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DSP With FPGA
Abstract: This paper briefly illustrates the implemention of two familiar digit signal

process with FPGA, frequency synthesis @and AM/FM modulated radio  signal

transmitter, also completes emulation and = download verification.
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2-1 WIS B AR I I TP A et
A BEHR &R R I 757, M) MegaWizard Pluge—In Manager T H 5S¢/ H #54%
i S BCE A MRS T o T2 SOAR ) HDL ik - (VHDL)D
LIBRARY ieee;
USE ieee. std logic 1164.all;
LIBRARY work;

ENTITY fun_text IS
port
(
clk : IN STD LOGIC;
M : IN STD LOGIC VECTOR(31 downto 0);
acc : OUT STD LOGIC VECTOR(31 downto 24);
sin : OUT STD LOGIC VECTOR(7 downto 0)
)
END fun_ text;

ARCHITECTURE bdf_type OF fun_text IS

component Ipm_ff0
PORT (clock : IN STD LOGIC;
data : IN STD LOGIC VECTOR(31 downto 0)
g : OUT STD LOGIC VECTOR(31 downto 0)
)

end component;



component addl
PORT (dataa : IN STD LOGIC VECTOR(31 downto 0) ;
datab : IN STD LOGIC VECTOR(31 downto 0);
result : OUT STD LOGIC VECTOR(31 downto 0)
)

end component;

component roml
PORT (inclock : IN STD LOGIC;
outclock : IN STD LOGIC;
address : IN STD LOGIC VECTOR(7 downto 0);
g : OUT STD LOGIC VECTOR(7 downto 0)
)

end component;

signal acc ALTERA SYNTHESIZED : STD LOGIC. VECTOR (31:downto 0);
signal SYNTHESIZED WIRE O : STD LOGIC VECTOR(31.downto 0);

BEGIN

b2v inst : lpm ff0
PORT MAP(clock => clk,
data => SYNTHESIZED WIREO,
q = acc_ALTERA SYNTHESIZED) ;

b2v instl : addl

PORT MAP(dataa => M,
datab => acc ALTERA SYNTHESIZED,
result => SYNTHESIZED WIRE 0);

b2v inst2 : roml

PORT MAP (inclock => clk,
outclock => clk,
address => acc ALTERA SYNTHESIZED (31 downto 24),
q => sin);

acc (31 downto 24) <= acc ALTERA SYNTHESIZED(31 downto 24);

END;

TREREE . bR kB I R BCE i EP2C5T144C8, g Pdk Fe v B LK 2-2. 2-3
E arly timing estimate mode [only valid during Start E arly Timing E stimate commarnd]
* Bealistic
" Dptimistic

" Pessimiztic

2-2 early timing estimate mode



Incremental compilation
« [ff

(" lhcremental synthesis anly [Can reduce compilation bime for a design with partition
azzignmentsz)

" Full incremental compilation [Can achieve performance preservation and significantly
reduce compilation time with partition and LogicLock azzignments]

2-3 incremental complication

M B ERG BOE I 2-4, JERREFBRIA

Optirmization Techrique Auto Global Options [MAX Devices Only]
f* Speed [
" Balanced [
T Area Jv

[ Create debugging nodes for |P cores

v v Autc Bpen-Drain Pins

v Auto BOM Replacement

v futo BAk Beplacement W Auto Shift Begister Beplacement
[ w Power-Up Dot Care

DSF Block Balancing: Ao = -

State Machine Proceszing: .-'1'-.ut|:|__ L '-'J

Restructure Multiplexers: ‘.-'1'-.ut|;‘| b :_I

PowerPlay power optimization;: | Mormal compilation
HOL Mezzage Level: Lewel2 - Advanced. |

2-4 analysis & synthesis setting

k

GG PRV P L AL 22

Flow Status Sucecessful — Fri May 02 16:42:55 2005
Huartns IT Ver=sion E.0 Build 178 0427200686 ST Full Wer=ion
Revi=ion Hame fun text

Top—lewel Entity Hame fun_ text

Familsy Crxeclone IT

Device EF2CST144C5

Timing Model=s Final

Mzt timing reguirements YTe=

Total logic elements 32 S 4,808 [ <1 %)

Total registers 32

Total pins 49 £ 89 (55 % )

Total wirtual pins a

Total memory bits 2,045 S 119,808 (2 % )

Embedded Multiplier 9-bit elements 0O f 26 (0O % ]

Tatal FLL= o/ 2 (0%

2-5 Wik

A5 EL: 25 I A1k Tus, BN HIME 1k M=715827883 (22 /6), 1% FEA A% 1) JE Ik & 6 AN Bt
JRMK, SR K 2-6 Fis:

b aster Time Bar:

13675 ns «| +| Painter: 117.04 ng Interval: 10337 ns Start: End:

EEEE

clk
1]
ace
sin

110.0 ns 180.0 ns 270.0 ns 330.0 ns 430.0 ns 510.0 ns 590.0 ns |

TISE2TEES

2-6 ISP R



PERE T 2-7 o

Eegistersd Ferformancs I tpd | t=m | tes | tn | Custom Delags |
Clack: [l =]
Walue |y
From Iprn_fi:instlipm_ff:lpr_ff_componentldifs[0] .
To lprm_fi0:instllpmn_ff:lpr_ff_componentldffs[31] | u
Clock period [4.773 ns
Frequency  [209.51 tMH= B2

i00 &
00:00:02
P4 Start I @ Stop I @ Fieport I Murber of paths to list: I‘IU List Paths I
B 2-7 PR A A B R A AL g

T IFIAF B M= 2% /4, CLK=60KHz,% ik DA %4 5% b 60KM=15 KHz. W& 2-8 fis:

K 2-8 sbriibfE Y

2. AM/FM I 5 A A
AM A5 B A AT ENE 5, MBS 5 IR & BB 42, ARG fiokiz .
WIS 5 5 B A5 7 k= A I R n g, HAER S ¥ & 400Hz A1 IMHz, %RV ) SN Es 4146
{E43591 % 0xh85E7 Fl 0xh51EBSAC.
always @ (posedge CLOCK 50) begin
DDS accum <= DDS accum + 32’ h51EB84C ;
DDS accum mod = DDS accum mod + 32 h85E7 ;

end

/ /3P, LUT
sync_rom sineTable (CLOCK 50, DDS accum[31:24], sine out);

//AHIME S LUT
sync_rom modTable (CLOCK 50, DDS accum mod[31:24], mod out);



//ROM k2

module sync rom (clock, address, sine);

input clock;

input [7:0] address;

output [9:0] sine;

reg [9:0] sine;

always @ (posedge clock)

begin

case (address)

8 h00:
8 h03:
8’ h06:
8 h09:
8" hOc:
8 hOf:
8 hl12:
8 h15:
8’ h18:
8 hlb:
8 hle:
8 h21:
8 h24:
8 h27:
8’ h2a:
8 h2d:
8 h30:
8 h33:
8’ h36:
8 h39:
8 h3c:
8 h3f:
8 h42:
8" h45:
8’ h48:
8" h4b:
8" hde:
8 hb51:
8 hb4:
8 h57:
8 hba:
8 hbd:
8 h60:
8 h63:
8" h66:

sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
Sine
Sine
sine
sine
sine
sine
Sine
Sine
Sine
sine
sine
sine
sine
sine
sine
sine
sine

sine

10" h100
10°h112
10’ h125
10" h137
10’ hl4a
10’ h15b
10’ h16d
10’ h17d
10’ h18d
10" h19c
10’ hlab
10’ h1b8
10°.hlch
10’ h1do
10*hlda
10" hle3
10’ hleb
10" h1£2
10" h1£7
10’ h1fb
10’ h1fd
10’ hife
10’ hife
10’ h1fd
10’ hifa
10’ h1£5
10’ h1£0
10’ hle9
10’ h1e0
10’ h1d7
10’ hlce
10’ hlcl
10’ h1b4
10’ hla6
10’ h197

-8 h01;
;8 h04:
:8” h07:
:8" hla:
;8 h0d:
-8 hl10:
‘8 hl3:
-8 hl6:
:8 hl9:
‘8 hle:
8 h1f;
8 h22:
+8-h25:
‘8 h28:
8" h2b:
-8’ h2e:
78 h31:
18" h34:
;8 h37:
;8" h3a:
;8" h3d:
;8" h40:
;8 h43:
;8 h46:
;8" h49:
;8" hdc:
:8" h4f:
;8 h52:
;8 hb55:
;8 h58:
;8" h5b:
;8" hbe:
:8 h61:
;8 h64:
;8 h67:

sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
Sine
sine
Sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
Sine
sine
sine
Sine
sine
sine

sine

10’ h106
10" h118
10" h12b
10" h13d
10’ hl4f
10" h161
10’ h172
10°h183
10" h192
10’ hlal
10> hlaf
10’ hlbc
10" hlc9
10’ h1d4
10’ h1dd
10’ hle6
10’ hled
10’ h1f4
10" h1£8
10’ hifc
10" hife
10" h1ff
10’ hife
10’ hifc
10" h1£8
10’ h1f4
10’ hled
10’ hle6
10’ h1dd
10’ h1d4
10" hlc9
10’ hlbce
10’ hlaf
10’ hlal
10" h192

:8”h02: sine
:8 h05: sine
;8 h08: sine
-8 hOb: sine
-8 hle: sine
:8 hll: sine
:8” hl4; "sine
‘8 hl7: sine
-8 hla: sine
:8 hld: sine
:8h20: sine
:8 h23: sine
:8 h26: sine
:8 h29: sine
:8 h2c: sine
:8 h2f: sine
:8 h32: sine
;8 h35: sine
;8 h38: sine
:8 h3b: sine
:8 h3e: sine
:8 h41l: sine
:8 h44: sine
:8 h47: sine
:8" hda: sine
:8” h4d: sine
:8 h50: sine
:8 h53: sine
;8 h56: sine
;8 h59: sine
;8 h5c: sine
;8 h5f: sine
:8 h62: sine
8 h65: sine
:8 h68: sine

= 10" h10c ;
= 10" h11f ;
= 10" h131 ;
= 10" h144 ;
= 10" h155 ;
= 10" h167 ;
= 10" h178 ;
= 10" h188 ;
= 10" h197 ;
= 10" hla6 ;
= 10" hlb4 ;
= 10" hlcl ;
= 10’ hlcc ;
= 10" h1d7 ;
= 10" hle0 ;

= 10" hle9 ;
= 10" h1f0 ;
= 10" h1f5 ;
= 10" hifa ;
= 10" h1fd ;
= 10" hife ;
= 10" hife ;
= 10" h1fd ;
= 10" h1fb ;
= 10" h1f7 ;
= 10" h1f2 ;
= 10" hleb ;
= 10" hle3 ;
= 10’ hlda ;
= 10" h1dO ;
= 10" hlch ;
= 10" h1b8 ;
= 10’ hlab ;
= 10"h19c ;
= 10" h18d ;



8" h69:
8 héc:
8 héf:
8 h72:
8 h75:
8" h78:
8 h7b:
8 hT7e:
8 h81:
8’ h84:
8 h87:
8" h8a:
8’ h8d:
8 h90:
8 h93:
8 h96:
8 h99:
8 h9c:
8 h9f:
8 ha2:
8 hab:
8’ ha8:
8 hab:
8 hae:
8 hbl:
8’ hb4:
8" hb7:
8’ hba:
8’ hbd:
8 hcO:
8 hc3:
8 hcé:
8 hc9:
8 hce:
8 hef':
8 hd2:
8" hd5:
8" hd8:
8" hdb:
8’ hde:
8 hel:
8" he4:
8 heT:
8 hea:

sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
Sine
sine
sine
Sine
sine
sine
Sine
Sine
Sine
Sine
Sine
sine
sine
sine
sine
sine
sine

sine

10’ h188
10’ h178
10’ h167
10’ h155
10’ h144
10’ h131
10’ h1lf
10" h10c
10’ h0f9
10’ h0e7
10’ h0d4
10’ h0c2
10’ hObO
10’ h09e
10’ h08d
10’ h07c
10’ h0o6d
10’ h05e
10 h050
10" h043
10 h036
10°.h02b
10’ h022
10-h019
107h012
10’ h00b
10" h007
10’ h003
10 h001
10’ h001
10 h001
10’ h003
10’ h007
10’ h00b
10’ h012
10’ h019
10’ h022
10’ h02b
10’ h036
10’ h043
10’ h050
10’ hO5e
10’ h06d
10’ h07¢

:8" hba:
;8" héd:
:8" h70:
8" h73:
:8" h76:
:8" h79:
:8" h7c:
-8 h7f:
8" h82:
8" h85:
;8 h88:
:8 h8b:
:8" h8e:
8 h91:
-8 h94:
-8 h97:
-8 h9a:
:8 h9d:
8 ha0:
:8"ha3;
8 hat:
-8ha9:
‘8" hac:
-8 haf:
;8 hb2:
8" hbb:
:8 hb8:
:8" hbb:
;8" hbe:
;8 hel:
;8" hc4:
;8 hcT:
;8 hca:
;8" hed:
;8" hdO:
;8 hd3:
;8" hd6:
;8 hd9:
;8" hdc:
;8" hdf:
;8" he2:
;8" heb:
;8" he8:
;8" heb:

sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
Sine
sine
Sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
Sine
sine
sine
sine

sine

10’ h183
10’ h172
10’ h161
10’ h14f
10’ h13d
10’ h12b
10’ h118
10’ h106
10 hOf3
10’ h0e0
10’ hOce
10’ hObb
10’ h0aa
10’ h098
10" h087
10° hO77
10-h068
10" h059
10’ h04b
10>.h03e
10" h033
10" h028
10° ho1f
10" h016
10’ h0Of
10’ h00a
10’ h005
10’ h002
10’ h001
10° h001
10’ h002
10’ h004
10’ h008
10’ h0od
10° h014
10" hOlc
10 h025
10" h0o2f
10’ h03a
10" h047
10’ h054
10’ h063
10’ h072
10’ h082

;8" héb:
:8" hbe:
8" h71:
:8" h74:
8 h77:
:8" h7a:
8 h7d:
8" h80:
8" h83:
8’ h86:
;8" h89:
:8 h8c:
:8 h8f:
18 h92:
:8 h95:
;8 h98:
-8 h9b:
-8 h9e:
:8 hal:
:8" ha4:
:8 haT:
:8" haa:
:8” had:
;8 hb0:
;8 hb3:
;8" hb6:
;8 hb9:
;8" hbc:
:8” hbf:
;8 hc2:
;8" hch:
;8" hc8:
;8" hcb:
;8" hce:
:8" hdl:
:8" hd4:
;8 hd7:
;8" hda:
;8" hdd:
;8" he0:
;8" he3:
;8" heb:
;8" he9:
;8" hec:

sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine
sine

sine

10’ h17d ;
10’ hl6d ;
10’ h15b ;
10’ hl4a ;
10’ h137 ;
10’ h125 ;
10°h112 ;
10’ h100 ;
10’ hOed ;
10’ hOda ;
10’ h0c8 ;
10’ hOb5 ;
10’ h0a4d ;
10° h092 ;
10’ h082 ;
10° h072 ;
10’ h063 ;
10’ h054 ;
10° h047 ;
10’ h03a ;
10’ h02f ;
10° h025 ;
10’ h0lc ;
10°h014 ;
10’ h0od ;
10" h008 ;
10’ h004 ;
10’ h002 ;
10’ h001 ;
10’ h001 ;
10’ h002 ;
10" h005 ;
10’ h00a ;
10’ h0Of ;
10°h016 ;
10° hO1f ;
10° h028 ;
10" h033 ;
10’ h03e ;
10° h04b ;
10" h059 ;
10" h068 ;
10" h0o77
10" h087 ;



8 hed:

8 hf0:

8 hf3:

8 hf6:

8 hf9:

8 hfc:

8 hff:

endcase

end
endmodule
// A5

sine
sine
sine
sine
Sine
sine

sine

10" h08d
10" h09e
10" hObO
10" hOc2
10" h0d4
10" h0e7

-8 hee:
:8 hfl:
:8 hf4:
8 hf7:
8" hfa:
;8 hfd:
10’ hOf9 ;

sine
sine
sine
sine
sine

sine

10’ h092 ;8 hef:
= 10’ h0a4 ;8 hf2:
10’ hOb5 ;8 hfb:
10’ h0c8 ;8 hfS:
= 10’ hOda ;8 hfb:
10’ hOed :8 hfe:

assign VGA R = (sine out * ((mod out+256)<<1) )>>10 ; //works well

assign VGA SYNC =1 ;
assign VGA BLANK = 1 ;

assign VGA CLK = CLOCK 50 ;

ORI, AM A

[/ BT WA R

module sqgwave (clock, address, sq):

input clock;

input [7:0] address;

output [9:0] sq;

reg [9:0] sq;

......

5 999. 99KHz FFAEER: WIE2-9 Frn:

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

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

Kl 2-9 A5 5 RRias R
M A5 S5 AR T B ] AM A5, BRI 3 54

DDS accum <= DDS accum + 32" h16FC7BBC + mod out<<15
PHM5 54 DDS accum mod = DDS accum mod + ((SW[0])? 32’ hF5ET7 :
BOBAE I &7, 2T LUT

always @ (posedge clock)

begin

sq <= (address<128)? 10’ h1ff :

10" h0o1 ;

sine = 10’ h098
sine = 10’ hOaa ;
sine = 10’ hObb ;
sine = 10’ hOce ;
sine = 10’ h0e0 ;
sine = 10’ hOf3 ;
32’ h85E7)



end
endmodule
RPN AT IER) N sqwave sqTable (CLOCK 50, DDS accum[31:24], sq out);
PSS W N A+ FE A sync_ rom modTable (CLOCK 50, DDS accum mod[31:24], mod out); H
ROM 1 4 1E5X R A] AM A5 5o $5 1 800Hz.
PR WA 2-10 Pros:

Flow Status Suceessful - Tue Oct 24 11:49:43 2006
Buartus IT Version 6.0 Build 202 06/20/2006 SF 1 2T Web Edition
Eevision Hame DEZ Default

Top—lewel Entity Hame DEZ Default

Family Cyclone IT

Devwice EFEZCISFRTZCE

Timing Models= Final

Met timing requirements Ha

Total logic elements BT9 F 33,216 (1 %)

Total registers 204

Total pins 425 F 47500 89 % )

Total wirtual pins 0

Total memory bits 960 F 483,940 [ <1 %)

Embedded Multiplier 9-bit elementz 2o 7O 3% 1

Total PLL= B/ 4,492 %)

K 2-100 9w 1E R i
fFAE DE2 - & 5T, 346 H VGA (1) DA et sy, i< 4. 58MHz Zcdy, il 2-11 fiow:

||||||||||||||||

K 2-11 FM 7nk g8 5
=g
AW T B iR A g . AML. FM 2545511 FPGA S, JRINREGF T 455, RIF M5 1 1
AT, ARSI EEE), R AR AR A A SO AL R 5 S, DSP £E FPGA b RSz B E &
SEFEM), FPGA BESLMLALSE PDSP JCIEAE AR RS N SEEL I TIa 8, KRR H A, % FPGA
(RIS AS 3 — 2 FRAIK,  FE s FPGA [K1SZE, DSP ¥4 55 FPGA 45 &R s s 5536 !
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(1] X, BUvHe S A BEFPGASIEIL. b5 : i A K5 iRt 2006

[2] JO Hamblen, TS Hall and MD Furman, Rapid protoyping of digital systems, Springer 2005



