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Abstract:

This project is concerned with the design of a 32-bit digital sine and coisne
function generator for modern application specific computer using the combined scheme
algorithm. A trigonometric-wave generator circuit is provided to generate data
representative of a wave of trigonometric functions by using two ROMs (which stores one
halfofthe sine function period of only a selected phase region between 0 and n) and some
adders. Moreover, in order to regenerate a cosine wave, sine designation data are used to
cooperate with the high-order bits ofthe input phase data. Thus, the circuit is capable of
generating sine-wave data or cosine-wave data conectly with high precision.And by
constructing a divider circuit we can generate other trigonometric functions with the help
of these sine and cosine wave data values and by applying CORDIC (Co-ordinate
Rotation digital Computer) algorithm. CORDIC is an iterative algorithm for the

calculation of the trigonometric functions using only adder and shift operations.
This project presents architecture for designing a flexible and scalable digital
trigonometric function wave generator.

An FPGA-Based architecture is presented and the design has been

implemented on a Xilinx ISE9.I i using VHDL. Synthesis and simulation results are

shown and discussed.



Chaoter l: Itroduction:

As the project is concemed with the design of a 32-bit sine and cosine function
wave generator for modern application specific computer using the combined scheme

algorithm. Let us first introduce what is a combined scheme. A combined scheme is a
superposition of some specific schemes viz. sine function calculation scheme, lookup table

based generator scheme and oscillation scheme with single and multiple frequencies.

Now, let us LEARN what these schemes are -

In sine function calculation scheme we use t}e different approximation algorithms like
Taylor schcmc, CORDIC algorithm, imerpolation algorithm, etc. to determine thc sine and cosinc
function valucs.

The idea in lookup table-based generator is to build a table of M samples of the sine

function, which form a single sine wave period (S = Sin(2ni /M)).

Oscillation scheme with single frequency is an algorithm, which generates the
sine waves using some fundamental properties of transcendental functions. lt is usually
implemented as the solving of some difference equation as
y(i) = 2cos(b)y(,-1) - y(i-2), r:0,1,...............

Such a scheme generates the sine wave by the initial conditions

}(- I )= -sin(b); J,/(-2\= -sin(2bl;

or the cosinc wavc by thc conditions

l-l): cos(D); l-2)= cos(2b);

with the frequency f = bf slQttl Hz.

Oscillation scheme with multiple frequency is an algorithm based on well-known
trigonom€tric formulas: Sin(A+B) = SinACosB + CosASinB; and Cos(A+B) = CosACosB -
SinASinB:

where SinA,CosA are samplcs ofthc gcncratcd wavcs and B is thc anglc to which the neighboring

samples differ (it represents dre given frequency).

Each and all the above mentioncd schcmcs can generate sine and cosine function wave

values individually. But thc valucs ofthc sinc and cosinc function gencratcd by cach of them ars
not precise and accurate. Thus, we super impose all the above mentioned schemes to get morc
precise and accurate trigonometric function values.



with the error, which is less than 06%.
The disadvantage of this method consists in the largc conrplcxity ol'calcLrlatiorrs (in the exantplc

above - up to 6inultiplications and 2 additions lor the sinc function). Bcsides. hcrc thc firnctions

are delincd for thc arigles less than n/2. ancl additional calcLtlations are necdetl lirr dcriving thc

functions in another tangcs. 
-fhe advantagc is a rvidc range of thc gencratcd ticqtrcncics.

(2) Look Un Tablc bascd Gcnerator:
Th. id.u in lnnkup toble-based gcncralor is to build a tablc ol'M sanrplcs ol'thc sin,-

function, which lbrm a single sinc wave pcriod.'l'hat mcans (hat at thc acldrcss i thc valuc

S = sin(2ni/M is storcd. The wavc gcneration rncans reading thc sarnplcs. addressing thcm

by thc incremented address counter. 'l'hc incremcnt k='1,2.....M12 ol' such a counter ls

proportional to the resulting sine wave ltcquency .f = l{lM' whcrc /, is the sarnpling

frequcnc;-. Thc prccisions of botlr thc outputted sine wave and its liequcncy installing

depend on the tablc volume M and the data width ol'thc cocllicicrrts S'

(3) Oscillation Schcme:'or.illation 
r.hone with singlc ficquency is an algorithm. which gcneratcs the sinc

waves using somc f'undamental properties of transcendental functions. lt is usualll"

implementeJ as the solving of sorne difference equation. For example, the lbllowing

difference equation

(l) Sinc Function Cnlculation:
Sin. t'u*-fio'.r calculation islhc usual way to gcncratc sillc 'uvavcs in P('arrd othcr

program controllecl computers. IIere we trse the difl'ercnt approximatiorr algorithms likc

iuy'io, ,.h"n.,., CORDIa algorithm. interpolation algorithnr. etc. Iror examplc. sine and

cosinc liurctions at tlrc intcrval lxl<l can be cstinlatcd as

-li
sin(rcrl2) = 57063x -64323x + 07271x

2.1
cos(rrl2) :9994,.22279x + 22399x ...(l)

r(l) : 2cos(6)y(l- I ) -.(i2): where l'0'l ...(2)

modcls the second ordcr recursivs digital llltcr at tlre bordcr ol' anrplilicatittn and

excitation nrodcs. Such a sclrcme gencralcs the sine wavc by the initial conditions

y(-l)=-sin(b);y(-2)=-sin(2b)r '......... "" (l)

or the cosine wavc by the conditions

yC I ): cos(b); Y(-2)= cos(2b);

with the frequency.f = hJ rl(2n) I-lz. -fhcoretically equation (2) reprcscnts the stablc sinc \!avc

generator, i.e. it opcrates rvithout darnping or sattlratiotl ofoscillations. if thc nrultiplicr of.(l-2) (il'

iny) is equal p,ccis.ly ro a l. But thc sine and cosine coefllcicnts must be truncatcd by thc

michine rcpresentation in suclr a way, that the sine of a zero anglc to be equal to a zcro.

i.e. y(0) = 2cos(bX-sin(b)) - (-sin(2b)) = 0. ....... ' ""'(4)
The iiiadvantages ofthis generator arc: -snrall scopc ofthe fretluency rcgLrlating, wlrich is limitcd

by the data bit ividth and relarion (4): - rvave nragnitude is diflcrcnt fbr the differcnt frcqttencics.

and sorne displacement is present (sec the tablc belorv)l - for a set of l'rcqLrencics tltc sct of
coefficients nrust be calctrlated and/or storedl - very high (>0.|3l ) and vcty lorv (<0'00ll )

frcquencies could not be gencrated \vitlloul cxtrcnle errors.



rithml

Oscillation scheme with multiple frcqucncies is bascd or thc rvcll-knorvn trigorrotnctris

formulas: sin(-r+J,): sirlY cosjl-F cos.r sin/;
cos(.r+/): cosy cos/- sinr siny. ................ (5)

Herc sin,x, cosr are satnples of the gencrated waves. and )' is the anglc to which the

neighboring samples are differ, i.e. it represents the given frequency. The disadvantage of this

sheme consists in its unstability duelo the unprecise representation and calculation of the sinc and

cosine samples That means that sin 'r+ cos x ll sin /+' 965 I ll due to tl'le trtlncation crrors in

equation(2) . This feature can be ntininrized by addition of some nonlinearities to this schcme

which rvill decreasc the increased signal rnagnitude.

(4) Combincd Schcmc:

In the combined schemes the superposition of the mentioned above schcnlcs is used. I"or

example, consider the generator which frequency must be tuncd precisely. I'hcn suclr

generator can be built as two generators, onc of them generates sine and cosine waves

with the high frequency and another one does tlicm with the low liequcncy. 'fhc resulting

signal is derived by the mixing the signals ofboth ofthem using the above equations (5).
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Charrtcr 2.2 Dcicrirrtion of the circuit:

ln the above circuit wc look one 32-bit input data (ti), four adders (sMP.slvts.

SMC and SMI). three rcgistcrs (RgP, RgS and RgC) to store data and two ROMs (ROM

S I and RoM 52). The aclder SMP with the register RgP implemenls the phasc

accumulator with thc irrcrcnrcnt /". ROM I{OMSI, R.OMS2 storc one hall'of' thc sirrc

function pcriod. I{OMSI is addressed by 5 nrost signiticant bits ol'Rg['] except highcst

one. Therefore, the whole sirre wavc pcriod consists o1'32 sanrples. Thc adder SMS inve(s

the sine code to generate the negative wavcs oftfie resttltirrg sinc signal' It is implcmcnted

when thc l5'r' bit of RgP is a 1. In anothcr situatiorr this adder throughputs thc data

without exchanges.
The adder SMI adds a I to 2 MSBs ol'thc codc RgP, and theretbre, it shifis thc

phase value to 90.. By this method the address is derived which provides the cosine

iunction fetching from the sine table.'l'he adder SMC and ROMS2 generate thc cosine

function. Sine and cosine samples are buflered in thc registers RgS and RgC respectivell'.

The sine and cosine values stored in registcrs RgS and RgC are then divided in a

divider circuit to obtain the tangent and cotangent values

1t



Chapter 2.3: Divider Alsorithm:

DIVISOR M

DIVIDEND O

OUOTIENT

;E I lil\b

Yn-1

n+'l bil

adder
OONTROT

LOGIC



Chapter 2.4:Flow chart of the Divider:

cl!,oi,€ al n Q
Req.1 n.le- !- A

Alsorithm for division:
. Set Count to 0 and put 0 in A register.
. Start loop for n timcs
. Shift A & Q left onc binary position
. Subtract M from a, placing the answer back in A
. if the sign of A < 0, set Q0 to 0 and add M back to A (restorc A);
. otherwise, set q0 to I
. Check for count, when count: n-l then stop the loop.

rtr + o.irije-dc3- q,rt * o

:€,rr_striJri A. D

i-ett-sh.f: A, i>l-eia-s ht: A, t]

':,(), s :

C_:,.-ra\'T =

13



Chapter 3: Advantages and Disadvantages:

Advantages:
l> Cost effbctive.
2> Low power consumption.
3> Low size.
4> High speed operation.
5> Simple and easy to implement.
6> It is a computer integrated.
7> Relatively less truncation error.

l>

3>

Unstable due to imprecise representation
samples (that means sin'x + cos'x /= I )
It is has complex operation.
Prone to damage due to high power.

and calculation of sine and cosine

ffi
u

14



Chapter 4 : Application:

Annlication:

'frigonometric functions have a wide range ol uscs including conrputing
unknown lengths and angles in triangles for instance, in navigation. enginc,,-ring.

and physics for lrequency conversion, discrete Fourier translbrm, in modems.
software defined radios. radars. mobile phones. radio receivers. etc.

The sine and cosine functions are also commonly used to model pcriodic
function phenomena such as sound and light waves, the position and velocity of
harmonic oscillators, sunlight intensity and day length, and average tempcraturc
variations through the year.

G+t
ssr
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Chapter 5: Result:

l/ XXl SE tso: zV,x, .
,!! | if.r 6 !r ir, i! rrr l:ltr i:l

i,! .i.t BjrJr,i,t

r !.i ri:rri; rT:-!Ec::: e

rrlc..* oEB irr-' lqrcad , .ftihn- ["] e.c^d. .,&r

Fie l: Simulation result in Decimal form.
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Fig 2: Simulation result in Hexa-decimal form.
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5: Result and Schematic view:

*l;t!rqr: 2it.o.

€:.olg [!-r*

&;.'d

-ln-
,l , c !.t,1 -r

ltg oh riF' ardH .knh l--- {,

-l {
i

Fie 3: Simulation result in Decimal form.
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Chapter 6: Conclusion:

In this project we discussed various schemes of generating trigonomc'tri.
function wave such as sine function calculation. lookup table-based gcnerators. oscillation
schenre wilh single liequcncy and multiple licquencics and combined schenrc. thc
disadvantagcs associatcd with tliem and proposed a ncw model to overcome tllose
disadvantagcs by simply super imposing all the schcmcs and take the oulput f-ronr thc
mixture following the condition given by the rclation of the trigonometric lbrmula givcn
by equation(5)

(i.e. sin(A+B): sinA cosB + cosA sinB; and cos(A+B): cosA cosB - sinA sinB/.

Thus. a high precision and cost ef'fective trigonometric function wave generator can bc

constructed by using combined scheme algorithm.

17



We will design a divider circuit to find other trigonometric function values
(tangent, cotangent, secant and cosecant) using CORDIC algorithm. We would further
upgrade the generator from 32-bit and to 64- bit to get more precision and accuracy in the

result.

18



8.l.Timing Report :

Chantcr 8: Aprrendix:

SIN-.GI]N

xcR3256XL. -7 (6.0)

Tuc Nov l2 l5:09:32 201l
'l inring Rcport (icncrator: vcrsion

.r.30

Copyright (c) 1995-2007 Xilinx.
Inc. All rights rcscrvcd.

Summary

142.800 ns.

7.003 MHz.

142.t100 ns.

141.100 ns.

4.500 ns.

Notcs and Warnings

Note: 'l his dcsign conlains no tinring c()nstrainls.

Note: A default sel ofcotrstraints using a delal"ol'0.000ns rvill be uscd

fbr analysis.

Performance Summlry

Dcsign Namc

Devicc, Specd
(Speed l'ilc
Vcrsion)

Datc Cre:rtcd

Creatcd By

Copyright

Min. Clock Pcriod

Max. Clock Frcqucncy (ISYSTEM)

Limited by Cycle Tinrc lbr clk

Clock to Setup (ICYC)

Setup to Clock at thc Pad (tSU)

Clock Pad to OutPut Pad Delay (tCO)

Timing Constraints
- - llequircmcnt

Constraint Name (ns,

TS 1000 0.0

AUTO_TS_F2F O.O

AUTO_TS*P2P O.O

AUTO_TS,P2F O.O

AUTO TS F2P O.O

l)clay
(ns)

0.0

142.8

4.5

142.1

3.5

Paths i'iil'
I alllng

00
814 814

64 64

529 529

64 64

J'
]1
v-t
ral
g



Path

Conslraint: AUTO F2F'

Dcscription: MAXDELAY: FROM:FFS(*):TO: FFS(*):0.000 nS

o"olt;rttt"' 
Detay (ns) Slack (ns)

Constraint: 1'S1000

Path

p 0 O.Qtop 0 30.D

p 0 O.Qrop_0_31.D

p 0l.Qtop 0 30.D

Constraint: AUTO TS P2P

clk to cos o<10>

clk to cos o<l I >

Constraint: AUTO TS P2F

Path

f<0> to p 0-30.P

f<0> to p 0-3 l.D
f<l> to p 0-30.D

Dcscription: PlllllOl): PERIOD_clk:0.000 nS

TS

Rcquir-emenl 
Delay (ns) Slack (ns)

(ns)

0.000 142.800 -142.800

0.000 142.800 -142.800

0.000 142.800 -142.800

Dcscription: MAXDELAY: FROM:PADS(*):TO: PADS(*):0.000 nS

Path
Requircmcnt 

Delay (ns) slack (ns)

clk to cos o<0> 0.000 4.500 -4.500

0.000 4.500

0.000 4.500

-4.500

-4.500

Description: MAXDELAY:FItOM: PADS(*):TO: FFS(*):0.000 nS

llcquiremcnt
(ns)

0.000

0.000

0.000

Dclay (ns) Slack (ns)

142.100 -t42.100

142.100 -142.100

t42.lo0 -142.t00

20



Constraint: AUTO TS l.'2P

Path

cos-o<O>.Q to cos-o<0>

cos o<10>.Otocos o<10> 0.000 3.500

cos o<l l>.O to cos_o<l l> 0.000 3.500

Number of constraints not mct: 4

Description: MAXDELAY: FROM: FF'S(*):'tO: l'ADS(*):0.000 nS

ItcQuir-ement 
Dclay (ns) slack (ns)

(n s)

0.000 3.500 -3.s00

-3.500

-3.500

Data Sheet Rcport:Maximum Bxternal Clock Speeds

Clock

ctk

fEXl'(Ml{z) Rcason

7 oo1 l.inritcd h1 Clclc limc l'or

clk

Chapter 9: Synthesis Rcport:

TABLI] OF CONTEN'fS:

I ) Synthesis Options Surlmary

2) HDL Compilation

3) Design H ierarchy Analysis

4) HDL Analysis

5) I IDl. Synthesis

5.1) HDl. Synthesis Report

6) Advanced HDL Synthesis

6. | ) Advanced FIDI- Synthesis Report

7) Low l-evel Synthesis

8) Pa(ition Report

9) Final Report
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1>Synthesis C)ptions Summary :

Sotrrcc Parantcters

lnpLrt lrilc Nantc ..

Input lrolntat :

Ignolc S1,n thcsis Constraint

J argct Parantctcrs

Output Filc Narne

Output lionnat

1'argct De vicc :

Source Oplions

1bp i\loclule Nanre

Autotlratic I.SNI llx traction

FSN4 [ncoding Algorithm

Sal'c lntplentcntation

('ASIJ Inrplenrcrrtation Style

MLrx l.-xtlaction :

Rcsource Sharing :

'l 
at ge t Options

Aiid IO Ilu lll'rs

NIACIRO I'rcscr'",c

XOIi Prcscrr,e

"SIN (ilrN.prj"

nr ix ccl

lrilc :No

: "SIN (illN"

:NGC

Coolllunrrsr X PI-A-l ('pl.Ds

: SIN (il-.N

:\'l:S

:nUlo

:No

:lrull-Parallc'l

YhS

YI]S-'r-
#t't-
?.tit
s;it
j;it
slt
)-it
rit
s:it

'irii,
s:t
;t

: Yl'.S

: YF,S

:Yt'.S

LiqLrivalcnt rcuistcr llcnroval : yljs

(icneral Options

Optinrization Cioal : Speccl

Optinrization [l1brt : 1

Library Scarch Order : SIN_GIlN.lso

Kccp Ilierarchl. : ylls

E:--
22



RTL Output

H iera rchy Separato r

Bus Delimiter

Case Specifier

Verilog 200L

Other Options

Clock Enable

wysiwyg

Yes

ma inta in

YES

YES

fi
tit
ffi
Fif
dt

NO

2>HDL Compilation:

Compiling vhdl file "C:/Xilinx9li/btec1/sin_gen.vhd" in Library work.

Entity <sin_gen> compiled.

WARNING:HDLParsers:1"406 - "C:/Xilinx9li/btec1/sin_gen.vhd" Line 46. No sensitivity list and no

wait in the process

Entity <sin_gen> (Architecture <beh>) compiled.

3> Design Hierarchy Analysis :

Analyzing hierarchy for entity <5lN_GEN> in library <work> (architecture <beh>).

4> HDL Analysis:

Analyzing Entity <SlN_cEN> in library <work> (Architecture <beh>).

WARNING:Xst:790 - "C:/Xilin x9l i/btec 1/sin_ge n.vhd " line 64: Index va lue(s) does not match array

range, sim ulation mismatch.

WARNING:Xst:790 - "C:/Xilinx9li/btecl/sin_gen.vhd" line 66: Index value(s) does not match array

range, sim ulation mismatch.

Entity <SlN_GEN> analyzed. Unit <SlN_GEN> generated.

5> HDL Synthesis :

Perlorming bidirectional port resol r.rlion...

Synthesizing Unit <SIN GEN>.

Related source file is "C:/Xilinx9l i/btecl/sin gen.vhd".

WARNIn\G:Xst:646 - Sisnal <t> assigncd but nevcr uscd.



eit
Qts

WARNING:Xst - Property "usedsp48" is not applicable lbr this tcchnology.

WARNING:Xst - Property "use dsp48" is not applicablc lor this tcchnology.

Found l6xl6-bit ROM for signal <$mux0000> created at linc 64.

Found l6x I 6-bit ROM for signal <$mux000l > creared at linc 66.

Found 32-bit register for signal <sin_o>.

Found 32-bit register for signal <cos_o>.

Found 32-bi1 adder for sigrral <cos_o$addsub0000> crcated at line 81.

Found 32-bit up accumulator tbr signal <p>.

Found 32-bit adder for signal <sin_o$addsub0000> crcated at line 76.

Found 2-bit adder lor signal <t2>.

Sumrnary:

inferred 2 ROM(s).

inferred I Accumulator(s).

inferred 3 Adder/Subtractor(s).

Unit <SIN_GEN> synthesized.

WARNING:XsI - Property "use_dsp48" is not applicable for this technology.

5.1> HDL Synthesis Report:

Macro Statistics

# ROMs

16x16-bit ROM

# Adders/Subtractors

2-bit adder

32-bit adder

# Accumulators

32-bit up accumulator

# Registers

32-bit registcr

:2

:z

:3

:l

:2

:l

:l

:2

:2

24



6> Advanced HDL Synthesis:

6. 1>Advanced HDL Synthesis Report:

Macro Statistics

# ROMs

16x16-bit ROM

:2

:2

# Adders/Subtractors

2-bit adder

32-bit adder

# Accumulators

32-bit up accumulator :

# Registers

Flip-Flops

:l

:l

:J

:l

I

:64

:64

7>Low Level Synthesis :

INFO:XsI:2261 - The FF/Latch <cos_o_I5> in Unit <SIN_GEN> is equivalent to the
following l6 FFs/Latches, which will be removed : <cos o l6> <cos_o-17> <cos_o l8>
<cos_o_I9> <cos_o_2O> <cos_o_21> <cos_o*22> <cos_o_23> <cos_o_24> <cos_o_25>
<cos o 26><cos o 27><cos o 28><cos o 29><cos o 30><cos o 3l>

INFO:Xst:2261 - The FF/Latch <sin_o_15> in Unit <SIN_GliN> is cquivalcnr ro the
following l6 FFs/Latches, which will be removed : <sin_o_ l6> <sin_o_ I 7> <sin o l8>
<sin_o_I9> <sin_o_20> <sin_o_21> <sin_o*22> <sin_o_23> <sin_o_24> <sin o_25>
<sin_o_26> <sin_o_27> <sin_o_28> <sin_o_29> <sin_o_30> <sin o 3l>

Optimizing unit <SIN_GEN>

8> Partition Report:

Partition Implementation Status

No Partitions were found in this desisn.

9> Final Report

Final Results:

RTL Top Level Output File Name : SIN_CEN.ngr
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Design Stat istics

# IOs

(ielJ lJsage:

# I]F,I,S

#NND2

Nrntc :SlN GIIN

: N(iC'

: Spce(l

: YIIS

: C'oolRunncr XI)l.Ai C-.pl_ l)s

:YIIS

: YIIS

: YDS

:NO

,--_t

"_'{g
:98

'--t
,-_t

'.-)
':l
:P
-f
ffffitt

# AND3

# AND4

II INV

# OIt2

# oR.l

# XOR2

# FlipFlops/Latches

# lrlxl

# IO Bullcrs

# IBUF

# 1131,11,

:745

:261

: llJ

:3

:209

: l4l

: I(r

:97

: ()4

:61

Cll'lj : 5.99/6.32 s I l:lapsecl : 6.00/ 6.00 s

'l otal mcnrory usagc is l7tl26{3 kiloblrcs. Nunrber ol'r.rarnings : 7( 0 l.iltcrccl)
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