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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 technique 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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ﬂ’l'ﬂ\]ﬁ 2.1 G]quﬂlﬁ‘ﬂﬂﬂ']ﬁlﬂuauaaﬂmﬁa EUuﬂJ1m‘U16u (Sine Wave)

oyal W daya

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

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

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

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

* * *

* * *

" . *

* * *
N-3 {(N-3) 7/N fIN - 3)=sin({{N - 3}. 7 /N}
N-2 (N=-2). T/N (N - 2)=sin((N - 2). 7 /N)
N-1 (N-1). m/N fIN - I=sin({(N - 1). @& /N)

2.2 M3UEUNE VHDL
2.2.1 Terminology U0z Convention

mMadpugluuuveiszuuATaeadisn i VHDL 1 seTidwrimniamme sufuludnd
seiflunisuTens uazeF UL R oz doany Tus wangadl

FAupzreaguuy (modal styles) : AnwaeMIiBouglovn (model) A28n11 VHDL

aunsoutalaiu

A A a ]

= ] i L. o o
- Behavioral Model : HT9WITINORDOU9IT algorithmic description xﬂugmmwmimu
v b
= ey 3 1 =4 = / a o
WOANTTHYRIsEUUATADA TudiiuTsuielTnTiad Haduiun ¥Iduge (high level language)
w11l U PASCAL w30 ¢ diuau  Tunisi1aean1i1911 simulation) fdauaaziid
= = a_ W 1 5 =) o
statement) dzgauszdiusaillulun1u 18y (sequential) 1nunAII vndulunsdivessids LOOP
K = ] ' a A g ow a adw = r Y
nentiGunly ldsunsuberglnundnuaeiia: hiliswazBoeainoidumnan - nTalasaadg
J o a o Qs w a o v o da
y849 Hardware (# 1UN19@35 31803 0028 oame1fua NuFuRU e W19 input 71U output 1A
- Dataflow Model : (38nDn0d1aniialAi1 * Register transfer level ” (RTL) i ugiluunfign
= 4 ] sd g w A A o o s o are o o
Arudu eyalsemasnaz 1fifhunfesdedimiudunsizinansda Tudd duuudnuas faou
1.11@%55‘]14 procedural constructs Uas functional operators
= = - [ 1 £ - a ﬂ{‘
- Structural Model : 1luguvuiuaamuyeuneiussri1igyniaiarsn Alsznauiuiu
am a a ' 1 X . o o =
Fu99THiosuuATaea wasmsnsundnod131d 91 net list representation * 1iup1sdouR
uerma i InT 9§ 19904 hardware

- Mixed - Level Madel : 910 eniAanaoud 909011 VHDL Wannsaiszdougiuuy
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Concurrency U1 VHDL Hu gafndansiaiunandsfiuuasdassaaiu dnvmy

1 d’d vad o = e  d a o R4 PR g .
wutiiluguruiaiiidua e Timaldndun v sdiaanseing gas1d1iliTond1 “concurrenc
o @ ! d oy o ' @

statement” LRz UARBWalinTWGnunlasmuesdyn

Sequential : UBNIAANNAILITANYAR 1T TUILY concurrent UAIUIIATINTA YU

3
o oo e

3w < = = - ¥ s & s
snuvludnvariivssoewganssuveias Tanwduiluiazdedyadidaiawidudidodu

' - »

[THITUDINUUAIAIL DH1UFUNTAVUNNY behavioral model 1T udu yad Ty sequential Hagld

TuTisunsudoy (subprogram)iias process statement

¥
. o ) N o 3 8 o . ar
Driver : §iyiy1@137) (signal) T4 VHDL 111029nAunuAIeaunia * driver ” dynnu

wantlozFumInu (szduvesdyaa ) Tddedduiing

Transaction :f1341@ transaction A1l signal ﬁ‘uﬂmﬁﬂ‘ﬁwﬁﬂﬁﬂ1iﬁ1ﬁuﬂﬂ'1"]'ﬂﬁﬂﬁﬁlﬂ signal
. 2y v 1} ¢ar =1 & = a ¥ a = @
signal 11U A1 IR signal WWSu00iHANS 0 hillnai TRdamsdaountawo s zauduam

' = | ' =,
(event ) 15UA5IUREUIA logic 07 TIUAT logic *0° 1iludu

" ¥ . o 4 v A

Event : Aonanfdguszdunivos SIGNAL nnszauvi{Usedudu athard Tuszuy
oy = 3 I [ . a 1 : =
Asmoan nUaou0In Logic ‘0’ 1341 Logic’I” #3 0 un19as 3819188071 SIGNAL 1Auia “event”

< = ulwv A = 9 & W a . wtae EY a &

Rzl 191 M15N02AR event hindzdouina vansaction Tuduiludpuia event nnnts

Sensitivity List : 831858109 signal @139 ARHaN11HMAAN15¥191%90 4 concurrent

d'i =y élu o . L % dl? = o Iy o éll :3
statement 11BN event YURY signal A1 ladmlanTanareamiausulusiedoriu
i 2 e s ¥ o & = o ( & 5] =

Object - Tunt 1ud 191 Id@oumdotisvoniesidsenouadiuniave gty FaSou
Tamioufumyuehi g mivussedanag annsoudseon T uemudu (class ) frofufe

e we & A A, - YY) r o omy

CONSTANT : 1éun object Uszianvitahdiadmuanuindulvudezasnniulinaoa
TdrnsadartamTaud 118 annsatlszaeld Idlud s snmemian voaguuin (modely

SIGNAL : #u10dd object rzinnuianamnsonimuasifduiutduaarildvu
NIWANNT SIGNAL mursaiua Idifeese wie i min tuvuzamils SIGNAL wesuaniiald
nndudyaiunie diver  Fdvutionszifva luewinadmsy SIGNAL  13a90 SIGNAL

3 1 =% v c:f s g a
gtz malyia ua iy sequential body 1110 AU SIGNAL Taenwisagniiniuly
A00A lA5rT 19835 UNMToMTUNN global object
A o [ . o o ' vy o A

VARIABLE : w30éudslaun object fimuisativuanile q 14 lduazausofiee
wWaswnlasd11daaeanis 100939918 s sz uA wRpas uE e Iu Ty vz 11T e anin
VARIABLE aunsaUszmialdlaludiufiilu sequential body tviniuduldundrvudiznovvas

¥
PROCESS, FUNCTION %38 PROCEDURE @911l VARIABLE 3aerimsoiy a1 dmsnz Ty
yauafigniszmalivingu (local object)
Wsznnnd object AMMUATILEY (predefined tpe) : lAun TYPE Aifnua 130 package
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ﬂ'3zmﬁﬂlcﬂmgﬂgﬂtmuﬁ%uﬁu TYPE Uszanmnii1dud

1) BOOLEAN flonguuain FALSE uaz TURE

2)  BIT Aonguuaan 0’ uag 1"

1) INTEGER fiBnguundn —214748347 §19 214748347

4)  REAK Aanguupan: -1.0E38 84 1.5E38

5)  CHARACTER fonguuadsfminaus *A° - 7', ‘a’ - 'z SnuIniem3oamnuiim
UAEAITNHIAIVAN

4)  TIME Llﬁ’uﬂ'm‘i’Jﬂnmﬁﬁmﬁugmtﬂu?mﬁ (second HDAI s HiD 8)

) SEVERITY LEVEL fdnauwsifl NOTE, WARING, ERROR, FAILURE diudialu
MyAU VADL

a

« - . ¥ = o S A 3 o 0 ¥a o
mafguzluurnie modeling #3ua1m1 VADL fianuduiunezdeamsirldiingy
’ 1 a = 1 o d z a4 o oo
FIUATL 9 YDIVY (design units) Bl pdoon nazindutunsuis nhddyigavoimsdnm
=l kY =1 ey, g as
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" A 3 o ] 4 1 1
Top-Down Design uonaintiums oz lalusaaves Tnsende nazdudia 4 weagluuy VHDL
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= . s w g w w . v
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(Altera Hardware Description Language) M7 PHDL {Philips Hardware Description Language) (Hudu
a g v W 4 a = soin wn W o
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mienlaaf 1a lihinsdunszidwTUsunsuduns 121 (Synthesis Tooh) aaioiiieasiildain
o o = [0 . 3 =Y
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2.2.2 MISBARUILLDNUUANNIG
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Han Az 1zH e ld ldnsviauniniiaeans lnemseansuulugpyaz iz on 1 HANMTEDALUL
INVUAIAI (Top-Down  Design)  F3d 15 suinudunisaenuyyitnara¥unu Bottom-Up
. o . YPr 1 ::3’ q ¢ ] <
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) 2t B a o o8 d o w s
29939289UN3WA199 (Schematic Caprure) AdsznoviuduthuitsidsimTeanuuy Sasams
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System specification & Analysis ]
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Modeling & Simulation

r U
uazA wa1atunITenALUY

Logic & Test Synthesis

Pre-Timing Verification

A H A F

i

Physical Design & Analysis
[

—

H

Post-Timing Verification
I

System Level Verification |/
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5. TunauYINIHTMNI993973 (Technology and Device Mapping) Taeriiaya® 14 v1inms
ar o a = 1 o =]
dunmiziedn F19ezeglugiivesgdnal FPGA H39199759 ASIC
v Ny o Y e -t e o = o = =2
6. 1&197107 I 29305 anudriednadnnud uilufvedoensnasumaiiuidiilag: naidoe
& o H ¥ 1 A a U ¥ e o s 3
eaTugNAadreIIaTgatoneunzi s adniuguaseldug  Tiiusza mag
o g a = =& . a
TuduneuiineseenuuuaziszneudeiunmiazeMynina (Pad) Yuugadadmiy
funnzdadynudunisusn
o & o = Y w P ¥ g v_ & v
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2.2.3 7111 VHDL ttaz duU3znoud 91090 1mn
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31019990181 VEDL  tududulszina aa. 1981 Iaofinssnitenai T
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- MUIIMTERARULIOUNR (Entity Design unit)

- HUAENSERNLUVEIDAUNT T (Architecture Design unit)
1 < . -

- MUIUNTIR AL LURALA {Package Design unit}

- wuemseanuuy 1AL (Configuration Design unit)

2.2.3.1 HHIEMTODNUULIDUNA
1 ;d ' Hq @ o v A ' o = & =
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Entity component_name is
Input and Output ports
Physical and other parameters

End [component name];

JU# 2.3 parmalasaoialaena lye snilsmssanuy uiouna

[ I w ' '
r =1 / o 1 . . 1 o ot a o t 5 as =}
AuiiasAiuaudIod it Enity nog is szuheiiianesduiiugiidmindoveagainoni
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94n15921 00U (component  name)HA3INHUIZA NA DA IUN A IHUAYB M1t Az aaRUR

=

=3

¥ * 1
. = o <A g s =y =
eyA(input-output) TN MMeToU Az AT yAaMIMIBanUU LU TRz AR TaR 106

]

#191EndllaginT o4 uIoaA N IAITUS ()

Entity RS ff is
port(S.R : in bit; R Q
Q.QB : out bit); RS fliptlop
S| QB
End RS _fF; |
(2) MUIWAITDONULLIBUNA (b) yunﬂwauﬁm%auﬂszmu (Interfacing)

Tugthuean ¥ VHDL
5T 2.4 uaagduvuun RS_flipflop

g 2.4 Whumisemiseenuuueuiiaiussmegilnsei¥a RS_fipflop  luduives
ada o 1 0 & A ] ' '
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& o ¥ oa a 1w d Y ¥ . ! o« ol
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Architecture identifier of component name is
[declaration]
Begin
Specification of the functionaliry
of the component in terms of its
input lines and as influenced by
physical and other parameters

End [identifier];

509 2.5 uemsTaseadialaena lilvesmizomseenuuuamilaonssu

dmveanuIumssenuuuaa1fauns s UAUAI8R191 Architecture  LAZAT1UA 204D

o o a s oA oA [~} 1 . & f
(identifiery  Fandoadivuaaslildus Fsfnaaaldidiudy Architecrure T lFuIIBWMINIBNG

=1

aammmauﬁaﬁlm {of <entity design unit> is) dauﬁ'agjizw’jw Architecture 1iag Begin Fuid
drlszmeiioresan1lanns suimun (Architecnre declaration area)  Swdludboidon
(Option) lupinadannsalddonlszmad muasidag ezl Emelusadnons s 18
a1y dizinw {Type) Vﬂ‘N“, (A8 hit, bit vector), ﬁ?i\;egm {signal), ﬂ'Wﬂi‘ﬁ {constant),
Tsunsuden (J&UR function  uae procedure)  stazgnsal (componenty  daufilussuts
anuduiusrznhteyad luauas nasenveag iy (Faanaiisinun ugadids por s
'ﬂzgmJ's'stﬂtﬂuﬁ?ﬂﬂ;n‘fﬂﬁizﬁdwmh Begin A1 End weamienisaenuuuamilavnssy way
uafmmfwgﬂﬁw%mﬂﬁﬁqﬁatjmtﬂ.uu?nm5%1:7114%??1&'3{,111umiwum (Concurrent siafement)
wiri fonng statement vz uRdaNTN AWudoundtny Tifinademeiaasagtuy wia
MsaspLBTaIilnuns TuzABaTlaiiodiod1d End Lmﬁwmamﬂmmimfuq"lﬂuﬁﬂﬂms
Wrustiuuszunuaudionist VEDL aunsodoulaludnymsaian Fail

- dnuuzms Inavesdoya (Dataflow style)

- ANMILWHANTIN (Behaviorai style)

- dnume Tnssadiae (Stuctural style)

- AnBMIHTY (Mixed Model styie)

3t 26 FamAvstoeanudintsnhedoyad lnadh &, $) Audeyaiilnaoen
0B Uszneudisyadidsn s 2 ya Fadvwihnlizmnns Inavasdaya uiedonn

rpAvmsatoloudeyasen 3 9mmos (RTL : Register Transfer Level)



Architecture dataflow of RS_ff is
Begin
Q <= not(QB or R);
QB <=not(Q or S);

End dataflow;

U1 2.6 vamamtemsennuunan1ilaonssuuae RS Ripflop

AR TUYEN O = OB+ R tlaz QB =0+ 5

R3_thpilop

3U 2.7 uamaTassadanoluaniilasnssuves RS_flipflop

w

i 27 duntiemsesnnuuaoilaunssuves RS flipflop Tudnvas Insiadrads

Kt

L &

a 1

=1 o et e o 1
wismadsumnihigdnsaditoglulauss Livery) mdeihnssaudsims Taslduadinn 2

L1

=3 )

Summ (nor2) Srrugeainahemuilanduyin

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

end component;

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

U2 : nor? port map(S,Q,QB);

End struc;

JUN 2.8 namamizenireonuuuan1ilaonTsuved RS fiptlop Tudnvme Tnsasg



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

End behave;

U 2.9 nomamiaumssenuuuamdaenisurad RS flipflop TUSNHYUEHYANTTY

= a a ar = & o P =]
s 20 dums@ouussmemaiinuseagiiuuludrvaengdnssy Faoziiiuldid

o a4 A a a o ¥ Y » Ao '
dnwaugmisunumsmoullsuasuialy TaoezdosiinisIFauaufSond process uazas
Wiauvegluiuzivediumnidasuudatvesdsiiogniolu process Bunn R, $) FauSond
Sensitivity list - M3dsuludnvasiidMunsundvesyedidisz Inanenshiauaeg vy

= ;
NIIVRIRIRA]

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

end component;

Begin
UT : nor2 port map(R,QB,Q);
0B <=not{Q or 8);

End mixed;

3uf 210 saasruazmssenuLUED1RgNITUY0d RS fipflop TUanNH ML NETY
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2.2.3.3 HiEMIeRNUUUUANTR

Vv

oA v = =
yan a9 aneadu [dsunsudeoiudss Temidanis@ouglunuosTnes e

S GBHEE
ad ¥ ! = ] ¥ b = = 1 3/ '
Au T uamvewinin lduasdoyamariimuisasvn 11418 Tnomizeniseonu

asal
- - \ 4 o & & v ood g
uAlIgMIesnuuua1laenTsunIas MU IINTBanuYUURANINaauY Taolnaudninfa
. o . - 4 d . \ 4 o a
dzuitaesnily 2 au Ao msUsemauRnina (Package Declaration) MAZTIUVDIUDAUWNIAAN
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Q.‘f o o d dul 3o v o A A ¥ e A &
azdumsnasiAanna 1 lgiuseaoalinindoaToanTod 1woudonou $alunie VHDL du150

nszit1 IAd1ugad 1 USE

Package Declaration
v o o w o o =] 3 1 a U 8 |
adunvanudnyhgausawnnnamvosluevesmsth ldFanmeuen ldundiunis
o T A 4 a 4 ' o} a LY 2
Urzmminiie s zazdudmisimuadovesdaivizmmednioluninfindm o 1019
o S d - o P , = o o "y
monandvaAnmaesFalaqignlsemaliluduvatuedudinfana luldgayszae1ily
* o = 1 a_ 1 = l L) W 2 L= =
dauntsszmeuininas ligwisagmiawazwgang sy ¥ wuen1d Feauirndewfay
v @ [} e ) ' * e o a 1 oo
TeaudsilszmaldludmsssmsdsemmauiffosnmounonsowoiniiniifaaaodiuTan
by & v oa 3 y_ &4 uw v @ W a iy o
aouennziiulavi lludwdnfaminiaa i 1d T ldswdudesdidmuofuasdamuisagn

4 o

il IgnngUurmonenld miu lddmiulizmavia (Type) wiodawansumnudefusudiu

3
=t Y]

S d @ Ay e & ¥ A 4 o 1 od & ! o Y
voanimAan i ndudeaidmvosmsdszmauinmna uduindmivez ldeunsagmitld s

¥

jiluduta

Package package name is

Package_declaration_part

End package name;

sUf 211 werasTaseadraTaem luosdunsdszmendinifia

Package body
- $ oA ] s @ E e o w g # o a
InTaaeitlsznandisiidanisg Tugdua st 1ded 9 (Sequence)t s senefandunisniza
w03 T1suns g0 s(Subprogramyav aruniavea Isunsudaniua fignilseniatlludiuvesnns

z g = . ¥ 2 g 5 o . ‘ P o '
Uszmandnmaudaazgnidu 3 luduvefudnfaisudansdiuad 1aaia 199§ 1dun
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P oad 4 : N T . , £ s
Mnsiingadszmasanouludiuvaanisdsemauaniacdgnimuasii lud o svoduinifa

e N R R Y ! 2 2 W oia A 4
ﬂguuﬂjuua'ﬂliwnlﬂﬂﬂth1.|:I]']llluﬂ'ﬂ\j1]f}11uﬁquﬁla~3ﬂ']'iﬂiﬁiﬂ1ﬁllWﬂlﬂﬂu11]1Jﬂ151Jj5ﬂ']ﬂ:[)’@qnl'ﬂu

1 ' - = .:iv = n‘.‘: = o =
Tisunugooniemna  msdenvenudniarutiulusuagnusituanslugdi 212

Package body package name is
declarative part

End package name;

1 r #
sUR 2.12 namaTasease Taovia i unsuefudinifa

2.2.3.4 fiemsesniuulnsauuy
w e ar 9 i P = T I={ 1 = ]
AaimauAngdyigluuuniessruuaiasa luigilue: 1y szimbeniseeniuy
:u:iv ¥ = 3 r [ : ' PR ] qd_v 4‘! [} :sy =
PUiA 18 Mot oniesiiy ud luvas i riiensssauuueuia wilavdaoiioisezd
- o 1 g @ 1 o o EY =t . A
gorilaonssu Muwiioses lAnatonuie duduszdelviioniseenuuy Insuuuuiie
Anuan 1319 Ins au (Configuration) UsenouuiRfuHLIsmIsanuuLan1daonsTuNIe

y a
T d e

Conliguration identifier of entity_name is

Contiguration_declarative part

End;

5UN 2.13 vamalnsaad e Tavin Mlve nnlismssanuuu Ing oy

224 uﬂﬂ"ﬁ'\m"ﬁu (Sequential Statements)

1181 VHDL 10150 1083 duuy (modeling)  ussuwszuudinealudnymzves
behavioral description  711asaer313010 Ut TEn0 WA sequential statement M5y lus1WAzIBYA
¥aTnsardudana 1 §1M5Y software engineering M MNAALTUMTHen Tilsunsudroniu
Fu1 017U C© 1T PASCAL etiouudn svannsadle Tasaadianuy sequential 141 ritaud
AoaiinamndnlaArsud iy EN1SMIu81 hardware tRA Tun1m1 VEDL fiddadeso Uil

- WAIT statement

- VARIABLE assignment

- Signal assignment

- [F-THEN-ELSE statement

- CASE statement

- Loops

- NEXT statement
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- EXIT statement

- RETURN statement

- NULL statement

- Procedure call

- ASSERTION statement

NAIURANIE statement Ty A1 10 TUAITRIIMUUY sequential 1L A13H
IAUNATININA Y10 147 VHDL ndiuﬂ1‘H1ﬁﬁﬂmﬁuﬁ'ﬁtﬂmmuuﬁwumifu fio gadidamelud

o o 1 1 ) as o
Tﬂ'Nﬁ%JNilm‘l]LI‘]gﬂﬂ]Z.’TJLL‘LI‘LIL!.‘U\]“UNHJ IFHIAYINUNTET ADA AR 11948 'lﬂU‘H'iﬂ sequential

i 1 w Pl t
statement Ti380731 81 1AL process staterment

2.2.4.1. Process Statement

1 lad¥aues Concurrent shell 711 I¥a s nifey VHDL model ke ussenungins sy
voa3zULATAoadifnnsafindludnuws behavioral description 'TAHUARIEY process #In3aa¥1a
mrﬂuﬁwﬂi;:ﬂﬂuﬁ’awﬂmf%m.muﬁﬁm‘w'm;u mﬁﬁummﬁaxﬁwmxﬂuﬁ161"'1Jmnuumfin il
PROCESS gnnszfuli¥iiam

#1 PROCESS lunssiausnunalasiadie unnsiagas udunosgadids process Tuung
A3t 10 architecture #9190z Inssad19v099AAE process Ha1oyald §1 END PROCESS won
Da9q f;quawﬂﬁﬁ'a process (iio1d9 END PROCESS ﬂﬂﬂﬂﬁﬁuﬁ’wﬂﬁﬁ’a process 1EHYANTT
mamﬂwwmu ( wAfaN active DEATDAIAT ) IUATIDE mmzymamwnumwm"lu sensitivity list
iR cvent TUBN YA da process (ThigasF L LUtV umeamuh Taotndudgaids
process &M 1IUARDALIAT m'm‘qﬂﬁwﬁqﬁﬂﬂaWUagn'luiuuaaﬂﬁumﬂgﬂﬁﬁd process 1TugAmIA
@y 1T et process Iai10f sensitivity list fudaniuquamsiinu s ldans
FamfinlSeuadendniungseu ( loop) ﬁlhii’wﬂﬁyu 3§ﬂ13ﬂmﬁ’uﬂmﬁﬂmamiﬂfrﬁuﬁ’ Avn1s

(A1 wait statement aﬂudaumaaﬂgﬂﬁ 1174 process

2.2.4.2. Wait Statement
WAA1E9 process A131301 sensitivity list TATROITURALT M318RI1NYAAAT process 229N

y oo 4 I da P, e = Yooy e o
nszqulannmyndyyunislunodenin event Tumniu ndsnniganssquuaifidaianaiy

L

oo luariunud AU IIUN TERINUA LOZYARTTI process  TENYANTTVINIUFINTIY
’ = o A; = [ ar a4 os = A u]: = ¥ oo A
uUNT19z1 event  InATUBNAUTYa ad ladanialus1wroriudn dinssnneluswye
» Ed
sznoudeduynmunalva uaziin event Iulunandvaiu widya anioid@fomnnniiua
' q)fl = 9! o o s & oo = 2o o Qs ar :ﬁ a
wnin AnTzdunshian vosyaida process 4 luaunsoRszuen 1A Tutludala Antumsly
== a a

A1H9 process 3N sensitivity list T9fUadAnatuInluniyl VEDL D35msnanidoailam

W s
i TanldmA 169 wait statement
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A9 wait statement NN IHAIILAARIAINTT N1 wait statement UYAAD UszAITHTH
i’
A

annsafzimuaaiassdumislan melnlnsaadinveswidedula e sz iuntaha

nw"lmgﬂﬁ’hf%a process ATIRILHUAT wait statement 8¢ daums 14 sensitivity list (IUASAILAUAT
ﬁmu‘qﬂﬁﬁ'ﬁd process awqmN;a'iumﬁaqﬂﬁwmawﬂﬁﬁq process pithalssmsiaes ansad
2HuR wait statement 1amainqsulunAazdunng auanudeims laglddide analseas

a0 wait statement Sinatogluuy dumnea s ofiee 1asugu PROCESS ldnmi

LY

Snuasy uanaafido$113791 wait statement Tz 193 1m0 sensitivity list a1 PROCESS

L a Y : 9 =% gl W S ] 1 3 3 qyd:y 1o e, ot =
Ao ld aniudidougduuridomnaulatounaslde: Is Wellvuegiurznudtaeanuzdon

W L1

o =1
usTenouazlszaumsnl lunsen

Tun1y1 VHDL e131350 1% wait statement 1@ 4 1uufle

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

® WAIT FOR time; --fimeont

® WAIT; -~forever

uAA RO NIA NN YIELELIT 1T ALAnd 19t uAIuA R 1IR e |15
® WAIT ON clock, clear, preset, d;
\ ' . [
fdszngamaianuvssgamidadidu 1ouniiaziia event YuTdysy I clock MT clear
oy )
130 present H10 d
® WAIT UNTIL iclock = *1} ;

Qs

msiausesgad Fid A uss nyaidwmuiall uazaziitanuse o dye n clock 19n

o Cek
L

o S A . w o a . o a
event LA boolean expression t1/4 TRUE NARTUUDNALMTNNIUYNIUYRATIIAN UAZNDUNITN
1 y: 1 (=] - d? as = 4 ar A =
Ao/ TdTudnenstnaeudnil event el uaudynIn clock M3 orlal uasdyan clock HAuTlu

o . 4 a
“1” ¥ U boolean expression zdsaiiuaia
® WAIT FOR [0 NE;
ArdetidumasenTonya luvaznd1anan13M191u (simulation) 3UNINREIMITIADIE
araasTind? 10 ns. vxlwai I PROCESS Fuvianune T
® WAIT,
o o 1 0 w oA a v o ] q,.:
Wud1¥ald prOCESS nygathnuaasa il Taohulimnsuaumaiiaulng maafams
v 1 ¥ 1
dpurthiwnnssmomsiauvesszuvasaea tnnwduduidedldihideil ilongansiiauves
adanTuonIniudaasa ¥ AN (ON,UNTIL uaz FOR) TauAuly wait statement TAd M
o ' 4 =] = ' ] =) .. . .
Inajea VHDL analyzer 9zs1verainio Ifiilufiuniladtlu PROCESS 1 sensitivity tist 138 wait
' ‘ 4 4 o, o o & oy
statement 9619 apd1ani iedosiuilymduoaezifnduld
2.2.4.3. IF-THEN-ELSE statement

Whadrdaniug i lrasuou iensaadulonsziwe lsuedanetig
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[F statement
Format : IF condition THEN
Sequential _statement
END IF;
2.2.4.4. CASE Statement
= ar i a o a o = ar
Tassaddndunilafdudidr uazlinundwafafy IF-THEN-ELSE  #9 CASE
q o o A o e 3/ 3! L. A g =
statement 51z 1 FHuA dudenwuma A mmdeud (condition) Ni1vuald
13 CASE 1az END CASE fnumyaisuduuazqafuge SM@aWHENIddmTudmue
- = 2 =1 = w . o S . &
AudenfszihwnfFoufun A expression Andoalaiu a1y expression Aifiua PROCESS 12
Fuduiinuiaadiddduiaunaunsznamdigaiiovasdudoning uazizeanain CASE
[ . -:‘l = =l []
statement Tas ldimuniudendun Adinanased

a;ﬂﬁﬁdlmnmiwmu {Concurrent Statement)

) o P @ ' & P
A1 VIDL ifiummanmsiaiudnemsiaavuim concurrency HIDTTH1IOVNVLUDI

'
[ 1

a t s = oA 1 ar . 1 o @
yamdauusuuuuAaz§uiiu PROCESS Hifouradud e signal uans PROCESS Mmdaz
uﬂy e EEE ] ar 3 [} 12 = ¥y
higuasiu A5end asynchronous fIJUU concuirent statement mu’lmgwmmsﬂmummu"lﬂma

PROCESS statement
0 W . ¥ =) w a o ' 9 o A
YA IF DY sequential A wsafivz lFluzuvesgafidwnuiarnn ] Snedii
asnldlu vHDL 1eisa0s3fian 1¥u signal assignment Wiudu gaddanlsiniassadhauny
& A ¥ o
concurrent FIHNIHUA LALLD
1) Signal assignment statement
2)  Compoencnt instantiation statement
3) Assert statement
4} Generate statement
5) Process statement
6) Procedure statement
7}  Block statement
[¥) d
2.3 M5UUdAN AT HA (Quadrant compression)
mItusanleuaTui 1M EnMs oINS (Symmetry) ¥oafnanuy 1o MumAazaIoun
P a a W
sust Mufed iy 0<a <90 udlen
sin(QOﬁa) = sin(90+a),
sin (270-a) =sin(270+a),
_ . @.1)
sina =—sin{a),
sing =-sin(180+a)
= t 1 a s
PInaunts (2.0 s ldT s irnsenmanoisiniunna jeuasur © <a < 360) 1dan

1
= =1

' =3 7 = = u'l: o =
Ml a ﬁm-umaumuﬁuﬁﬂmmmmmmmﬂm (0 <a <90} T‘ﬂﬁlﬁ!ufni'f)ﬂﬂLiiJlJi]‘idu'l\lli}%gHWUﬂﬂiJ
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v o w = ra g 4 a N o P
Hudygage (MSB) wioFenhiaduond 2 faurnmndmuansounsuivesdoe mmoiiioz
ar a_ o a g = o o ' = o

Funsizd  anuddgrosdadueaiiumeiasuiuazd weuddgedyyinnobnmansaayl
1ddan319% 2.2 ez 31T 2.14 eudny

1 o w a2 o o
FI'I‘ﬂ-Jﬁ 2.2 ’F?'.)"Il]ﬁl]'N'LJﬁﬂJEN‘UﬂL@lJLE]ETUﬂ’UF]'J?]LL'ﬂTLJﬁLEﬁ$ ﬂJuflJ']ﬂlWWUﬂ'

Quadrant M5B MSB-1 Sine
Quadrant [ 0 0 ¥+ Ysin(l)

Quadrant II 0 1 4+ 14

sin{| complemented)

Quadrant ITI 1 0 Y-

sin( | complemented)

Quadrant IV ! 1 Yo+ Ve sin( 1)

* [ (fudwil (ndex) 5y 0 09 2¥7-1

MSB ‘
I
Frequency Control ! :
hs WO L weabisy et D-lbis ¥ D bits
! |

—— N
Complementor |

Phase ) Y
— Complementar A TL/2 sine ROM

1 /
Accumulator BN

ZEM ]
it PN
0 []/]/VM HEE R m

2pd MSBLLI

a w o o o a A oo y
5UM 2.14 msfaunseddyarumnidugldomaindudantouniuy

| o o = ar 3 b =
11031 2.14 #1191 (ROM) szifunoutfyavesdugmanetilugi o 51 U2 Tady

) L4 =

oD 2 g wuargnlfdmiunmuanteuaiuivasdyanuanniuoztniimds w-2 da asgnld

o ar qw,, 1 r a J o ar o ) =)
Fmivddumids  veambenwiuiedwe wldyedyaumnindesinsaon  daduead

]

o o

q i o 4 . . =] o
uuga (MSB) smifidmuanissiing (Sine) woadugpaneiayauasda@ueainmes (2

u g

nd

o ] a a s o & . /i
MSB) finuatweutifgmveidyyiaoawaiiuaitunionainainelumeuaiuiil 1 uay 3
Foya o Wi a1 uwe (Phase accumulator) gl i lasas saiundeuasuna 2

3 a 5 = a ol -
uay 4 iuduonaedetednwsad uvazgnaounsuua (Complemented) deygyiuusuilage
o o

a t o Y ] = : - =]
wwaioonnnieanudezidnurnfiudyaondugnadu (Full wave) Femunsonldouilu

o o - a A ' =] 3
wanuand lasnisauuontfinveddyyiafiogluyie 7T Re 27T A -]

62822
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< Ve o w Py vy - o 7o o
tlﬂullﬂ’ﬂ’.lflﬂTiﬂﬁﬂﬂﬂ?’@hlﬁﬁ‘u“ﬂuﬁ?ﬂﬁﬂi’lﬁ]@y‘ﬂ‘ﬂ'@\‘lllﬂﬂﬂaﬂﬂ"‘ll'f]\?ﬁiuuﬂ‘.‘nm’ﬂ"lﬂuﬂﬂ'ﬂﬂ

S A @ o A g w W o oA o W & o
'Jﬂllﬂﬁuﬂﬁ'i@ﬁiﬂm]ﬂuﬂl@ﬂﬂﬁu[ﬂ HUUANEDIIFTN 1T UUDAFIDUA TUNUUTIUITLERVUIRAUDI

o anud1laiae 75 wodidus
Srumaiisintudanteunnsiialnezgmiin i dmsueeniuurssdansiziniud
uunildmdssnnuiegaue Falunseenuuuaieguds uenninmsdudanisuauriuduineed
msfudadeyaiudude lin ayuhiuitaie Tdeil
%umu?;‘%‘ HAR T - (Sine-phase difference algorithm)
FuneuSinamenoi-aimiten sz fusveailaisu £y Fuuminamand

wou-UagamiAuduaieiugfaidu £(7) awsodouiuaums Tadad

FWy= sin[fgi)—W (2.2)

a P

Fuyanumeindosmsizgadunsizd lnsninihsoulfgannmieanuiunuandum

au

A w a 7 o <
wourandoamsduniizy danaaaluglin 2,63

— DELAY 4\

o
A 4

Sin(TTW/i2)-W
ROM

-:; : e 1 o
UM 2.15 TupaudsHan13 01w e

Framdudiwes £() unumaiud sin( /2) mansaasdoulavoaenldgn

max{sin[%V—)—Wj) ~ 0_21max[sin(%V~H (2.3)

sziuitlutunouSTradamot-matiss Ha15aus¥099397 (Adden Fiususiaddu

14 2 09 wae

[sin[ ’TiV J _ W} W (2.4)
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5 : 2 4 ke o = o o
namsiduasuisnannni-waacunsnaaiwudavewsinldamdnnld  1ude

) N o ¥ o o = o v &
YAV DIH U AU DVE DA T LﬂuﬂﬁﬂlW’Nﬂiﬂﬂ!ﬂin‘WﬂTlllﬂi]%ﬁﬁ.l']'ifﬁ’ﬂ\i"luul‘ﬂﬁ’ﬂlu

: s s d
231 wﬂamﬁmmﬂa'ﬂmuﬂ (Sunderland algorithm)

:: ad @ o 4 o 1 u’;’ o w S oar . . o’/’
VUATUIDYUIADILAUA  QNUAIUIARDINYURDWITENYTU (Hutchison algorithm) YUADU

el ar ] o/ o 1 e = ar =3 '
Fdwasiuaudnndamiiou Taoedyaudailduninaasohadasandumudii G, b,

Ed

uaz ¢) fiall

sin (‘c) =sin (cz +h+ c) (2.5)
sin(a+b+c)=sin(a+b)cosc+cosacoshsine —sinasinbsine (2.6)
sin(a+b+c)zsin(a+b)+cc)sasinb (2.7

wazdgyanw sin{a+b+c) aunsomenvoon Wdsaumsh (2.6 uazszuioe1ldd
AUMSR (2.7) A1UE IR Fuae T mes tauananselusamieanud Iddlsza 11
o . o et o # ¥ a v ¥ ,

PMANMSA (27 mmsothtuneuIsFuwnesiaudn a1 aiuarsanas id Taamnia

HUAIANLS 100 AU UEDIEIUADHUIEA LT IMOY (Coarse ROM) lazHmud1azdoa (Find
] o = 1 =y . [ o =Y o 1

rROM) Tagnthsanudmmueznuaondiaes sin(a+8) uazniigmnudiazduaoznun

noulAgArad cos asin ¢ Aaaaaluzli 2.16

Cos(a)sin{c)

Leee—

E
ar

= ad o ¢ <
Juii 2.16 dune1TETwRB IR

ar d -l e - 9 1 a

24 ﬂ1‘5ET»Hﬂ‘51tﬂﬂ]1ﬂﬂ!!ﬂﬂﬂﬂﬂﬂﬂﬂ.’liﬂﬁf‘H‘H’Jﬂﬂ':l"m‘m
=1 o ar o o aa v 4 o & a Y A
iﬂﬂiTUﬁtLBUﬂﬂTﬂﬂNu“I.I’ENﬂ}'iﬁQLﬂﬂﬁ'ﬂﬂ’ﬂMﬂlLUUﬂﬂﬁﬁ]ﬂTﬂﬂT‘Hu?Uﬂ'ﬂlm? WIUVDETTE

\
Mdwfenunmueidyy wezivadivanuazBoavesuondiyanaznuisanuinarioen
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¥

¥ a et Sa & Y s v A g = v ¥
Amamsdyanaflaunwgandnduds s ldmbsanuiinna IngiRoduteuldyuesdyau s

' ’
=1 = b 1

a 4 v =t = 3
Tduranazazidoafiga danmsldmiroanudidunaluasziinaldanuirlumndity
WHEANT 1984, 19T HoanunUlvwR Tndu taziudidanueealw iy
A d o a Y o o s a aa [T a
Walumsudndoadaifeasamsdunitzinnuduuudiaoa lasldniasanuii Tu
o Y o o a a o o o aa PUIEY ¥ o
Witetidazeiuenanniahauve s dunnzianuduuuitasai lideldmioennud 4

mnsangiduitaneg Tddail

2.4.1 Tuperisnasan (CORDIC algorithm)

TuneuTTA03AN (Coordinate Rotation Digital Computer, CORDIC) Fuduaenisilely
My muldunI TAuAR (Trigonometric function) waztmnzaamsi1lUosnuuusinafauad
osnnnsdnna il ludunoudinetaniumms o 18035 msBeutazuin (Shiftand-add

operation)

T s) & (S cos(E)
e e
COERDIC
o 2y, (83) - ProTESSOr ¥, (S"sin( 82))

] v
=1 ar a oy e
s 217 msadadaaamoidisdiunanitnesan

= @ 3 o o o o oy o =
i 217 waselassadisvasmsad adugaaed Ingms leduneuisnesan &4

Y

in?

)

e &

a

= @ o o
dsznoudwdyaudune X Z, unsdyyoodne X, Y, Teedgge 7, i

in?

w A " o " o ’ P .
Foanawla werdundaeseidudyyaedwaanen (Sine) wazTawiond (Cosine) X, uaw

Y unzdnene X, wey ¥, Juadoyanemlfge mimunsodieuanuduiudsan i

oul £ a
¥ >
Y ar A

a a0 L)
WALz W RRBITunauIEaadan Tadall

qul = k[an COS(Zm ) - an Sin(Zm )] (2 18)
Y, =klY, cos(Z,) + X, sin(Z,,)] (2.19)

in in

T Gietis unzamz Idl¥nosanTusmasos (CORDIC processor) mihifmlnamiiediu
sUTwand (Polar form) MHiumiieylugdnisidun (Caresian form) didmualidoyniaduna

[ = ar  w T ] o [ d.y
Yin 161 0 szainsodeuaumsaninduiiis s b una 1adedl

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



ar

aussuanldganaranuivesdyyainduasniziaunsaaiuaildlaodyane X,
wag ¥, audny
2.4.2 m‘ifgmﬁaq’fau {(Complex multiplication)
L o o LA | oY =3 9 = s = a 30ed a
msdunsizddyaruneinis Inmsidiomigudsdeuiivdnmane Amualdldiuou

190U (Complex number) a9381UIUAD auaz b imdsaums

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

b= rz(cos f+ jsin ) (2.23)

2 o ;
Taw 7, waz 7, Wurnumsanmed o uaz f duyguvaainmeinnauniii (2.22)

Was (2.23) 51Tl ousan (Product) 404 @ uaz b luaums ladail
asb=r,r, [(cos ¢ cos f~sinasin f)+ j(cosasin f+cos fsin a)] (2.24)

4 ~ = s ar o a'., = c:i a
waziisifSoumeuauduRut el un19as Inaluaunmsi - (2.25) uaz (2.26) AU

A o o r o a 3 o oo as ¢e A V¥a o S
auns®l (2.24)  gmuldhimsgudwnuwd sy rs i nuindisiuesi mida o

Tnudiiave s (Angle) p1AUKAsINYBAYLVBIAIAMINDS LazTall (Radivs) IMALNARHYDY

Aagiln 2.18

PRI ER
sin{@ +v) = coswsinv + cos v sint w (2.25)
cos{(@ +Vv) =cos@cosy ~sinwsin v (2.26)
4
f""——‘— .
-”Pﬂ“ \b 3
4
@+
; ©
51 n X
,:;, o a o -
JUR 218 MIMPUNMADINDIMSAUBITOU 1D 1, =7,
o q ¥ o Lo = P 3o o A
Amualddiguding  Multiplien  Tuaumsn (224 aduazTidguaiiaes

k4
o ar 1

.o I Y ¥ 4PN
(Multiplicand) humvassadnivasmagunisnaumit sxdnnmesfannmsamaemyusany
‘ 1 i <o o - + o ' {
Tnaunilanedon M yuni it msadedyyaaedun: Tnneiifues Annuduea
o o o = w
Fayn 1 1Aanaszgni1nua Taam SR NAIaL NS
fﬂh‘f

=57 Jen (2.27)
A o A =t as =
Tag  Aeyuvoudnwoialnm uas [, AoANUIYEFY IMUIWMYeIs UL



]
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4.5 HANINAABINITHIIHYBS DDS OSCILATOR laalii5n15191ag (Lookup-Table)
4.5.1 mInageumIsuHaF Y ImHAENTAIDA1Y

34 Acqs
T

r

Tek SIIR SkS/s

fr—
==

R 1 chi Freq
: : : : j : 49.02 Hz

ch1 Ampl
10V

Ch1 Amp!
10¥

~W 10ms CRT 7 700mv
26 Jan 2006

22:26:29

n) jUuaasFeyanmmaennin g 50 Hz

Tek S[GIB 20kS/s 258 Acgs
H I T. 1
i L 4 E]
o chi Freg
i ‘ : : 200 Hz
Ch1 ampt}
10V
Ch1 Amp!
10V

ICh | R W zams CRT 7 S300mv
26 jan 2006
22:14:52

9 4 o4 44
1) JUnaasd N ad@naenTin1E 200 He




Tek HTEEE 50kS/s 41 Acqs
) r T

,_
PR
=

BN IV T W Tew CRT 74XV

26 )Jan 2006
21:56:20

s - a4 <
ft) Eﬂl&ﬂﬂ&ﬂmﬂﬁy]ﬂ!ﬁlﬂﬂﬂﬂﬂﬂ’ﬂuﬂ 500 Hz

Tek EIITiR 2MS/s 350 Acqs
B T

]
T

e

Ch1 Freq
20kHz

: : : : . 1 Low signal
<,.~ ...... amp"tude

: . Ch1 Ampl
- e e 9.6 V

K 26 Jan 2006
23:31:15

=

) sUneasFyanaudmmtonin g | kHz
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4" M IEHS CRT F 3V

1) Juarasdyendnaauiinivng 100 kHz

26 Acqs
T.

Tek HITHE 20M5/s

Jr=
el

M 23548 CRT 7 IV

. .
-

) yluaaadya ud@maanting 200 kHz

Ch1 Freq
100kHz
Low signal
amplitude

Ch1 Ampl
9.6V

cht Ampl
9.6 V

26 Jan 2006
23:34:56

Ch1 Freq
200kH2
Low signal
amplitude

Cht Ampl
9.6 V

Ch1 Amp]
9.6V

26 Jan 2006
23:38:06
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1 | e M 1as Chi~ 73V
. 4 4 4 4
1) JUnansdeyaadmaoyinnud 300 kKHz
Tek (YR 50MS/s 10 Acgs
: [ T b |
H 13 T P

3) sthuansdyaamyauufinud 400 kHz

Chi Freq
300kHz
Low signal
ampiitude

Ch1 Ampl
9.6V

26 jan 2006
23:43:34

Chi Freq
400kHz
Low signal
amplitude

Cht1 aAmpl
9.6V

26 Jan 2006
23:46:320



Tek HITIE 50MS/s 4 Acgs
i [ T

-
=

Ch1 Freg

S00KHz

! : . : . : i : . Low signal

R C R amplitude

Ch1 ampl
9.6V

Ch | - — ™M 1S €T F 3V
26 Jan 2006
23:51:19

) jiluansFyana@mdsuiininui 500 kHz

,..
[

Ch1 Freq
600KHz
: . ‘ 4+ Low signal
7 amplitude
Ch1 Ampl
9.6V

.......

26 Jan 20906
23:54:49
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Tek GG 10kS/s

Cht Freq
99.67 H2
i : . Low signal
: e e . P ...... " amplltl.lde

7.4V
. : 5 : - ; {1 Unstable
g : . . . 1 : . . . ] histogram

(=]

27 Jan 2006
11:21:4

n) julnreaFaamumanunn L 100 Hz

Tek EIXIER 50kS/s 17 Acqs
i - T

T 1

| -

Ch1 Freq
500 H2
Low signal
amplitude

Cht Ampl
5.4V
Unstabie
histogram

27 Jan 2006
11:26:09
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Tek ETGJiE s0kS/s 2252 Acqgs
; T

f
i I

E

Ch1 Freq
1kHZ
Low signal
amplitude

Ch1 Ampl
B8V
Unstabie
histogram

-

B35V T W Tms CRT 3TV

27 Jan 2006
11:29:32

y .
) puuasdeumuvdaufinnud 1 kiz

Tek HEGEITE 5MS/s 35 Acgs
- T.

e

Ch1 Freq
30kH2
. . . 4 Low signal

chi ampl
4.2V

Unstable

histogram

A

Em; Sy —— M';m's‘ic'hlgf"””aﬁ
a 27 Jan 2006
00:19:38
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Tek SIGIZH 5MS/s 81 Acqs
: I F
B L

|

‘ : : { Ch1Freq
‘ ! : ) : 40kHz

. . 1 Low signal
; amplitude

Cch1 Ampl
3.4V
Unstable
histogram

Em': R g s R I00RY
a }gr;n ar 2006

2) Jnaasiag I amustening 40 kHz

Tek STdHE 2MS/s 10 Acqgs
f

]
i

Ch1 Freq
S0KHz
Low signal
amplitude

Chl Ampl
,,,, 1.6V

*\f\/\/\/\/\ﬂ/\/\/\/\/\vw%sm

t[g:ll' Ryt s ORI
27 Jant 2006
00:40:47
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Tek HTR 10MS/s 31 Acgs

)

Chi Freq
100kHz
, . : » . i : : : - 1 Low signal
................. ,, amp“tUde

e e e e 6V
: ) : : . ! : : d Unstable
: : : I . x . i . . 1 histogram

G | IR R 1T o 1 R A 0 W

27 Jan 2006
11:41:03

¥) suanedyanamunntoufini1a 100 kHz

Tek I 20MS/s.

-~

Ch1 Freq
200kHz
i . : : . . . ‘ ] Low signal
- .:n,- amplltude
Ch1 Ampl
6V

uUnstable
histogram

' am— Mﬁai—f'é%’h’f A e
ch ! 2V i . 27 Jan 2006
11:44:51
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Tek HGJE 20MS/s

A

i

M 23Es CRT 7

=

) Julnaasdy @ niontinouE 300 kHz

Tek HIJE 20MS/s

211 Acqs

{ad

5V

a) JUneaaadyey

W IZps ChRT 3TV

a o =
I MNHABHNAITING 400 kHz

Chl freq
300kHz
Low signal
amplitude

Chl Ampl
8.8V
Unstable
histagram

27 Jan 2006
00:30:48

Ch1 Freq
400kHz
Low signal
amplitude

Chl Ampl
B8V
Unstable
histogram

n 2006
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Uiy,
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Tek 5KS/s 15 Acqs

e

1
1

13

Ch1 Freq
50 Hz
Low signal
amplitude

Ch1 Ampl
6.6V
Unstabie
histogram

15 Mar 2006
13:.34:23

) siluasadynavhatosfinng 5o Hz

Tek SR 20kS/s 63 ACgs
: T

13

I
Y vt

Ch1 Freq
100 Hz

) : : i ‘ 5 ) ‘ . } Unsiahle

SEEE R EERRRE S Histogram

Cht Ampl
8.56V

Unstakble

‘ 3 histogram

15 Mar 2006
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Tek HITIH 50ks/s 10 Acgs

r 1
| T -+ i

Ch1 Freg
500 Hz
Low signal
amplitude

Chi1 Ampl
8.6V
Unstable
histogram

Mar 2006
4

13
13:46:34

Ay JuemadFyanaiudesfinui 500 Hz

iy

Ch1 Freg
1kHz
Unstable
histogram

Ch1 Ampl
3.64 V
Unstable
histogram

Ch | [ M Z30@S CAT 7 520mV

15 Mar 2006
13:48:36
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Ch1 Freq
: ‘ : : 100KkH2

‘ ‘ . . { Low signal
,‘ ‘‘‘‘‘ P E amp”tude

Chl Ampl
2.16 ¥
Unstable
histogram

R L | e T o

15 Mar 2006
14:01:18

3
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1) jlueaidyaaudeniinud 100 kHz

Tek SR 20MS/5 260 Acqs
: T

F
1§ I

T} g

Ch1 Freq
200kHz

Cht Ampi
4.96 ¥

WM 23Hs ChT 7 320mv
15 Mar 2006
14:03:55
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Tok BETE 10ks/s

d

12 Acqs
T

nignnmaadaguFouheviu

as

g

=

ar d = Ry
n) stiaaadmauesiiaNNE 100 Hz 910015131104

Tek SITEY 10MS/s

WM Sms CRT 7 520mV

i

VR

[ dn:i lzi = ~
v} juluaasdmanueneiinnud 100 Hz nnlwaludos

WM SEs CRT 7 —40mv

2 v
Fertu e laa1n

Ch1 Freq
99,05 Hz

Cht Ampl
9.68V

15 Mar 2006
18:08:33

Ch1 Freq
100kHz
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Tek EI{H 100kS/S 64 Acgs
E 5 T h |
: E r i |
Chi Freg
300.3 Hz
- : : : Low sighal
e oo o n o amplitude
i : : ' : i chl Ampl
9.6V
1Ch | S v — MSOoEE CRT 7500V
H 15 Mar 2006
18:12:19
s dﬂ; - £
a) juuanadrveriodnned 300 Hz amsiaitiag
Tek SIGIEE 20kS5/s 8 Acgs
| I. T 1
F L T T
..................... Chi Freg
300 He
ch1 Ampl
5,92V

W ZVA T MZsms CRT g —aomv
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Tek EITif 100kS/s 93 Acqgs
H I T I
! L r J
................................ Chi Freq
500 Hz
: : ‘ 41 Low signal
.................... ‘ amplitude
: : : 1och Ampl
9.6V
ICi1 | -y MS005s Ch1— 7 T00mv
15 Mar 2006
18:04:15
ar Jd’ Ell =
) junrasFaI MBI NnINE 500 Hz inmisiailag
Tek ST 50kS/s 13 Acgs
! I.T. 1.
‘ Lt L
................ Chi Freq
500 Hz
Ch1 Ampl
5.92V

M ZVh M Tms CRT 7 Sdomv
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Tek HGIH 100kS/s 14 Acqgs
f T 1
L T

¥) Jlnaafyginsniinnud 700 Hz vinamsiiag

29 Acqs
T

Tek S0ks/s

e

1 i
4 i

ECh | R R

WM TR CRT 7 =ROmV

. 4 4 Ay, a
) uuadnaaasiinneg 700 Hz snTwaluidion

Cht Freqg
700.3 Hz

Chi1 ampl
9.84 v

Ch1 Freq
700 Hz

Ch1 Ampl
5.84 V



Tek STIE 200kS/s 46 Acqs
: T T 1
i L 4 1

1Ch | BRI

M 230K ChT F 500mv

) JuerasdFryanuanediinnad 900 Hz mnms1ailag

Tek HTE 50kS/s 20 Acqgs

—

M Tms CRi~ 7 —§omV

) JulnresFyanuauiinnud 900 Hz ainTwaludian

— —
oo
=g

Cht Freq
800.6 HZ

Ch1 Ampl
9.84 V

3:33

Ch1 Freq
900.1 H2

Ch1 Ampl
5.92Vv

ar 2006
0:27

T
-2

ar 2006
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Tek HEE 200kS/s 15 Acgs
e T ]
..................................................... Ch1 Freq
1kHz
ch1 Ampl
9.84 V
WSV W 2s05s ChT 7 S00RY
H 15 Mar 2006
18:20:43
) snrasdyaumiinnud 1 kEz ninmsiilag
Tek SGIE 50kS/s 114 Acqs
£ T ]
.......................................................... Ch1 Freq
1kHz
Ch1 Ampl
5.92 V
101 | R L — M Tws CRT 7 —%omv
’ 15 Mar 2006
11:13:34
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Tek HITH 500kS/s 44 Acgs

e

Ch1 Freq
3.007kHz

Ch1 Ampl
9.84 V

W 3Vh T "W id0ous ChT 7 so0mV

3 Mar 2006
8

1
18:24:39

) UuansFaygiameniinnug 3 kHz anmailag

Tek SR 200kS/s 43 Acqs
I ”
L L | 1
................................................ Chi Freg
3kHz
Ch1 Ampl
3.76 V
2| E—RLY
ci 1 15 Mar 2006
11:23:12
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Tek SR 1MS/s 42 Acqs
! { R
— EN -
................................................. Chi Freq
SkHz
: : Cht Ampl
i ) 9.84 V
1Ch | S A — SO OR T S00mY
H 13 Mar 2006
1R8:26:48
s d'd‘ A =
) namId Ry IMeIsURn NG S kKHz nmiTalag
Tek SITIH 500kS/s 213 Acgs
H I 4 1
H L I J
................................. Chi Freg
S5kHz
Cht Ampl
3.76 V
;T — M T00ps Ch1 7 domv
ICh 1 H 15 Mar 2006
11:28:12
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Tek HIIH 2MS/s 122 Acgs
i i
..................................... Chi Freq
10.05kHz
: . : . - . . . . | Low signal
: : : : - : : : : ch1 ampl
96V
i | [T Y T I 1T o N O A1 TV T 1%
13 Mar 2006
18:35:22
[¥) dql. :i =
q) Juaasdananeiinnug 10 kHz ainmistiilag
Telk EGIE 1MS/s 108 Acas
i I T 1
H [ 4 ¥ ]
......................................................... Chi Freq
10kHz
Ch1 Ampl
5.6V

1

B VR T WM 50hs ChT 7 a0mv

15 Mar 2006
11:36:18

) i danuaeifinnud 10 kHz anTwaluisies

88



89

Tek STy SMS/s 45 Acqgs
................. Chi Freq
30.01kHz
Chi Ampl
9.84 V
H 15 Mar 2006
18:37:53
&) lurasFgnarneifinnud 30 kiz namsuilag
Telc EIIEE 2MS/s 16 Acqs
[-F }-
Ch1 Freq
30kH2z
Ch1 Ampl
5.68 V
Ch 1 VAT W i CAT 7 —40RW
K 15 Mar 2006
11:42:43
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Tek BGIH 10M5/s 21 Acqs
[ —
....... Ch1 Freg
S0kHz
Ch1 Ampl
9.68V
iCh 1} SV M S5 CRT 7 500mv
15 Mar 2006
18:40:41
(¥ dd‘ ci - =y,
5) Jlierasiyanamsifinnug 50 kHz mamaailag
Tek ElEtH S5MS5/s 24 Acqs
i I T ]
i T v 1
Ch1 Freq
S0kHz
Ch1 Ampl
5.68Vv
®A3IVhR T M T0js CRT - F  —d0mv
15 Mar 2006
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Tek HIEE 10MS/s 18 Acqs
H . T 1
H L ¥ T
.......................... Ch1 Freq
100KkH2
: ‘ + Low signal
: : ' { ch1 Aampl
9.6V
B SV WSS KT 7 S00WV
a 15 Mar 2008
18:45:30
[¥) n':i d' =
v) jluamadyanaaaninug 100 kHz ninmatag
Tek FHis"E 10MS/s 16 Acqs
i T ¥
——— )
.......................................................... Chi Freq
100kHz
Ch1 Ampl
5.76 V
-
BN IV WSS CRT 7 =S0RW
H 15 Mar 2006
13:17:30
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Tek SR 50MS/s 15 Acqgs
[ T 1
................................ Chi Freq
300kHz
{ Low signal
-1 amplitude
| ch1 ampl
9.6 V
R S\a’f\, ..... M]sCh]ISOUmV
cl M 15 Mar 2006
18:47:44
W) JUuanIF e ammifianug 300 kHz 9inmsuilng
Tek H{H 20MS/s 48 Acqs
[ T ]
Ch1 Freq
300kH2
Ch1 Ampl
5.68 V

B 2ZVh M Z.3ps CRT 7 =30mv
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Tek HGLE 100MS/s 70 Acgs '
: I T. 1
H L L] 1
............. Chi Freg
S00kH2z
Low signal
"""""""" amplitude
Chi ampl
9.6V
15 Mar 2006
18:50:01
[¥) dd‘. - -
W) JUiasFrganumioinnmug 500 kHz ninaisiilag
Tek HGITE 100MS/s 42 Acqs
i I T
H L 1 L)
Ch1 Freq
300KkH?
Ch1 Ampl
3.32V
Y SVR T S0URe ChT 7100V
13 Mar 2006
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Tek SIO5E 200MS/s 155 Acgs
; [ T 1
; t t }
Ch1 Freq
1.001MH?Z
Ch1 Ampl
8.4V
IV T IsoRs  CRT T 40V
e 15 Mar 2006
18:53:49
) jluansFyaiwsiinnagd 1 MHz onainadlag
Telk STBR 200MS /s 58 Acqs
: T T 1
h L T p)
.................. Chi Freq
1MHz
Ch1 Ampl
4.88 v
Y 2VN . M 250Rs CRT 7 -domv
15 Mar 2006
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£ T 1
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u) JUuamaiyegnamoininnud 2 MHz a1nmatlag
Tek SR 500MS/s 13 Acqs
; I T ]
H ! Jd
............. Chi Freq
2MH2
chil Ampl
3.16 V
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15 Mar 2006
12:37:43
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Ch1 Freq
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Chl Ampl
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1.Module Div_2500

library IEEE;

use IEEE.STD_LOCGIC_11é&4.ALL;

use IEEE.STD_LCGIC ARITH.ALL;
use IEEE.STD_ LOGIC UNSIGNED.ALL;
entity Div_ 2500 is

port
{ Clk_in :in std logic;
Clk_out :out std_logic
)i
end Div_2500;
architecture rtl of Div_2500 is

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

2.Module sereal com

lipbrary IEEE;

use IEEE.STD_LCGIC_ 11&4.ALL;

use IEEE.STD_LOGIC ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity sereal com is

port {
BAUD_RATE :in std_logic;
RX :in  std_logic;
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, 5top);
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 Ideli=:>RX_EN<='0";
if RX='Q" then
RX Data Count:=0;

State RX <=zReceiveData;
El=se

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«=Stop;
Else
Buffer RX(RX Data Count; :=RX;
RX_Data_Count:=RX Data_Count+1;
State RX<=RecelveData;
end if;
when Stop=>RX Data Count:=0;
data_rx<=buffer_rx;
RX En<='l"';
State R¥<=Idel;
when others =»>RX_Data_Count:=0;
RX _En<='0"';
State RX<=Idel;
end case;
end if;
end process ;
end rtl;

3.¥odule swit puls

LIBRARY IEEE;

use ieee.std_logic_l164.all;

entity Cnepulse is

port (Clk 1in std_logic;
SW :in std legic;
SW_Single Pulse:out std logic);

end Onepulse; a

architecture rtl of Onepulse is

signal sw_debounce_delay:std logic;

begin a
praocess (Clk)

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

entity RANDOM is

port ¢ Clecck : in std logic;
RANDOM_out : out std_leogic_wector {11 downto 0)
)
end RANDOM;

architecture Behavioral of RANDOM is

signal reg : std_logic_vector{ 31 downto 0);
signal feedback:std_logic;
begin

process (Clock, reqg, feedback)

begin

if( Clock'event and Clock = '1l' } then
if reg="00000000000000000000000000000000" then

reg«<="0000000000000000000C000000000001";

else
reg(31 downto 12)<=reg(30 downto 11);
reg(ll)«<=reg(l0)xor not feedback:
reg(10) <=reg{(9) xor not feedback:;
reg (%) <=reg(8) xor not feedback;
reg(8) <=reg(7);
reg{?7) <=reg(6};
reg{s) <=reg(S);
reg(5) <=regf(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«=reqg (31} ;
end process;
RANDOM cut<=reg(31l downto 20);

end Behavioral;
5.Module select input

library 1EEE:;

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 : cut std_logic);

end ;
architecture behave of select_input is
signal k : std_logic;
begin
process (sel, input_comm, input_mcs!
begin
k<=sel ;
if{k='0"'}then
out_put<=input comm;
else
out_put<=input mecs;
end if;
end process;
end behave;

6.Module DEfE

library IEEE;

use IEEE.STD LOGIC_11é4.ALL;

use [EEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;
entity DEf is

port ( en iin std_logic;
ip :in std_logic_wector (7 downto 0);
sel _mux :out std_logic_vector(2 downto 0);
sel :out std_logic_vector (1 downto 0);
out_fre rout std_logic vector (31 downto 0)
)i

end Dff;

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='1l' then
if count_rx < 4 then
count_rxX:=count_rx+l;

Lufle=ip;
bufZ<=bufi;
buf3i<=butz;
buf4«=bufi;

else
count_rx:=0;
out_fre<=buflsbufzebufigbufa;
sel_mux(2 downto 9} <=ip(4 deownto Z);
sel {1 downto 0)<=ip(l downto 0);

end if;

end if;
end process;

end rtl;

7.Module DEf com

library ieee;



use ileee.std logic_1164.all;
entity Dff com is

port { en 1 :in std_logic;
ip 1 iin std logic vector (7 downto G);
sel_mux rout std logic vector ({2 downto 0);
cut_fre rout std_logic vector (31 downto C));

end Dff com;
architecture rtl of DEff 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,bufé,buf?,bufs: std logic vector (3
downto 0} ;
signal z1,z2,z3,z4:s5td_logic vector{ 7 downto 0};
begin
p0:processf{en_1,ip 1)
begin
- if en'event and en='l' then
case ip 1 is

when "00110000" =>data <="0000";--0

when "00110001" =>data «="0001";--1
when "00110010" ==data <="Q0010";--2
when "00110011" =>data <="0011":--3
when "00110100" =»data <="0100";--4
when "00110101" =>data «="01l01L";--5
when "00110110" =»data «="0110";--6
when "00110111" =»data <="0111";--7
when "00111000" =»data <="1000";--8
when "00111001" =s»data <="1001";--9
when "01100001" =>data <="1010";--a
when "01100010" ==data <="1011";--b
when "01100011" =>data <="1100";--¢
when "01100100" =>data <="1101";--d
when "01100101" =>data <="1110";--e
when "01100110" =sdata <="1131";--f
when others=>data<="0000";

end case;

--end 1if;

end process p0;

pil:process(en_1,data)

VARIABLE count_rx : integer:=0;

begin

if en_1l'event and en_1='1l' then
if count_rx < 8 then
count_rx:=count rx+1l;
bufl<=data;
buf2<=bufil;
bufl3<=buf2;
buf4<=buf3;
bufS«<=buf4;
bufé<=bufs;
buf7<=bufs;
buf8<=buf7;
else

0;

bufs;

bufs;

bufa;

buf2;

count_rx:
zle=buf?
z2<=bufs
z3l<=bhur3i
zd<=bhufl
zh<=data;
end if;
end if;
end process pl;

ool



out_fre<= z4 & z3 & z2 & zl;
sel mux<=z5(2 downto 0);
end rtl;

8.Module selec data

library iese;

use ieee.std_logic_1164.all;

use ieee.std logic unsigned.all;
entity selec_data is

port ( data : in std_logic _vector ({7 downto 0);
sel 1 : in std_logic;
output_mecs : out std_logic_vector (7 downto 0);

output_com : out std logic vector (7 downto 0)};
end ;
architecture behave of selec_data is
signal k : std _logic;
begin
process(sel_1,data)
begin
k<=sel 1;
if{k='0"')then
output_ccm<=data;
else
output_mcs<=data;
end if;
end prccess;
end hbehave;

9.Module data

library ieee;

use leee.std logic_1164.all;

use leee.std logic_unsigned.all;
entity data is

port { sel 1 i in std legic;
mux_com + in std_logic_vector{2 downto 0);
data_com : in std_logic_vector {31 downto 0);
mux_mcs : in std_logic_vector (2 downto 0);
data_mes @ in std_logic vector (31 downto 9);
mux_sel :out std logic_vector ({2 downto 0);
data_in :out std logic_vector {31 downtc 0});

end ;

architecture behave of data is
signal k : std legic;

begin
process(sel_l,data"com,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 leee.numeric_std.all;

uge ieee.std logic_unsigned.all;

entity lut is

port { clk : in std_logic;
rst : in std_logic;
sel : in std legic _vector (1 downto C);
freq_data: in std_logic_vector {31 downtoc 9);
dout : cut std logic_vector{ll downto 0)
) ;
end lut;

signal address : unsigned( 9 downto 0);

signal doutl,dcut2,dout3 : std logic_vector (15 downto 0);
signal result : std_logic_vector (15 downto 0);
signal resultl : std_logic_vector (15 downto Q) ;
signal gl,4q2, 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 vecteor{3l downto 0);

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

acocum<="00000000C00C00000C000D00000000000";
elsif clk'event and clk='1'then
accum<=countl + accum;
end if;
end process;

process {accum)
begin
if accum({30) = '0' then
address <= unsigned ( accum {22 downto 20});
else
address <= unsigned (not accum (2% downto 20)];
end if;
end process;
out _sgure:process( accum)
begin
if accum(31) ='0' then
doutz <= "11311111111311111";
else
dout2 <= (others => '0');
end if;
end process;
lookup sin:process (address,sign)
subtype slv7 is std logic_vector {15 downto 0};
Lype romlC24 is array (0 to 1023 } of slv7;



variable sinus_rom : roml024 :=/{

"0Q000000G00GC00QQG0O", "Q000C00000000G000, "00Q0C0000000C00000, 00000000000
gocCon,"00000GOCOQOQ0COLY, "OOC0QO000000000GC01 ", "0000000000000001", "0000
occoocoocO10", "COOOOOCOCOOCO0OLIO, M"00Q0OOO0O0COQQOQCO1L™,
"ogooo0000OCOO01ICO","000Q000C0O0O00OC0O1OL","0000000000000210","*00000000000
00111","000000000C0O01000", "O0000000C0001001","0000000000001010","0000
000000001011","0000000000001300","00000000000011120",
"gocQco00QOCQO1121, "0000000000010001","0000000000010011","00000000000
l10100","C0Q00000C0O0O0O10110,"000000000C011000™", *Q00C00C0C0011010"," 0000
cooooQC11100","0Q000000000012210","000QC000000L00000",
"0000000000100011","0000000000100101","0000000000100111"," 00000000001
Q10l1lo","0000000C00101101","0000000000101111","0000000000110010", "0000
0000001101017, "0000000000111C00", "0600000000111011",
"00000Q000000111110","0000000001000001","00C0000001000100","00000000010
00111, "0000000001001011" "0000000001001120","C0000C0001010010", 0000
000001010101","0000000001021001","00000000010111201",
"00000000012100000","00000000011C0100","0000000001101000", 00000000011
01100","0000000001110000","0000000001110101","000000000111100%","000C0
000001111101","0000000010000C10","000000001C000120",
"20000000120601011", "0000C00CI00C01111™, "0Q00000010010100", "O00000000100
11601","0000000010011110","0000000010100012","0C00000010101000",%0000
000010101101","0000000010110010", "0000000010110121 Y,
"00Cc0000020111101","0000000011000010","00000000110G1000","00000000110
031101","00000000110100131","0000000011011C01","0000000012011110"," 0000
000011100100","0000000011101010", "00C0000011110000",
"0000000011110110","0000000011122101","0000000100000011",""0C000001000
0lo01","0000000100010000","000000C100010110","0000000100021101","0000
000100100011","00000001C0101020","0000000100110001",
"0000000100121000","0000000100111121",*0000000101000110", 00000001010
01101","0000000101010100","0000000101011012","0000000101100011","0000
000101101010”, *000000G1G61110010", "00000GA101111001",
"0000000110000001","0000000110001000","0000000110010000", "C0O000001100
11000","0000000110100000","0000000110101000","0000000110110000", "0000
000110111000","0000000111000001","000000C111001C01",
"0000000111010001","0000000111021010","C000000111100010","Q00000001111
01011","0000000111110100","0000000111111101", "0000001000000101","0000
0olocoo0Clllo","000000C1000010111","C000001000100000",
"Qooo001000101010","0000001000110011","0000001000Q111100", 00000010010
0011o0","00000010010¢1111","0000001001C11001","0000001001100010","0000
001001101100","0000001001110110%,"0000001001211111",
“0000001010001001","0000001010010011","0000001010011101",*00000010101
01000","0000001010110010",*0000001010111100%, "0000001011000110%, #0000
001011010001","0000001011011011","0000001011100110",
"0000001011110001","0000001011112011","0000001100000110","00000011000
10001","00000011C0011100","0000001100100111", "0000001100110010", "0000
00l1o00111110","0000€01101001001","0000001101010100",
"0000001101100000","0000001201101011","0000001101110111", 00000011100
0oolom","0000001110001210","0000001110011010", "0000001110100110", 0000
001110110010", "0000001110111110", "00000C1111001010",
"0000001111010130","0000001111100010","0000001111101111", 00000011111
11011”,”0000010000000111”,"0000010000010100",“0000010000100001“,"0000
0lo000101101","0000010000111010","0000010001000111",
"00£0010001010100","0000020001100001","0000010001101110", 00000100011
11011","0000010010001000","0000010010010110","0000010010100011",”0000
010010110000“,"0000010010111110“,“0000010011001100",
*0000010011011002","0000010011300111","0000010011110101", 00000101000
00011”,"0000010100010001","0000010100011111”,”0000010100101101”,"0000
010100111011”,"0000010101001001”,“0000010101011000",
"0000010101100110“,“0000010101110100",”0000010110000011","00000101100
10010",”0000010110100000",”0000010110101111",“0000010110111110",“0000
010111001101",“0000010111011100”,”0000010111101011",



"0goo0010111111010", 0000011000001 ¢c01 ", "000001100C00C11001"," 00000110001
01o000","0000011000110111","0000011001000211","000001100101C110",*0000
0licolilo0O1l10"™,"*000001IIOCI2201I1C",*0000012020000120",
"Qp0001101001Cc110","00000131010200101","0000011010110120","00000110110C
6¢1io","0000011011010110%,"0000021011100210",*0000011011110110","0000
0111000001311","000001110002012121","0000C0111001C1000",
"0000011100111000","0000011101G601001,"0000021201021010", 00000111011
o1¢11","00000111011112011","0000011110001100","0000011110012101","0000
61iiioloriiiv,™0oCO0O11111000000","0000011111010001",
"0000011111100010","00000121111110100","0000100000000101"," 00001000000
i10111","0000200000101000","00001000001120120", "0000100001001100", "0000
1¢000101131130","0000100001110000","00C00100010000010 ",
"Qo0C100010010100","0000100010100110","0000100010111000", 700001000110
61010","€0001000110621101","000010C011101111", "0000100100C00010", "0000
100106010100","0000100100100111","0000100100112100C1",
"0Q00100101001100","0000100101021211","0000100101110010","C0001001100
6oio1","C000100210011000","0000100110101011","00002100110111110","0C00
100111¢1€010","0000100111100102","0000100111111000",
"0000101000001100",*00001010004611111"%,"0000101000110021","00001010010
0o0111","0000101001011010","0000101001101110", "0000101010000010","0000
101010C10110","0000101010102010","0000101010111110Q",
"0000101011010011","0000101011100111"7,"0000101011111011","00001011000
10¢00","0000201100100100","0000101100111001","0000101101001101","0000
101101100020","000010110212¢0111",""0000101110001011",
"go000101110100000","0000101120110101","00002101111001010","0C0001011110
11111","Q000101111110101","0000C110000001020","0000110000011111",%0000
1i10000110101","0000110001001010","0000110001100000",
"0000110001110101","0000110010001011","000011001C1000C1","000012100101
i6110","0000110011001100","0000110011100010", "0000110011211000", "0Q00
11¢100001110","000011010010Q0100","00001101001114011",
"0o00110101010001","0000110101100111","0000110101111110","000011011.00C
10100","0000110110101011","0000110111000001","0000110111011000", 0000
lio011210112111","0000111000000120","0000111000Q121201",
"0000111000110100","0000111001001011", "000011100110Q010","00001110011
lip01l","C000111010010000","0000111020101000","0000112010111111","0C00
111011010110","00001110111011210","0000111100000110",
"0000111100011101","0000111100110101","0000111101002101","00002111011
0Q101","0000111101111101"%,"0000111110010101","0000111110101101","0000
111111000101","0C0O0111211011102","0000111111]110101",
"0001000000001110","0001000000100110","0001000000112110","00010000010
10111","00010000012110000","0001000010001000",*0001000010100001","0C01
00001l0111010","0001000011010011", "0001000011101100",
"0001000100000101", *0001000100011110","0001000100110111", 00010001010
1i0000","0001000101101001","00010C01100000C11","0C01000120011100","0001
0o0l1i0110110","0001000111001211","00010001111¢01001",
"oo0010010Q0000010","0001001000011100","0001001000110110","00010010C10
10000","0001001001101010","0001001010000100", "0001001010011110","0001
001010111000","0001001011010010","00010010111011.00",
"C001l001100000111","0001001100100001","0001001100111100","00010011010
10110","0001001101110001","0001001110001011","00010011101C00110","0001
0o111l100Qo0Q1","00C1001111011100","00010011121110111",
"0001010000010010","0001010000101101","0001010001001000", "00010100011
6¢011*,%0001010002111110",%0002.010010011010%, "0001010010110101", 0001
0l10011010000","0001010011201100","00010101000C1C00™",
"0001010100100011","0001010100112111","0001010101011011","00010101011
10111","0001010110010010","0001010110101120","0001010111001010","0001
010111100110*,"0001011000000011","0001011000011111",
"0001011000111021","0001011001010111","0001011001110100","0001011010¢
10000","0001011010101101",”0001011011001001”,"0001011011100110","0001
011100000011","0001011100100000", "0001011100111100",



"00601011101012001","0001011101110110%,"0001011210010011","00010111101
10o000","0001011211C01110","C001012111101011","000110C0000010C0", "0001
100000100110","0001100001000011","0001100001100000",
"G001100001111110","0001100010011100","0001200020111C01Y, 00011000110
16111","0001100012110101","0001100100010011","0C01100100110000","0001
100101¢0Q1110","00011001C1101101","00011C001100C1011",
"000l1l1l00110101001","0001100111000111",*0001100111200101", 00011010000
go100","0001101000100010","0001101001000000", "0001101001021111","0001
101001131110","0001101010011200","0001101010112011",
"0001101011011010","00011010213113001%,"0001101100010121*,"00011011001
10110","00011011C1010201","0001102101210101", "0001101110010100", "C001
l01110110011","0001101111010010","0001101111110001",
"0001110000010001","0001110000110000","0001120001020000%,*00011100011
01111*,"0001110010002111","000111001010211.1","0001110011001110","0001
110011101110","0001110100001110","0001110100101110",
"0001110101001110","0001110201101110*,"0001110210001110%,"00011101201
0zilo","0001110111001110","0001110111101111","0001111000001131","0001
111000101111","0001111001010000","0001111001110000",
"0001111010010001","0001111010110010",*0001113011C010010%,"00011110111
10011","0001211100010100","00011111003101C1","0001111101020110","0001
l11101110111"™,"0001111110012000","0001111110111001",
"0001111111011010","00011113111111011","0010000000011100","00100000001,
11110","0010000001011111","0010000010000000","0010000010100C10","0010
00001l10c0100","0C1000001110C0101","0010000100000121",
"00100Q0100101001L","Q01000010100101C","0010000101101100%, 00100001100
01110","0010000110110000","0010000111010010", "0010000111110100","0010
001000010110","0C10001000111000","00100010010110121 ",
"0010001001111101","001Q0001010011111","001C00101100001L0Y,%00100010111
goio00","0010001100000111","0010001100101001", "0010001101001100","0010
001101101111","0010001210010001","0010001110110100",
"0010001111020111","00Q210C01111111010","00100100000111201%,%00200100010
00000","001C010001100011","0010010010000110","00100100101010CG1",*001Q
010011001100","0010010011120000","001001010001Q011",
"¢010010100110111","0010010101011010",7001001010111113310", 00100101101
0o001","0010010111000101","0010010111101000", "0010011000001100","0010
011000110000","0010011001020100", "0010011001111000C",
"0010011010011100","00100110110000C0","0010011011100100%, 30100111000
01000","0010011100101100","001001120101C000", "0010011102110160", "0010
¢11110012001","0010011110111101","0010011111100010™",
"0010100000000110","0010100000101011","Q010100001001111","00101000011
101¢0","0010100010011001","0010100010111101", "0C10100011100010","0010
100100000131","0010100100101100","0010100101010001",
"0010100101110110","0010100210011011","0C10100111000000Y, 00101001111
00101","0£10101000001010","0010101000110000","0010101001010101", 0010
101001111010","0010101010100000", "0010101011000101",
"0010101011101011","0010101100010000","0010102,1001101160","00101011010
11100*,"0010101110000001","0010101120100112", "0010101111001101","0010
10111111¢011","0010110000011001","0010110000111111",
"0010110001100101","C010110010001011","0010110010110001", 00101100110
10111",“0010110011111101“,"0010110100100100“,"0010110101001010","0010
1101€1110000","0010210110010111","0010110110111101",
"0010110111100100","0010111000001011","0010111000110001","00101110010
11000”,"0010111001111111”,"0010111010100101",“0010111011001100“,”0010
111011210011","0010111100011010","0010111101000001",
"0010111101101000","0010111110001121","0010121110110110","00101111110
11101“,"0011000000000101“,”0011000000101100","0011000001010011",“0011
000001111011","0011000010100010","0011000011001001"
"0C¢11000011110001","00110001000110C0", "0011000101000000","00110001011
01000”,”0011000110001111”,"0011000110110111","0011000111011111","0011
001000000111","0011001000102111","0011001001010111",



"0011001001111111","0011C¢01010100111","00110010110C2111","00110010111
101141r,"0011001100022172, 00110021 01000222",70011001101101121","0011
001110011000","001100111200000Q", *00C1100111110100C1",
"00110100000100C1","0011010000111001","00110100¢110001¢C","0C011C100100C
01011","001101001C0110011","0011010011011100","0011010100000201","0011
0iclpo0101101","0011010102010110","0011010101111121",
"0011i0101101010Cc0™,"0011010111010001","0011010111111010™, 00110110001
¢o01l1-,"00110211001001100","00121011001110101","0C611011010C111210","0C11
011011000211","001101101111000Q1","0011011100011010",
"ggdlro01l1l1c01lg¢0C011","00110111011021202","001101112001012¢C","00110111110
¢oo000","00110111121101001","0011100000010011","0011100000111100","0011
100001100110","0012100010010000", "0011100010111001",
"0011100011100011","00211100100001101","0012100100110111","00111001011
00001","0011100110001011","0012100110110101","C011100111012111","0011
101000001001, *0011101000110012","0011101001011101 ™,
"0011101010000121","0011101010110001","0011101011012100","00111071000
00110","0011101100110000","0011101101012031","0011101110000101","C011
101110210000","001210111210131010","C011110002000101 Y,
"0011110000101111","0011110001012020","0011110010000101","00111100101
01111","0011110011011010", "00111101C0000101","0011110100110000","0011
110101011011","0011110110000110","0011110110110001",
"0011110111011100","0011111000000221","0011111000110010","00111110010
iligri","0011111010001000","0011111010110011","0011111011021111","0011
111100001010","0011111100110101","0011111101100001",
"00111111190001100","00112111220121000","0011111111100011","01000000000
01111","0100000000111010","0100000001100120","0100000010010001","0100
o¢oolo1111e1t,"*0100000011101001","0100000100010100",
*0100000101000000",™0100000101101100","0100000110011000", 010000012110
0C100","0100000111110000","0100001000011100","0100001C01001000","0100
001001110100","0100001010100000", "0100001011001100",
"6100001011111000","0100001100100100","0100001101010001","*01000011011
11101","0100001110101002","0100001111010210", "0100010000000010","0100
01000C6101110","0100010001011011", "010001C010000111",
"0100010010110100","0100010011100000","0100020100001101", 01000101001
11010","0100010101100110","0100010110010011","01000102111000000","0100
010111101101","010001100C011001","0100011001000110",
"0100011001110011","010001101C10C000",""0100011011001101","01000110111
11010","0100011100100111","0200011101010100", "0100011110000001", 0100
0i1111¢101110","0100011111011011","01001000000Q01001",
"0100100000110110C","0100100001100011","0100100010010000", "01001000101
11110*,%0100100011101011","0100100100011000", "0100100101000110", 0100
100101110011","0100100110100001", "0100100111001110",
"0l00100111111100","0100101000101001","0100101001010111","01001010100
006101","0100101010110010","0100101011100000","0100101100001110%,"0100
101100111100","0100101101101001","0100101110010111",
"0100101111000101™,"0100101111110011", "0100110000100001", 01001100010
01111","0106110001111101","9100110010101012","010011001101100L", "0LCO
110100000111","0100110100110101","0100110101100011",
"0100110110010010","0100110121000000","0100110111210111C","01001110000
11100","0100111001001011","0100111001111001","0100111010100111",%0100
1110611010110","0100111100000100","0100111100110011",
"0100111101100001™,"0100111110010000","0100111110111110","01001111111
01101”,"0101000000011011”,“0101000001001010”,”0101000001111001","0101
00001010C111","01020060011010110","0101000100000101",
"0101000100110100","0101000101100010","0101000110010001"," 01010001110
00000","0101000111101111",”0101001000011110“,”0101001001001101“,”0101
001001111100","01010010101C1011","0101001011012010",
"0151001100001001","01010011006111000","0101001102100111", 01010011100
10110”,”0101001111000101","0101001111110100”,”0101010000100100",”0101
01000:1010011","0102010010000010","0101010010110001",



"0lo1010011100001","0101010100010000","0101010100111111","01010101011
6liiiw,»0101010110012110","01010102111001110","02101010111111101",%"0101
¢1i900101101","0101011001011100","0101011010001100",
"piolco11010111011","0101021011101011","0101012100011011","01010111010
oi010","01010111013111010","0101011110101010","0101011121011001","0101
100000001001","01011¢QC000121001","0101100001101001",
*0101100010011000","0101100011001000","03012100011221000","01011001001
g1o0€60","0101100101012000","0101100110001000","0202100110111000","0101
1001111010060","0101101000C12000","01011010012001000",
"0101101001111000","01011010101C1000","01021101012011000","01021011000
oigc0","0101101100111000",%"0101101101101000","0101101110011001%,"C101
1¢1111001001",%*01011012111111001","C21011100001C1001",
*0101110001011001","0101110010001010","0101110010112020", 01011100111
01o010","0101110100011011","0101110101001011","0102110101111100",%0101
110110101100","0210121101120121100","01011110000C1101",
"0l0l111000111101","0101111001101120","0101111010411110","0101111011¢C
o1111","0102111011111111","0101111100110000","0101111101100001","0101
111110010001","0101111111000010","0101211111110010",
"0110000000100011","0110000001010200","0110000010Q00101","C1100000101
i¢io1l",*011000001110011C","0110000100010111","0110000101001000","0110Q
0¢0101111000","0110000110101001","0110000111011¢10",
*0110001¢00001011","0110001000111100","01100010011011C1", "01100010100
11110","011000101100212111","0110001011211111","0110001100110000","0110
001i10110000x","0110001110010010","0110001111000021",
"f110001111110100","01100100¢0100110","01100100010101211","01100100100
0ioc0O","0110010010111001","0110010011101¢C10","0110010100011011","0110
010141001100","0110010101111101","011001C110102111",
"0110010111100000","011¢011000010001","0110011001000010","01100110011
i¢0011","0110011010100201%,"0110011011010210","0110011100000111","0110
01110€111001","0110011101101¢C10","0110011110011¢C11",
*011001111210601102","0110011121111110","011010040C101111","01101C000011
gooo1l","01101¢0010010010","011010001100010C","0110100011110101","0110
100106100110","0110100101011C00","0110100110001001",
"011010011¢111011","01101001211101100","0110101000011110","0110101CC10Q
01111","0110101010000Q001","0110101010110011","C0120102011100100","0110
101100010112G6",%"01101011¢10001211","0110101101111001",
"0110101110101011"%,"0110101111011100","0110110000001110","01101100CG01
11111","0110110001110001","0110110010100011",40110210011010101%, 70110
110100000110","0110110100121000","01101101012.01010",
*0110110120011012","0110110111001101","0110110111111111","01101110001
19001","0110111001100C¢10","0110111010010100","0110111011000120","0110
111011111000","0110111100101010","01101111010111¢Cc0O",
"01101111100011¢C€1","01101111101121111","0110111112110001","011100¢000C1
¢0011","0111000001010101","0111000010000111","(111000010111001","0111
000011101011","0111000100011100","0111000101001110",
"0111000110000000","C111000110110010","011100021110010Q", 01110010000
i011c¢","0111001001001000","0111001001111010","0111001010101100","0111
601011011110","0111001100010000","0111001101000010",
"01110011011101¢0","G1110011101C0110",*01311001111011000","01110100000
01010","0111010000111100",*"01110100011012210","0111010010100000","0111
010011010011","0121010100000101","01110101¢0110111",
"0111010101101001","0111010110011011","011101901110061101","01110101111
11111","011101100011C001","0111011001100011","0111011010010101",v0111
0110110010¢0","01110110111110120","¢111011100101100",
"0111011101011110","0111011110010000","0111011111¢00010", 01110111111
10100","0111100000100112","0111100001011001","C111104010001011",*0111
1¢0010113101","01211100011101111","0111100100100010",
"¢111100101010100","0111100110000110","01121100110111000", 01112001111
01010","0111101000011101","0111101001001111","0111101010000001", 0111
101010110012","011120101%23100101", "0111101100011000™",



"0111101101001020","3111101101111200","011120113Q102110", 01111011111
ggog1","Cl11110000010011",%011111000100010C1","0111110001220111","0111
il0010101010","01111100110C11100","0111110200001110",
“0111110101000000","01111101012110011","0112111021102001012","01111101110
16111","0111111000001001","011312121000221100",%"01211111001101110","0111
111010100000","0121111011010010","0111111100000101",
"¢11111119001201211","0121111101101002","0111111110011011",
"0111111111001110") ;
begin
if sign = '1' then
result <= sinus rom(tc integer {address)) ;
else
result <= std_logic_vecter (-
signed(sinus_rom(to_integer (address)))};
end 1if;
end preocess;
outreg:process (clk, rst)
begin
if rst ='0"' then
doutl <= {others => '0');
elsif rising edge(clk) then
doutl <= result;
doutl (15} <= result{ls);
doutl {14 downto 0 ) <= not result { 14 downto 0Q);
end if;
end process;
lockup_sawtooth:process (address, sign)
subtype slvg is std_lecgic_vector (15 downto 0);
type romli024 is arvay {0 te 1023 ) of s1v8B;
variable sawtooth rom : roml024 :=/{
"Q0000000000000000", "0000C000000200000Q","C000000001000000", 00000000011
00000","0000000010000C0C", "0Q00QQ0010100000","0000000011000000", "0000
000011100000","0000000100000000","0000000200100000",
"0000000101000000","000000010110000C", "00000001100000C00","00000001101
00000","0000000111000000","0000000111200000","0000001000000000","0000
00i000100000","00C00001001000000", "0000001001100000",
"0000001010000000","000000101020C000","0000001011000000","00000010111
00000","0000001100000000", "0Q000C1100100000","0000001101000000", "O0QD
001101100000","0000001210000000","0000001110100Q000",
"000000111100000C","C000002111100Q00C", "0Q0001C000000000","00000100001
0oQog™, "0000010001000Q000", "0000010001100000","000001.0010000000", "0000
010010100000", "0000010Q110Q0000","0000010011100000Y,
"0000010100000000"™,"0000010100100000","000001010200C0000", 00000101011
0cooo","00Q001lC110000000", "000001011010000C0", "0000010111000000", 0000
010111100000","0000011000000000","0000011000100000",
"0000011001000000","00000110011C0000","0000011010000000", "00C00110101
00000","00000110110000C0O", "00Q0011011100C000", "00000111000000Q00", "0000
011100100000","0000011101000000","000CQ0111011C0000",
*0000011110000000","0000011110100000","0000011111000C00","00000111111
00000","0000100000000000","000C01000001000Q0","00001000010C0000", 0000
100001100000","0000100010000000","0000100010100000",
"00001000110000Q00", "C000100011100000", *0000200200000000™, 000012001001
40000","0000100101000000", "0000100101100000", "0000100110000000", 0000
100110100000","0000100112000000","0000100111100000",
"0000101000000000”,”0000101000100000",”0000101001000000","00001010011
00000“,"0000101010000000",”0000101010100000”,"0000101011000000“,”0000
101011100000","0000101100000000", "0000101100100000",
"0000101101000000","0000101101100000", "C000101110000000", "00001011101
00000“,“0000101111000000“,”0000101111100000",”0000110000000000”,"0000
1100001000C0","0000110001000000", "0000110001200000",



"QQo01l10010000000","000011001010000C0","C00C110011000000", "00001100111
00000","0000110100000000", "000011010C0100000", "0000110101000000", Q000
l101011¢c0000","0000110110000000","0000110110100000",
"pgQQO0licllioo0Qo00Q", "0000110111100000","0000111000000000","00001110001
googo","QQo00111001000000","0000111001100000","0000111010000000", 0000
111¢10100000","0000211011000000","0000111011100000",
"0e00111100000000","0000113100100000","0000112101000000", 00001111011
0QoCcO0","0000111110000000","0000111110100000","0000111111000000","0000
11111110000C0Y, *000L000000000000", 00010000001 00C00,
"0001000001000000","0001000001200000","0001000010000000","00010000101
Qoeoo™,"0Q0100001100000C0","00010C0011100000","0001000200000000", "0001
000100100000", "000100010100000Q0","0001000102100000™,
"C001000110000000","0001000110100000","0001000111000000","00010001111
0oo00","0001001000000000","00010C1000100000","0001001001000000", "0001
001001100000","0001001010000000","0001001010100C0Q0",
"0001l001011C0000C","000100101.110000C","0001001100000000","00010011001
oooo0O","p001001101000000","0001001101100C00","0001001110000000", "0001
001110100000","0001001111000000C","00010011211000Q0",
"000l010000000000","0001010000100000", "0001010001000000", 00010100012
000Qo™,"0001010010000000","00C01010010100000","0001010021000000", "0Q0C1
010011100000","0001010100CG00000","C00101010010000G0",
"0001010101000000","0001010101100000","0001010110Q00000","00C10101101
ooQoO","0001010111000000","0001010111200000","000101100000Q0000","0001
01100010000Q0","000101100100000C0","0001011001100Q00",
"0001011C010000000","000101101C100000","0001011011000C00", "000C10110111
0oooQ0","0001011100000000","0001011200100000","0001011101000Q0C0","0Q01
0111011400000","0001012110000C00","0001011213103100000",
"00(3101111100C00Q0","0001011111100000Q","0001100000000000","00011000001
ogoco"™,"0001100001000000%,"0001100001100000", "C0011000100000007,"0001
100010100000","0001100011000GC00", "C0O011000111000G0",
"pQollo0c10000000¢","0001100100100000","0001100101C00000","00011001011
ogoooQ","0001100110000000","000110011010000C0", "0001100111000000", 0001
100111100000 ,"0001101000000000","0001101000200000",
"0001101001000000","0001101001100000","00011¢1010000000", 00011010101
oog00","0001101011000C000","0001101011200000","0001101100000000","00C01
101100100000","0001101101000000","00011011011C0000",
"0001101110000000","0001101110100000","0001101111000000","00011011111
0G000","0001110000000000",*0001110000100000","0001110001000000", "DO01
110001100000","0001110010000000","0001110010100000",
"0001110011000000","0001110011100000","0001110100000000","00011101001
ooooo","0001110101C00000","0001110101100000", "0001110110000000","0001
11¢011010000C0","0001110111000000","0001110121100000",
"000l111000000000","0001111000100000", "000111100100000C", 00011110011
ooooQ","0001111010000000","0001111010100000","0001111011000000","0001
111011100000","000111110CC00000","0001111100100000™",
"0001l111101000000","0001111101100000","0001121110000000","000121111101
ooQo0O","0001111111000000","0001111111100000","0010000Q00000000", 0010
000000100000","00100000010C00000", "00100000011200000",
“0010000010000000","0010000010200000","0010000011000000", "001000001112
ooooo™,"0010000100000000","0010000100100000", *0D10C0O0C0101000000","0010
000101100000","0010000110000000","0010000110100000Q",
"001000011100C000","0010000111100000","0010001000000000", "00100010001
ooco0™,"0010001001C00000Q","0010001001100000", "0010001010000000", 0010
00101010000C","0Q010001011000000", "0010001011100000",
"0010001100000000","0010001100100000","0010001101000000", "00100011011
00000","Q0100011190000000Q","0QLA001110100CO0", "00100011110000C0Y, "001L0
0011113100000","0010010000000000","0010010000100000",
"0010010001000000","0010010001100000","0010010010000000", 00100100101
0o0000","0010010011000000", "0010010011100000", "0C10010100000000", 0010
010100100000","0010010101000000", "0010010101100000",



"0010010110000000","001001011010000C0","0010010211000000","00100101112
o6oo000","0010011000000000","0010011000100000","0010011C01000000","0010
011001100000","0010011010000000","0010012010100000",
"00100110110€0C00","0010011011100000","001001110060000C0","0C100111001
00000","0010011101000000","0C10C1110110000GC","001001211Q000C00","0010
011110100000","0010011111000000","0010011111100C000",
"0010100000000000", *0010100C00100000", "0010100001000000"™,* 00101000012
ogoo00","0010100010000000","001010060101000060","0010100011C0C000"™, "001.C
ioccolticco0o®,%0010200100000000","0010100100100000",
"0010100101000000","0010100101100000","0010100110000000","00101001101
00000","0010100111000000", "0010100111100000","0020101000000000","0010
101000100000","0010101001000000","00101010012100000",
"0p10101010000C00","0010101L010100000C", "0010101011000000™, " 00101010111
00000","0010101100000000","0610101100100000","0010101101000000"%,"0010
101101100000","*0010101110000Q00","00101011101C0000™,
"00101011110000C0C","0010101221100000","0010110000Q000000", 00101100001
00000","0010110001000000","0010110001100000","0010210010000000","0010
110010100000C","0010110011000000","00101100111000Q00",
"0010110100000000","0010110100100000","0010110101000000", "00101101011
gooQo","0010110110000000","%0010110110100000","0010110111000000","0010
110111100000","0010111000000000","0010111000100000",
"Q0p10111901000000","00101110011C0C00",""0010111010000000","00101110101
oopoo","o010111011000000","0010111011100000","00L011110000G60C0O","00L0
111100100000","0010111101000000","0010111101100000",
"0o0101l11110000000","0020121110100000",""0010211111000000","00101111111
00000","0011000000000000","00110C0000010000C0", "0011000001000000","0011
000001100000, "0011000010000000",*00110C0010100000",
"00110000110C000C00","0C1100002120000G0","0011000100000000", "001100010C1
0o0c0O","0011000101000000", "0011000101100000","0011000110000000","0011
000110100000","0011000111000000","0011000111100000",
"0011001000000000","0011001000100000","0011001002000000","0011C010011
ooooco","0011002010000000","0011001020100000","00110010110C0000", 0011
00l011100000","0012001100000000","0011001100100000",
"0011C001101000000","00110011C211000G00Q","0011001110000000" , 00110011101
000o00","0011001111000000","0011001111100000","0011010000000000","0C11
010000100000","001101C0C1000000","00110200011000G00",
"0011010010000000","0011010010100000","0011010011000000","00110100111
peooo",v0011010100000000","0011010100100000","001101010100C000", "0011
010101100000","0011010110000000", "001101C110100000",
"001101011100Q0000","0011010111100000","0011011000000000%","00110110C01
oogQoo","001101100100C0000","0011011001100000","0011C110100C0Q00", 0011
011010100000","0011011011000000", "0011C1101110¢C0C0O",
"0011011100000000","0011011100100000","0011011101000000","00110111011
ggooo","0011011110000000","0011011110100000","0011011211000000",%001L1
01111110CcC00","0011100C0000OQ000O",""00111000C01L00000",
"0011100001000000","0011100001100000","00111C0010C00000", 00111000101
oogoo™,"0011100011C0C000","001110001110C0000","0011100100000000","0011
l10010010000C","00111C0101000000","001110C101100000",
"Q0011100110000000","00111001102100000","001110C111000000", 00111001111
gogoo","0011101000000000","00111010060200000",%"0011101001000000","0011
101001100000","0011101010000000","00111010101000G00",
*0011101011000000","0011101011100C00","0012101100000000","00112011001
oooo0","Q011101101000000","0011101101100000","0011101110000000", 0011
101110100000","0011101111000000","0011101212100C00",
"00111100000C0000","0011110000100000","001111C0010000007,"00111100011
Q0c00","00111100100000C00","0011110010100000","00111100110C0000", %0011
110011100000","0011210100000000","0011110100100000"
"0011110101000000","0011110101100000™,"001111011000000Q","00111101101
ocQo0","0011110111000000","0011110111100000","0011121000000000","0011
111000100000™,"00111210010000C0", "0021111100110000C0",



*¢o0ll1iilio010000000","0021111010100000","0011111011000C00","00111110111
googco","00111111000006000","0011111100100C000"%,"00213111201000000","0011
111101100000","0011111110000000","0011111210100000",
"QgQl211il11il1o0000c00","00121121111100000","01000C0000000000","02000000001
00000","0100000001000000","01000C0001100C00","0100000010000000","01Q0
000010100000, "0100000C11000000","0100000011100000",
"0100000100000000","0100000100100000","0100000101000000","01000001011
00000","010000011000C000","01000C0110100000","0100000111000C00","0100
¢o0111100000%,*0100001C00000000", " 010000100020 0000™,
"Qp100001001000C00Q0","0100C01001100000","0100001010000000","01C00010101
QoopQom","0100001011000000","0100001011100000","010000110000000Q0","0100
001100100000","0100001101000000","010000110121Q0000",
"0l00001110000000","0100001110100000","0100001111000000Q","01Q00011111
0Q000", "0100010000000000","0100010000100000", "0100010C01000000","0100
010001100000","01000100100Q0000","0100010010100000",
"010001001100000Q","0100010011100000","01000101¢0000000","01000101001
¢oo00O","0100010101000000","010001010110000C0", "01C0010110000000","0100
0101101000Q00","0100010112000000", "0100010111100000",
"0100011000000000","01000121000100000™,"0100011001000000","01000110011
00000","0100011010000000","0100011010300000","0100011011000000","0100
011011100000™","0100011100000000","01000111001C0000",
"010001110100000C0", "0100011101100000","01000111100C00C0","01000111101
0oo00","0100011111000000","0100011111100C00","010010000C0CQ0C0O","0100
10000010000Q0", "0100100001000000","0100100001100000",
"010010C0100000Q00Q","010010001010000C","0100100011000000","01001000111
Q0000","0100100100000000","01001001001000C0","0100100101000000", "0100
100101100000","010010011000C000", *H100100110100000",
"gl00l001110060000","0100100111100000","01001010000Q00000","C1001010001
00QoQ0","p100101001000C00","010010100110C000","01C0101010000000","0100
101010100000","0100101011¢C00000", *0100101C11100000",
"0100101100000000","01001011C0100000", "0100101101C00000","C1001011011
ocooc™,"010010111000000C","0100101110100000","0100101111000000","0100
1011111000007, "0100110000000000","0100110000100Q00",
"0100110001000000","0100110001100000","01001100120Q0000Q0C","01001100101
00000","0100110011000000","0100110011100000","0100110100000000","0100
110100100000","0100110101000000¢","0100110101100000",
"0100110110C00000","0100110110100000","0100110111000000", "01001101111
000Q0O",*010011100000C0000","01001110001000C0™,"0100111001000000","0100
111001100000"%,"0200111010000000","0100111010200000",
"p100111011000000Q","0100111011100000","0100111100000000™,"01001111001
00000","0100111101000000","0100121101100000","0100111110000000","0100
1111101000C0","01001111211000Q000","0100111112100000",
"0l101000000000000","0101000000100000", "0101000001000000","01010000011
0000C™,"0101000010000000","0101000010100000","C101000011000C000", 0101
0000111000Q00","010100010000Q000","01Q1000C100QLOC0O00",
"pl0l000101000000","0101000101100000","0101000110000000","01010001101
00000","0101000111000000","0101000111100000%,"0101001000000000","0101
001000100000","0101001001000000","01010010011000Q00",
“0101001010000000","0101001010100000","0101001011000000", 01010010111
000o00","0101001100000000","01010011001000C00", "02101001102000000", 0101
001101100000","0101001110000000","0101001110100000",
"0101001111000000","0101001111100000","0101010000000C00", 01010100001
ooopoo","0101010001000000", "C1010100C11000C0O", "01C1010010000000","0101
0100101000CC0","0101010011000000","0101010C1110000C0",
"01010101000000C00","01010201001C00000","010101C0101000000","01010101011
00000","01010101100000Q00","0101020110100000",""0101010111000000","0101
010111100000","010101100000000¢", "01C101100010C000",
"0101011001G00C000", "01010110011000Q00","0101011010000000","01010110101
0gogO","0101011011C0C000",""0101031011100000", "0101011100000000","0101
0111001¢0000","0101011101000000","0101011101100000",



"p10101l111C0000CO0","C0101012110100C00","C101011111000000", 01010111111
0gooQ","0101100000000000","010110000010C000",""010210C001000000", "0101
100001100000","0101100010000000","0101100010100000",
"01011l00011000000","01011000211C00C00","0101100100000000","0101100100C1
00000","010110¢101000000","0101100101100000","01Q1200110000000","0101
i¢olio0100000","010120011100000C","010120C01111C0000",
"010110100000Q0000",""0101101000100000","0101101C01000000", " 01011010011
co000","0101101010000000","C101101010100000","010110101100C000"," 0101
10101110000C0", 01013 0110000000C", "020110c1100100000",
"010l1l01lo0l00Q0000","0101101201100000","0101101110000000","01011011101
00C00","0101101111000000","C101101111100000","0101110C00000000", 0101
1109000100000","010111C001000000","010111C001100000",
"010111001C00000C0","0101110010100000","0101110011000000","01011100111
oocpo"™,"0101110100000000","0101210100100000","0101110101000000","0101
110101100000","010111C0110000000","0101110110200000",
"0l01110111000000","0101110122108000C0","0101131000000000", 01011110001
Qogoo","0Q101111001l0C00000","01011121001100000","010111101000C000","0101
11101061¢00000","0101111011000000","C101111011100000",
"0101111100000000","0101111100100000","0101112101000000",701011111011
0ooo0o™,"0101111210000000","0101111110100000","0101111111000000","0101
111111100000","011000C000000000","011C000000100000",
"gl1i0000001000000","0110000001100000","0110000010000000",""01100000101
ogoogo","0110000011000000","0110000011100000","0110000100000000","0110
000100100000","0110000101000000","01100001017100000",
"p11000C110000000","0110000110100000","0110000111000000","01200001111
0o0Q0Q0", "01100010000600000","01210001000100000","01210001002.0000C0","0110
¢01001100000", "110001020000000","011000102020C00C0",
"0110001011000000","0110001011100000",""0110001100000000","01100011001
goocoo0",'"0110001101000000","0110001101100000","0110001110000000", ""0110
001110100000","0110001111000000","0110001111100000",
"gl10010000000000","0110010000100000","0110010001000000", 01100100011
ooQoo®,"0110010010000000","0110010010100000","0110010011000000","0110
0loo01llo000Q0O","01100101000000Q00","01100101C0100000",
"0110010101000000","0110010101100000","011.0010120000000", 701100101101
00000","0110010111000000","0110010111100000", "0110011000000000","0110
pilo0010C0Q0O0","r0110011001000000","0110011001100000",
"gl10011010000000","0110011010100000","0110011011000000","011001101.2.2
ooocO*,*0110011100000000","01100111.00100000","0110011102000000","C110
011101100000","0110011110000000","0110011110100000",
"(110011111000000","0110011111200000","0110100000000000","01101000001
ocoo0","0110100001000000","0110100001100000","0110100010000000","0210
100010100000","0110100011000000", "021010001110C000C00",
"g110100100000000","01101C00100100000","01101001C1000000","01101001011
oooQoO"™,"0110100110000000","0110100110100000","0210100111000000","0110
160111100000","011010100Q0C00000",""01101010800100000",
"0l11010100100C0C0","011010100110000C0O","011C101010000000", 01101010101
ooooo","0110101011000000","0110101011200000","01101011C00Q00000", "0110
101100100000","0110101101000000","0110101101100000",
"plliciol1iocooo000™,"0110101110100000","0110101111000000","01101011111
ggooo","C110110000000000",""0110110000100000","C1101100010Q00Q00C0","0110
1100Cl1l0Q000","0110110010000000","0110110010100000™,
"0l1i0110011000000","0110110011100000","0110110100000000",%011011¢1001
gooco0","0110110101000000","0110110101100000", "01101101100000C00","0110C
11011¢10000C","0110110111000000","01301101112100000",
"0110111000000000","0110112000100000","0110111001000000","011011100112
ocgao","0110111010000000","0110111010100000", "0110111011000000",%0110
ll1i¢l11000cCc0O","0110121100000000","0110211100200000",
"01101111010C0000","01101111031100000","0110111210000000","01101111101.
cooo0","01101111110600000","0110112111100000","C111000000000000", "0111
dooocolooopooM","gll1iCc00001000C000", "0111 000001100000,



"011100001000000C0","0111000010100000","0111000011000000", 01110000211
QooQoen,"0111000100000000","0111000100100000","0111000101000000","0111
go¢ol0ilocooQo0OC","011100011C0C0000","0111000110100C000",
"0l111c0011100C0QC0O™,"0111000111100000","C111001000000000","01110010001
oooQQo","0111001¢001000000","0111001001100000"","0111C01010000000",""0111
goiolpl0Q000QO0O","0111001011000000","0111001011300Q0000",
"gl111001100000000","C111001100100000","011100120100C000","01110011011
gogeoo","0111001110000000","0111001110100000","01110011110C0000™,"0111
001111100000","01121010000000000", "01112010C000L00000",
"01l1l1010001000000","C1110C10001100000",""0111010010000C000","01110100101
ooooQ","0111010011000000","0111010011100000",""0111010100000000","0111
g1Q10010000C","0111C10101000000","*01110101011Q000Q",
"gl1l10i10110000000","0111010120100000","01110210211000000", 01110101111
oogoo","011101100000000C0","0111C11000100000","01210110C1000000","0111
011001100000","0111011010000000","0111011010100000",
*¢gllic¢lioltooo0Q00O","0111011011100000","0112101210Q000000","01110111001
ogooo","pl11011101000000","0111011101100000","0111011110000000","0111
011110100000","011101111100Q00C0O","0111011111100Q000",
"0111100000000000","0111100000100000","011110C001000000", 01111000011
©0000","%0111100010000000","0111100020100000","01111C0011000000","0111
100011100000","0111100100000000","01111Q00100100000",
"pl11100101000000","0111200101100000","011110011C0000C0O", "01111001101
ooQoo0O","0111100111000000","0111100211200000","01111010000Q00000","0111
101000100000","0111101001000000","0111101001100000",
"0111l101010000000","0111101010100000","0111101011000000","01111010111
0QooO","011110110000000C0","0111101100100000","0111101101000000","0111
1011011¢0000","0111101110000G00C","011110111C0100000Y,
"g111101111000000","0111101111100000","01111210000000000","01111100Q001
oooo0","0111110001000000","021111000C1100000","0121110010000000", 0111
110010100000","01211110011000000","0111110012200000",
"0l11111010000000C","0111110100100000","01111102C1Q0O000CY,"01111101011
ooopo","0111110110000000","0211210110100000","0111120111C0Q00C0", "0111
110121100000","0111111000000000","0111111000C2000¢CQ0",
"0111111001000000","0111111001100C0C","01211111010000000","01111110101
googoO","p1l11111011000CQ00","0C111111011100000","01111111000Q00000",""0111
111100100000","0111111101000000","0111211101100000",
"0l11l11l1c¢cd00Q0OCQ"™,"0111111110100000","0111111211000000","01111121111
coooQ") ;
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
dout3 <= f{others = '0'};
elsif rising edge{clk} then
doutli <= resultl;
dout3 (15} <= resultl(1s):
dout3 (14 downto ¢ )} <= not resultl { 14 deownto 0);
end if;
end process;
gle= doutl{1l5 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{31l 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_logic_vector (31
dewnto 0} ;

--phase 2msb_out :out std _legic_vectori{l downtc 0);:

sin out :out std_logic_vector {11 downto
2)

b
end Polyncomial;

architecture Behavioral of Polynomial is

component acmi3Z2

port {
reset :in std logic;
clk :in std_logic;
W :in std_legic_vector (31 dewnto 0);
phase out rout std logic_vector (il downte 0)

)i
end component;

component MUL1OMODULE

port (
resetn : in std_logic;
clock : in std logic;
% : in std logic vector($ downto 0} ;
vy : in std logic_vector($ downto 0);
o] : out std_logic_vector(ls downto 0}

)i

end component;

component al

Porc |
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;

component a2

Port {
resetn : in std_logic;
clack : in std logic;
x : in std_lecgic_vector{l% downto 0);

Y : out std logic_wvector (5 downto 0}};



end component;

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

signal phase_Z2msb :std_Jlogic_vector(l
downte 0} ;

gignal phase_2downtod :std_logic_vector (s
downto Q) ;

signal phase_decode ;std_logic_vector (9
downto 0);

signal m2

:std_logic_vector {19 downtoc 0);

signal m4

:std_logic_vector (19 downto 0);

signal al out

:5cd logic vector (28 downto 0);

signal a2_cut

:std_logic_vector (5 downto 0};

signal ml_powers$g

:std_logic_vector (29 downtc 0] ;

signal s

:unsigned (9 downto 0);

signal sum :std_logic_vector (9
downto 0} ;

gignal sin_out_reg

:s8td_logic_wvector {11l downto G} ;

signal wave

:std_logic_vector (19 downto 0j;

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 _d2,m d3,m_d4

:atd_logic_wvector (9 downte 0}

begin
phase_acm32:acm32
port map |
reset =» resetn,
clk => clock,
W => W,
phase out =»> phase
b
phase_2msb <= phase (31 downto 30);

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

process (phase_2msb)

begin
if phase 2Zmsb{0}) = '0' then
phase_Sdownto0 <= { phase(29 downto 20));
else
phase 2downtol <= (not phase {25 downtoc 20}};
end 1f;

end process;



--phase_2msb_out <= phase_2msb;
phase_decode <= phase_9Sdowntol;

delay msb:process( resetn,clock!
begin
if resetn='0' then
msb dl<='C";
msb_d2<='0";
msbh _d3<='0"';
msb _dd<='0";
msb dS<='0"';
elgif clock'event and clock ='1' then
msb_dic<=phase_2msb (1} ;
msh_d2<=msb_dl;
msb d3l<=msb_d2;
msb_d4<=msb_d3;
msh_dS5<=msb_d4;
end if;
end process delay msb;

delay m:process( resetn, clock)
begin
1if rvesetn='0' then
m_dl<={others=>'0");
m_d2<=(others=>'0");
m_d3e«=(others=>'0"');
m_d4<={others=>'0"');
elsif clock'event and clock ='1' then
m_dl<=phase decode;
m_d2e<=m_dl;
m_d3<=m_dz2;
m_d4<=m_d3;
end if;
end process delay m;

m_2 :MUL10MODULE

Port map(
resetn ==x» resetn,
clock => clock,
X => phase_decode,
v => phase_decode,
P => m2

delay m2:process{ resetn,clock)
kegin
if resetn='0' then
m2_dle<={cthers=>'0"');
elsif clock'event and clock ='1' then
m2 dl<=m2;
end if;
end procegs delay m2;



m_4:MUL1CMCODULE

Port map |
resetn =»> resetn,
clock => clock,
x => m2{15 downto 10),
Y => m2 (19 downto 1Q),
r => m4
)
al_m2:al
Port map (
resetn => resetn,
cleock => clock,
® => m2_dl,
¥ => al out
b
a2_m4:az
Port map (
resetn => resetn,
clock => clock,
® => m4,
¥ => a2 _out

ml_power% <="111011100110101100101000000000";

process( resetn,clock)
begin
if resetn='0' then
s<= (others=>'0");
elsif clock’'event and clock ='1l' then
s<=unsigned(ml_power3 {29 downto 20))-unsigned{al out (28
dewnto 20} ) +unsigned(a2 out};
end if;
end process;

sum <= std_logic_vector (s{9 downto 0)};

m_mul m:MULIOMODULE

Port map (
resetn =» resetn,
clock => clock,
e => 8um,
Y => m_da,
P => wave

wave _out:process|( resetn, clock)
begin
if resetn='0' then
sin_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_reg<='0'& not (wave(19 downto 9});
end 1if;
end if;
end process wave_out;



gin_out <= sin_out_reg;

end Behaviocral;

11.2 Module acm3Z2

library IEEE;

use IEEE. STDHLOGIC_1164 ALDL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;
entity acm32 1is

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

phase_out :out std_logic_vector (31 downto 0)
b
end acm32;
architecture rtl cf acm32 is
component adders8
port{ inl :in std_logic_vector (7 downto 0);
in2 :in std_logic vector (7 downto Q) ;
cin :in std logic;
res_out :out std logic_vector (7 downto 0);
cout :out std logic);
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 0);
signal accO_out,accl_out,acc2_out.,acc3_out:std_logic_vector (7 downto

signal c_acc0,c_accl,c_acc2,c_acc3:std logic;
signal cl_acc0,cl_accl,cl_acc2,cl_accl:atd logic;

signal accp0_in,accpl _in,accp2_in,accp3_in:std logic_vector(7 downto
a);

signal acgcp0_out,accpl_out,accp2_out,accpl_out:std_logic_vector{7
downto 0) ;

signal c_accp0,c_accpl,c_accp2,c_accp3:std logic;

signal cl_accp0,cl_accpl,cl_accp2,cl_accp3:std_logic;

signal c_dl,c_d2,c d3:std logic;

signal pre0 1,pre0_2,prel 3:std_logic vector (7 downto 0);

signal prel 1,prel_2,prel 3:std_logic vector (7 downto 0};

signal pre2_1,pre2_2,pre2_3:std_logic_wvector (7 downto Q) ;

begin

to_ende<="0";

delay w:process{reset,clk}

kegin

if reset='0'then

w_dl<={others=>'0")
w_d2<=(others=>'0")
w _d3<={cthers=>'0"'};
w_ddc=iothers=>70"}



w_dS<=(others=>'0"'};
w_dé<=(others=>'0"]);

elsif clk'event and clk='1l'then
w_dle<=w;
w_d2<=w_di;
w_d3<=w_d2;
w_dd<=w_d3;
w_dS5<=w_d4;
w_dé<=w_d5;

end if;

end process delay_w;

delay c¢:process(reset,clk)

begin
if reset='0"' then
c di<='0";
c:d2<='0';
c_d3e«='0";

elsif clk'event and clk='1l' then
c_dl<=c_acc3;
c_d2<=c_dl;
c_d3«=c_d42;
end if;
end process delav_c;
accOd_unit:adder8
port map( inl=»>w(7 downto 0}, in2=>accO_out,
cin=>to_end, res out=>acc0_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);
accZ_unit:adderB
port map( ini=»>w_d2(23 downto 16} ,in2z=>acc2_out,
cin=>cl_accl,res_out=racc2_in,cout=>c_accl);
acc3_unit:adder8
port map({ inl==w _d1{(31 downtoc 24),in2==acc3_out,
cin=>cl_acc2,res_out=>acc3_in,cout=>c_accl);
reg accO:process{reset,clk)
begin
if reset ='0'then
accl_out<={others=='0"'};
cl accl<='0";
elsif clk'event and clk='l'then
accld_out<=acclO_in;
cl_accO<=c_accd;
end 1if;
end process reg_accQ;
reg_acgcl:process {reset, clk)
begin
if reset ='0'then
accl_out<=(others=>'0"');
cl _accle='0";
elsif clk'event and clk='1l'then
accl_out<=accl_in;
cl_accle=c_acecl;
end if;
end process reg_accl;
reg_acc:process (reset, clk}
begin



if reset='0'then
accZ cut<={(cthers=>'0"');
cl _accZ<='0"';
elsif clk'event and clk='l'then
acc2 _out<=ag¢c2_in;
cl acc2<=c_accl;
end if;
end process reg_ace2;
reg_acc3:process (reset, clk)
begin
if reset='0'then
acc3_cut<={cthers=>'0"'};
cl_acclc='0";
elsif clk'event and c¢lk="1'then
accl out<=accld_in;
cl_acc3<=c_acc3;
end if;
end process reg_acc3;
accp0_unit:addersB
port map( inl=>w d3(7 downto ¢},in2==»accpl_out,
cin=>to_end, res_out=>accpl_in,cout=>c_accpl);
accpl_unit:adderg
port map( inl=>w _d4 (15 downto 8} ,in2=»accpl_out,
cin=»cl accp0,res out==accpl_in,cout=>c_accpl);
accp2_unit:adders
port map{ inl=>w_ds (23 downto 16)},in2=>accp2_out,
cin=»cl_accpl,res_out=>accp2_in,cout=x>c_accp2);
accp3_unit:adderg
port map{ inl=»>w d6{31 downto 24)},in2=>accpl_ocut,
cin=»>cl_accp2,res_cut=raccp3_in, cout=»c_accpij};
reg accpC:process (reset,clk)
begin
if reset='0'then
accepQ_oute<={others=>'0");
cl_accple='0"';
elsif clk'event and clk='l'then
acep0_out<=accpl_in;
¢l _accpl<=c_accp0;
end if;
end process reg_accpl;
req _accpl:process{reset, clk)
begin
if reset='G'then
accpl_out<=(others=>'0"'};
¢l _accpl<='0Q";
elsif clk'event and clk='1'then
accpl_out<=accpl_in;
cl_accple=c_accpl;
end if;
end process reg_accpl;
reg_accp2:process{reset,clk}
begin
if reset='0'then
accpZ2_out«=(others=>'0");
¢l _accp2<='0"';
elsif clk'event and clk='1'then
accp2_out<=accpi_in;



cl_acecpZ<=c_accpl;
end if;
end process reg_accp;
reg_accp3:process {reset, clk)
begin
if reset='0'then
accp3 out<=(others=>'0"};
cl accp3<='0"';
elsif clk'event and clk='l'then
accp3_outc=accpld_in;
cl_accple=Cc_accpl;
end if;
end process reg_ accpl;
reg_prel_ l:process(reset,clk)
begin
if reset='0'then
pred le<=(others=>'0'};
elsif clk'event and clk='1l'then
prel_l<=accpl_out;
end if;:
end process reg_pre0_1;
reg pre0_ 2:process{reset,clk)
begin
if reset='0'then
prel 2Z<=(others=>'0"');
elsif clk'event and clk='1l'then
prel_Z2<=preld_1;
end 1f;
end process reg_prel_2;
reg_preC_3:process (reset,clk)
begin
if reset='0'then
prel_3<={others=>'0");
elsif clk'event and clk='1l'then
prel0_3<=prel_=2;
end if;
end process redg_prel_ 3:
reg prel_ l:process(reset,clk)
begin
if reset='C'then
prel_l<=(others=>'0"'};
elsif clk'event and clk='1'then
prel_ l<=accpl out;
end if;
end process reg_prel 1;
reg prel 2:process{reset,clk)
begin
if reset='0'then
prel Z2<={cthers=>'0"');
elsif clk'event and clk='1l'then
prel 2<=prel 1;
end if;
end process reg_prel_ 2;
reg _pre2 l:process(reset,clk)
begin



if reset='0'then
prez l<={others=>'0");
elsif clk'event and clk='l'then
preZ_ l<=accpZ_out;
end if;
end process reg pre2 1;
phase out<=accp3_out & pre2 1 & prel 2 & pred_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({s downto 0);

v : in std_logic_vector (9 downto 0);

D : out std logic vector (1% downto 0});

end MUL10MODULE;
architecture rtl of MUL1OMODULE is
signal m : unsigned{19 downto 0);
begin
procegs (resetn, clock)
regin
if resetn='Q' then
me= {others=>'0"'};
elsif clock'event and clock ='1' then
me=unsigned (x) *unsigned {y} ;
end if;
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 UNSIGKED.ALL;

entity Al is

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

v : out sgtd_logic_wvector (2B downto 0)
Vi



end Al;

architecture rtl

signal
signal
signal
signal

begin

process {resetn,

kbegin

m
k1
K2
k3

k1l
k2
k3

of Al is

:unsigned (28 downtc 0);
runsigned (27 dewnto 0);
runsigned (26 downto 0);
:unsigned (22 downte C);

<=unsigned{x) & "000000C00";

<=unsigned{x) & "0000000%;

<=unsigned{x) & "000";
clock)

if resetn ='C' then
m<={others=>'0");

elsif clock'event and clock='1' then
--me={('0" and K1 ) +k2+k3;

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

end if;

end process;

y<= std_logic_vector(m);

end rtl;
11.5 Module A2

library IEEE;

use IERE,STD_LOGIC 1164 .ALL;
use IEEE,STD LOGIC ARITH.ALL;
use IEEE.STD_ LCGIC UNSIGNED.ALL;

entity A2 is

Port { resetn

clock

X

Y
end AZ;

architecture rtl

signal
signal
signal
signal

begin

m
k1
k2
k3

k1

process (resetn,

begin

if resetn

in std_legic;
in std_logic;
in std_legic _vector (1% downto 0} ;
out std_logic_vecter(5 downto 0)};

of A2 is

:unsigned (s dewnto 0);
:unsigned {4 downto 0);
:unsigned (3 deownto 0);
:unsigned (1 downto 0} ;

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

clock)

='0" then



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

--me=('0" and k1l

) +k2+k3;

me={'0" & k1 Y+k2-Kk3;

end 1if;

end process;

y<= std _logic_vectorim);

end rtl;

11.6 Module add8bit

library IEEE;

use IEEE.STD_LOGIC_ 1164 .ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

entity adds8bit is

Bort { dinl

in std_logic_vwvector (7 downto 0};

din2 : in std_logic_wvector (7 downto 0};
cin : in std_logic;

cout : out std_logic;

res_out : out std logic vector (7 downto 0)

};

end addsbit;

architecture rtl of addabit

is

signal
signal
signal
signal
signal
signal
signal
signal
--gignal
--gignal

begin

co
c_out
cry_pl
cry_gl
cry p2
cry_g2
res_outl
res_outl

std logic_vector (7
std logic vector (7
std logic vector (7
std logic;
std leogic;
std_logic;
std_logic;
std_logic;
std_logic_vecter(3
std logic_vector(3

stagel

pi0)<=dinl(0)or
pi{ll<=dinlil)or
p(2)<=dinli2)ocr
p(3)«=dinl(3)or
o(4)<=dinli4)or
p{5)<=dinl {5}or
p{6)<=dinl (6)or
]

p{7)<=dinl (7)or

process {dinl, din2, cim, p, g)

din2(0)

din2 (1)} ;
din2(2);
din2(3)

din24};
din2 {5) ;
dinz{e) ;
din2(7);

!

?

downto
downto
downto

downto
downto

o)
0);
0} ;

0y ;
0);



g(0)<=dinl (0}and din2(
g (1) <=dinl(1l)and din2{
g{2)<=dinl{2)and din2 (
g{3)«=dinl(3)and din2{
g{4)«=dini{4)and din2 {4
g{5)<=dinl(5}and din2 (5
g(6)«=dinii6iand din2(se);
g (7)«=dinl (7}and din2 (7);

!
+

0
1
2)
3 r
L

r

)
}
)
)
)
)
)

co(Q) <= cin;

co(l)<=g(0)or{cin and p{0));

co(2)<=g{l)ori{p(l)and g(0))or{p(l}and p(0)and cinj};

coi3)<=g{2)orip{2)and g(l))or(pi2)and pi{l)and g{0))or(p(2)and
p(l)and p{0)and <in);

cry ple={p{3)and p(2)and p(lland p(2)};

cry_gl<=g(3)or(p(3)and g(2))or(p(3)and p(2)and g(l)}or
(p{3)and p(2)and p{ljand g(0)};

¢ _out<={cry_pl and cin)or cry_gl;

coi4) <= c_out;

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

co(6)<=g{5lor(p(Siand g(4))or(p(5tand p(4)and c_out);

co(T)<=g{6)or(p{6)and g(5))or(p(éjand p(5}land g{4))ar(p{6)and
pi5iand pl4}and ¢_out );:

res_out {0)<=Ainl (0} xor dinZ (0} xor co(Q};
res _out{1)<=dinl {1} 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 col(3);
res out(4) <=dinl{4) xor din2{4) xor co(4);
res_out (5) <=dinl(5) xor din2(5) x=or cof{s);
res_out () <=dinl (6) xor din2 {6} xor co(é);
res_out (7)<=dinl(7) xor din2{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)land p(6)and g{5})or(p{7})and
pi6land p(S)and g{4});
cout<=(cry_p2 and cinlor cry_gz;

11.6 Module mux wave

library IEEE;

use IEEE.S$TD LOGIC_1164.ALL;

uge IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LCGIC_UNSIGNED.ALL;

ENTITY mux wave I3
PORT{ sel_mux : in std_logic_vector(2 downto 0);
dout_osc : in std_logic vector (11 downto 0);
Polynomial sin,dout_ran : in std_logic_vector({ll downto
ab;
dout : out std legic_vector (11l downte 0});
END mux_wave ;



ARCHITECTURE rtl OF mux wave IS
signal sel :std logig vecter(2 downto 0);

BEGIN
PROCESS (dout_osc,Polynomial_sin,dout_ran,sel_mux)
BEGIN
sel<=sel_mux;
case sel is
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 mecs3-51

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

7-segment
// Filename : 10801.c
// C compiler : RIDE 51 Vs&.1

#include<reg5l.h> // Header include register of P8SCS51RDZ
#include<string.h>

#define MAX DIGIT 16
#define KEY_ CLEAR 12
#define KEY ENTER 15
#define KEY CANCEL 11
#define KEY_MENU_UP 3
fdefine KEY MENU_DOWN 7
#define KEY NONE OXFF

sbit e = P1°2;
sbit rw = P171;
sbit rs = P170;

gbit c0 = P2*7; // Bit Columnl
gbit c1 = pP27s; // Bit Column2
sbit c2 = P27S8; // Bit Columni
sbit ¢3 = pP274; // Bit Column4
gbit ro = P277; /{ Bit Rowl
sbit r1 = p2%s; // Bit Row?2
sbit r2 = P2°5; // Bit Row3
sbit r3 = p2™4; // Bit Rowa

typedef unsigned char BYTE;

unsigrned char lcdbuf [2] [MAX_DIGITI];

unsigned char numbuf {MAX DIGIT]:

unsigned char

display[]___{vll’ |2|’ IBIIIX!' l4|J r5|r '6', lxlrl';f!‘ |8', |9vJI 'N', |c|’|0|r tx
' IEI};

unsigned char data buffer([5];

//code unsigned char

display []={0x3f,0x06,0x5k, 0x4f, 0x66,0x6d, 0x7d,0x07,0x7f, Ox6L }; //
Store in Program //memory
/*****************************************t*****‘k*******************/



JrrxErakkkxwwxwkrkr Punction Delay time kkhkkkrkhhhkhkkkkhk kM kkkkhn [

/*******************************************************************/

void delay db(int time)

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

/****************************************************t**********t***t

/

[ Rk e e ok Tk ok ko e e Function Send Command to LCD *%kk«*kukxtoxhnhiw/
void led command (unsigned char com)

{

PJ = com;

delay db(3Q);

e = 0;

delay db{30);
}*********************** Function Send Data to LCD **************/
void led text{unsigned char text)

{

DO = text;
delay_db(30);
e = O;
delay db(30);
}
/fwoid led_clear ()
I
I led command (0x01) ;
1}
[ruEwx keI kT xR kXX x kN Function Set initial parameter LCD *ok kK kR x kK S
void led _init ()
{
delay db(30;};
led _command (0x38) ;
lcd _command (0xdc};
lcd_command (0x06) ;

1

!
void display 1cd(BYTE x,char*str)

{
int i;
lcd_command (x) ;
for(i=0;1i<MAX_DIGIT;i++)
led text(str([i]);

}

void serial data (unsigned long num)
{
unsigned long buf;
data_buffer [3]=num / 0x1000000;
buf=num % 0x1000000Q;
data buffer [2]=buf / 0x10000;
buf= buf % 0x10000;
data buffer![l]=pbuf / 0x100;
data_buffer{0l=buf % 0x100;



void start ()

{
int i;

7/ PCON=0x00;
TMOD=0x21;
TH1=0x£fd;
TL1=0xfd;
SCON=0x42;
TF1=0;
TR1=1;
TI = 0;
for{i=0C;i<=4;1i++)

SEUF = data buffer[i];

while (-~TI);

T = 0;

} }

unsigned char scankey{void)} // Return value key

{
unsigned char ret = OxFF; // Initial walue ret = OxFF
unsigned char col=0x01;
const unsigned int delay=20;
int i;

P2=0xFF;

for (i=0;i<a;i++,colcec=1){
P2={~ (col&0x0OF) } ;
delay db{delay);
if('r0)ret=i+12;else
1f(!rl)ret=i+8;else
1if{!r2)ret=i+4;else
if(tr3)ret=1;
if (ret!=0x%xFF)break;

}

if (ret!=0xFF)while{ (~(P2))&0xF0)delay db{delay);

return ret;

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

‘. }
}

long strtolongichar*txtbuf) {
unsigned char i=0;
long num=0;
while ((i<18) &&(txtbuf[i]>='0") &&(txtbuf [1i]l<="8"]){
num= {num*10) + (txtbuf [1]-'0")} ;
i++;
!
return num;
i
vold longtostr (char*buf,long num) {
unsigned char 1=0;
unsigned char n=0;
unsigned char str[10];



while (num>0) {
strnl={num%10)+'0"';

num/=10;
n++;

)

buf [nl=0;

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

}
buf {i1=0;

}

vold datatohex (char*buf) {
char i;

unsigned char asc_temp([]="0123456789ABCDEF";
for(i=4;i»>=0;1--}{
buf [9-({i*2) +1)]=asc_temp [data_buffer[i]/ox10];
buf [9-{i*2)]=asc_tempidata buffer[i]$ox10];
}
buf [10]="'\0";
!
void display_refresh{)
display lcd (0x80,lcdbuf (0]);
led command (0xBO) ;
display_lecd(0xc0, ledbuf [1]) ;
lcd command (0x80) ;
)
vold display settext{unsigned char line,unsigned char *txtbuf) {
unsigned char i;

bit eof=0;
for (i=0;i<MAX DIGIT;i++){
if {(rteof){
eof={txtbuf [i]==0) ;
if (eof)
ledbuflline] [i]= ' ';
else
lcdbuf [1line]l [1] =txtbuf{i];
jelse

lcdbuf [line] [i]l=' ';
}
}
volid main{void)
{
unsigned char key = 0; // For keep key value
unsigned long fow;
unsigned long fout;
code unsigned char*menustx [7] [3]={{"LOOKUP
TABLE\O”,”SINUSIDOM\O",”SINUSIDOM{HZ)\O“},

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

{ "LOOKUP
TABLE\Q", "TRIANGULAR\ 0", "TRIANGULAR (Ez)\Cc"},

{ "LOOKUP

TABLE\O", "RAMP\Q", "RAMP (Hz) Y 0"},
{”POLYNOMIAL”,“SINUSIDOM\D“,“SINUSIDOM(HZ)\O“},

{"POLYNOMIAL","RAMP\O",”RAMP(HZ)\O”L
{"WARIATICN
AND”,"RANDOMIZATION\O","RANDOM(HZ)\O"}};
signed char menu;
unsigned char max_menu;



bit menu_press=0;

delay db(20000);

led init () ;
Iy display_settext (0, "HELLO\O") ;
/i display settext (1, "DIRECT DIGITAL\C");
PO = 0x00;
P2 = Oxff; // Initial before scankey
max_menu=é;
while (1) // Infinite loop
{
14 menu=93;

display settext (0,menustr [menu] [0]);
display settext (1,menustr {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;
b
if (key==KEY MENU_DCWN)
{
menu++;
menu_press=1;
}i
if {(menurmax_menu) menu=0;
if (menu<0)menu=max_menu;
if (menu_press)

{
display settext (0,menustr [menu] [0]);
display settext{l,menustr[menul [1]);
display refresh(};
menu_press=0;

?

}
/7 data buffer[4]={menu==5)?20x0C:menu;

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

/7 if {menu==5){

/7 data_buffer [4]=0x0C;
// numbuf [0]=0;

/Y telse

£/ {

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

while ((key = scankey())!=KEY_ ENTER)
{
if (key==KEY_ CLEAR) {
numbuf [0] =0;
display settext(1,0);
display refresh();
jelse



/7

!/
Code_Control

if ((displayl(keyl=='0")&&(display (keyl<='9")}{
// Scankey 3 Columns

addénum (numbuf, displaylkey]);
display_settext (1, numbuf) ;

display refresh();

}

if {(key==KEY CANCEL)break;

}

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

few = {fout*256.0)/24.0;
fow = fow* {256.0/100.0);
fow = fow* (256.0/100.0};
foew = fow* (256.0/100.0) ;

serial data{fcw);
start () ;

longtostry (numbuf, fowl ;
datatohex (numbuf) ;

display settext (0, "SEND"};
display settext (l,numbuf);

display_refresh();

// 278 [/ 25
//  2%8 / 100
/7 278 / 100
// 278 / 100

//Lock te Dec
/ /Look to

while (({key = scankev(})!=KEY ENTER} ;

}

numbuf [0] =0;
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