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Abstract

This thesis presents a design of digital frequency synthesizer on FPGA and it is able to program
via computer. The techuigue to design is based on polynomial approximation to estimate the desired
synthesizing signal. The thesis also proposes a method to develope the phase accumulator to have the high

speed. All operating characteristics of this circuit are described by VHDL language.
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) 2 ¥ o
a1919f 2.1 T uaRIm BN eyave Ty w10 (Sine Wave)

oyal e daya

0 0.7 /N flt)=sin{0. & /N)

1 1.7T/N fll)=sin{l. 7 /N})

2 2.7m/MN f(2)=sin{2. 7 /N}

3 3TN f3)=s1(3. T /N)

* * *

" * *

" * *

* X 5
N-3 {N -3} /N fiN - 3)=sin{(N - 3}. 7 /N}
N-2 (N-2). T/N HN - 2)=sin((N - 2), 7 /N)
N-1 (N-1L m/N fiN - 1}=sin({N - 1). w/MN)

2.2 MIlauME1 VHDL
2.2.1 Terminology Uz Convention
madeuziuuveszruATasadiun 1w VDL W szlidwrimatinmms neiludiudl
< o a ] iy :::ij
wifumIuTson uazesulaii U R azAsany lus o uge i
Szt (modal styles) : nusigMIdlougdony (model) A20mut VIDL
1 o
mrsoua Ty
- A o o ' 1 . { L. o =
- Behavioral Model : HTDTHTINDADHINIT algorithmic description xﬂugmmwmimu
v b
= =3y 3 1 =3 = kg a o
woAnTINvRIITLIATARa ludufiussuedlnTiad uadiudumedug (high level language)
Wa'lal 19 PASCAL w3e € 1fudu  lunisiiasamsiaiu (simulation) Mdaunaziids
= 4 a W 1 o =) o u
(statement) dzgniszdiunaiinlila1us 191 (sequential) 11n1uAtE vndulunsdivessids LOOP
A ~ v ' @ A g & oo o o ™ 3y
n3ontiGonly lsunsudesgnuudnvuetias lyliswazBuanfoadunsnan . nialasinan
484 Hardware Ua 1UN190 33910 AT 10021 0aRe17UA 1UE R § 521379 input FU output 77
- Dataflow Model : Lc‘}ﬂﬂgﬂ@fhdﬂﬁﬂ“[ﬁ)ﬁ * Regster transter level ” (RTL) g“ﬂugﬂsmu‘ﬁgﬂ
= 4 = A g @ & M . v o ¢ o ae o P
Moudu egallsemaanez 1fiuniesledniudumsizinansdn Tuidd jdurudnuasdao
[1mjazfﬂu procedural constructs UAE functional operators
=1 = ,_a_'i ' as 1 a1 P s d{‘
- Structural Model : 1iuglnpuinaamndsuaefiuseriiglniaiaieg Mlizaouiuiy
= & an = - ' 'y K . o a =
HlureesnIessuufinea uazmusaIondnag1alad1  net list representation ** Alumsseun
ueraaliiinlns3e$19904 hardware
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Concurrency 1unT81 VHDL 1y a1z ndunauRerfuuasaszaniu dnvuy
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Ed
Driver : @y 1%4a149) (signal) Tit VHDL 9d0zgaaIunua oA dunis « driver » daynia
w Y
1 s ~1

wmantiszFuam vl (seduvesdayapan) Tadadduiing

Transaction :A1T4AA transaction N1 signal ﬁuﬁmﬁﬂ‘ﬁunﬁaﬁmiﬁmuﬂﬁwqﬁﬁﬂﬁﬁu signal
. 2y e 1} ¢ar a1 & Jpers a ¥ a = @
signal iU A1 IVs% signal WSuoosiinanso hitiai Tdnanmsteundawosszaudoan

' a [ ' , =
(event ) 1¥UMSIURHUIINM logic 07 WA logic *0° 1TIudu
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Event : Aon17t@suszAun19e SIGNAL 1inseaunils [Wseduon sty Tuszuy
oy = 3 & ¥ % a 1 : =
Admoamailaouin Logic ‘0 1fus Logic'1* nTe lumansafiudiudodn SIGNAL wWuiiia “event”

e g ul-yv a a y & ¥ oA I e ] = &
aztuaziiu 181 miNemia event Tititzdoain vansaction Tisiludounia event ninads

Sensitivity  List & RB318%8194 signal @139 PRsaR1l@Ban 1591919904 concurrent

d'i =y é’ o’ o L % dl? - o 9 o dli :3
statement JHOIAA event AURY signal 71 lAdmianTovaga 1w ouiu lus1ederiy
. 41 7 Y A Py o« ( & ] =t

Object : lun1w1 dud71 1FGeudiotiswoniasd Uz nouadunidsvsegiuuy Faal3e
Tdmoudumane At 1A msuus sedisnan emnsomieon lAuaiudu (class ) Aroiufe

wY \ & oA A, oA W Y v t o oww

CONSTANT : lewif) object Uazimnrianidsdmuanuiuaulvudmeasnitiuinaan
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VARIABLE : #30duyi1aud object fimuisodivuasla 9 Wlduazausofing
Wasulasin l9aaonns 1899179919094 usrzPuanRs s uB s L lurnsa mils Moo
VARIABLE @1usndsenmaldlalud iy sequential body iniuduldundiudsznevvas

¥
PROCESS, FUNCTION %38 PROCEDURE #atil VARIABLE Tamuizoir 14 ldinwzlu
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Uszinnund object AdHUATAIAY (predefined wpe) : 18uA TYPE Aifmua 13U package
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dsemaFlunngtinuRd@oudu TYPE Uszond 18ud

1) BOOLEAN fonguvaen FALSE uaz TURE

2)  BIT Ranquapas 0’ uag 1’

3)  INTEGER ABNguuBin 214748347 69 214748347

4)  REAK Aanguyen? -1.0E38 84 1,538

5)  CHARACTER Aonguuadsminus ‘A" - 7', ‘a’ - 'z Snuiniem3eamnuiim
UaEAIbnEIA NN

1) TIME "lﬁ’un’wﬁmnmﬁﬁmﬁugmtﬂu?mﬁ (second 1B s HiD 8)

) SEVERITY LEVEL fianauwsifl NOTE, WARING, ERROR, FAILURE diudialy
MyAsU VHDL

a

Mdoug LMD modeling A3un 11 VHDL finnud nfunezdeauunii183iniy
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Modeling & Simulation
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Logic & Test Synthesis
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- MUIMTBOALLLIOURR (Entity Design unit)

- MUANAITeaNLUUEMDIA0NT TN (Architecture Design unit)
1 =] . -

- MUIEMITERNUULLRATA {Package Design unit}

- wemseanuuy TR (Configuration Design unit)
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Entity component_name is
Input and Output ports
Thysical and other parameters

End [component_name];

77 2.3 parmaTaseaialaena lve sniomseanuy uiouna
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#1911 EndllaginT o4an e InimIe ()

Entity RS ff is
port(S.R : in bit; R Q
Q.QB : out bit); RS fliptlop
S| QB
End RS fF; |
(2) MUIWNITDONUVLIDUNA (b) ynnadﬁumﬁm%auﬂizmu (Interfacing)

Tuglvean1y1 VHDL
U 2.4 yareaguuusa RS fipflop
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Architecture identifier of component name is
fdeclaration]
Begin
Specification of the functionality
of the compenent in terms of its
input lines and as influenced by
physical and other parameters

End [identifier];

509 2.5 uansTaseaitalaen lilvoamiramseenuuuamiilaanssu

Aruveamitomssnuuuamdasn S IAUA18 191 Architecture HazA 1L 2030

(identifier) Hafidnadinuaaslififun Fetuanslfifiug Architcwre T lFusI010mI0mM
aammumuﬁﬁm {of <entity design unit> is) ffrf.lu“ﬁﬂgiiz‘}"l’jN Architecture LAy Begin Huitud
dlszmantiieyesae 1 0aonT s MUA (Architccnire  declaration  area) Sunvmioiion
(Option) Tudnaiaunsaldoalsemasimuasida ezl 1gmelueailnonssnfu 18
a1y Uszan {Type) thlm, CRREREIE bit, bit wvector), ﬁ?i\;i\gm {signal}, ﬂ'”\'ﬂﬁ‘t‘?’l {constant),
Tusunsudos (1AL function @ procedure) ;m:’qﬂﬂiaf (component) dﬂuﬁi%ﬂiiﬂ‘lﬁl
amudustuissndiateynit luadums lnosanueagthi (dyanaffinun lugadids port) 1
'ﬂzgﬂm'smﬂiuu‘?mmﬁaﬁiwdmﬁﬁ Begin fi) End vdmiaemsvonuvtamiilnonisy way
uaﬂamﬁgwqﬂﬁié'mﬂﬁﬁ%qﬁag}mﬂ“luu‘%‘nmfrﬂzLﬂuﬂgﬂﬁﬁmuuuﬂiwmu (Concurrent stafement)
Wi fonne statement vz UM doniu dwudeundsny Tifwadenshamusagiliuy i
msasauturatilnunssuszdnatlaiiod 108 1d1 End Laaz"‘f;mammﬂmnﬁmfuqiﬂuﬁ'ﬂﬂﬂn
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- dnnuzans navasdoya (Daaflow style)

- ANMULWOANTIN (Behaviorai style)

- dnwmz Tngaadne (Smuctural style)

- ARHMTHTY (Mixed Model styie)

31 26 Fmivssoanudainsnhatoyadi lnad R, $) Audeyaiiliasen
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Architecture dataflow of RS_ff is
Begin
Q <= not(QB or R);
QB <=not(Q or S);

End dataflow;

U 2.6 uamamitomsesnuunan1ilonssuvaa RS ipflop

AR TUYEN O = OB+ R 1Az QB =0+ 5

R3_fhipflop

3Uf 2.7 uama Tassadunoluaniilannssuues RS flipflop

1 2.7 iuntiemsesnuuuanilaunssuves RS flipflop Tudnvas Iasiadrads
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=1 ol ey 1 o 1
wismaleumaihigdnsaniioglulouss Libay) mdsfussaiudoims laolduadinn 2

o =

AU (nor2) Sruugesd nad e uiadsuydu

U

Architecture struc of RS ff is
component nor2
port(a,b : in bit;
¢ :out bit);

end component;

Begin
Ul : nor2 port map(R,QB,Q);

U2 nor port map(S,Q,QB};

End struc;

U 2.8 uamamizsnisennuuuen1ilavnssuund RS_fiptlop Tudnwms Tnsaasia



Architecture behave of RS_tt is
Begin
process{R.S)
begin
iFR="0" and 3="!’ then
Q <=1
QB <='0,
elsif R="1" and S='0' then
Q <="1;
QB <=0
end if,
end process;

End behave;

3UR 2.9 nmamniaumsesniuuaniaenisuaed RS flipflop TUANHYUSHYANTTY
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Sensitivity list - MIBsuludnuasididunaundvesed1diszinadomsharuueguuu

-1
IUBEUUY

Architecture mixed of RS ff is
component nor2
port(a,b : in bit;
¢ : out bit);

end compeonent;

Begin
UI : nor2 port map(R,QB,Q);
QB <=not(Q or 8);

End mixed;

31 2,10 seasruIEMIsENULILEDIRENITUU04 RS flipflop THANHME e
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E o s ! = o ' of s v
Uszmimuanifa wnzssiluduiiinuasevesdaidszawmagnioluninf a g 114
of 4 o = x P ; 2 o g "y
monanmvainmadalaqfignidsemaliludruvewedudinfana Lildgalszae1ily

v [~} = 1 a_ i = l ) PR =y =
dumsdssmeininess liauwsagmiimwazngang sl 1dduuen1d SaeunsanlSsnfay
o

Tdavasnlszmaldludinassmsdsenimeunadosakouaoni owo i niiduiifianaeduTan

& o o ol oz ¥ &4 oy ro S Y oy o
mevueAnzuu e ludwinfaainiaedin1d T ldsniudesdisuouesdamuisagn

il 19 g duiumeuen 1@ i W dmsudszmasia (Type) MiodwnasuRersufudiu
4 4 2 Ao o Y = 1 o4 g v od ol e 1 a o
voaninfan i utludesidaroimsdszmauinng uduinnauoz ldennsagmitll4en

&

suyuaula

Package package name is

Package_declaration_part

End package name;

5t 2.11 uamalasaadralaena lvesaunsUssmeudnifia

Package body
Tnsaaaitiznendisiidedien luglvasdidad it (Sequence)ii 1405 s tnedaddums i
w04 TN s g0B(SubprogramMananunaovea [lsunsudantiuafignulsynia il tudiuvesnns

5 4w g ywq v & e a5 g & o . = y\ly.
1J33ﬂ1ﬁ1l?‘ﬂlﬂﬁllﬁ?ﬂzgﬂlﬂﬂl'ﬂcll‘lf’f'luuaﬂll?‘lﬂlﬂﬂﬂﬂu?'Jll'I’I'Uﬂqiﬂ'ﬂ’”ﬂ!ﬂﬂ'lﬂﬁﬂﬁ'w‘]au #LD
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r o 4 1 1 = =] ’ a T 1 qy o =1
fasfignuszmadenenludiuvaaimsdsemauiniiauagndmuadt luduvn suaudnda

o A @ 2 2, & Y ! 4 g2 1 1 A
neruduuoARnnad U nTudeadd ludvveanisusz maannds limsUsemate i

Tisunsugoonieamadd msd@euveanindaiuiiu hlmunginusinuanslugii 2.12

Package body package name is
declarative part

End package name;

1 r #
5Uf 2.12 upmaTassadalaeia Iuesvedudinifa

2.2.3.4 HUIEN500NMUBIATIMUY

wr c.': ar T c'd N L I~ L P ]
danTiududihiplusunileszunainea Bidvniue: 1y wlmwmseanuuy
qd.y ¥ =} 3 r [ 3 [ .:; 1 q:ly 4'! ] csy 4
EUAR 1A Heavilanuanm iy e luy s i niaenssanutauna wiavuleio1aae s
o 1 g v ! MUF/ ¥ A
ao1taonssu Alluvuieses ovalonie duiussdoiivdromsesnuuulnsuuuiiie
o Ve 4 e:nclyw 1 ’
muuan17 1% Iasanuy (Configuration) Asznaumufindunismsasnuuuanidasnssunuie

T fesy

Configuration identifier of entity _name is

Contiguration_declarative part

End;

sUR 2.13 wamalas sadraTauia Tdvesmbsmseanuuu Tngauin

2.2.4 uﬂﬂnlﬁl’da"WﬁU (Sequential Statements)

2181 VHDL - o3 a 1fougiuut (modeling)  ussvinszuudaiaealudnyuzuny
behavioral description 11153313010 015200 UR20 sequential statement msAnEIlusRzIBYA
¥aaTasardidani 1 §15Y software engineering MR MMALAIUMTEon Tsunsudoniu
Fiuga 017 C wio PASCAL ogriowudn szounsah e Tnssadiany sequental Tiie iioa
Fouanudh laforfufnyaemsieued hadware iady Tunw VEDL fiddada 11l

- WAIT statement

- VARIABLE assignment

- Signal assignment

- IF-THEN-ELSE statemcnt

- CASE statement

- Loops

- NEXT statement
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- EXIT statement

- RETURN statement

- NULL statement

- Procedure ¢all

- ASSERTION statement

NAIURNI statement Ty oA A 1o TUMITRIBHULY sequential ML a1u#
IAUNATINIAIIATHT VHDL nd}umy1ﬁﬁﬂmﬁuﬂ'ﬁtﬂmmmmiwum*nfu fo gadidaninlud
Tassafwenduyadidsunuudiuuiy Budenfuniyy ADA  yadidesdidunde sequential

P 1 w 9/ t
statement Ni5a71 81 lAun process statement

2.2.4.1. Process Statement

W lad¥aues Concurrent shell v Ia 3 aiien VHDL model iRe ussenongins iy
Yo 93z ULATAondENNI 0flnd ludnunle bebavioral description 'lAHAR 164 process 7 In3Ia¥1a
mu“lu%:ﬂi;:ﬂﬂuﬁaﬂyﬂﬁwﬁ'&uunﬁwﬁmﬁﬂfu qﬂﬁﬁ"qm61'15%3151&m;"ﬂuﬁwﬁumﬂuumﬁ'n (i
PROCESS gnnszaulyiiam

#1PROCESS luussiansnvoalns 1a31 uansi 19013 uAua 0 43ad 144 process Tuuns
A3t U architecture Mii19100z 8 TAs 103 19009%AR T process Ha109a 14 §1 END PROCESS won
D47y §uqﬂma&m9ﬁ1§a process 181179 END PROCESS ﬂﬂﬂfjﬁﬁuﬁ’qmﬁﬁa process 18MYANII
mamawwmu (WATINY active BUATDALIDT ) IUATIDE namsgmammaamnm“lu sensitivity list
1| cvent B8N YAf 11 process 1AM TN NI Fumineauh Taodnfudagadd
process LN IITUAADALIN] m'iwmﬁﬁmwmﬂagn'lﬂuua@ﬂmawﬂﬁﬁd process Lﬂmjﬂﬁﬁq
@i fudrgad i process Iai 10T sensitivity list fudnauguamsiinu st liiams
S suerdiouindunesen  loop) ﬁ”liii’ﬂwfu Tnstleafunisiamamsaiaud foms

(@1 wait statement 89 1A IKVBIYAAITI process

2.2.4.2. Wait Statement

os =

AR process AINITDH sensitivity list 1AFOITURYT MUtBANNTIYRATTL process 229N

¥
a

o e I 4 a g o S o v @
nszdulannmsidyeamilddunosoinn event Sunmiu ndsnnignaszguudifidaimaly

L

o1 Tuar iU IAURIAUNTENINUA LOZYARITI process  FENYANTTVHNUFTIATI
' = a &4 a4 o oo w8 w & A D oa v o A
undiell event  inavudatudygmaaladaniiiluso¥edudn dinsdfnielusivye
@ ¥
UsznouAledaanaionl uazfa event 1Ulunandusiu selidynuioidufsinanimug
o d o ¢ o & & g o = Yo w v 3 5 &
il Anszqunsihiam voayad1ds process 4 limusoRaszuan 1A Tutludrle Aniumald
A a o

AR process 3INNY sensitivity list JeTliaddnaiuinluniv vEDL 135msnandeailym

@ '
] = bl o o .
mduiﬂﬂtl“b’“lgﬂﬂ'lm wall statement
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A9 wait statement NN IHAILAARIAINTT W1 wait statement UVAAD UsAITUTA
i’
A

annsafiziimusaiasidumislan molnlnssainvesiidediiu]a esziunha
mn"lmgﬂﬁwﬁa process 538 ULHUIN wait statement at“i daums Y sensitivity list cﬂuﬁfamuﬂumi
WITUYAATT process DxHYANT A UWNUIATOUDIYAR 1T process 1TTulszmsAaes aunsah
a . ¥ 5 1 a 3 End LI 1
£ IMURA wait satement emanvoulundardnonis awanudoams Teeliside dauilszams
AATIY wait statement Sinatogthouy dunineanuiiensafiaz Maauqgu PROCESS Tdwane
Srume ualdafidoad1 1337 wait statement Tamutsaitoe 155U sensitivity list 11014 PROCESS
< a Y :j 8/ =1 = g W S ] 1 3 .3,’ qyd:y 1o e, P =
oA ld aniudifougtuunidwaiulasounaslde: Is Melivuagivrzvudtaeanuzdou
o =

ussersuazlssaumsal lun o

Tn1u1 VHDL ou150 1% wait statement 14 4 huufe

® WAIT ON signal list --signal sensitivity
® WAIT UNTIL condition; ~-condition

® WAIT FOR time; -~fimeout

® WAIT; ~forever

uAazpd NIAUNUIaLas )T 1S NuAna 1A URuA B398 1T
® WAIT ON clock, clear, preset, d;

F

Adsazngamimauvssgamdadidn 13ouniinsiia event YU dyny 1 clock HIB clear

]

&4 24
N30 present ¥I0 d

® WAIT UNTIL (ctock = 17} ;

A o

asusnad Fid A ussngaidwniall uazaziitauee lldedyen clock 1iin

o ek
b

o FoA oW . = N T
gvent 1A boolean expression 111 TRUE NORTULIMALMITNIIIUGNHYARTIZAU HAZDDUNIS
1 5)3 @ =] P as - ' ar A 1 el
Aol A Tudasns1eaoudil event AnUUUUT YN IN clock I onlay uazdyanu clock Aty

2 , ) 2
“1 pz1iu boolean expression £ABUTIUITS
® WAIT FOR [0NS;
AdeiiilumssonTovga luvnsns1anan1aia1u (simulaton) YN EIMsIIADIE
arsashlnd? 10 ns. vxluaild PROCESS Fivhaune Tl
® WAIT,
dludald pROCESS nyaiinuaaen 1 TaoluinsiSudumsianlngd waadans
&t M aa = a_ i = s & 4 4 o
douztiwuussnomaiauvesszuvataea Janududuidedddmdeil longansmaues
pg e ITHO NRIAN UG NI 0 THA AL (ON,UNTIL uaz FOR) TauANTU wait statement TAd2U
o [ 4 =1 < v ] =Y .. . .
Fl'ﬂﬂtﬁjﬂd VHDL analyzer wzpsnaowdioldiluiiinilelu PROCESS 1 sensitivity fist H3® wait
' . =4 A @ a = 4 yyw
statement 8619 laot1amila ietloaiuilymduoinesifniula
2.2.4.3. IF-THEN-ELSE statement

ThyedrFaiugui Mdaouaw iienssaadulansziio: lsueadanedis
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[F statement
Format : IF condition THEN
Sequential _statement
END IF;

2.2.4.4. CASE Statement

Tassaindnsunidafdud iy uaziinnundwafedn [F-THEN-ELSE  #io CASE
statement (513 A dudenuna§1a awdeud condition) Amuald

#1183 CASE 1A% END CASE ﬁmumm‘émﬁwmwﬂgqu ArdaWHEN Mdmiudmua

@ A - a <t = @ , o = . P
anfenfiazihunmfTounuUAD expression andonladhldaw expression NATHUA PROCESS 3

a o 2

Fumohnuigadddduiauuisunsznsmdgaiiovesdadioniug uazezeonuin CASE
[ & A A o =] [l
statement Tag ldimumaudsndus Adinuvaey
#AMFINUUNAUIUHIY (Concurrent Statement)
= o o a ' & -
A7 VHDL flumeinmsianiudnemsiuann concurrency M3 THIIONIZUDT
s w 1 i ar = A A 1 ar . 1 o @
yoddarunuinunazduiiu PROCESS filfaudoiudae signal tiiag PROCESS inudas
uﬂy (- o ] ar 3 ] 1= = Yy
hituaedy A5G0 asynchronous 14U concurrent statement mu”lﬂtgmmmsmwmmu"lﬂma
PROCESS statement
o OB v » & W o n ' Y P
A ITUUY sequentiat a5 Ao lduzdvesyad i@ uuaaunuld Suedin
ansnldln vEDL Téisanssiium 1wy signal assignment ifludu gadidanldininseadany
A o ¥
concurrent B4 iianun 1dun
1) Signal assignment statement
2) Componcnt instantiation statement
3)  Assert staterment
4)  Generate statement
3) Process statement
6) Procedure statement
7} Block statement
[v) d
2.3 MsUudanIaia 1N (Quadrant compression)
mstiudanleuaTui 1M ENNS 0TS (Symmetry) ¥0IFRRNU 100 DMARZAIDLA
Jud duAedmiy 0<a <90 udweldn
sin(QOﬁa) =sin{90+a),
sin(270~a) =sin(270+a),
_ . (2.1)
sina =—sin{a),
sina = —sin(180+a)
= t 1 3 s
Mnaums (2.1 s ldTunmmsammansidmiunnaouasuy (0 < a < 360) 1dan

1
= =3

A1 2 YBIRTDLURTURLT ARIAIBUATUNRO (0 < a < 90) Taslumsoonuuues ulus wabhani
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@ o & - v o = P o o =
Hoddggaqa (MsB) wieFunhiaduead 2 Tausnudmuanseunsuivesdya manoiiios
a a8 A A g = s o ' = o

Fansizd  anuddgresdadueaitunteuasuiuazd wemldedyy sk imansanyl
Idda31ad 2.2 uae U7 2.14 muddy

1 o ar = = ar o
M 2.2 anuduiusvesdadueadivatsunsuiias fyanuamd

Quadrant MSB MSB-1 Sine
Quadrant [ 0 0 ¥+ Ysin( )

Quadrant II 0 1 AR

sin{ [ complemented)

Quadrant II1 1 0 -

sin( [ complemented)

Quadrant IV 1 1 Yo + Ve sin( 1)

* [ ifudil (Index) 1ISUIN O fa 2"l

Frequency Control
Word W bits ~,
)

j W-2 bitsy W-2 hit Dlbig ¥ D bits

— b

Phase » N
— Complemenzar A T2 sine ROM Complementor |

1 /
Accumulator ata LT ¥

ZTEM“-'. SRR m
0 G/]/VM I

2nd MSBLL_I— MSBL__ =il

A o £ o o A& A o #
51 2.14 MmsFuaneddggmemidugldomaiintiudantouniuni

| o o = ar g b =
1131 2.14 miren w1 (ROM) vzifinneydigavesdyanuaioilugai o B 2 Ty

ol L4 =

ad 2 fa wusrgnlfdmiudmuanteuaiuivesdygiaanoiuoziafimio w-2 da agnld

ar Eg

FufuFaumis  veamboanusuiedwenligadyauminindsinsosnin fadumoad

]

o o

q i o 4 . . =] o
uuge (MSB) whfidwuanisaning (Sine) vaadyepnausidvalariaeueainae: 2

o d

nd

a ] o ar o ¥ 1 A
MSB) fruaiueutldgavesdyasuodnaiiuiuvioviaindfelunteuaiudn 1 noz 3
Foyanaorinaraaday ard uwe (Phase accumulator) tzgnihn1 14 Tagas sarundouas Ui 2
way 4 tudugnaeidwarsasaduaergnaouniaug (Complemented) dayiyiaitiontfya
s . o o & v o A = = o
wahsannamiwanuezidnurailudyyianiugnaidy (Full wave) Saensanfdmuiy

3 o I as - s [
Foanuanod Tasmanuueuitdgeveadyaraiegua 7T 27 S0 -1

62822
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] Yoo a4 w e Y] - o ¢ o
zifin I Emstindansouasuidaini s liveyavewenddpevesdyyimaodiigs

& e o S

' ' ¥
roupsuiniedygnaudugeaauld  dunineiaitmstiudameuniuinivaunisanuunve

u

e anudrldie 75 wedidud

Sumaiisintudanteunrusiialnezgminn Mdmsuesniuusasdansizingug
uuildvasauiiegire silumssenuuuaiauds uenvinnisisanteuasuiudinazt
msfiudadoyariuiude l8n aquhiliiean 14sil

FunenIiuanamod-ola (Sine-phase difference algorithm)

FusouSinamenoi-aiiminsnnus e iumveaflaisu FwyBadludnameas

wou-UagamiRusudailmiugflaidu £(7) amsodauiuaumsladad

Fwy = sin[%q—w (2.2)

a o

Fyanumeindnimsezgadunsizd lnsnsthdmowlfaannmieanuiwiwndum

T

A w a 7w <
wpuraRdoamsdun 1z aanaaalugai 2.05

3z DEPAY) RO ) 4\

o2
v

Sin(TWi2)-W
ROM

-:; 3 A 1 o
U 2.15 TupauIsan1ax vt a

LT

Famhuawes F() wumsiiu sin(z#/2) aunsaaaswinlaveasytage

18 2 Un 1w

max sin(ﬁ—fV—)—W} = O.21maxi:sin(%V~H (2.3}

W kY [
sziiutludunonSirademei-wlatiss Ha15auTvee197 (Adden) insuyifandu

W
[sm[: J—W}+W (2.4
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L o At ' < o P a o
namsiduasuiinannani-waarunsaaaiwudavewnin/daednnld  ude

) N o ¥ o o = o ya &
YAV DIHUIUANTWVEDAT Lﬂuﬁﬁﬂlﬁ’lﬁﬂiﬁ\i!‘ﬂi'lgﬂﬂl'lllﬂi]%ﬁﬁﬂ'ifﬁ’ﬁ\i"luvlﬂli’lsﬂu

: Ry &
2.3.1 muﬂamﬁmumaéuauﬂ (Sunderland algorithm)

:: ad @ o o 1 u’: ad o S oar . . o’/’
TunouisFunsfiaud YIUANABDINYURDWITENTYTH (Hutchison algorithm) YUADU

el ar ] o/ o 1 e 1 ar =3 '
Fdwaefuaudindnmsiaoulroudedyanuddai ldfuniniasahadasamilumudiu G, b,

Ed

uaz ¢) fafl

sin (‘c) =sin (cz +h+ c) (2.5)
sin(a+b+c)=sin(a +b)cosc+cosacosbsine —sinasinbsince (2.6)
sin{a+b+c)~sin{a+b)+cosasinb (2.7)

wazdyaw sin{a+b+e) aunsomenvoon Wavaunsh (2.6) tazdszuioe)Idds
AUMTN (2.7) ATUAAY FIuasuTEFmes laudtenins el udaniien e 1Adlszas 11
& - U At o 5 o ¥ & o " '

MAUASH (27 srEmisothiuaeuIssueasaudnad aiuadanas e Taania

KBRS 100 NUUEIdIUADHIEA LT INOY (Coarse ROM) IazHteauiiazdoa (Find
] o = 1 =y > ) o = o 1

ROM) Tagnthasanuimnuszinunenddtaues sin(a+5) uasmiioauiiaziouarsmua

nouilagauad cos a sin ¢ Auanaluili 2.16

Cos(a)sin{c)

Leee——

Uil 2.16 dupsuiitumesuaud

ar d - =y - 9 1 a
24 ﬂTSﬂ&iﬂ‘é'IB‘ﬁﬂ']'lilﬂ!!Uﬂﬂﬂﬂ'ﬂﬂﬂw{ﬁlﬁﬁuﬁﬂﬂﬂﬂ‘ﬁ1
=5 ° ar o o aa = 3 4 o =2 o kN =
1’]1ﬂ’i?ﬂﬁtsﬁ]ﬂﬂﬂﬁ?ﬂﬂﬂﬂ]ﬂilﬂﬁﬁQLﬂ'ﬁ'W'ﬂﬂﬂMﬂlLUUﬂﬂﬂﬂﬂTﬂﬂfHu?ﬂﬂ'J"Il.lﬂ1 FIYVOLTE

Mdwienunmueadyy mezivadivanuazBoavewondigauazmizonnuinarie
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kY

¥ a A et o a o a 1 o v oA g = s Y
Anamsdyaailaunwgandndudssldnisanudiivina IngiNadutendfpavesdyauly
= P : ' = [ at g g
TFurnuazandoafiga Fansldmdron e idvinatngazinaldanudlunsdhitg
wieANud1anaq, 1wesnoanunuivuwia lngdu tazfuiidanuveszasmudy
A g s oa YA o s - aa Y a
dWoumsudn@odaifeusamsdunitizinnuduuudaiaoa lasldnuasanud Tu
Witoilfeezeivmndnmyhouve s dunmzvanuduuuadaeail ludeldmianudr &

aunsnagUiduiTang Tadadl

2.4.1 Fuperisnesan (CORDIC algorithm)

afumaufz’%ﬂa{ﬁﬂ (Coordinate Rotation Digital Computer, CORDIC) Lﬂuguﬂ@u?ﬁﬁal%ﬁiu
msfnnuiledundTAuia (Trigonometric  function)  waztmnzaamii losnuuudnarfauas
dhosnnmadnnailFludunnudtnoramiuarinom 1§38 maEenuaz N (Shiftand-add

operation)

T s) A, (S cos()
—_— e
CORDIC
S 2, (8) proTessor ¥ (sin &)
_# 1._;—-—-—-—.-.-—*

o Y a ey & sy dfa
E'l_h"] 2. 17 MSTaaU Y B I UHATSPIUADUIBADIAN

< o 9 o o 3 o P 7o ]
i 217 gaeslasemsveimsadedamue s Ingms liunouisnoian - 9

Y

a ) a a o
Usznoudndyendune X, .Y, .7, uasdgeaewae X, Y, lesdaopw Z, i

o in

w A a " o ” o I ; o /
daynouver mammmma"Iézm‘f]uﬁmu@mmm\mcmuu (Sine) Laz TAaBU (Cosine) X, unz

Y unzdnanel X, wey Y, duadeyanemldgeinmunsodoua nuduiudsoniedyao

oui
»
=

o [3 :: | o 94
PIANALAzID A HATBTIROUITABTAN TARTl

X o =k[X, cos(Z,) =Y, sin(Z,,)] (2.18)
v =k[Y, cos(Z,)+ X, sin(Z,)] (2.19)

in in

T Gietis unzamz 1&1¥nosanTusmmesns (CORDIC processor) fminimlaamiiogiu
s1Twans (Polar form) Tidlnarfieglugimsfidon (Caresian form) diimualidyn uouna

Yin 11 0 szainsadeugumsanufuiuis s b una 1adedl

X =X, cos(Z )] {2.20)
Y. =k[X, sin(Z,)] (221)



ar

aussuanldganaranuivesdygaiduasniziaunsaaugldlaodyane X,
wag ¥, anudidy
2.4.2 mifgmﬁacﬁ’au (Complex multiplication)
L o o LA | o oy 9 = b =4 a 30y a
midunizddyarummninielnmoidomgousidoulivanmsne dmualiidvom

FFaFDU (Complex number) a3 1MIUAD auaz b linidsaums

a=r, (cosa + jsina) (2.22)

b=ry(cos B+ jsin ) (2.23)

F o . :
Tag 7, oz r, Wuanuunvswanwed guss £ duyuveanneeinnaunsi (2.22)

was (2.23) 51 TadlouNans (Product) w01 @ uaz b luauma ladail
aeb=rr, [(cosa cos fJ ~sinasin #)+ j(cosasin f+cos fFsin a}] (2.24)

A - P AN s - = a
wazifioTouiouauduiusroad snFun 193 Ina luaumsyn (2.25) uaz (2.26) AU

A o o ° a oy & T e 8 Yo o a Y
et (2.24)  emuldhimsgudunaFdaure i inundieiuesi Ifa o

Tmifitlahua sy (Angle) BIIALXATINYBILNVBIAIWMINDS LETAL (Radivs) INIALINARMYBY

fiag1li 2.18

v, 1Az 1y
sin{@ +v) = coswsinv + cosv sint w (2.25)
cos(@w + V) = oS @Cos vV — §in @sin v (2.26)
4
_ﬂ"-’-‘_
-”Pﬂ“f \;x\b ;
4
@+
; > ¥
ot n X
d‘. o a U d’
U 2.18 MIMIMIMADIveIMIRIMITITON 1D £, =1,
Fy q W oe @t : ) . .f:i = Ty s d‘
mAmualddigquaias  (Multiplien  Tumumsh (224 afuazTidguainges

A o r & o 3 i a
(Multlphcand) l.'l_luﬂ'l“U'ﬂﬁWﬁﬂWﬁ%ﬂQﬂTiﬂmﬂiQﬂEUHﬁW §]$u[ﬂ31nﬂlﬂﬁ)'§"ﬁ1ﬂﬂﬂ'lﬂﬂ'liﬂmi]?iﬁi‘.‘luﬁ'ﬂﬂ
<2 1 o = A D oda VW ¢ -~ o o ' o
'Nﬂﬂ'JJ‘H‘LN'ﬁuﬁﬂﬂ']ﬂﬂ'ﬂiﬂ'ifli;lllﬂxﬂ’] HUNAD ﬂ"liﬁ‘i'ldﬁiquTm’ﬁ’]ﬂuliﬁZ las1aU UL AN1UDYDY
o o o & w
ffﬂffﬂluWQIL@WﬁwﬂfﬂzgﬂﬂTﬁuﬂTﬂﬂﬂWﬁlWHﬂlﬂ\ﬁﬁJﬂdﬁﬂﬂ]ﬁ
fﬂh‘f

= ey, 2.27)
2 '

2 7w A = a s

IWU JB ﬂ@l{umaﬂl]ﬂlﬂaiﬂ’lﬂm Hay ff.‘k ﬂﬂﬂ]1uﬂM@Qﬁmuiy’1mu11¢ﬂ1ﬂa:ﬁguu
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nntRseuiussuyuuudeendl (Feedback) 21 ifamsazaumianuAnnaInlu

a1 2 a @ PR ™~ @ 4 A 4
nsfifuemlagavasdanamninialnnnififanomaguaneesimafanoy derzmufiuiu

A @ o H Y a a o a ¥ = v Y ' U W
17889 %ammﬂummmm’m'wamcﬁmmuﬂagﬂﬁmimiﬂ“lmuanﬂagﬂiﬂanrﬂaaﬂ@um:uauﬂau

'l

Tpa i Aaeaelugdi 2.19

Amplitude correction
crcuit
e »

cCOs

——— Complex

| Multiplier
Precomputed "

sin & cos }———b

ar £4

gt 2.19 psdummizvfaanuyrioidismsgoudteu
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01 RegINCD Bit7-Bit0 of frequency control word(W)
Jout =(f *W) /2%

Where fout is output frequency

Felk is MCLK frequency

W is 32-frequency control word

02 RegINCI Bit13-Bit8 of frequency control word(W)
03 RegINC2 Bit23-Birl6 of frequency control word(W)
04 RegINC3 Bit31-Bit24 of frequency control word(W)
05 RegCTRL DDS control register used for controfling

DDS operation

(000000  Sinusindom(Look up table)
0000001 Rectangular(Look up table)
0000010 Tringular(Look up table)
0000011 Ramp{(Look up table)
0000100 Sinusindom(Polynomial)
0000101 Ramp(Polynomial)
0000110 Random
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1.Module Div_2500

library IEEE;

use IEEE.STD_LOCGIC_11é€4.ALL;

use IEEE.S3TD_LCGIC ARITH.ALL;
use IEEE.STD_LOGIC UNSIGNED.ALL;
entity Div_ 2500 is

port
{ Clk _in 1in std logic;
Clk_out :out std legic
)i
end Div_2500;
architecture rtl of Div_2500 is

hegin
process (Clk_in)
variable Clk_temp:std logic:='0";
variable count:integer range 0 toc 1249;
begin
1f Clk _in'Event and Clk in='1'then
if count<124% then
count r=count+1;
Clk_temp:=Clk temp;
Else
Count =0
Clik_temp:=not (Clk_ temp};
end if;
Clk out<=Clk temp;
end 1if;
end process;
end rtl;

2 .Module sereal com

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD _LOGIC ARITH.ALL;
use IEEE.STD_LOGIC UNSIGNED.ALL;
entity sereal com 1is

port {
BAUD RATE :in std logic;
RX :in std_logicg;
DATA RX :out std_logic_vector (7 downto 0);
RX_EN :out std logic);

end sereal com ;

architecture rtl of sereal com is

type State_type RX is({idel, ReceiveData, Stcop);
signal State RX :State_type RX:=Idel;

begin

process (BAUD_RATE, RX)

variable RX_Data_Count:integer range 0 to 7;
variable Buffer RX :std logic_vector (7 downto 0} ;
begin



if BAUD_RATE'Event and BAUD_RATE='1l' then
case State RX is
when Idel=:>RX_EN<='0";
if RX='C0" then
RX Data Count:=0;

State RX <=zReceliveData;
Elge

RX_Data_Count:=0;

State RX <=Idel;
end if;

when ReceiveData=»>RX_EN<='0';
if RX_Data_Count=7 then
Buffer RX(RX Data_Count) :=RX;
State RX«=3top;
Else
Buffer RX(RX Data Count; :=RX;
RX_Data_Count:=RX Data_Count+l;
State RX<=RecelveData;
end if;
when Stop=>=RX_Data Countc:=0;
data_rx<=buffer rx;
RX En<='l';
State RX¥<=Idel;
when others =»>RX_Data_Count:=0;
RX_En<=tg'y
State RX<=Idel;
end case;
end if;
end process ;
end rtl;

3.Module swit puls

LIBRARY IEEE;

use ieee.std logic_lle4,all;

entity Cnepulse is

port (Clk tin std_logic;
SW :in std logic;
SW_Single Pulse:out std logic);

end Onepulse; ==

architecture rtl of Onepulse is

signal sw_debounce_delay:std logic;

begin a
process (Clk)

if (Clk’Event)and (Clk="'1'}then
if (sw="1'")and{sw_debounce delay='0')then
sw_single pulse<='1",
else
sw_single pulse<='0';



end 1if;
sw_debounce delay<=sw;
end if;
end process;
end rtl:

4 .Module RANDOM

library IEEE;

use IEEE.STD LOGIC 1164 .ALL;
use IEEE.STD_LOGIC ARITH.ALL;

use IEEE.STD LOGIC UNSIGNED.ALI;

entity RANDOM 1is

port Clock : in std legic;
RANDOM_out : out std logic wvector{ll downto 0)
)i
end RANDOM;

architecture Behavioral of RANDOM is

signal reg : std _lecgic_veetor{ 31 downto 0);
signal feedback:std logic;

begin

process (Clock, reg, feedback)

begin

if( Cleck'event and Clock = '1' ) then
if reg="00000000C000C00000000000000000000" then

reg«<="00000000000000C0000C0OCOCCOCO000LY;

elee
reg(31l downto 12)<=reg(30 downta 11) ;
reg(11)<=reg{l0)xor not feedhack;
reg(10)<=reg{(9) xor not feedback:;
reg(8) <=reg(8) xor not feedback;
reg(8) <=reg(7);
reg{7) <=reg(6};
reg{e) <=reg(s);
reg(5) <=reg(4):
reg(4) <=reg{3);
reg(3) <=reg{2) xor not feedback;
reg(2) <=reg{l);
reg(l} <=reg(0);
reg{0) <=feedback;
end if;

end if;

feedback«<=veqg (31);
end process;
RANDOM ocut<=reg(31 downto 20);

end Behavioral;
5.Module select input

library I1EEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity select input is



port input comm : in std logic;

input_mcs : in std_logic;
sel : in std _logic;
out_put : out std logic);

end ;
architecture behave of select_input is
signal k : std_logic;
begin
process (sel, input_comm, input mcs)
begin
k<=se]l;
if{k=*0"')then
out_put<=input comm;
else
out _put<=input_mcs;
end if;
end process;
end behave;

6 .Module DEE

library IEEE;

use JEEE.STD LOGIC_1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;
entity DELf is

port en :in std legic;
ip :in std logic wector(7 downto 0);
gsel mux :out std_logic_ wvector (2 downto 0);
sel :out std_legic vector(l downto 0} ;
out_ fre :out std _legic vector (31 downto 0)
)i

end DEfEf;

architecture rtl of Dff is
signal bufl, buf2,buf3 buf4: std logic vector(7 downto 0);
begin

process {en, ip)

VARIABLE count rx : integer;

begin

if en'event and en='l' then
if count_rx < 4 then
count_ rx:=count_rx+1;

bufl<=ip;
bufZ«<=bufi;
buf3i<=buf2;
bufa<=bufi;

else
count_rx:=0;
out_fre<=bufls&bufzebufisbutdg;
sel mux(2 downto 0)<=ip (4 downto 2;;
sel (1 downto 0)<=ip(l downto 0);

end if;

end 1f;
end process;

end rtl;

7.Module DEf com

library ieee;



use leee.std logic 1164.all;
entity DEff com is

port { en 1 :in std_logic;
ip 1 'in std_logic_vector (7 downto 0};
gel_mux rout std_logic vector(2 downto 0);
cut_fre rout std logic _vector (31 downto 0)});

end Dff _com;

architecture rtl of Dff com is

--signal buf:std_logic_vector (7 downto 0);

signal data,z5:std logic vector(l downto 0} ;

signal bufl,buf2,buf3,buf4,bufs,bufs,buf?,bufs: etd legic_vector (3
downto 0} ;

eignal z21,z2,23,z4:s5td_logic vector{ 7 downto 0};

begin

pl:process{en_1,ip 1)

begin

- if en'event and en='l' then

case ip 1 is
when "00110000" =>data <="0000";--0
when "00110001" =>data «="00Q01";--1
when "00110010" ==data <="0010";--2
when "00110011" =s>data «="0011";--3
when "0011C1l00" =>data <="0100";--4
whenr "00110101" =x>data <="0101";--5
when "0011011¢" =»>data <="0110"; --6
when "00110111" =»data <="0111";--7
when "00111000" =>data <="100C";--8
when "00111001" =sdata <="1001";--9
when "01100001" =>data <="1010";--a
when "01100010" =s>data <="1011";--b
when "01100011" =>data <="1100";--c¢
when "01100100" =>data <="1101";--d
when "01100101" =s>data <="1110";--e
when "01100110" =s>data <="1111";--f
when otherg=>data<="0000";
end case;

--end 1if;
end process po;
pl:process(en_1,data)
VARIABLE count_ rx integer:=0;
begin
if en_l'event and en 1='1' then
if count_rx < 8 then
count rx:=count_ rx+1l;
bufl<=data;
buf2<=bufil;
bufi<=buf2;
bufd4<=buf3;
bufS<=buf4;
bufé<=bufs;
buf7<=bufe;
bufg<=buf7;
else

end if
end if;

end process pl;

count_rx:
zl<=huf?
z2<=bhufs
z3i<=hufl
z4<=hbufl
z5«<=data;

’

0;
bufs;
bufe;
bufa4;
buf2,;

g R



out fre<= z4 & z3 & z2 & zl1;
sel mux<=z5(2 downto 0);
end rtl;

8.Module selec data

library ieee;

use ieee.std_logic_1164.all;

use ieee.std logic_unsigned.all;

entity selec_data is

port ( data : in std _logic _vector (7?7 downto 0);
sel 1 : in std_logic;
cutput_mecs : out std loglc vector (7 downto 0);
output_com : out std legic vector(7 downto 0));

end ;

architecture behave of selec_data is

signal k : gtd logic;

begin
process (sel_1,data)
begin

k<=sel 1;

if{k='0"'")then
cutput_com<=data;
else
output_mcs<=data;
end if;
end precess;
end behave;

9.Module data

library ieee;

use leee.std logic 1164.all;

use leee.std logic unsigned.all;
entity data is

port sel 1 ¢ in std legic;
mux_com + in std_legic vector {2 downto 0);
data_com : in std_logic_vector (31 downto 0);
mux_mes : in std logic vector (2 downto 0);
data mes  : in std logic vector (31 downto 0);
mux_sel :out std_logie_vector (2 downto 0);
data_in :out std logic_vector (31 dewnto 0});

end ;

architecture behave of data is
signal k : std logic;
begin
process(sel_l,datamcom,data_mcs,mux_com,mux_mcs)
begin
k<=sel 1;
if (k='0")then
data_in<=data_com;
mux_sel<=mux_com;
else
data_in<=data mcs;
mux_sel<=mux _mcs;
end if;
end process;
end behave;



10 .Module lut

library ieee;

use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

use leee.std logic_unsigned.all;

entity lut is

port clk : in std_logic;
rst : in std_logic;
sel : in std_legic _vector (1 downto 0);
freq_data: in std_logic_vector {31l downtc 0);
dout : cut std logic_vector{ll downto 0)
) ;
end lut;

signal address : unsigned( 9 downto 0);

signal doutl,dout2,dout3 : std logic_vector (15 downto 0);
signal result ¢ std logic _vector (15 downto Q) ;
signal resultl o std _logic vector (15 downte J);
signal gl,q2, g3 : std logic _vector (11 downto 0);
signal accum : std logic _vector (31 downto 0};
signal sign : std logic;

begin

acc:process {clk, rst, freq data)
variable countl:std logic vector (31 downte 0);

begin
countl:= freg_data :
if rst = '0' then

accum<="0000000000000000000000C000O00QC0Q00O";
elgif clk'event and clk='1'then
accum<=countl + accum;
end 1if;
end process;

process {accum)
begin
if accum{30) = 'C' then
address <= unsigned ( accum {22 downto 20)});
else
address <= unsigned {(not accum (2% downteo 20));
end if;
end process;
out_squre:process( accum)
begin
if accum(31l) ='¢' then
dout2 <= "11313111%1113131111";
else
dout2 <= (others == '0'};
end 1if;
end process;
lockup sin:process (address, sign)
subtype slv7 ig std logic_vector{l5 downto 0};
Lype romlC24 is array (0 to 1023 } of slv7;



variable sinus_rom : roml024 :=/{

"Q3Q0000Ga000GAGa", "O0000QQGoa0La0000o", "Oo0C0ROoCOC0C0o0O", "OoO0000L000
gocoon,"0000Q0Q0000QQ000L", Q0000000000000 0T ", "00Q0000000C00001", "O00C
acoopo0000010","00QO0Q0O00000OC0O01IOY, "0OONDOOOO0O0QOQO0O1L",
"cocoocoo0000OCO1CO, "0000000C000000101", "O00000C0000COL10", 00000000000
¢0111","00000000000010C00", *O000000Q0000010C1","00Q00C000000L010","0000
ooo00Q0001011®, "0000000Q0000G01300","0CG000000000011120",
"0000000000001111","0Q0C00000001Q00L", "0000Q000000010011™,"000000000C00
ipi100","0000000000010110","0000000C00011G0C", "QC000000CQ0011010","0000
6000600011106 ,"0000000000011220", "000000000010000D0",
"0Q00000000100011","0000000C0010GC101","0Q000000C0010C111","C00C00000001
QL1clo","0000000000101101","000C000000202211","0000000000220010","000C
000000110101, "AQ0C000QAC111000", "00Q0000000111011 ",
"0000000000111110","0000000001000001","0000000C010C0100", "00C0O0000010
00111, "0G000000010010QC11" , "000C0O0000C1001120","0000000001010010", 000D
000CQ1010101","00C0QQ0001021001,"0C00000C0I01110L",
"oo00000C0OC1L00Q00M, "O0OCO0O00001100100","0000C000011G1000","00000000011
011qQ6™,"000C000001110000","0000C00001110101","00C0000001111004","0000
foocQl1illiol™,"0000OCOOCLOO0OCC1IO", "O00000Q01000011I0",
"gQ40000010001012Y, "G0OCO0OCOCIO0GTILII, " O0OCO000020010100", "0000000D1C0
11602","0000000010C11110","0000C000LCLCOCL1", "000000Q0010101000",0000
630010101101, "000CG0O000CLC1I1C0OL0Y, "O0000Q00G0L0110111Y,
"0000000010111101","0000000DCT100Q0C10O","0000000011001000", 00000000110
01101","0000C00011C10013","000C0000121011001","0000000012011110","0000
000011100100","0000000011101020", "00C00000LL110Q000",
"3000000011110110", "30000C0011112101", "00000001C00C0OC11","00000Q00C1O0D
¢lo0in","0000000100010004", "00000C00100010120","00CO000100021101", 0000
00010010C6011", *00000C001C0L01020Y, 00000001001 10001",
"0000000100121C00","00000001001111211 ", "0000000101C0C110", "0000C00L010
01161","0000000101010100","00000001010110611", "00000001C21100011"," 0000
400101101010, G00000010111001¢", "G000QGC101121001",
"0C00C00110000001", " 000000C110001000", "000000021001C000", *0O0C00001100
1i0060Q","0000000110100000","000000011010100C", "0000000110110000", "0000
¢00110111C00","00000C0011100000L", "0000000C1I11001001",
"0000000111010001","000000C1110121010", "0000000111100010", 00000001111
o1cii","0000O0C1X111C10C0","00000001111121101", "0000001000000101","0000
0G1l000001110","000Q0001000010121 ", "00000010G00I00000",
"Qo00001000101010", "D0000C1000110021", "0000001000111100"%,"00000010Q010
401lo","0000001001001111","000000QL0C1I0C11001","0000001001100010","0000
0Cclo0l101100","0000001001110110", 0000002001 111",
*0000001010001001","0000001010010021","0000001010C111G1", 00000010101
910007, "0000001010110C10", 00000010101 1110¢", "0000G010110G0110%, #0000
601011010001","0000002011011012","000000C1011100110",
"0000001011110001", "0000001012111011","0000001300000110","00000011000C
10Go1","0000001100011100","0000001100100121", "O00000110011C010", "0000
001100111110","C000C01101001001","0C00001102010100",
"0000001101100000","000000110G1102011","0000001102110111", 00000011100
6oclo","0000001110001210",*G0000C1110011010", "00000012110100110","0000
001110110010", "000C001110111110", "00000C1111001010",
"00c0001111010120","0C00001111100010","0000001111101111", 00000021111
11011","0000C10000000111", "0000010000C10100","00000100001C0001", "0000
0lgocodlollolt, "0000010000111010","0000010001000111",
"0000010€0101C100","00000200011C000L", "000001000110111G", "0C0O0C100011
11011","0000010010001000","0000010010010110","0000010010100011",”0000
010010110000","0000010010111110",70C00010011001100",
*0000010011011002","0000010011300111","00000100111101C1", Q0000101000
ODOll”,"0000010100010001“,"0900010100011111”,”0000010100101101”,"0000
010100111011”,"0000010101001001”,“0000010101011000",
"0000010101100110“,“0000010101110100",”0000010110000011","00000101100
10010",”0000010110100000",”0000010110101111",“0000010110111110",“0000
010111001101",“0000010111011100”,”OOOOOlOllllOlDll",



"00Q0010111111010","00C00L1000001001 ", "00C0012000011001", 00000120001
cicoo","00000Q1l1000110121","0000011001000211","0000011Q01010110", *00C0O
011001100110C*,"00000110012202120Y,%0000011010000110",
"gpo001101i0010110","00000132010200102 ", "0000011010210120","0000011011¢C
gc1lig¢","0000011011010120%,"0000021012100110",*00000121011110110","0000
011100000131","0000011200020111", 0000012100102 000",
"pooo0l11100111000", 000001121 ¢1001Cc0L, "0000021201021Q10", " 00000111011
oi011","0000011101111011","000Q0011110002100","0000011110012.1001","00Q00
f011110101111","C0Q0001111100Q0000",""000001111101000C1",
"0000011111100020","0000011111110200","0000100000000101","000010G0000
10111","0000200000101000", 0000000001120, "0000100001001100", "0000
1000010112130, "0000100002110000","000010001L0000010,
"gpO0L00010010100","0000100010100C110","0C00100010111000","O0001000110C
0rLeio","0000:00011011101", *g0o01000111C1111, "c0002T00100000010", "0OCO
100100010100, "0000100100200211","00001C02002110C1",
"Q000100101001100", 0000200102021 111","C0C0100102110C10", Q0001001100
¢coro1™,"¢O00100I10011C00","0000100120101021","0000100120111110","0C00
10¢111010010","0Q00100112100102", "0000100111120.000",
"QQoo01C1000001100","0000101000011211"%,"00C00101000110011","00001010010
06111","0000101001C21010", "0000101001101120", *c00010101000007L0", "00CD
1010100610110, "0000101010103010", "0000102010121110",
"¢oo0l01011020011,000020101110061217,"000010201131210311", 00001011000
10¢000","0000201100100100", "gQ00C1C1100111001","0000101101001101", "00CO
ioi10110C020","0000101103210111","0000101110001011",
"gco010111010C0000", *C00010122011QT01, "00Q00101111001C10","000C1011110
11111","0000101111110101","000012100C0001G010","0000110000011121",%0000
11¢000110101","000011C001001010","00001100011C00C0",
"0000110001110101","0000110010001011","0006011001C100001","000012100101
10110","00001100110011C0","0000110011.100020", "00001100122131000","0000
110100001711¢","0000220100100100","0000110100311011",
"0eo0l110101010001","0000210101100112","0000110101223130",""000012011.00
191pc","00C0110110101011", "0000120111000C01","0000110111011000", *0Q00
li1¢111101131","0000111000000C220","0000111Q00022201,
"p000111000110100", 0000121002001 011","G0C011100210001GC","00001110011
11¢ol","C0C0111010010000", "0000111010201C00","000011.2.020111111","0000
111011010110, "C0000111011101120™,"0000111100000120",
"0000111100011101","0000121100210301","0000111101001101","000011211011
¢col0L","000011120121111201","00001121100101C1","0000111210101101","0000
111111000101","000C1111110%1102","C00011111111Q1Q1",
"00010C0000001110","000100000C10011.0", "0001000000111110","00010C00010
10111","0001000001110000","0001000010001000",*0001000010100001", 0001
000010111020™,"000C1000022010011"", "0001C0O0011101100",
"00012001000C0201", *GOC1I00CI0O0O0LLILO", "0001000100130112", 00010001010
10000","0001000102101001","0C010C0120000C11","0001000110011100", 0001
goclicllclziov,"00C1I00Q0111001121","000200C111101001",
"gc0100100000G010",*0C01001C0OC0O11100","0001002000120110","0001¢C010010C
10000","00010C1l001101010", "00010020100001C0",*0001001010012110","0C01
001010111000","000L001011010010","00010010111011¢0",
"¢001l00110000C111","00010¢1100100001","0001001100112100Q","00010011010
i1¢1l10","0001001101110001","00010012110001011","00010C1110109110","0001
coiililodooelv,"0Qclo001111011100",*0001001111110121",
"00010100000210010", "0001010G000101101","0001010001001000", "00010100011
00011",%0001010002111210",%0002010010011010", "0001010020120201", 0001
01¢01101C0CO","000101001120110Q0","000101010C001C00™",
"ocol0l0l00100011","0001010100112111","0001010101011011","00010101011
10111","0001010110010010", "0001010110101120","0001010112001010","0001
¢1011110011¢*,"0001011000000012","0001011000021121",
"00010110€0111021","00010110C2010111","0001011001110100", 00010110100
10000","0001011010101101",”0001011011001001”,"0001011011100110","0001
011100000011","0001011100100000", "0Q01C11100111100",



"0001011101012001","0001011101110110%,"00010111200100121","00010111107
100C0","0001011211001110","0001012111101011","0001100000001206C", 0001
100000100110","000110000G1000021","00011000011C0000",
"0001100001111110","0001100610011100",*00012200020212C01Y, 00011000110
16111, "0001100012110101","0Q001100100010011","0C01100100110000%, 70001
1001C10031110","00011001011C1101","00Q011001106002011",
"Qa01100110201001","QC0110C113000211Y,*0001100G112200101Y, 00012010000
00100","00C110Q100C100010","00011010601000000", "00011010010321211","0001
101001131110","0Q001101010011100","0C011010102111011",
"0001101011011010","00011020721123001Y,"C001101100020121%, 00011021001
10110","0001102101010201","0002102101110101","0001101110010100", "0001
101110110011, "000110111101C010","0001101111110001",
"2001110000010001", "00011100C011I0000Y, 000111000102 0000%, 00011100011
01111*,"Q001110010001111","0001110010102112","0001110011001110","00C1
110011101310","0Q001110100061120","C0011101.001.¢61220",
"0001110101001110","0001110101101110,*00011201100012190%,"00011102201
0z1io","0001110111001120","0001110211101111","00021110C00011311","00¢1
111000101111, "00011110C1010000", "0001111001L110C0Q0",
"0001111010010C01","0C01111010110010",*0001113021010010",%00011210121
1¢011","0001211100010100", "00011111001210101","0001111201010110", 0001
i111161110121","0001111110012000","00011111.102.11001",
"0G601111111011010", 000111211113 3011Y, "00100000C0011100%, % 00100000007,
11110","0010C00001011211","00100C0010000000","0010000010100010", 0010
¢o001l1000100","0C10000011100101","0010000100000121",
"001209Q010Q0101001","0010000101001010", "0010C0O0I0110L100%, 00100001100
¢111c","0010000110110000","0010000111020010", "0Q10000111110200","001C
00100C010110","0C10001000121000", "00100010¢1011021",
"00100Q100111311C1","0Q10C001010011211 ", "00100010110000L0Y,"001006010112
¢0100","0010003100000111","0010001200101001", "0010001101¢01100","0010
001101101111","0010001210010C01", "0010001110110100",
"2dQ1l0001111010111","001000111111101Q","0010010000011101Y, 900100100010
goeoQo","0010010001200021","00100100100001210", "00100100101010G1","0010Q
010C1100110C","*00100100121200C0","001C010100020011",
"(0100101001%0111","0Q10010101011010", "001001L0201111110", 00100101101
ao001","0010010111000101","0010010111101000", "0010012000001100","0010
011000110000","00100110010201C0", "0010011001111000",
"0010011010011100","001001101100C00G", "00100131021100100Y, 00100121000
01000","0010011100101100","00100112010106000", "001001110211010606", "0010
¢11110611GC01","0010011110111101","0010011111100010C",
"001010000000011C","0010100000101011", "00L0100001L00L11L", * 00101000011
1¢cloo", "0C101C0010021001","0010100010112101","0010100011100010","0010
lg01c0000111","0010100100101100Q","0010100101010001",
"00101001011106110","0010100210C1101L", "00LC10011LL000000Y, 00101001111
00101","0L1010100000101¢","0010101000110000", "0010101001010101", 0010
16100¢1111010","001010101010000C", "0010101011000101",
"0010101011101011","0010161100010000","00101C4100110110","00101011010
1110¢*","00101011100C0001","0010101120100212", "0010101111001101", 0010
10111111¢0011","0010110000011002","001011C000212111",
"0010110001100101","C010110010001C11","0010110010110001L", "00101100110
10111","0O10110011111101“,"0010110100100100“,"0010110101001010","0010
1101¢1110000","0010110110010111","0010110110111101",
"0010110111100100","0010111000001011","C0101110001100G1L", 00101110010
11000”,"0010111001111111","0010111010100101",“0010111011001100“,”0010
111011210011","0010111100011010","002.01111010000¢1",
"0010112101101000","0030111210001322","001011111011011a","00101111110
11101“,"0011000000000101",”OOllOOOOOOlOllOO","0011000001010011",“0011
Q00001111011","00110C0010100010", "0021000011001001"
"0011600011211¢001", "001100010001106G0", "00110061010000G0","Q0L100010L1
01000”,”0011000110001111”,"0011000110110111","0011000111011111”,"0011
001000000111","0011001000102111","¢011001001010211",



"00110010011211121","0021€01010100111","0011001011002111","00110010111
10111»,"0011002100012172,“00110021010006212","0021G01101161211","0011
001110021C00","001100111300C000", "0011001111101001",
"001101c000010001","%00110100001121001","0012010001100010", "0011C10010¢C
01011","0011010010110011","0011010311011100","0011010100000101","0011
0i101¢0101101","0012010102010110","0011010101111111",
"0011¢10110191000","0011010211010001","0011010111111010™, "001101100GC1
¢0011»,"001102110010C¢110Q","00120110011102101","C011011010C11110","0C11
011011000111 ","00110110112100Q01","0011011100011010",
"¢011011101000011","00110111021022012,"00110111120010Q110","00110111110
¢%000","0011011112101001","0011100000010011","0011100000111100"," 0011
1000¢1100110","0011100C10010000", "0011100010212001",
"00111000112100011","0011100100002101","0012100100110121","00111001C11
¢oQ01","0011100110001011","0012100110110101","C0111C00211012111","0011
101000001001, "0011101000210022","00112010010212101,
"0011101010000121","0011101010110002","001110101101120C","0011107.1000
¢g¢lio","0011101100C110000","0012101101012021","0011101110000101","0011
101110110000, "00121011121011010","0011110000000101,
"00111100001901111","0011110001012020","0011110010C00C101","00111100101
¢1111","00111106012011010", "0C111101¢0000101","001111010011G6000","0011
110101011011","002111C¢110000120","001111011C1100¢C1",
"0011110111011100","0012111000000222,"0011211C000110020","00111110010
ilioi","001111101000100C","00O11121010210012","00211110120312111"," 011
111100001010","0011111100210101","0011111101100001",
"0011111110021100","001111112201120006","0011111111206012","01000000000
¢1111","0100000000112010","0100000001100110","0100000010010001","0100
o000c10111101", *010000C0111010C1", "0100000100010200",
“0100000101000000",™0100000101101100", "0100000110011000", "01000001110
oc1lco","0100000111110000","0100C01000011100","0100001002001000", "0100
0010012102C00","0100001010200C00", "01000601011001100",
"01000Q01011111000","0100001100100100","0100001101010001", 01000011011
11101","0100001110101001","0100002112010110", "0100010000000010","0100
010000101110","0100010002011011", *0100010010000211",
"¢1000106010110100","0100010012100000","02000101C80001101", 01000101001
11010","0100010101100110","0100010110C10011","01000102120000C0O","0100
010111101101","0100011000011001", "0100011001000110",
"01l00011001110011","010001101010G000","0100011021001201","01000110111
110190","0100012100100111","01000171¢1010200", "0100011110000001", 0100
0111101012110","0100011111011011","0100100000001001",
"0100100000110110","0200100001100011","0L00100010010000", "01001000101
11310*,%0100100011101012","0100100100011000", "0100100101000110", 0100
1001011106021 ","010010011C100C01", "010010C0111001110",
"0100100111111100","0100101000102001","01001010C1C10211","01001010100
00101","0100101010113¢10", "03.00101011100000", "010010112000012120%,"0100
101100111100","0100101101101001","0100101110C101.1",
"0100101111000101™,"0100101121110021", "0100110000100001", 01001100010
01111","01001100012111101","0100C110010101021",%0100110011C1L100L", "0LLD
110100000111","010011010021G101","C100110101100011",
"010011011C01001C","0100110121000000","0100110211102110","01QC1110000
1110c¢","0100111001001C11","01001110011120¢1","C100111010100111","0100
111011010110","01001111000001CG0", "01001111C0110011",
*0100111102100001","01001111100100C0","010011121101121110", 01001111111
01101”,"0101000000011011”,“0101000001001010”,”0101000001111001",”0101
00001010C121","*0101000011010110","0101000100000101",
"0101000100110100","0101000101100010","0101000120010001", 01010001110
OUOOO","0101000111101111",”0101001000011110“,”0101001001001101“,"0101
001061111100","0101001010101011", 0101001011011 010",
"0101001100001001", "0101001100211000","0101001201200121", 01010011100
10110”,”0101001111000101","0101001111110100”,”0101010000100100",”0101
0106001010011","0102010010000010","010101CG010110001",



"Qglo1010011100001","0101020100010000","0101010100111121","01010101011
0liil®,»plodio0101310011110","010101021100112Q",""01Q1010111111102","0101
¢11000101101","010C1C11001011200","01010110200011¢C0",
"gigo1011010111C11","01¢1011011101011","0101012106001.1011",""G101C111010
¢io1to","010101110€1111020","0101011110101010","0101031121011001","0101
100000001001","010110Q0000121001","0101100001101001 ",
"01031100010011000","0101100011C01000","02012000112110C0","01011001001
01000","0101100101Cc11¢00", "01011001100061000","020110011021100C", "0101
104011110104Q0","0101101000C12000","01011010012001000",
"0101i01001111000","010110101031C1000","0102110102101100C0", 01011011000
¢io00","0101101100111000","01012011011C1000","01011C1110021001»,"C1L01
101111001001, *010110121121111001","020111C00C101001L",
"01¢1110001011001","0102110010001C010"," 0101110010111 01Q", 01011100111
0ip10",rc1l0111¢100011011","C1021110101001011","010211010111216C","0101
11011¢101100","02101110112012100", *C101111000001301",
"010111100011110601","01011110011C111.0","01Q111101Q0Q11110", 01011110110
¢1111","0101113101%1211111","010111110611000C","0101111201100001","0101
111110010001","0101311111000010","01012211121110C10",
"$110000000100012", "0110000001010Q100","0110000010C00101","01100000101
i¢1io01",*0131000001110021C","0110000100010211","0110000101001000", "C110
¢¢o1c1111000","0110000110101001","01100002111011010™,
*¢l1lo0c01000001021","0110002000111100","01100G010C11011¢C1, "C12100010200
11110","01100010110021111", 0110001011111 31","011000110011C0Q0C","0110
¢01101100C01","0210C01110010C0010","0110001111000011",
"01100012112110200","01100100CQ0100110","0110010001010211","01100100100
010c0","0110010010121001","01100100211010C10","0110010100011011",*C110
01601Q1l001100","01100101011211Q71","0110010110102111",
"0110010€1111006000","0110011000010001","0110011001000020","01100110011
10011","01100110310100201%,"0110011011010210","01100121000600121","0110
01110€112001","0110011101101010","0110011110011C11",
*011001:11311001102","01200111213211110","0110100000101121","01101000011
oo001","011010C02C010020","0110100021000100","0110100011120101","0110
1001001001120","0110100101011C00","0110100110001¢C01L",
"0110100110111013 ", "011010011114¢12100","0110101000022120","01101010Q010
¢1111","0110101010000Q001", "0210101010210011","0120102011100100","0110
101100010110","01101021010001221","0110101101111001",
"01101011106101011%,"0110102111¢11200","0110110000001110", 01101100001
11311","0110110001710001","0110110010100021%, "C110210011010201", 0110
11¢100000110","0120110100121100C","01101101C1101010",
*011011012Q011012","0110110211001101","02210110122111121","01201110001
10001","01101110C631100010","011011101001010C6","0210111011000220","0110
111011111000","0110111100101010","0110111101011100",
"01101111100011C1","01101127110122112","011011131121110001","01110000001
¢o011m","0111000001010101",""0111000010000112","0111000010121001","0111
¢goolillelco11","0111000100011200","011100010100111a0",
"0111000110000000","0121000110110020","0111040211100100C","01110020000
1¢011¢","0111001001001000", "0111001001111010","0111001010101200","0111
601011011210","0111001100010000","01110011Q1000010",
"0111001101110100","01110011101C0110",*0132001111011000", 01110100000
olc¢ic","01110100001111C0","0111C010001.10121¢","0111010010100000",90111
¢10011lCc10011","01210C¢1010000010C1","0111010100110111",
"01119101€1101001","01110101106011011","0111010111001101","01110101111
11111","0111011000110001","0131022001100021","0111011010010101",90111
011011001000","C111011011111010","(0111011100101100",
"01110111010111310","0111011110€¢10000","0111021211¢00010","01110111111
10100","0111100000100212.","0111100001011001","021110001L0001011 , " 0111
1¢0010111101","0111100011101111","0111100100100010",
"G111100101010100","0121100110000120","0111100110111000", "01111001121
0i¢1C¢","0111101000011101","0111101001002111","0111101010000001", 0111
101010110012" ,"0112120101323100101", "0111101100011000",



"0131110121010401020","01111021Q111310¢","01312301110101110", 0111101111
copo1lm,"0111110000010011",%011111000100C10L","0111110001120112","0111
1100101601010","0131110011011100","01111101¢0001110",
"01l111101010000G00","01111101¢1110011","0112110110200201","02111101110
10111","0111111000C0010C01","01131111000112100","01212220011022110","0211
111010100000","01112121011010C10","011111110C000101 ",
"¢011111119C€220121","012113111101101C01L"","0111112110021011",
“0111111111001110") ;
begin
if sign = '1*' then
result <= sinus rom(tc_integer {address));
else
result <= std logic vector (-
signed(sinus rom(to_integer (address)))};
end 1if;
end process;
outreg:process (clk, rst)
begin
if rst ='0"' then
doutl <= {others => '0');
elsif rising edge(clk) then
doutl <= result;
douti(1l5) <= result{l5);
doutl {14 downto 0 ) <= neot result {( 14 dewnto 0);
end 1f;
end process;
lockup sawtooth:process (address, sign)
subtype slvg is std_logic vector (15 downta 0);
type romio24 1is arrvay {0 £o 1023 ) of 81lvB;
variable sawtooth rom : roml024 :=/{
"g0o0000000C0OCO000", "000C000000100000", "00C0C0000IQC0O0Q0C", "00000000011
00o0Q","0000000C100Q0C00, "0Q00000010100000", "00C0000011I0000CO", "C000
000011100000","0C0OC0O00I00C00000", "0C000C0100100000",
"0Q0C00010100000C", "000000CL01100000", "Q000CGA0110000000", "0C0C0002101L
0oco0", "0000000112000000","000C000211200000","000000100C0000000","0000
001coo01000C0", "00000010CLO0C0000", "0000001001100000",
"0000001010000000™,"C00GO01010200000","00C00C01011000000", "00000010111
00000","0000001200000000", "00000C11C0100000", "0C00001101000G00", "0000
001101100000, "00000011100000C0", "0000001110100000",
"0000001111000000","0000001122100000","0000020000000000","0C0C0100001
goooc™, "0000010C0C1000000", "000C010001100000", "0000D10010000000", "00C0
N1Cc010100000", "0QQQO010CLI0O0C00","00000C10011100000Y,
"0000010100000000", "0000010L00100000", "000001010L0C0OCO0", "00000101011
Q0000","000001C11000C000", "0000010120100000", "0000010111000000", 0000
0101111000C0","00000110C0000000", "0000C011000100000",
"000001100100C0000", "00000110011G0000","000001101C0C000Q", "00000120101
0Ccoco","00000110110000CO", "000N011011100000","0000011100000000", 0000
0111001006000","0000011101000000","000001101100000",
"0000011210000000","0000012.1102000C0", "00000111110000C00", "00000111111
0000Q","C00010C000000000O","0O0001000C0010C0CO", "000DL0000C10C0000M, "0000
1¢0001100000","00C001GC0O0100C0000","0000100010100000",
"a00010eQ011000Q00", "0000100011100000", *000020010CD00000", "0000L00100L
40000","0000100101000000", "0000100101100000","0000100110000000", 0000
100110100000","0000100112000000", "000D0100111100000",
“000010100000000C", "0000101000100000", "C00010G100100G00GC", "000Q1010011
¢ogooo","000010103100C00C0 ", "0000101010100000", "0000101011000000", "0Q00
101011100000", "000010110000Q0000", "0000101100100000",
"0000101101000000C","C00010110110000Q0C","0000101110000000", "00001011.101
ODDOD“,“0000101111000000”,”0000101111100000",”0000110000000000”,"0000
1106001000C0","0000120002000000", "0000110001100000",



"op00110010000C000", "00001100101000C0", "C000110011000000", "00001100111
0Q0O0™,"0000110100000000", "C0O001101C0100000", "O000110101000000", "000C
11¢1c1100000","0000110120000Q00","0000120110100000",
"goo0ll011100Cc000","0000C11011120C000, "O0C01110600C00000", "000012110001
coogo"™, "0000111001000000", "000011100110000Q0","C000C1110100000Q020","G0Q0
111010100000","0000211C110C0000","00001110Q12100C0C",
"0pQe0111100000000","0000111100100000", "00001121010000C0", 00001111011
gooCcO","0000111110000000","0000111110100000","0000111212000000","0000
1131111100000, *000L000000000000", "0001000000L00000O,
"0001000001000000", "000100000110000C", "0C0L000010000000", 00010000101
oococ™,"Q0Q100001100000C0", "0001000011100000", "0001000100000000","0001
poc1001c00Q00", "0001000101000000","00G100C01011000Q0,
"000100011000C0000","000100011010C000","0C01000111000GQ0", "0001000C1112
oocoOo", "0001001000000000","00010010001000C0O", "0001001001000C00", "CO01
001001100000 ,"00010010100C0000C™", 00010010101 C0C00",
"Qooloniniloaoaoon”,"0001001011100000,"0001001100000000", "G0010011001
oQo0Q0","c001001101000000","00010011011C0C00","000100111.0000000","0001
0011101000C0O","000100111100G0000","0CO10011211C0CQ0,
"Q0QU1010000000000", "C001010000100000", "0001010001000000","00010100012
Doooo™,"0001010010000000", "00C1010010100000, "0001010021000000", "0001
01001l1l000C0","0001010100C00000","000101GL00100000",
"QoololplQloc0o000T,"0001010101100000", "0001010110000C0C", 00010101101
oogoo","00010101110000C0","0001020111200000","000101200600Q00C0", "0001
011000100000","0001011001000000","00010110QC1100000",
"00010110100C0000%,"0001011010100000","0001011011000000", "00010110111
¢0oQo0","g0ClG11100C00G00C0O","0001011200100000","00C1C111010000CG0", 0001
0113161140000 ,"00010111100006C00" , "00C101012303100000",
"0001011111000000","0001011111100000","00011000000000C0", "00011000001
0Qoo0Q","0001100001000000%,"000110000110C000C", "00011000100000007,"00C01
1000101000007, "0001100011000000","000110001210COGO",
"ogol10010000000C", "0001100100100000", "000120010100060C0", "00011001011
ooogQo™, "0001100110000000","000110011C100000", "0002100111000000","CC01
10011110000C","0001201000000000", "00C110C100020000C",
"0001101¢01000000","0C0110G10011C0C00", "0001.101010000000a", "JAQL10101CL
oo0Q0™,"0001102021000000","0001101011200000","0001102100000000", 0001
101100100000","00011012010C0000","0001101101100C00™,
"0Q0110111000000C",""00C1101210200000","0001101111000000", 00021011111
0000, "0001110000000000", *000L1200001L00000", "0O0DDL1I1C00L0000GE™, "DOOL
110001100000", "00C1120C1000000Q0", "00011100101C000C0",
"0001110011000000","0001110011100000","00011101C00Q000000", "C00111C1001
gocoo","0001110101C00C000", "00021101011C0C00", "0001210110000000","0001
l11¢11010cCc0C0","00O011201110000Q00","C00112011110GC000",
"0go0111100000000C0","00011210001C0000", "0001211001000000", "00011110011
ooco0","0001111010000000","0001111010200000","0001111011000000","000C1
111011100000","00Q011L1110C0Q00QCO", "00Q0111110010000QQ",
"¢oclliiic10000C0","00011111011C0000","0001111110Q000000","00011111101
goQo0O","0001111112000000","00011111113060000","0010000000000000","0010
0co0000100000","0010000001000000", "0010000001200000",
“00100000100000C00Y,"00L000001L02000D0","001000C0110C0C000", "0C100000112
0o0CcO™,"0D0100001000C0000","C0100001.00100000", *0010000102000000", *0010
000101100000","001000011000C000", "0010000110100000",
"0010000111000000","0010000111100000","001000120000000C0", "00100010001
pogoot,"0010001001000C0C0O", "0010001001100000", "0010001010000000","Q010
0010101G0000","001C00101100000C", "0010001012100000",
"0010001100000000","0010001100200000","0010001102000000", "00100011011
000Q00", "0010001110000Q00Q", "3QL0001110100000","0010001111000000Y, “00L0
001111100000","0010010000C0O00C0O","001001000010000C0",
"0010010001000000","C010010002100000","0010010010000000", 00100100101
oogoc”,"0010010011000000", "0C10010011100000", "0010010100000000", "CCL0O
010100100000","0010010201000000", "0010010101100000",



"00100101100C0000","001001C110100000","001001021100C000", "0010010111L
QoQ00"™,"0010011CG00000000", "00100120001C0000", "0C10011001000000", " 0010
01100110000C0","00100121010000000","0010012010100000",
"0010011011000C00","001001102110C000", "0010011100000000","0010011100C1
0oo00O"™,"00100121101000000","00C10CL1I1IC1LIC00Q0","301001111Q000C00","0010
611110100000","0010011111000000","0010011111100000",
"00101000000G0000", *0010100000100000C", "0010310000L0O0C0000", " 00101000012
gcgQQ","pQ0lCc100010000000","001010C01010G000"","0010100011000C00Q","C0L0
10601110C000" , "0010200100000C000", "001010C0100200000",
"00l1010061010000C00",""00101001C1100000","0C10100110000000","0C102001101
0o000", "0010100111000000", "0010100111100000","Q010101000000000", "0010
1010001000C0C","0010101001C00000","0010101C01L1C000Q0",
"00101010100C00C00Q","001C101010100000C ", "001010101L1000000™, " 001020101121
ooQo0o","0010101100C00C00","001010120010C00C0","C0101011010000C00%,"0010
101101100000","*001C0101110C00000","0010101110100000 ",
"Q021010111100Q0000","001010121710600002","00101L100C00H0C000, 00101100001
¢ooco™, "001011C001000000","00102100C1100000","001021001000Q0C00","0010
l10010100000","0010110011000000","00101210C122C0000",
"¢010110100000000","003011010C100000","0010110101000000", 00101101012
goocO™,"0010110110000000","00101101101006000","0010110111000000","0010
110111100000","0010111000000C00","0010111C00100000",
"goi0l11001000000","0010111¢Q1100000,""0010111020G00000","00101110101
ocooo","g0l0111011000000","0010111¢C011100Q¢C00","0010122110Q000QCQ", "C0LA
11i10C1c¢0000","00101111010600CC0O0","0C1011110110Q0CC0O",
"0010111110000000", "00101211101C0000",""002021112110C000G","00101111111
ooogoT,"001100000000C0CO","0011000C00010000C0", "00120000010C000C0","0011
000001100000, *00120060010000000", 00110000101 0COGOY",
"golloo00011000000", "001100002110000C0", "0011000100000000 ", "0011C001001
QoogQ0","0011000101000000","0011000101100000","0011000110000000","0011
00011C1C000Q0" ., "0011000111000C00","0011000111100C00",
"00l110010000C00C0O0","D011001000200000","0011001002000000","00110010011
ooooO","0011001010000000","00110C01010100000","00110010110C0000", "0011
001011100000","0012001100000000","00110012001C0000",
"0011001101000Q00Q0","001100110110QQ00Q" ,"0011Cc011100¢0Q00" , "001L1Q01100]
00000","C011001111000000","0013001131100000","C011010000000000","0011
¢10000100000","0011010001000000C",""0011020003100000",
"0011010010000000","00120100101000600","C011010011000000","00110100111
oQoDOOY,v0011010100000000","0012010100100000","001101010100C000","0011
010101100000","0011010110000000", "001101C110100000",
"0011010111000000","00110101111000060","C012011000000000", 00110110002
oaQo0","0011011001000000","0011011001100000","00110110100C0Q00", "0C11
gi11iolciloeoo00C™,"0011011011000000","00110110221000GC0",
"0011011100000000","C011011100100000","0011011101000000"™, "00110111011
gocoo","001101111000C000","0011012110100000","0011011111000C00","0011
01111110000C0Q","0011100000000000",""0011100000100000",
"0011100001000000","00111000012200000",""0011100010000000", 00111000101
0go00o"™, "0011100011C0C0CO","0021100011100000","001110010C000000", 0011
lo6010010000C", "00111C0201000000", *00D1110020110C000",
"00111lCcb110000000","0012100110100000", 0011100121 000000", 700111001111
60000","0011101000000000","0011102000200000","00111010C1C00000", "0011
101001100000","0011101010000000","001210101010Q0000",
*0011101011000000","0011202011100000","001210110000C000" ,"C01110122CQ1
goooC","0011301101000000","0011101101100000","00111011200C0000", "0012
i01110100000","0011201111000000","0011101221100000",
"0011110000000000","0011110000100000","00111100010000007, 00111100011
Q0000 ,"00111100100000300","0011110010100000", "0011110011000000",%0012
1le011100000","00111101000000C0","0011110200100000"
"0011110101000000","0011110101100000™,"001111011000000C¢", 00112101101
Qooo0","0011110111000000","0012110111100000","0011112000000000", "0011
111000100000", "0011111051000000", "0011111001100000",



*gollilig1io0000000",""002111101010000G0","0012111011000Q00C0","001111210111
¢oooo","0011111100000000","002111110010000C0","0021311101000000",%0011
111101100000","0011121110000000","001111111010000CQ",
"(G0121131111000000","0012111111300000","01000C000000C0C00", "01000000C0O1
0QooQoC™,"0100000001C00000","0100000001100000","01000002020Q0C0QQ00","01Q0
000010100000","0100000011000000","0100000011100000",
"2100000100000000","010000010C100Q000","0103000101000000", 01000001011
Q000" ,"010000012000C000","0100000110100000", "0200000111000000C", "0100
000111100000, *0100C01000C00000",*0100002000200000™,
"pi000C100lo00000O", "0100001002200C00", "01G0C01I0LC0O0C00OCO", "01000010101
QooQQo","0100001011000000","01000010111030000","Q1C0OC01100000000","010C0
001100100Q00","01000011C100000C","0100001101100000",
"010000111000000C0","01000011120100000","010000112.1000000","010000111121
00000", "0100010000000000","010C001000010000CT, "0100010C0100000C0", "0100
010001100C00","01000100100C00C0","¢100010010100000",
"QLO0010011000000","01000100111.0G000","01000210100000000","01000101001
ooQQo","0100010101000000","0100010101100000", "010001021C2000C000", "0100
010110100000™,"0100010111000000", 0210001021212 Q00C0",
"0100011000000000", "0100011000100000™, "0100011001000000","010CG0110011
000QQOo","0100011010000C00", "0100C1101030000C0","C100011011000000","0L00
011¢11100000","01000121100000000","01000111001000C0",
"9100€11101000000","0100011101100000","01000111100C000C0",""01000211101
go000","01000111110000C0","0100011111100000","0100100C00Q0000C0", "A1GQ
100000100000", "0100100001C00000","01001C0001100Q0Q0",
"0100100010000000","0100100010200C0C","0100100011000000","010010001131
0Q0QQ0","01001001000C0000","01G010C100100QCO", "0200100102000000", "0100
100101100000","0200100120000000", 01601001101 0C0R00",
"Q100100111000000","0100100111100000", "010010100C000000", 01001010001
00QoC™,"0100101001000000Q","0100102100110C0C0","01C0101010000000", 0100
1010101¢0000", "0100101011C00000", "01001C10111Q0000",
"0100101100000000","01001011C0100000", "0100102101C00000", "01001C11011
goooc™,"0100101110000000","010010111010C000", "C10C1C1111000000", 0100
101111100000","0100110000000000", "0100110000100000",
"0100110001000000","0100110001100Q000","010011001000QCQ0QQ0", "0100110C1QL
00000, "0100110011000000","0100110011100C00", "010011010000000C","0100
110100100C00","Cc10C0110101000000","0100110101100000",
"$100110110000000", "C100110110200000","01001101211000C0Q0","01001101111
00000",*010011100000C000C0", "01001120001000CO", "0200112001000000", 0100
1110011000Q00"%, "C10Q0111310000000","010011101020000Q",
"Q1l00111011000000", "01030111011100000","0100121100000000™, "01001111001
oQCOO0","0100111101000000","0100111101100000","0100211110000000","010C0
111110100000","0100111121000000","010011121110C000",
"$101000000000000C","01010000C010000C", "0101C00001000Q00", "01010000011
00Q00™,"010100001000000C","0101000010100000","01C¢1000071000000", "010L
000011100000","01010Q0010000000Q","01Q010001200100000",
"0101000101000000","01010001011000C0","01010001100600000","01010001101
00000","010100011300C000", "0101000111100000%,"0101001000000000","0101
0010001000007, "0101001001000000","0101001001100000C",
“piolooiol0000000O", "01010C1020100000", "01010020210000C0", "02010010111
oo¢oQo™,"0101001100000000","0101041200100000", "0201001102000G00", *010C1
001101100000","0101001110000060","0101002110200000",
"0101001111C000000","0101001131110000G0", "01010100C0000000", 701010100001
goooo","p10101000100000Q0", "010101000C011000Q00", "0101010C1000000C0", "CG101
010010100000","0101010011000000","0101010011100000",
"010101010¢00000C0","010102010010000GC6","01010610102000000","010101012011
0000Q","21010101100000Q0","0101010110100000","0101010111000000", "0101
010111100000","0101011C000000000","010101200010C000",
"010101100100Q000C0","0101011001200G00", "010101101000000C","01010110101
0pogo","0101011011000000","0101032.021100000", "C101011109QC00000","0101
011100100000, "01L01011201000000", "01010212012006000",



"0101011110000000","0101012110100C00","0101011121000000","01010111111
00000","01011000C00000OC0","01021000C0100C00","010210C001000000", "0101
100001100000","0101100010000000","01011000101C00Q0C0C",
"0101100011000000","0101100021100000","01011001000C0000","0101.2001001
00CO00","01C110C1010C0C00","010110Q10110Q0Q0Q0","C01C01100110000000", "0101
100110100000","01012G0111000000C","010120012111C0000",
"0101101000000000","0101101000100000","010110100100000Q0","01011010011
0Q00C","01011010100000C00", "0101101C10100C0Q", "0101101C11060C000", 0101
1¢1011i¢o0000®, "c103101100000000","0202101100100000",
"0101101101000000","021011012061100C00","0101101110000000", 01012011101
00000","01C011011110C0000","C101101111100000","0101110000000000","0101
110000100000","010111000100000Q0","01011200C1100000",
"010111001C00C000","0101110010100000","010111001100C0CO", "01011100121
o000","0101110100000000","01012201001000C00","0101110101C¢00000", 0101
1101011C00000","030111¢110000000","0101110110100000",
"Q0l311161110480000","01021102122100000","01011316000C0000" ,#01011110001
gogoao","01011110Q10C0C00","01011120012100000","01011110200000Q0C0","0101
111016160000","0101111011C00000"","01012110111Q0000",
"0101111100000000","0101111100100000",""0101112101000000",7"01011121011
goooon,"01011311110C0000000","0101211110100000","0101111111¢000000","0101
1111111¢0000","01100Q0000000000Q", "011000000010C000",
"glio00C0C1C000CQ00", "0110C000010CQ00C","0110000010000000",""0110000010%
0gogo","0110000011000000","011000001120000C0","011000010QQ0QQ000Qa,"211Q
0001001C0000","0110000101000000","011000010171000G0",
"01100001100C0000","011000011C100000","011000011200C000", "01200001111
goooo", "0110001000000000","012100010001C0000", "0210001002.G600000", 0110
001001100000, "01100010200CG0000", "012000202020C000",
"(p1100010110000C0","012000101110000C0", "011000110000C000", "0110C011001
gococ",'"0110001101000000", "G110001101100000","0110001110000000", "0110
¢01110100000","0110001111000000","01100011112100000",
"gl10010000C0C0O0Q0","0110010000200000","0120020001000000","01106100011
gag@gor,"0110010010000000","0110010010100000", "0110010011000000", "0110
0100111l00000","0110010100000000","01100101C0100G0CQ",
"011001010100000Q","01200101011000040","011001011000C000" , "01100101101
00000"%,"01100101110000C0", "0110010111100000", "0110011000000000","0210
0il10001l00000","0110011001000000","011001100110¢C0¢C0",
"0110011010000000","0110011010100000","0110011C11000000","0110011011.1
ooo0O",*0110011100000000","0110011100100000","01200222010Q00000™,"0110
0111011000Q00", "0110011110000000","011001111010C000",
"(110011111000000","01100111112Q000C"","C110100C00000000","0110100QCCO1
gegoo","0110100001000000", "01101000011000C0", "C1102100010000000", 0210
100c10100000","0110100011000G00", "02101000127100000",
rgliolocilco0000000","011010010C010G0000","01101001G1000000","01201001021
gopoo™,*0ll0l100120000000","0110100110100000","02101001110GC000¢C","0110
10011110000C","0110101000C00000","0110101000100C00",
"0110101002000000","011010100120000C0","0110101010000000","01201010101
ooopo","011010310110C0000", "011010106101300000","0110101100000000", "0110
i01100100000","0110101101G0000Q0","01101011011000G00",
"pgli0101i10000000","0110101110100000","C110101111000000","01102C021111
oo0o00","011011000000C000","011011000C100000", "C110110001000000","0110
1100C1100000","01101100100C000C",""011011001020C00Q0",
"0110110€011000000","01101100112000G0","02101210100000000",%011011L¢10C01
poocO™,"011011010100000C0","0110110101200000","0110210110000000","0110
110110100000"™,"01101310111000000", "0110110111100000",
"0110111000000000","0110112000105000","01101110010C0000", 01101110011
Q¢Qao","311C0111010400000",01101171010100000, “01101121011000C00", 0110
lii¢lillooo00™, "011C111100000C000","021202111002C0C00"",
"0110111101000000","0110111103100000",""C110111110000000", "01101111101
¢oog0O","0110111111000000","0120112122110000Q","0121000000000000", "0111
00000010000QOM,"0111C0000100CC0O0", "01110000011 00000,



"0l111C0000100Q0000","0111000020100000","0111000012000000","021100001211
Qoooon,"01120001000QC000","01211000100100000","0111000101000000", 0111
0Qg0101100000","01110C01100CG0O000","011100011010C0Q00",
"011100011100C000"™,"0111000112300C00","C1L110010C000COCO","01110010001
ocooQo","0111001001000000™, "01110010011000C0","02210010100C0C0Q0", "CLLL
001010100000","0111001012000000","01110C01011200000",
"0111001100000C00Q0","C1110011Q001200C0O0C", 0121001201 000000", 01110011011
googo®","0111001110000000","0311C0111Q100000","011210011110C000CG™, 0111
441111160000, "01110100000000C0", “0111010000L00000%,
"0111010001000000","0C11101C002L100000","C112010C1000C0OC0O","01110100201
000QO","0111010011000000","0111010011100000",""0111010100000000","0111
¢10100100000","011101010100Q0C00",*01110101011C00CCQQ",
"011101011000Q000","0111010110100000","011101011100C000","01110101111
goooo","011101100000C000","0111011000100000","01210110010Q0C00","0111
glicoileQeoo","Qgl1l110110100Q00C0O","0111011010100C0Ca",
"5111C011011000000","011101201110C0C0O","011101210Q000000","01210111001
goQQo","0111021101000C0CO","0121C111CG110C0000","0111021110000000", "0111
¢11110100000","0111011111000000","011101111310000Q0",
"0111100000000000","0111100000100000","011110C001000000", 01111000011
o000O","“0111100010000000","011110C0101000C0","0111100021000000", "0111
100011100000","0111100200G00Q00", "01121.00200100C0C0",
"p1r1l11i¢Q1ic1co00000","C111100102100000","011120017.0000000", "01 111001201
Q000Q0","0111100211000C0C0","0111100311100000","0111101C0Q0C0000Q", "0111
141000100000, "0L11201001000000","01121C10011002000",
"0111101010000000","012110101010Q000","011210101100060C0", 01111020111
g0Qo0Cc","01111C11000000C00","011110110012000C0","01111C1101000000","0111
10110110Q000" 9011110111 08000000","0111101110300000,
"9111101111000000","0111101111100000","0111110000000000", 0111110001
JQ0000","01111100C1000000","0111110001200000","012111.0010000000", "0111
110010100000","01111100120000C00","011211100121000C0",
"01111101000C0000","011111010Q00Q0100000", "0211110201000000", "011113101011
o¢oQo","0111110110000000","011121012020C000","011112011160C00GC", "0111
1151111000C0","011113110000000C0", "011111140010C0000™,
"011111100100Q0000","01211111001100C00C","02.211210100000C0","011121110101
00000","011111101100000C","01121110111000Q00","01211111¢0C60C000",""0111
11110¢100000","011111210100000C","0111211101100000",
*0111111211C000000","011311111102100000","0211111211200C000","0111232331131
00000} ;
begin
if sign = '0' then
resultl <= sawtooth rom(tc_ integer (address));
else
resultl <= std logic vector (-
signed (sawtooth rom(to integer (address)}));
end if;
end process;
cut _sawtooth:process{clk,rst)
begin
if rst ='1' then
doutl3 <= f{others = '0'};
elsif rising_edge{clk} then
dout3 <= resultl;
dout3 (15) <= resultl(1ls):
dout3 (14 downto 0 )} <= not resultl { 14 downto 0);
end 1if;
end process;
Gle= doutl{l5 downto 4
J2«= dout2 {15 downto 4
g3«<= dout3 (15 downto 4



dout<= gl when sel ="0Q" else
gz when sel ="01" else
g3 when sel ="10" else
accum {31 downto 20};
end rtl;

1l.Module Polynomial
11.1 Module Polynomial

library IEEE;

use IEEE.STD LOGIC_1164.ALL;

use IEEE.STD_LOGIC ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity Polyncmial is

port{
resetn :in std_legic;

clock :in std_logic;

W :in std_lcgic_vector (31
downto 0);

--phase 2msb_out :out std logic_vectori{l downto 0);

sin_out ;out std_logic_vector {11 downto
)

1§
end Polynomial;

architecture Behavioral of Polynromial is

component acmiZ2

port
reset ¢in std logic;
clk :in std logic;
W :in std leogic _vector (31 downto 90);
phase_out rout std logic_vector{il downto 0)

Vi
end component ;

component MULIOMODULE

Port
resetn : in std _logic;
clock : in std_logic;
x : in std logic vector($ downto 0);
v : in std logic_vector (% dewnto 0);
P : out std_logic_vector(1% downto €}

)i

end component;

component al

Portc |
resetn : in std logic;
clock : in std _logic;
x : in std logic_vector (19 downto 0);
v : out std logic vector (28 downto 0)

YV

end component;

compeonent a2

Port
resetn : in std_logilc;
clock : in std logic;
X : in std_legic_vector{1l% downtoc 0);

Vv : out std logic wvector (5 dewnto 0)};



end component;

signal phase :std_logic_vector({3l
downto 0} ;

signal phase Zmsb :std_logic_vector(l
downto 0);

gignal phase_2downtod :std logic vector{®
downto 0);

signal phase_decode ;std_logic_vector (9
downto 0);

signal m2

:std_logic_vector{l% downte 0);

signal m4

rstd_logic_vector (19 downte 0] ;

signal al_out

:5cd logic vector (28 downto 0);

signal a2_cut

:etd_logic_vector (5 downte 0};

signal ml_power§

:atd_logic_vector (29 downtc 0] ;

signal 8

:unsigned (2 downgo 0

gignal sum :std_logic_vector (9
downto 0} ;

gignal sin cut reg

rgtd_leogic vector (1l downtao O} ;

signal wave

:std_logic_vector (19 downtec 0] ;

signal msh _dl,msb d2,msk d3,msb_d4,msb_d5 :std_logic;
signal m2_dl

:std_logic_vector (19 downto 0} ;

signal m dl,m _dz,m d3,m_d4

:std_logic_vector (8 downte 0}

begin
phase_acm32:acm32
port map
reset =» Iresetn,
clk => clock,
W => W,
phase out => phase
b
phase 2msb <= phase (31 downto 30);

-~phase S%downto0 <= phase (29 downto 20);

process (phase_2msb)

begin
if phase 2msb{0}) = '0' then
phase_2downto0 <= { phase(29% downto 20));
else
rhase 2dewntol <= (not phase{2% downto 20}};
end 1f;

end process;



--phase_2msb_out <= phase_2msb;
phase_decode <= phase_9downtol;

delay msb:process( resetn,clock!
begin
if resetn='0' then
msp dl<='0C";
msb_d2<='0"';
msb dl<='0"';
mab _d4<='0";
msb d5<='90"';
elgif clock'event and clock ='1' then
msb_dl<=phase 2msb (1} ;
msb_ d2<=msb_d1l;
msb dl<=msh_d2;
msb_d4<=msb_d3;
msb_dS<=msk_d4;
end if;
end process delay msb;

delay m:process( resetn, clock)
begin
1f regsetn='C' then
m_dl<={others=>'0");
m_d2<=(cthers=>'0");
m_d3e«=(others=>'0"');
m da<={cthers=>'0"') ;
elsif clock'event and clock ='1' then
m_dl«=phase_ decode;
m_d2<=m_di;
m_d3 < :m_d2 ;
m_d4<=m_d43;
end if;
end process delay m;

m_2 :MUL10MODULE

Port map(
regsetn == Tresgetn,
clock => clock,

x => phase_ decode,
¥ => phase_deccde,
p > m2

delay m2:process{ resetn,clock)
begin
if resetn='0' then
m2_dl<={others=>'0"');
elgif clock'event and clock ='1' then
m2_dl<a=m2;
end if;
end procegs delay _m2;



m_4:MULICMODULE

Port map {
resetn =» resetn,
clock => clock,
® =» m2{15 downto 10),
Y => m2(19 downto 10),
P => m4
)
al_m2:al
Port map (
resetn => resetn,
clock => clock,
ble => m2_dl,
¥ => al out
1
a2z_mé:a2
Port map (
regsetn => resetn,
clock == clock,
X == m4,
v => aZ out

ml_powerS <="111011100110101100101000000000";

procesgs ( resetn,clock)
begin
if resetn='9' then
s<= (others=>'0");
elsif clock’event and clock ='1l' then
s<=unsigned(ml_power$ {292 downto 20))-unsigned{al ocut (28
downto 28)) +unsigned (a2 ocut};
end 1if;
end process;

sum <= std logic_vector(s{3 downto 0)}:

m_mul m:MULIOMODULE

Port map (
resetn => resetn,
clock =» ¢lock,
X =>  =Zum,
v => m_d4,
D => wave

wave_out:process( resetn, ¢lock)
begin
if resetn='0' then
s5in_out_reg<=(others=>'0");
elsif clock'event and clock ='1' then
if msk_d5='0' then
sin_out_rege<='l'a (wave{l% downto 9});
else
sin_out_rege<='0'& not (wave(19 deownto 2));
end if;
end if;
end process wave_out;



sin_out <= sin_out_regq;

end Behaviocral;

11.2 Module acm32

library IEEE;

use IEEE.STD_LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;
entity acm32 is

port !
reset :in std_logic;
clk :in std logic;
W 1in std logic vector {3l downto 0} ;

phase_out :out std logic_vectcr (31 downto 0)
Vi
end acm3z;
architecture rtl of acmli2 is
ccmpenent adders
port{ inl :in std_logic_vector (7?7 downto 0);
in2 :in std_logic vector (7 downte 0);
cin :in std_logic;
res_cut :out std logic vector (7?7 downto 0);
cout :out std legic);
end component;
signal w di,w d2,w d3,w d4,w d5,w dé:std logic vector (31 downto 0} ;
signal to end : std logic;

signal accO_in,accl_in,accZ_in,acc3_in:std logic_vector {7 downto 9);
signal accO_cut,accl_out,acc2 out.,acc3 out:std_logic_vector (7 downto
0} ;

signal c_acc0,c_accl,c_acc2,c _acc3:std logic;

signal cl_accl,¢l_accl,cl _acc2,cl_accl:std logic;

signal accpl_in,accpl in,accp2 in,accp3 _in:std logic vector (7 downto
a);

signal accpl_out,accpl_out,accpl_out,accepl_out:std logic vector{7
downto 0) ;

signal c_accpd,c_accpl,c_accp2,c_accpi:std logilc;

signal cl_accp0,cl_accpl,cl_accp2,cl_accp3:std logic;

signal c_dl,c_d2,c _d3:std_logic;

signal preC 1,pre0 2,preC 3:std_logic vector (7 downtc 0);
gignal prel 1,prel_2,prel 3:std_logic vector (7 downte 0} ;
signal pre2_1,pre2_2,prez_3:std_locgic_vector (7 downtoc 0);

delay_w:process (reset,clk}
begin
if reset='0'then
w_dl<={others=>'0")
w_d2<=(cthers=>'0"']}
w _d3<={cthers=>'0"};
w _ddc=iothers=>70"}



w_d5<={others=>'0"};
w_dé<=(cthers=>'0"]);

elsif c¢lk'event and clk='1l'then
w_dle=w;
w_d2<=w_di;
w_dl<=w_d2;
w_dd<=w_d3i;
w_dS<=w_d4;
w_dé<=w_d5;

end 1if;

end process delay_w;

delay c:process(reset,clk)

begin
if reset='0"' then
c di<='0";
C_d2<= or;
c_d3<='0"';

elgif clk'event and clk='1' then
c_dl=z=c_accl;
c_d2<=c_dl;
o d3<=c_d43;
end if;
end process delay_c;
accd_unit:adderd
port map( inl=>w(7 downtec 0}, in2==acc0_out,
cin=>to _end, res out=>accO0_ in,cout=sc_accO) ;
accl unit:adders
port map{ inl=»>w _dl{15 downto B},in2=»accl out,
cin=>cl _accl,res_out=»accl_in,cout=>c_accl);
acc2_unit:adders
port map!{ inl=sw_d2(23 downteo 1lé},in2=acc2_out,
cin=»cl_accl,res_ocut=>acc2_in,cout=>c_acc2) ;
acc3_unit:adders8
pert map( inl=>w_dl1{31 dewntc 24),in2=>acc3_out,
cin=>cl_accZ,res out=>acc3_in,cout=>c_accl);
reg acc0:procegs{reset,clk)
begin
if reset ='0'then
accl_out«={cthers=>'0"};
cl accl<='0";
elsif clk'event and clk='1l'then
accl_out<=accC_in;
cl_accl«=¢_acc?;
end 1if;
end process reg_accl;
reg_accl:process {reset, clk)
begin
if reset ='0'then
accl_out«=(cthers=>'0"');
cl_accle='0";
elsif clik'event and ¢lk='1'then
accl_out<=accl _in;
cl_accle=c_accl;
end if;
end process reg_accl;
reg_acc:process (reset, clk)
begin



if reset='0'then
accZ cut<={(cthers=>'0"');
cl _acc2<='0"';
elsif clk'event and ¢lk='l'then
acc2_out<=ag¢c2_in;
cl accl2<=c_accl;
end if;
end process reg_accl;
reg_acc3:process (reset, clk)
begin
if reset='0'then
acc3_cut<={others=>'0"'};
cl _acele='0";
elsif clk'event and clk="1'then
accl out<=accld_in;
cl_acc3<=c_acc3;
end 1if;
end process reg_acc3;
accpO0_unit:adders
port map( inl=»w d3(7 downto G},in2=>accpl_out,
cin=>to_end,res_out=:accpd_in,cout=>c_accpl);
accpl_unit:addersg
port map( inl=s>w _d4 (15 downto 8} ,in2=»accpl_out,
cin=»>cl accp0,res out==accpl_in,cout=>c_acecpl);
accpZ2_unit:adders
port map{ inl=>w_d5(23 downto 16),inZ=>accp2_out,
cin=>cl accopl,res _out=>accp2_ in,cout=x>c_accpl);
accp3_unit:adders
port map{ inl=»>w dé6{31 downto 24} ,inZ=»>accp3_cut,
cin=»cl_accp2,res cut=saccp3_in,cout=>c_accp3};
reg accpQ:process(reset, clk)
begin
if reset='0'then
accp0_out<={others=>'0"');
cl_accpls='0";
elsif c¢lk'event and clk='l'then
acecpl0_out<=accpld_in;
cl accple=c_accpl;
end if;
end process reg_accpl;
reg accpl:process(veset, clk)
begin
if reset='0C'then
accpl_out<=(others=>'0"'};
cl_accpl<='0";
elsif clk'event and ¢lk='1'then
accpl_out<=accpl_in;
cl_accple=c_accpl;
end if;
end process reg accpl;
reg_accp:process{reset,clk}
begin
if reset='0'then
accp2_out«=(others=>'0");
cl_accp2<='0"';
elgif clk'event and clk='1'then
accp2_out<=accpZ in;



cl _accpZ<=c_accpl;
end if;
end process reg_accp;
reg_accp3:process {reset, clk)
begin
if reset='0C'then
accp3 _out<=(others=>'0"};
cl _accp3<='0"';
elsif clk'event and clk='1'then
accp3d_outc=accepld_in;
¢l accpl<=c_accpl;
end if;
end process redg_ accpl;
reg_prel_l:process(reset,clk)
begin
if resget='0'then
pred le<=(others=>'0"'};
elsif clk'event and clk='1l'then
prel_l<=accpld_out;
end if;
end process reg_preld 1;
reg pred_2:process{reset,clk)
baegin
if reset='0'then
pre0_ 2<=(others=>'0"};
elsif clk'event and clk='1l'then
pred_2<=pred 1;
end if;
end process reg_prel_2;
reg_preC_3:procesgs (reset,clk)
begin
if reset='0'then
pred_3<={athers=>'0");
elgif clk'event and clk='1l'then
prel_3«<=pred_2;
end if;
end process reg_preld_3:
reg prel_ 1l:process(reset,clk)
begin
if reset='0'then
prel_1<=(others=>'0');
elsif clk'event and c¢lk='1l'then
prel_l<«=accpl out;
end if;
end process reg_prel 1;
reg prel 2:process{reset,clk)
begin
if reset='0'then
prel 2<={cthers=>'0"');
elsif clk'event and clk='1l'then
prel Z2«<=prel_ 1;
end if;
end process reg_prel_2;
reg pre2 l:process(reset,clk)
begin



if reset='0"then
prez_l<«<={cthers=>'0");
elsif rlk'event and clk='l'then
preZ_l<=accp2_out;
end if;
end process reg pre2_ 1;
phase out<=accp3_out & pre2 1 & prel 2 & prel_3;
end rtl;

11.3 Module MULl1OMODULE

library IEEE;

use IEEE.STD LOGIC_1164.ALL;

use IEEE.STD_LOGIC ARITH.ALL;
use IEEE.STD LOGIC_ UNSIGNED.ALL;

entity MUL1OMODULE is
Port ( resetn : in std_logic;

clock : in std logic;

X : in std logic_ vector{2 downte 0);

v : in std logic_vector (% downto 0);

bl : out std logic_vector(l$ downto 0});

end MUL1OMODULE;
architecture rtl of MULIOMODULE 1s
gignal m : unsigned{19 downtao 0);
begin
process (resetn, clock)
begin
if regetn='0‘' then
m<={others=>'0"'};
elsif clock'event and clock ="1' then
me=unsigned (x) *unsigned {y} ;
end 1if;
end process;
p<= std_logic_vector(m);
end rtl;
11.4 Module AL
library IEEE;
use IEEE.STDELOGICF1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD LOGIC_UNSIGNED.ALL;

entity Al is

Port {( resetn : in std logic;
clock ¢ in std logic;
® ¢ in std _logic vector(l9 downto 0);

v : out std _logic_vector (28 downtoc 0)
)



end Al;

architecture
gignal
signal
signal

signal

begin

process {rese

kegin

end process;

ye= s5td _log

end rtl;
11.5 Module

library IEEE
ugse IEEER.STD
use IEEE.STD
use IEEE.STD

entity Az is

rtl of Al is

m ;unsigned (28 downto 0);
k1 :unsigned (27 downto 0);
k2 runsigned (26 downto 0);
k3 :unsigned (22 downto 0} ;

k1l «<=unsigned(x) & "pocgoooo";
k2 <=unsigned(x) & “0000000%;
k3 <=unsigned{x) & "000";

tn, clock)

if resetn ='C' then

m<= {others=>'0");
elsif clock'event and clock='1' then
--me= (10" and k1 ) +k2+k3;

me=('0' & k1 }+k2-k3;

end if:

ic_vector (m);

A2

i

_LOGIC 1164 .ALL;
_LOGIC _ARITH.ALL;
_LOGIC_UNSIGNED.ALL;

Port { resetn : in std legic;
clock . in std logic;
b4 : in std_leogic_vector (1% downto 0};
Y : out std _logic_vector(5 downto 0)};

end AZ;

architecture rtl of A2 is

signal
signal
gignal
signal

begin

m :unsigned (s downto 0);
k1l :unsigned {4 downto 0);
k2 :unsigned (3 downto 2);
K3 :unsigned (1 downto 0);

1 <=unsigned(x (19 downtoc 15});
k2 <=unsigned (x (19 downto 16));
k3 <=unsigned{x (19 downto 1B)};

process (resetn, clock)

begin

if regetn ='0' then



m<= {others=>'0"
elsif clock'event and clock='1l

) +XK24+K3;
+k2-k3;

--m<=('0" and k1l
me=('0" & k1 )}

end 1if;

end process;

y<= std _logic_vector(m

end rtl;

11.6 Module adds8bit

library IEEE;

use IEEE.STD_LOGIC_ 1164 .ALL;
use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LCGIC_UNSIGNED.ALL;

entity

)

)

then

addgbit is
Bort { dinl in std_logic vector (7 downto 0);
dinz : in std_logic_vector (7 downto 0);
cin : in std_logic;
cout ¢ out std logic;

res_out

%

end addgbit;

architecture rtl of addabit

is

signal B
signal g
signal co
signal c_out
signal cry_pl
signal cry_gl
signal cry_p2
signal cry_g2
--gignal res outl
--signal res_out?2
hegin

- STAGE ADDER --
stagel process {dinl, din
hegin

pl{0)<=dinl (0)or

p{l} <=dinl (Llar
p{2)<=dinl{2)or
p{3)<«=dinl (3)or
0(4) =dinii4)or
p{5)<=dinl {5} or
p{é)<=dinl (&) or
p(7)< dinl (7)or

std logic _vector (7
std logic vectox (7
std_logic _vector (7

std legic;
std _legic;
std logic;
std_logic;
std_logilc;

std legic_vector(3
std logic _vector (3

2, cin,

din2(0)
dinz2 (1)
din2(2);
din2 (3)

h

i

;

h

din2i4});

din2z {5) ;

dinz{e) ;
dinz (7);

out std logic vector(7 downto Q)

downto
downto
downto

downto
downto

o)
0);
D) ;

)
0);



g(0) <=din1 (0}and dinz (
g (1) <=dinl(1l)and din2{
g{2)<=dinl{2)and din2(
g{3)<=din1(3)and din2
gl{4)«<=dini{4)and dinZ {4
g{5)<=dinl{5)and din2 (5
g(6) «=dini (6)and din2 (&) ;
g(7)<=dinl (7}and din2 (7);

!
+

0
1
2)
3 r
L

r

)
}
)
)
)
)
)

co(0) <= cin;

co(l)<=g(0)oricin and p{a)};

co(2)<=g{lior(p{l)and g(0}))orip(l)and p(0)and cinj;

coi3d)<=g{2)orip(2)and g(l))or(pi2)and pi{l)and g{0))or(p(2)and
p(liand p{0)and cin) ;

cry ple<={p{3)and p(2)and p(liand pi{0)};

cry gl<=g{3lor(p(3)and g(2))or(p(3)and p{2}and g(l)}or
(p(3tand pi{2)and pi{ljand g{d)};

¢ _out<={cry_pl and cin)or ecry_gl;

coi4) <= c_out;

co(5)<=g{4)or(c_out and pl4});

col(s)<=g{5)or(p{Sland gl(4))ori(p(5}tand p(4)and c_out);

col{T)<=g{s6)or(p{s)land g(5))orip(éjand p(5}and g{4))or(p{s)and
p(5)and pl{4)and c_ocut );

res out {0)<=dinl (0} xor dinz (0} xor co(Q};
reg out{l)<=dinl{i} xor din2{l} xor collj;
res out (2)<=dinl(2) xor din2(2) xor co(2);
res out {3)<=dinl(3) xor din2(3) xor co(3);
res out(4)<=dinl{4) xcr dinz{4) xor co(4);
res out(5)<=dinl(5) xor din2(5) xor co(5);
res_out (6) <=dinl(6) xor din2{6} xor cc(6);
res out (7) <=dinl (7) xor dinz {7} xor co(7);

cry p2<=(p(7)and p{6)and p(5)and p(4));
cry_g2<=g{7}or(p(7}and g(6)}or{p(7)and p(6)and g{5})or(p{7)and
pi6land p(5)and g{4}));
cout<=(cry_p2 and cin}or cry_g2;

11.6 Module mux_wave

library IEEE;

use IEEE.STD_LOGIC_ 1164 .ALL;

uge IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

ENTITY mux wave IS
PORT{ sel_mux : in std_logic_vector(2 downte 0);
dout _osc : in std_legic vector (11l deownto 0);
Polynomial sin,dout_ran : in std logic_vector (1l downto
al;
dout : out std legic _vector (1l downte G});
END mux_wave ;



ARCHITECTURE rtl OF mux_wave IS

signal sel :std logic vecter{(2 downto 0);

BEGIN

PROCESS (dout_osc,Polynomial_sin,deut_ran, sel_mux)
BEGIN
sel<=sel mux;
case sel isg

when "000" =»> dout<=dout_osc;
when "001" =» dout<=Polynomial sin;
when "01¢" =» dout«=Polynomial_sin;
when others => dout«=dout_ran;

end case;

END PROCESS;
END rtl;

Program ¢ For mcs-51

/* ________________________________________________________________ */
// Program : Scan keypad 4x3
// Description : Scan kevpad 4x3 for check key push and display on

7-segment
// Filename : 108C1l.c¢
// C compiler : RIDE 51 Vs&.1

#include<reg51.h> // Header include register of P8SC51RDZ
#include<string.h>

#define MAX DIGIT 16
#define KEY CLEAR 12
fdefine KEY ENTER 15
#define KEY CARNCEL 11
$define KEY MENU UP 3
#define KEY MENU_DOWN 7
#define KEY NONE COXFF

sbit e = P1°2;
sbit rw = P171;
sbit rs = PL70;

sbit ¢ = P277; // Bit Columni
sbit c1 = pP2"s; // Bit Column2
sbit c2 = P2753; // Bit Columni
shit ¢33 = p274; // Bit Column4
sbit r0o = B277; // Bit Rowl
sbit rl1 = P2%6; // Bit Row2
shit r2 = p2°5; // Bit Row3
shit r2 = P24, // Bit Rows

typedef unsigned char BYTE;

unsigned char lcdbuf[2] [MAX_DIGITI;

unsigned char numbuf {MAX DIGIT];

unsigned char

diSplay[]={’l', |2': l3|IIX!' l4|J r5|r '6r; nxrrl'?u‘ '8', |9v' 'N', 'C','O', 1’4
tR! },.

ungigned char data buffer(5];

//code unsigned char

display[]={0x3f,0x06,0x5k, Ox4f, 0x66,0x6d, 0x7d, 0x07, 0x7E, Ox6£}; 7/
Store in Program //memory
/********‘t‘r*********************'k************************************/



JREkkkkkrkRkkkkrkxxk Punction Delay Time *+kkskrkwshkkhkxdkrsrkkkxhoxhh [/

/******************************‘k**********************‘k‘k‘k***********/

void delay db(int time)

{

do // do-while loop for delay
{
time--; // Decrease counter
Ywhile {(cime=0) ; // If time=0 work in block

/***‘k******'k‘k*************************************************‘k******

/

JrExkmxxkxkxnkkkxkx Function Send Command to LCD Kk kkkF Tk Xk Tk TR AH K]
void led _command (unsigned char com)

{

PO = com;

delay db(30);

e = 0;

delay db(20);
}*********************** Functlon Send Data to LCD *********‘k****/
void led text {unsigned char text)

{

B0 = text;
delay dbl30);,
e = O;

delay db(30);

/ivwold led clear ()
/7
Iy lcd command {0x01) ;
1}
JrE ke kxR A kxR AR 4% Function Set initial parameter LCD Fok Kk KRRk kK [
void lcd init ()
{
delay db (30} ;
led _command (0x38) ;
lcd _command (0x0c};
lecd_command (0x06) ;

1

!
void display_lecd (BYTE x,char*str)

{
int i;
lcd_command (x) ;
for (i=0;i<MAX_DIGIT;i++)
led rcexti(str([i]);

}

veid serial data (unsigned long num)
{
unsigned long buf;
data_buffer[3]=num / 0x1000000;
buf=num % 0x1000000;
data buffer(2]=buf / 0x10000;
buf= buf % 0x10000;
data buffer!l]=buf / 0x10G;
data buffer{ol=buf % 0x100;



void start ()

{
int i;

// PCON=0X00;
TMOD=0x%21;
TH1=0xfd;
TL1=0xfd;
SCON=0x42 ;
TF1=0;

SEUF = data_buffer([i];
while (~TI);

}

unsigned char scankey{veid) // Return value key
{
unsigned char ret = 0xFF; /7 Initial wvalue ret = OxFF
unsigned char col=0x01;
const unsigned int delay=20;
int i;
P2=0xFF;
for (i=0:1i<4;i++,col<e=1){
P2 {(~ (cOol&0XO0F) } ;
delay db{delay);
if(!lr0)ret=i+12;else
if(!lrl)ret=1i+8;elise
if{!'r2)ret=i+4;else
if(tr3)ret=1i;
if (ret!=0xFF)break;
b
if (ret!=0xFF)while{ (~{(P2))&0xF0)delay db(delay);
return ret;

void addnum{char*buf, char c¢){
unsigned char i;
kit eof=0;
for{i=0;i<MAX DIGIT&&(!ecf);i++){
if ({buflil==0)){
eof=1;
buf{i] =c;
i++;
}
if{ecfibuflil=0;

ﬂ }
}

long strtolong(char*txtbuf) {
unsigned char i=0;
long num=0;
while ((i<16) &&{txtbuf[i]>='0")&&{txtbuf [i]l<=*3"]){
num= (num*10) + (Extbuf [1]1-'0") ;
1++;
}
return num;
!
void longtostr (char*buf, long num) {
unsigned char 1=0;
unsigned char n=0;
unsigned char str[10];



while (num>0) {
str[nl={(num%10)+'0";

num/=1Q;
n++;

}

buf [nl=0;

for{i=0;i<n;i++) |
buf [i]l=str[n-i-1];

}
buf {i1=0;

}

vold datatohex (charrbuf) {
char i;

unsigned char asc_temp([]="0123456789ABCDEF";
fDr(i=4;i>=O;i~*}{
buf [9- ({i*2) +1}) ] =asc_temp {data_buffer[i] /0x10];
buf [9-{i*2}]=asc_tempidaca buffer[i]%0ox10];
b
buf [10]='\0";
!
void display refresh{) |
display led(ox8o, ledbuf [(0]);
lcd_command (0xB0} ;
display_lecd (0xc0, ledbuf [1]) ;
lecd command (0x80) ;
)
void display_settext (unsigned char line,unsigned char *txtbuf) |
unsigned char i;

bit ecf=0;
for (i=0;i<MAX DICIT;i++){
if (taof}{
eof= (txtbuf [1]==0) ;
if (eof)
lcdbuf [1ine] [1)]= ' ';
elge
lecdbuf [linel [1] =txtbuf[i];
jelse

ledbuf [line] [i]=" ' ;
}
b
volid main (void)
{
unsigned char key = 0; // For keep key value
unsigned long fow;
unsigned long fout;
code unsigned char*menustr[7] [3]={{"LOOKUP
TARLE\O", "SINUSIDOM\O", "SINUSIDOM (Hz) \0"},

[ "LooKUP
TABLE\O", "SQUARE\ 0", "SQUARE (Hz)\0"},

{ "LooKUP
TABLE\Q", "TRIANGULAR\ 0", "TRIANGULAR (Kz) \o"},

{ "LOOKUP

TABLE\O", "RAMP\O", "RAMP (Hz)\0"},
{ "POLYNOMIAL", "SINUSIDOM\ 0", "SINUSIDOM (Hz) \0" ),

{"POLYNOMIAL", "RAMP\ 0", "RAMP (Hz) \0"},

{"VARIATION

AND" , "RANDOMIZATION\O", "RANDOM (Hz)\0"}};

i

gsigned char menu;
unsigned char max_menu;



bit menu press=0;

delay db{26000);

led init () ;
/7 display_settext (0, "HELLO\O") ;
// display_ settext (1, "DIRECT DIGITAL\G");
PO = 0x00;
P2 = oxff; /7 Initial before scankey
max_menus=é;
while (1) // Infinite loop
{
I menu=0;

display settext (0,menustr [menu] [0]);
display settext(1,menustyr {menu} [1]);
display refresh{);

while {(key = scankey ()] !=KEY ENTER}// Input value key
from scan keypad & Test key Enter
{
if(key==KEY¥MENU_UP)
{
menu - - ;
menu_press=1;
}i
if (key==KEY MENU DOCWN)
{
menu++;
meml press=1;
bi
if (menu>max menu) menu=0;
if (menus<0)menu=max_menu;
if (menu_press)
display settext (0, menustr [menul [0]);
display settext{l,menustrmenul] [1]);
display refresh(};
menu press=0;
}
}
/f data buffer[4]=(menu==5)?0x0C:menu;

display settext{0,menustr[menu]} [2]1);
display_settext(1,'\0'};
display refresh();

/i if (menu==5}{

Iy data_buffer [4]=0x0C;
// numbuf [0]=0;

// telse

’/ {

data_buffer [4] =menu;
if {menu==86) {
data_buffer (4]} =0x0c;

while ((key = scankey(}))!=KEY_ ENTER)
{
1f (key==KEY_ CLEAR) {
numbuf [0] =0
display_settext(1,0);
display refresh();
lelse



if ((display(keyls>='0"})&&(display[keyl<='9")){
// Scankaey 3 Columns
addénum (numkuf, displaylkey]);
display_settext (1, numbuf) ;
display refresh();

}

i1f (key==KEY CANCEL)break;

/7 }

if {key==KEY ENTER] {
fout = strtolong{numbuf) ;

fow = {fout*256.0)/24.0; /7 278 / 25
fow = fow* {256.0/100.0); // 2%8 / 100
fow = fow* (256.0/100.0); // 278 / 100
fow = fcw*(256.0/100.0) ; /7 2%8 / 100
serial data (fcw);

start () ;

longtosty (numbuf, fow) ; //Lock to Dec

Y datatohex (numbuf) ; //Look to

Code_Contrel
display_ settext (0, "SEND");
display settext (1,numbuf};
display refresh();
while ((key = scankev(})!=KEY_ ENTER);

}

numbuf [0] =0;



	Title Page
	Abstracts
	Contents
	List of Illustrative
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 3-1.tif
	Chapter 3-2.tif

	Chapter 4
	Chapter 4-1.tif
	Chapter 4-2.tif
	Chapter 4-3.tif
	Chapter 4-4.tif
	Chapter 4-5.tif

	Chapter 5
	Bibliography
	Appendix



