip EditorZh g1 8

FRBRI S SCD LY

Hode mame: |LC_¥1_Y1T7T_H4 —- |CHT4E |iZ27 =4

LC_¥1_Y17_HO ——
LC_¥1_Y17T_H1 —
LC_¥1_Y17T_He —
LC_¥1_Y17T_He —
IC H1 Y17 H3 —— pm_counter: CHL r+l 0]
LC ¥l Y17 H4 —— e

Multiple Logic Cells Selected

lpm_counter:CRT_rtl O|alt counter stratix:wysi_counter |safe g[0]
lpm_counter:CRT_rt]l O|alt counter stratix:wysi_counter |safe g[1]
lpm_counter:CRT_rt]l O|alt counter stratix:wysi_counter |counter cell[Z]
lpm_counter:CRT_rtl O|alt counter stratix:wysi_counter |safe g[Z]

alt counter stratix wysi counter |safe g[3]

dataa

) o—1.

datak

]

acir ald
an e
O v

= e —————
EEclkepg ——=n =

Input Port name

Si1iznal name

- Output Fort name Si1gnal name

addnzuh “Disconmecteds carryont “Iisconnected’
carryin Disconnectedr cascadeout “Disconnected>
cazcadein “Jisconnected? combout |CHT4E 12724

clle “Disconmecteds — regzont “Iisconnected’
1 | 3
Froperties/Mades Values IUT equatien

LUT Macsk S000

b=

i Sum LUT Maslk S000 o IA REAC&D

“Carry LUT Masl HiA C

Operation Mode Hormal S IH_.-"A

Synchronous Mode Off

Fegister Cascade Mode Off Set equatio:.l —
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11.4.3 F) F Change Managerf il i |2 2 45

<2 File Edit |

JDE’“EI

Wiews Froject  Assignments

LItiliEy windows

Processing Tools

L Iﬁ FProjeck Mawigakor

Full Screen Ctrl+alk+Space

Eriti tar

_Hierarch_l..l

B Fit in Wwindow

@{ Zoom In
@\ Zoom ok

oo BT
Ctrl+Space
Ckrl+shift+5Space

CE'} Mode Einder
E Tel Consale

Iﬁ Messages

[g3] Message Locations
=5 status

weindows  Help

AlE4-0
AlE+-1
AlE+2
AlE+3
A4
AlE+-5

-:3:|"‘

L

L=

=] =l

Ivirtua Pinsl_llz.'l
[ ]

=] s =
Tl [S] Zoom... e —hange Manager Alt+& =l
A==zembler Wiews Properties
Wiews Pork Connections
=1 =l
Hode Hame Change Type 01ld Value Target V... |Car &
CHT4E |1lpm_counter  CRT +r+1 O]|alt. Inwverted Fal=se True
CHT4E |1lpm_counter  CRT +r+1 O]|alt. Inwverted Fal=se True b
CHT4E |1lpm_counter  CRT +r+1 O]|alt. Inwverted Fal=se True
CHT4E |1 counter CAT ¥+l 0O]alt. Inwerted Fal=e True

< |

= ==

Change Manag

=) ) I:HT4B lpm_counter:CAT rtl 0O]alt. Inwerted True Fal=e
T CHT4E |1pm_counter CAT rtl Ojalt. Inwerted True Fal=e
[ CHT4E |1pm_counter CAT rtl Ojalt. Inwerted True Fal=e

er- Netlist chech required
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11-1. M HBEIZRIEARUAC T IE%S T AR PP T A (DB SR AE AR _E AT
). EREFFIT

[#111-10]

LIBRARY ieee;

USE 1eee.std _logic _1164.all;

USE 1eee.std _logic _unsigned.all;
USE 1eee.std _logic arith.all;
ENTITY addmux 1S

PORT (A,B,C,D : IN std logic vector(7 downto 0);
sel - IN std logic;
Result - OUT std _logic vector(7 downto 0));

END addmux;
ARCHITECTURE rtl OF addmux 1S
BEGIN
process(A,B,C,D,sel)
begin
iIf(sel = "0") then Result <= A + B;
else Result <= C + D;
end 1f;
end process;

END rtl: KX/;%Z%[&“
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al7..
b[7..

alll..

b[11..

all5..
b[15..

g M

AT FH A

R PR

8 —

ANTFH A

12—
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ANTFH A

3
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11-3. A4 BEEMFIRIERK BT R IAR T
y(n)=x(n)h(0)+x(n-1)+x(n-2)h(2)+x(n-3)h(3)

x(n) 5 x(n-m), m=0, 1, 2, 3RWEIERER, mEBEAREIEKcIkE . x(n-m)5
h(m)BIAL 5538 88461, y(n) 1047, HAFh(m)EBGIILE A F . ZB
g AN x(n). clk, #rH Ay(n), RSEIZIZ .
11-4. XX @11-3% M FIRYE S #5715 7B B _E AT 4L (FEh(m) [ X2 1915 5
), R AKLEAR.

11-5. FHFPGARILUTE 1, &SI & B/ HHoRiEAs, oot
B11-3. 11-49%evt, DB B PR AR

11-6. HXEEBEEKRAT, EEFRSAFPIEER/D, TSI H11-39 )
FIRJEN: 25 H AT 7 S SE B o
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Hrouth3247, 5ER&rout=a0*al*a2*a3, AL .

11-8. XF11-73EA70040, AIWrEL R SEBL S, AR EE A
rout=((a0*al)*a2)*a3
rout=(a0*al)*(a2*a3)

11-9. NI, X >J@11-8F KIHT—Fh 7N _Ei/K SRR 24T 280
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(1) SEHK: Wit— MNMERFZRERETE LB EHER, FHA B

IKEE AR T/EEE, XTI ERABEANEK

(2) SEIG R . FAsHIess TR 5K B R AN B0 7 51 18] AH S5 AL 2K

SEPL R [B] B A RIB

—AiFE Ry, BUREL], FERMIS R LRSS IALE s K AH SRR

SFEMNORSNEIEN A RBONIR RSB AR A8 AHIES T L

2 N—AIAHIRES M AL, ITNAL ) 20 A e 28 NS 7 BR T TRTNAS 14248 5

7k B 11 H B o

(3) SEH A AL RIE LR JE BT — N IAT A B AH e a8 (519-17 & 7~ 1l

).
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11-1 KARKEERIZITESREFHEKEE

[#11-11]

stemp <=a XOR b;
PROCESS(stemp) BEGIN

CASE stemp IS

WHEN "'0000"" => ¢ <=""100"";

-4

WHEN *'0001"|"'0010"'|"*0100""|"*1000"" => ¢ <= "011";

-3

WHEN "0011"|"0101"|""1001"|"'0110""|""1010""["1100" => ¢ <= "'010";  --2
WHEN "0111"["1011"|""1101"|""1110"" => ¢ <= ""001""; |
WHEN "'1111" => ¢ <= "'000""; .- 0;
WHEN OTHERS => ¢ <= "'000"";

END CASE;

END PROCESS;

e
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(4) SEIGN 2. FH LK AALF AN B P AR B BT AT 16 B AR 28 . 1
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(5) LU A3 FEVA BRIt b, R e B AN BUF A R 88 AT 16
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STHAESENER, AEARKEERGELESITEE. @A, HAE—%
HEBEI G RAIMATRKL TR, REEHE, WSEARZENBZHITE T

(7) SEHG BB FERHRM/KLE RT3 E S 8clock R, ekt 55
AKEIEIR . FHNFH R BITAR, BFH RS sevh 2 ) i
IKEE BRI/ HIB AT 2

(8) LI WIELA LWL NAS HRBME, BFEHRAE. Bt B
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(1) SziH . %3 HAVHDLEIFLFSR, EBF HFPGAREBREW T &E
L ILLFSRA 5

(2) 5245 )5 3. LFSRE[Linear Feedback Shift Register Z¢4: & im A & 1F
N, M am AR REESN, T HTRREURSI KA. PR
srines . CRCIRIGHSA RS, PNIESESE. E11-342 A LFSR44 . W
K H ] DL Y LFSR AL % A7 2% I _bxor # i, S B I xor vk 2 T A [F F
AR . B 11-34H0 19 A Al 28 T A X3+ X2+ X0,

(3) LI HNA: KIEE11-34% i —LFSR, HA i IR A X4+ X3+X0,
REFPGA LN ASEEL, FFR|HAZE SR L Quartusl LAL LT, fifZ ik
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(4) SEIEEBL: HE—MLFSREZEN, WE11-35, R4S E11-
34 LFSRZE 4] ) 7 [F] A

(5) SEE M2 Xt 11-3545 M HILFSR AL B IEAT B0, Wit R AT
CRCE Kt R AR : RBE EnAxor, xor B —AN A i B 15 2
M AT AR BRI

(6) SEHOHE: EEATSER i e K, R E TR R,
SERGIASEIG N ZF, XSRS IS A B T iE %, 5 W A 2R
B AT B N B FIQuartusl £,
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RO A EEIF'F";:H """ EEIF'F";:H """ e
: e N . OF :éE'FF(I;, e e

) o T T
A . . - i - PEH . AT 11 eSO E LR LR ELRELRRRLRE :
et S P S T ) o i

K|11-34 LFSRZ445]
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11-2 MR GRBAFFESIEIT

EI:IFF”H:; """ EI:IF'F'”;:J:; """ EEIF'F”H:; """ EEIFF”;:S """ EI:IFF”;:H """
. FEH . . PEH . . FEH . . PEH . . FEH . L[ :
e R | RSN | S e s :

1)

&11-35 55 —FLFSRZ5 1)

e
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11-3 BEEHF IR G M E5(DDS)i%it3k1E
(1) L HB: =P HEDAT RMFPGASEIL HEH MR 55 2%
DDSH] ¥t

(2) SEE )R HEETMREEEOR, HIDDSHAR, &Z—FEi il
PR G RBARNE 5 A T5 k. R RGAFTRE MR PR,
A ASEIL PR ISR U], HAE ORI BE S ORI AR AL HTIESE, 1R
B o PP AL BE H Bz il o
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CHRTHA ) g
HIE
LA A A i
N
[ ETFRAN Ehg N i y ’
R HHE 7ﬁ
N
N
EQEM%{$ 1%
clk i

[ 3

T

1EZROM
LRI %3

R Y5 g
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o
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11-3 BEEHF IR G M E5(DDS)i%it3k1E

R EANEE TR T
HEf T F e g 256
& 12 4006
M 16 65536
20) 1048576
24 16777216
28 268435456
32 4204967296
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11-3 BEHFAINES N EE(DDS)1% 1131

[$111-12]
LIBRARY ieee; --J X HHIEROM
USE ieee.std_logic_1164.all;
LIBRARY altera_mf;
USE altera_mf.altera_mf_components.all;
ENTITY data_rom IS

PORT

( address :INSTD _LOGIC VECTOR (9 DOWNTO 0);
inclock :INSTD_LOGIC;
q : OUT STD_LOGIC VECTOR (9 DOWNTO 0) );

END data_rom;

init_file => ""./data/LUT10X10.mif"", -3 FEEIE AT 4444 S Bk 4%
lpm_hint => "ENABLE_RUNTIME_MOD=YES, INSTANCE_NAME=rom2",

EN D:
KX/% /L&\/f"}[ﬁ
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11-3 BEEHF IR G M E5(DDS)i%it3k1E

[ #11-13)

LIBRARY IEEE; --32f7ijnyEastsith
USE IEEE.STD LOGIC 1164.ALL;
USE 1EEE.STD LOGIC UNSIGNED.ALL;
ENTITY ADDER32B 1S
PORT ( A : IN STD LOGIC_VECTOR(31 DOWNTO 0);
B - IN STD LOGIC_VECTOR(31 DOWNTO 0);
S : OUT STD _LOGIC VECTOR(31 DOWNTO 0) ):
END ADDER32B;
ARCHITECTURE behav OF ADDER32B IS
BEGIN
S <= A + B;
END behav;

e
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11-3 BEHFAINES N EE(DDS)1% 1131

[ 5]11-14) --32{7 Z AR
LIBRARY I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY REG32B 1S
PORT ( Load : IN STD LOGIC;
DIN : IN STD LOGIC_VECTOR(31 DOWNTO 0);
DOUT : OUT STD LOGIC_VECTOR(31 DOWNTO 0) ):
END REG32B:
ARCHITECTURE behav OF REG32B IS
BEGIN
PROCESS(Load, DIN)
BEGIN
IF Load"EVENT AND Load = *"1° THEN —— BBhRRES, BUFEAZIE
DOUT <= DIN;
END IF;
END PROCESS;
END behav;

e
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11-3 BEHFAINES N EE(DDS)1% 1131

[%$111-15] rom_data.mif 1047 1E5Z 3% #dE X4, 15235 7] HMATLAB/DSP Builder 4 i,
WIDTH=10;

DEPTH=1024;

ADDRESS RADIX=DEC;

DATA RADIX=DEC;

CONTENT BEGIN
0:513;1:515;2:518;3:521;4:524;5:527; 6:530; 7 : 533;

8 :537;9:540; 10 : 543; 11 : 546; 13 : 549; 13 : 552; 14 : 555;
...... (B&EEB 5 H )

1018 : 493; 1019 : 496; 1020 : 499; 1021 : 502; 1022 : 505; 1023 : 508;
END;

e
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11-3 BEEHF IR G M E5(DDS)i%it3k1E

PLLZ0M

inclk0 cl

A131.0]

....................................................................................

' REG32B

e e e e e e e

¢ ADDERIZE

inclk0 freguency: 20.000 MHz
Dperation Made: Marmal

Clk |Ratio |Ph tag) |Td (n)|DC (38)
c0 {154 | 000 | 000 | 5000

inzt iCyclone

B[31..26]

B[17..0]

B[25.15]

K]11-38 DDS.vhdTii |2 J& 3 [&]

Load DOUT[H 0]
DN 0]

Al 0]
B[ ]

B31..0] REEY

inzt2
1
""""""""""""""""""""""""""""""""" * nuwm:mccm
......................... datamm .........................
.............. A2
== atddress(d..0] L e e
i . ()] e QUTEUT —  DAC[3.0]
H inc | 0 Ck q[g l:l] . et et b s et s crmre semes Shmes e Srms s s o

' inatd
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| 15 212 10,24 e 15,36 s 20,48 us 20.b us .72 us hi
lﬂrﬂlﬂE... | I I | I | |
e g g |
I
e i e nEnintinE e e EnEnEninynn
| MW | Ko IE Al X?DE XEDE X?l? XQI'EI X?EE X?QE XEEE X241 XM XEET XEEE XETS X?EE XEBE XE'EID XEﬁ.F @
o MM HS 2 X ki X 4 X ol
—— [ U | o P
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(3) SLIGHAL: TEIRADDSH) TAEJFHH, #&KHEH11-1224]11-1552
AT B, FHEGESRFE—2DULIHDDSH JE ., 524 3R T £,
AL, 2. 1% A8 M E FFWORD; F HGWA8 R S
ADDAR #1047 D/AS651 5 B e, R as W i e

(4) LI NA2: RIEE11-36, EJRvct (K11-38) Hin AAHAL
HEg, FSE4. 3 ASMAHAL FPWORD; EHEESLWIKINEA.

(5) SEIG N A3: ¥ EI11-381 T = IR H E R IR AVHDL, BEESLIIH
g

(6) o Aca: 7EMIL-38HIBEHFMM—LETE0E, BorhRaaHifE B
W, FSER. FESE. PR ET R E.

KX/%/Z%%?



11-3 BEEHF IR G M E5(DDS)i%it3k1E

(7) SEIG A AS: B111-12)5 WIFE TR 3247 A2 A M1 1047 AH AL A AE T 2%
Wr, #R8LL. IHRAVEENr, BHFPHRER, HFRIEAEGWASSE
ARG LRsLs (s, ¥meMsifas 538 uERE) .

(8) SEHLNA6: R OISR Al B IEA S 5 K A4, BIAE AL 2%
WPt (ES, HAHBEIESR, —BEENIEX(SINGES, —BEANRIZ(cos)
Ay (SEHE A T B3 A E S R B R

(9) SEINAET: MBI —FSKIE S K A4, FHEASEIL .
(10) . WRAVEENWT, BB RN BN 05l 2 % /D ?

KX/%/Z%%?



11-4 EFDODSHHFZBIHES ZAERFILITEE

(1) i BAES R AESE2003F KA B TR S EH B — P BRTHHE . E11-402
T DS BFBAME 5 K ESK R E, REIREFIEI11-165778.

(2) LRGN AL SERLON T I BE 5= B B MG 5 RESRK R, EHPEFBRINEZEER
EMIFSCAE (BIEEEL1024, HIERBE#EED ; SHEAEFE. S TEant, xt
FGW48E %, HFEFEMERL: CLKEclock0, #:13MHz; F4E4. 3G FZPWORDHIA ,
2. 1IHIMZEFEFWORDEIA . MEEIIH E M= EE .

(3) SEIAR2: BT, HEINEEZES BEE N UH— kST mmBmEE) .

(4) SEEWNA3: BILES KESKRAEEHMIGEREE RAESS, FEAHE, SmEmny
(5) SIS . AR R w320, MR E eI, BHh10
L, BFBEH20MHz, THEER., HAREE =220 HEEREZ />, AHHHMEN LT
(98
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ADDERSZE
E 32 REGG2E 29
32 pasg o TS SURERIS D DOUT D326
Ve A LOAD
CLk )
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3
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ddress s POLT
INclock
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| Nnclock
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[#111-16] BFBAE 5 R EARTUZ R, TR ERE S5 K 11-40,

LIBRARY IEEE:

USE IEEE.STD_LOGIC_1164.ALL:

USE IEEE.STD_LOGIC_UNSIGNED.ALL:

ENTITY DDS_VHDL IS - TR Rt

PORT ( CLK : IN STD _LOGIC; --&Zit4h

FWORD : IN STD LOGIC_VECTOR(7 DOWNTO 0);
PWORD : IN STD_LOGIC_VECTOR(7 DOWNTO 0);
FOUT : OUT STD_LOGIC_VECTOR(9 DOWNTO 0);

R
AR
TR AIE 2 S

POUT : OUT STD_LOGIC _VECTOR(9 DOWNTO 0) ); --=HE 5 55

END:
ARCHITECTURE one OF DDS_VHDL IS
COMPONENT REG32B 320 A

PORT ( LOAD : IN STD_LOGIC;
DIN : INSTD_LOGIC_VECTOR(31 DOWNTO 0);

DOUT : OUT STD_LOGIC_VECTOR(31 DOWNTO 0) );

END COMPONENT:;
COMPONENT REG10B --10h BiF 28
PORT ( LOAD : INSTD _LOGIC;
DIN: INSTD _LOGIC_VECTOR(9 DOWNTO 0);

DOUT : OUT STD_LOGIC_VECTOR(9 DOWNTO 0) );

END COMPONENT:
COMPONENT ADDER32B 32T VA 2S

PORT ( A:INSTD_LOGIC_VECTOR(31 DOWNTO 0);

(# IO



B:INSTD_LOGIC VECTOR(31 DOWNTO 0);
S:OUT STD_LOGIC VECTOR(31 DOWNTO0) );
END COMPONENT;
COMPONENT ADDER10B --1047 Ny 2s
PORT ( A:IN STD_LOGIC_VECTOR(9 DOWNTO 0);
B:IN STD _LOGIC VECTOR(9 DOWNTO 0);
S:OUT STD_LOGIC VECTOR(9 DOWNTODO0) );
END COMPONENT;
COMPONENT SIN_ROM --10fz Hihl- 1047 E 4 1E 5215 5 2 #EROM
PORT (address :INSTD LOGIC VECTOR(9 DOWNTO 0);
inclock :INSTD_LOGIC;
q : OUT STD_LOGIC_VECTOR(9 DOWNTO 0) );
END COMPONENT;
SIGNAL F32B, D32B, DIN32B :STD _LOGIC VECTOR(31 DOWNTO 0);
SIGNAL P10B, LIN10B, SIN10B : STD_LOGIC VECTOR(9 DOWNTO 0);
BEGIN
F32B(27 DOWNTO 20)<=FWORD ; F32B(31 DOWNTO 28)<="0000"";
F32B(19 DOWNTO 0)<=""00000000000000000000"" ;
P10B( 9 DOWNTO 2)<=PWORD ; P10B( 1 DOWNTO 0)<="00" ;
ul : ADDER32B PORT MAP( A=>F32B,B=>D32B, S=>DIN32B );
u2: REG32B PORT MAP(DOUT=>D32B,DIN=> DIN32B, LOAD=>CLK);
u3: SIN._ ROM PORT MAP( address=>SIN10B, g=>FOUT, inclock=>CLK);
u4 : ADDER10B PORT MAP( A=>P10B,B=>D32B(31 DOWNTO 22),S=>LIN10B );
u5: REG10B PORT MAP(DOUT=>SIN10B,DIN=>LIN10B, LOAD=>CLK);
u6 : SIN. ROM PORT MAP( address=>D32B(31 DOWNTO 22), qg=>POUT, inclock=>CLK));

END;
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