T4 HZ IV FM LY — AR O E

PR AR )
-10Mbps FM Demodulator D&% 7

F— L4 F— I Veritak

EE KA whEE (s N)

&l B I A
wHIEQ4)

AT e BIRVAT LA

EFT T981-3215 By IREALIHA TR XL 1 3-24-13



1 AR

FARET, +1/-1 OF —=Z 27T 56D TH, Zid, FSK (Frequency
Shift Keying) LT, 7 VXNV T —H&H T DB EIEZ AT EHTEET,
FSK &L Cl%. DECT/GSM 28 D #eEEEZES° Bluetooth 25 CHUWGILAH
GFSK MR TT, 2T, a7 ARRE T, B HENREWLE I,
Bluetooth 75 Spec. 25| FH L St L U £ LT-, R H , 5> FPGA DF
BaAENLic, A7 2 8 a /M Hfe Xt e L LT,

%<1
H HH (AT 51 H Spec.
1 X U7 R (fe) fc
2 JEEER(fm) 0.01 (felZxtL+1%) 2T ANREBIRED
3 N=ANRNURTNE TR T 4)VH BT=0.5 Bluetooth Spec.J¥
4 ZEFRfRE(R) 0.3 Bluetooth Spec.&¥
5 N—ZNRURHEEEL—b fefm*2/fi 1-4 THEV /e AT ED
6 AHEYME AJ18E YR ) 128y AT ARNRELD
7T TINARA Xc35200-4£t256 Xi)linx Starter Kit (FFHT A
A

ZDEMED FIT, fexHERDBEY &L D OVHBEATA A i/ M T 5%
rHEEELEL,



2. TIVAY R L
2.1 k=0
7 VHVFM AR ITEL T, TR tant D753 57 2B — )T

EET DA
{-1,0,1,0}

A7
—-

+ OIFZE R Ep
K1 FM EHRFOTOVIE

ZOSRERRA LIS E OBRAVNE, VQ BREL, KT ARCTAN Z V) ZEt
%g?iﬂf“*h FHEIFIEEL T N—RY =T LR T WL FOFIEREZS

Wy TP uFF—T I W T Fr—"7

O?‘iitz \

F7:1E, arctan(l/Q) &7 — 7 /W EL TR DO HIETT, B MED/ NSV
B T NNESKHFE B ET R, A EOBIRICHD 8B Y MED A H
%@L:ﬂi\ 64KB O)b}:“_‘f/]/ﬁi\ \g‘f%@ﬁ%ﬁ@f&j%@iﬁho jiftZ&i\ :\@
BT —7 V(256words) & arctan 7—7 /L (256words) D3BHAULLND T, 4
Bl 8 By MiF TIL, BUEARIZAR0FET, LU IWHMICE R IZ5E . 2L
ZIE, 16 B YR TIE, 64KB DT — 7 /LS BEE7RY | RITV KERDY — A%
VELTAMERHYET, (16 B Y METIQ A /1END IC LLT ADIST0
WNBE IR ZHEA S TOET, )



2.2 #HHK

Xilinx @ Spartan3 (%, B RFLH(18x18 B F) EWVHHT LU FPGA 7 —F
TIT B AL CUWET, FPGA O & EH72 LUT A7 A A& HE 3 &
FHEPIFHAHETT, ZNEFI AL, LW T REEBERLE LT,
2. 2.1 JEAERBREHT LTV L

NEARD AL = AR ECT 0 NARZ o 9L, RS ERLZENT
TFEY, ZhaI AT L

! d, 1
aty)_a'o) _1o-10
o 27 2 2 -2 (1)
dt 1+(£) I"+0
0

AT, D RHE1I T, 72— o 38013 . [ENEFILET 23,
T2—UrTIRLEEZRDE, EBEBZDIENTE P2 aE 2L
WZEIZRDES, T, 0 HHIT WO ETT N, T2 UEDZES5 T, Tl
TEET, k7 IV B OMEIL, pZ R (7)) &350

I=1(k)(1-z")
0=0(k)(1-z"")

2 (1) 25y I,

I(k)Q(k—p)=Q(k)I(k=p) ~=X(2)
IR0, RS H LB T A SR TEET



2.2.2 E%&i&@ﬁﬁﬁ

X 1 T, T 28005, Ao, X (2) /EHTT, (iEoT 45007
Vo7 HETIL, ﬁ%;%i%%@afm%b{’ﬁmﬂz%@4 D1 LATIZLD, X UTJE
Ww EiFoinEt A, A TR v U 7 B2 B AIciE, B
D EDR LS ELZR B I 5 T3, L, Dy A, SATT
B FECHETETLEIND T, Yo B AP D- LI LET, 22T
. KL —h TS ?“6?5(2%%*9& SLUEL,

X1 OJE P EAEROFTEIZI, %u(zPﬂ{BZ%wz 57) EFED R AT RS
WET, 22T AR 2 fF B E R 1E, LPR( T X AE) T ELET, LPF
L, EHLUZ2R D FIR THETZEN MR ET, 45 7V 7 JE D 255
D1(=F VT JH B D 24%) T Null #7200 FE T, RIULF U T D245
/ﬁ?&@ﬁééﬂﬁ%f£< T 72D, o, Differentiator=1—2""" (nIEER N7
A—FTEE) LLET, TRAIL, n=2 DFITT,

LPF=1+Z7" Differentiator=1—2"

Maenituds (B}
Lo

LPF 2@1@%/7/1/1 @Tri@%}:@iﬁ“f» 1@5{:& xﬁa_of;@f =
BINZZDO T vy 7 TOREIL, MWEDORWIERDIWET, /-, 1Q ZH#IC
LCIMEEE 2D &75%%&@% BER DMy Z8% n=2m(m ITFEE) 352
ET, FCMZTOEBICIRE TEET, 22T AHOLEFHETD (T A—
N ET2IE. P T A E D CEET,

{-1,0,1,0} LPF

{0,-1 0 1} )
TmeZIE, F1DORM T T, N—RANURHREL — R 10Mbps EL72EX, %
U7 JEPREE, 150MHz L3R EVFET, 4157V 7 572 E 600MHz TO
FENMENZRVET, 20X R—ZANUROEEEL — MEIZ 60 fHD Y
TINEZ R T HI LT ET D, ?’E%ﬁ?ﬁ@?ﬁaﬁx LT DR — AN R T 4
/%WL'&ET 60 %, 23 XEd, £Z T, S EIOKE CIT4MIZ B2,
BLET, MR, T¥UTLRICE ST %m‘” IFEMET RVl
@ 600MHz- 60 > 7V 7 /Symobl 7>5 150MHz-15 %> 7"V >7"/Symbol &
PNFELT, T2 1QB Bk x2) 1E, ARARNPLH BHERRELE LT,



3. A EHL7 FM M R4 2
3.1 EHMIER
2. 20MEFNIED LT OREHIARICE LD ELTZ,
<2

H HH AR 51 H Spec./lE#%
1 Fr U7 JE A (fe) 150MHz FPGA Eh{FEIEUZFRIC
2 JEEURF (fm) 0.01 (fclZxtL+1%) a7 ANREBRED
3 N=ANRURTNVE T RAT 4 VH BT=0.5 Bluetooth Spec.J¥
4 EIRREE(f) 0.3 Bluetooth Spec. ¥
5 N—ANUREREL—R  fe*fm*2/fi=10Mbps 1-4 I AT ED
6 AHAE Mg IQ A1 8wk, 112 a7 AREELIY

ek
7T TAR Xc3s200-41t256 Xilinx Starter Kit (FFFHT /31

A)




3. 2 7‘\11\)?4
3. 2.1 FMEHEE

FM g B 7 vy 7% FIORLET,

INATZ4K
BE 2
(coregen H 1)

FM R D7 0v oK

(module:demodulator hardware new sampling )



3. 2. 2 FEHEMGEERIE (FPGA)D 7 vy [X]

Dual Port

%é?

16

{Q.I]

RAM
(ROM)

%’;‘

12

LOCKED

-
50MHz

150MHz

CLKFX_OUT
150MHz

TXD

UART
Control

demodulated
wave

Address

Incrementer

12

12 o

RHEAREE A FPGA
IOV AT T3 L

M imF (Simulation Use Only)

SiE
N



nllll

*ﬁ
.1 RRGEJTIE

THROLIR VAT LTI —al T TVWELTL, Eo, 2D T, KR
IRTA=BDRFIITVELTZ, BTV REiRE a2l —vavit, 73T
VerilogHDL > X2l —# ECITWELT,

QZ?A?EJ.I/\\—’/EI‘/
20993 AT TS5

NRZ &Rk **Bessel Filter
$random
NRZ fﬂgpu¢

R—ZRN\URDH A
LEHZDH D
TAINZ— % LB
9HCETRARD
B ERREL

demodulated FPGA

**Bessel Filter wave
HIRTLNAERYEIL 5 RTEEL,
D22 L—R(VPD) [F. LTIy R4RTH
MILEZTHETD

3. 3. 2 NNTIRA—HIHFE

et Lo, Hillas CHE—DRRGEH ST A—=H1T, 17%7\%%0)# @@@H#F’aﬂ(ﬁ
(2) (BT Dp) T, BEFERFFE] DS/ NS AR T T P BRI D& | i

TR L DWIERIT/ NSO EF D3, B E NSV BRI
Jiéﬁﬁiﬁi)ij(%<f£@iﬁ* FERTIC . 254 AL 3 K Z L B TARIC LD
BN ET D, WO HRAEDNRELRY  PIENEHFT, 2O —
RATIE, T Ao — 2 TR L £ LT,



3. 3. 3. vIalb—Tarmii

TRalb—vald, EFERRZEN AL Verolog  real (FEN/INEUR) 12X
HiE R FEHEMGER SR B S R IZRE IR L=, sE Y E (L TO RTL v 3=
L —ar CORRERLET,

(1) FFEIE R

<P DFHEH >
Item TB/ t> N
Hw Mg
NRZ TB 1 Verilog $random CTEKSNDIEHRS > RIVE 5
demodulated_input ~ TB = 8 Z#{E 5 (150MHz)
clk HW 1 T A7A7vy7(50MHz)
LLOCKED HW 1 XILINX DCM N{E%5 H CTDLL 28 LOCK L7=Z &%~
CLK FXOUT HW 1 XILINX DCM i E =, VAT L7ay 7 in3iifEsing,
(150MHz)
delayed_clk TB TB N TIQ ZEm S 57-H, CLK_FXOUT % 90 FE§"5LC
I WA,
filt_out TB 12 NRZZANLETHRovALTVEHINEE
mag TB 32 #HEV/NGGSEECHELZERE

demodulated wave @ HW 12 EizsH 7



771’)1«(F) IF0R Verilee?D¥ 1Ak WVHOL-MVeriloghSuA =2 YEal—23y  LA-MRE 2-TUT1 FTdd P ALTH

.ﬂ-- (=) 2 X3 (5ave |

D s
| AFTFI3] [41=-551

A s @ .. . (&) ......

ATHI[4] Daan ot

A:-rﬂ [+ Signal E

AFTRI[4 el | [ 0]dermodulator input

AFT B [4]] B Pt

BRI

BITHI[1 - ey

Bﬁw z 5 Ey' demodulator_input

BfTH[2 . ‘Dac

BT ’:J Ml e

E{; ;d {ﬂ TEE] ek L e

CiF A [0)| E-family LOCKED

s SN SLRER OUT ‘

CFFH [0 delayed_clock

ofTF| [0
NRZ —lqiﬂJilJﬁJ‘\J‘\JﬁJj [ [
[11 0t ot S5 i ] N— 5 ST
filt_out
[31 0]mag
mag

[11:0]demodulated wave

demodulated wave

4 »
STATUST 1 items H-ILE-F STATUS4 STATUSE STATUSE 1 M2 M3 4
Weritak STATUST STATUSZ STATUSE Time=4624670 Disk=411 9ME status=12 1
.
<= )VERPEIE T >
=) 7

= VeritakWin
IFAIE ITFvH  VeriloeFOF b WHDL-VerilbebSLAL—8  L2al—vay  LH—HERE 21-FTUFc FTO) L EOW AL

D
e ) [[E e (S MENEHNENCIES
::rr;:j E: : e Signal | 29397 dps 1 4 1.362078ps 1 11430 162ps 1 4 1498265ps 1 4 15663879ps L
#7571 [4] ebl [ [7:0]demedulatorinput
a3 4] 2 hardte
B75 31 (0] o
EfTHRI 1 & B
BiT 5 [2] # | dermedulator input
BITH [3 2
BITAIL4 B
B e T o e VO s O e YO O e e Y e Y Y e YO e MO s O e WY s Y s W |
415 (0| B famil
o n | TR ol kPO uT IIIJTJTJ—IJ—IJ—IJ7J7J—IJ"IJ7J—IJ—IJ7J—\J—IJ"IJ7JTJ—IJ—\J—\J"IJ"IJTJ'\J"IJ'IJ—IJ—\J—\J—IJ—IJTJTJ‘IIUTJ‘IJ‘U‘U‘U‘IIUTJ‘IIJ"I
£ ] delzved dock I ARNpRRRRi R inuRR RN NRN iR NRN RN NR RN N RURNRN RN RNRNRNRNARRRRRRRRURRT iy | |
DfTHI [0 e Po 53 enct
NRZ g=45
[11-0Jflt_out Ry

filtout

[31:0lmae

mag

[11 0ldermodulated wawve

demodulated_wave

KN E—— _’l_‘ L]
STATUST [l ftems.  [A—ULE—FF  [STATUS4 STATUSS STATUSS i Mz M3 i

Weritak STATUS1 BTATUSZ STATUS3 Time=4624670 Disk=411.9MBE status=12 0



(2) T A/~ —

’\—XJ\JF FAINa— zZ- 1EE 74:€?—/(F€TL S[M)

LAITFRE 720

Z-1EIE F@ fl\ﬁﬁ EHEIZED

R D~
A [T
=

*okX] Z-xIE, K (2)[ZHTHp

\“l%}

Aj%
B NICRTEE U2 P (mag)l 3, N — AR IR (filt_out) LIZIXR T T
EEJ@ 2 (2)1 _Jié FM {8 DR e TR =L E 2 E 9,
8B MEF{LAEAT 72 Z-1 (RTL SIM  :demodulated wave) Tid, /A A7
EE_L“@ VOIONCRX FT, BRI =AU VAR E T T, BR
RELE X DIVET A0, M HLIC I, B0y 2500 (R AR R 2 K< LT
UL i i Eo S/N ;’Em&)é\_kﬁ>“(%iT
'Li)lbfﬁﬁ%\ RESUTETBIERF T, B RN DI DS e %
%%ﬁﬁgﬁ\%%ﬁ@«mﬁgiﬁhy%E®ﬁﬁ@m\tﬁ&%ﬂ%
p=4 Zo



3. 4 FEHEFPGA KEE

A [e], EhERE FE 75> 150MHz LN | VT VS A L TORGET, REET

4. FIC TR A RIL. 150MHz CEIDLZe e 55 B4 RAM 1242 T

BWT,UART CTHATAHFRELELT-, F7-. 150MHz TIQ VT /LA L
125257 LLREECT, 22T, ZHbbonUHEE L TR SR 25
L2l —al RHTAE R SNDRE B) Z ) HEE L TR O RAM )5 5
ZHHDELELT, (3. 2. 2 FPGA 7 uav7[Xa25HR)

3. 4. 1 SR
ARREREE 1. Xilinx ISE FOUDATION 6. 31 T9,
(1)3 2.1 FM1E:A%28 (3. 2. 1) DA R 5

B silire - Project Mavieator — Gi¥dwm Sources in Praject:
File Edit Miew Project Source | .. E dm?
= . - EI £ xc3=200-411256
JDE‘Hﬁ||—EﬁE|E Dnsﬁvsmplﬂsﬁvsmpw}
g | U] =3 vampluct
_ - E|. ] hardware hardware_top_w uarts)
GITEEESEES o SAGEE o I_l I . ] demodulator_hardware new_sampling idwm_hard

Aiddl Existing 0

------ :ﬁi dualram (dualram.xcod
Create Mew 5

Desien Ent b mydom (mydomxaw
ezign Entry P ‘ )

; : msram Imyro mxco
Uger Congtrai #

; =- . uart_ctrl (uart write reduced.d
% Cieafiz b uart_write Quart write reducedw)
[

Azzien | LB | uart_read (art_write_reduced )

BB Create

N B¢ Process viewl — B hiodule viewlnﬁnapahnwiewl |E Lihrarg.rk-fiew]
il Selected Device : 3320th256—4| Al
¥

MNumber of Slices: 28 outof 1920 1%

MNumber of Slice Flip Flops: 48 out of 3340 1%

MNumber of 4 input LUTs: 32 outof 3340 0%

Mumber of bonded I0Bs: 28 outof 173 16X

MNumber of MULT18x18s: 2 outof 12 16%

MNumber of GOGLK=: 1 out of 3 12%

TIMING REPORT

Clock Information:

Clock Signal | Glock buffer(FF name? | Load |
dem_clock | BUFGP |66 |

Timing Summary:

Speed Grade: -4

Minimum period: 4.435ns Maximum Frequency: 225.479MHz)
Minimum input arrival time before clock: 2.373ns
Maximum output required time after clock: 5.835ns

Maximum combinational path delay: No path found -
1 | v
[ 4 [ » M Console A Findin Files A Warmings b Errars f

For Help, prezs F1 | | ﬂ 'J ._..n'!

Xilinx 2B AFOEFAEGR T, Bl BEARATOM T, AT 2% 25,
HAE 225MHz NSO E LT,




(2) V7 7L X [A] (parity.vhd) D& BUfE
Xilinx 2> AP O G HHER T, BLEARRATOM T, 274210,
PEAERFE] 9.418ns WEHIVELT,
Z:=-=:Zi|ir'|::-:: - Project Mavigatar — C:¥dwm3¥par itv¥parity.npl] i ] B

File Edit “iew Project Source  Procesz  Window  Help

I=R-2=N- M= Aell=NEae Al N A A

Sl Froject Workzpace
oceszes for Source: par.lty.—rtl . | I S [ R |
------- Create Timing Constraints -
i ! - E pat ity
faiza fzzign Package Pins | :

E-£7 xcle200-4t256

[ Create Area Constraints
------- B Edit Constraints (Tewt)
H-- A3 W Synthesize - KT

------- @&” View Syntheziz Report
....... mg  View RTL Schematic
....... Tip# Check Syntax

¥ 2% Implement Desien

- £ 3% Tranzlate

o | |

B Process Viewl

N B Module Viewl o | Bnapahnwiew] TID Librarg.rk-fiewl

=
¥ Device utilization summary:

[
1
Selected Device : 3=200f1266-4

Mumber of Slices: I 10 outof 1920 0%
Mumber of 4 input LUTs: 17 out of 3840 0%
Mumber of bonded I0B=: 51 outof 173  20%

TIMING REPORT

Cilock Information:

Mo clock signals found in this desien

Timing Summary:

Speed Grade: -4

Minitmum period: Mo path found
Minimum input arrival time before clock: Mo path found
Maximum output required time after clock: Mo path found

Maximum combinational path delay: 9.418ns -
1 3 |

] [# ] Console A Find in Files 4 Warnings A Errors f

For Help, press F1 | IJ A B @ E E

3. 4. 2 Bk RORGE

3. 2. 20EIEEERLELTZ, . RARATUMEDEE L, FPGA £
&, 1561MHz CTL7z, RARAT U7 —hEIES I =L — 9% Veritak T
1TV, /&E72< 150MHz C., RTL ERICAE AL NHZ LA MR L E LT,




3. 4. 3 FPGA FEHEMGT

FPGA @ UART 73536 H4LTL ST — 5% PC DX —IF VY TR TR, THANT 7 AL &
LTE—7 LELIZ, E—=T L7eTF AN 74 /L% Verilog TR iAr, RTL P2l —Tal ik

LA T L—HLTWLZEa B L E LT,

S —3F )L TR C, FPGA /5D Data %5315 Spartan3-Starter Kit \Z RS232C /7 — 7 )V %455t

THLE  REE
FEP) ERED
AWTMR) SR

AL 7H?

M= 2 =B
404 Al
3ED
3FC

—
CAY =l

i i s

W 'Wavetorm Wiewer 1

nt].r &
Wav.re

) (&) ()] () (e (&) ) (&) ) =)

Signal B 5000.000ns 10000.000ns

D2:0]uart memad... h. 17
11:0 juart outplt

JEIRISE (DEIF

ZELiTOHEA

ForDiER 4
I8 BESEHS

I72 B3 —Enitn R
FindPattern

Lart output

ARNDPELAIEE
CLKEX OUT FHOHRSA—R
O BT AT
[11 Oladdress d T —y MR
BTk »
SEIRIZS HOOPY
SEIRIZE0EA

11:0)demodulated.

demodulated wave  h..

< |
W~ R T, UART /607 — 4 (uart_output) & RTL SIM & D— 5% e id

EETLREEDD by [ A




4. 12277 OFH

I S
B Spartan3 Normal Speed 7.7 C 150MHz, {&#HizikL — T, #REFIRID
1000 {5 R Rk,
27— N 25 AT A A, I FFLAR 2 EfE
2= a=—7, [AHFROFERENLI2,
FE8 Xilinx Starter Kit, 150MHz C33EHRFEH 7

J5 G 18x18 AR T, 7 =7 Wby 77y 7 TIIRIE TERUN 16 By MEE %
JiT&ED, PLL 7 EDE L, Latency 23FAE 72028, tan”! D5y Ll o
EWE, NFHOROE B ET DM ER RN,

5. &

FM 18788 L C. FPGA OB AT, FiLnT o2 VG )7 12
ZLFL7~, VerilogHDL > 32l —# T,
AT A2l —gy
‘RTL 332l —3i3)
cRANAT TN =22l —g
ATV R OMEEAZITWELT-, F£7- . FPGA FE#EC . BiEE % 150MHz,
AN— 2 R#EEL — 10Mbps OFREEEITVELT-,

6. 235 CHk

LR TAUAV MUY —AROEBLA T T —T
HYr 2005 1 A%

7. iSNfTE R
1 FMEGA%sY — AV AL

2 FPGA Y —AU AN (BB D7)
3 TAMIUTFY—AY AR



IAHEEN FM i — AU A

//Jan.27.2005 Refine

//FM 15 il
module demodulator hardware new_sampling #(parameter Demo MSB=7) (
input dem_clock,//150MHz
input async_reset,
input signed [Demo MSB:0] modulated wave sin,//150MHz
input signed [Demo_MSB:0] modulated wave cos,//150MHz
output signed [Demo_MSB+4:0] demodulated wave final);//150MHz

reg signed
reg signed
reg signed
reg signed

Demo MSB:0
Demo MSB:0
Demo MSB:0
Demo MSB:0

input_reg_sin,input_reg_cos;
sin_input,cos_input,cos_i,sin_i,cos_r,sin_r;

sin_z2,cos_z2, sin_z4,cos_z4,sin_z1,sin_z3,cos_zl,cos z3;
sin_z5,cos_z5, sin_z6,cos_z6,sin_z7,sin_z8,cos_z7,cos_z8;

——r——
—_

reg signed [(Demo_MSB+1)*2-1:0] mult]l,mult2;

wire signed [(Demo_MSB+1)*2-1:0] sin_mul,cos_mul;
wire signed [(Demo MSB+1)*2-1:0] sin_ex z4,cos ex_z4;
wire signed [(Demo MSB+1)*2-1:0] diff reg;

always @(posedge dem_clock ) /12 7#8 A /)% — H.FF T %
input_reg_sin<=modulated wave_sin;

always @(posedge dem_clock ) /18 7i#8 A\ J)%— H.FF CT%i1%
input_reg_cos<=modulated wave cos;

always @(posedge dem_clock) begin//7 AL A Z8 FTHDHM, BINDHDIL, Z4 £T
sin_zl<=input_reg_sin;
sin_z2<=sin_zl;
sin_z3<=sin_z2;
sin_z4<=sin_z3;
sin_z5<=sin_z4;
sin_z6<=sin_z5;
sin_z7<=sin_z6;
sin_z8<=sin_z7;
cos_zl<=input reg cos;
cos_z2<=cos_zl;
cos_z3<=cos_z2;
cos_z4<=cos_z3;
cos_z5<=cos_z4;
cos_z6<=cos_z5;
cos_z7<=cos_z6;
cos_z8<=cos_z7,;

end

assign sin_ex_z4=sin_z4;//7 A /32— FREtiE R Z4 28R
assign cos_ex_z4=cos_z4;//7 A/ 3Z— R R Z4 2R

always @(posedge dcm_clock ) begin
begin
multl<=input_reg_sin*cos_ex z4/fF 5} TR %
mult2<=input_reg_cos*sin_ex_z4;//{F 5 FeFids

Ul gu

fWeu
cak

end

end



mysub sub(//Xilinx /XA 77 A RJHHEET 2 —/ Coregen THK
A(multl),

B(mult2),

.Q(diff reg),

.CLK(dcm_clock));  // synthesis black_box

assign demodulated wave_final=diff reg[Demo MSB+4+2:2];//18 = /)
endmodule



e E2 FPGA Y —AVAR (by 7 M fE D F)

//Jan.27.2005 Refine

//FPGA [BI§FERE Y = — /L
//RTL 2=l —aBEE, HOST 225 1Q #6595 | i /1 12 vk 150MHz
//FERETIE, I ROM 128D IQ 24K UART 115.2Kbps ¢, RAM (Z Save SV 1E 7 H & H )
I
module hardware #(parameter INPUT DATA MSB=7,
parameter HOST DATA MSB=(INPUT DATA MSB+1)*2-1,
parameter ADDRESS MSB=11,
parameter OUTPUT DATA MSB=11 )

( input RST In,
input CLKIN_IN,
input HOST CLK,
input [ADDRESS MSB :0] HOST ADDRESS,
input HOST WRITE ENABLE,
input [HOST DATA MSB :0] HOST DATA,
output signed [OUTPUT DATA MSB :0] output data,
output CLKFX OUT,
output TXD);

reg [ADDRESS MSB:0] address,address_d,address_dupl,address_dup2,address_dup3,address dup4,address_dup5;

wire signed [INPUT DATA MSB:0] data_inl,data in2;

/fuart
wire [ADDRESS MSB:0] address_for uart;
reg sync_reset uart;
wire clkO;
wire signed [OUTPUT_DATA MSB:0] demodulated wave_final,

//XilinX DCM &Y 2—/L: 50MHz A7 L7ay 7% N1 =>150MHz 2 H /)
mydem dem(.CLKIN IN(CLKIN IN),
RST IN(RST In),
.CLKFX_OUT(CLKFX_OUT),
.CLKIN IBUFG_OUTY(),
.CLKO OUT(clk0),
.LOCKED OUT());

/EMEFEY 2—/L: 150MHz 7wy 7T Q& AT =>1FHI 1% 12 B METHI
demodulator _hardware new_sampling #(.Demo MSB(INPUT DATA MSB)) demodulator(
.dem_clock(CLKFX OUT),//
.async_reset(RST In),
.modulated wave sin(data_inl),//
.modulated wave cos(data_in2),//
.demodulated wave_final(demodulated wave final));//



//Dual Port E=—/L:1 28> x4 KWords
/AEFH ) Save 7= Dual Port RAM A SJ1Z, A H 71 (128w Mig)=> H i,
/JUART \[ZH L7275, RTL 3= —3ar 2 150MHz TEFRHE x4
//UART B4R EFX, UART CNTRL %, 7RL A& lH45
//"define UART_TX_OUTPUT

‘ifndef UART_TX_OUTPUT //UART Zff 72 D72

dualram dual portram(
.addra(address_dup4),
.addrb(address_dup5),
.clka(CLKFX OUT),
.cIkb(CLKFX_OUT),
.dina(demodulated wave final),
.dinb(),

.douta(),

.doutb(output_data),
.wea(1'b1),//Jan.23.2005
.web(1'b0)); // synthesis black_box

“else//uart H 77

dualram dual portram(

.addra(address_dup4),

.addrb(address_for uart),

.clka(CLKFX_OUT),

.clkb(clk0),//uart Z3&RF5EH /71% 50MHz Clock (27250 T
.dina(demodulated_wave_final),/RAM AJj% S0MHz o7V 271270 %,
.dinb(),

.douta(),

.doutb(output_data),/RAM 55D {177 Data

.wea(1'bl), //Jan.23.2005

.web(1'b0)); // synthesis black box

uart_ctrl uart write port(
ASYNC_RESET(RST In),
.clk_50M(clkO0),
-ram_data(output_data),
-ram_address(address_for uart),
.TXD(TXD));

‘endif



/ATHEAT RAM £ 22— /1 : 16bits (IQ)x 4K Words

//"define USE_ROM_DATA //HOST M5HA4 K Data 25 5-5121%, ARk
JIRTL 2=l —aBiE, HOST 7>50 DATA(150MHz) %3y 7 7V 7%
//EFERFIE, HOST DATA IX, ME4H, RAM WIS

myrom rom(
.addra(address_dup2),
.addrb(HOST ADDRESS),
.clka(CLKFX OUT),
.clkb(HOST CLK),

.dina(),

.dinb(HOST DATA),
.douta( {data_in2,data inl}),
.doutb(),

wea(1'b0),

‘ifdef USE_ROM_DATA //ROM %Z{#57¢5 WRITE L7\
.web(1'b0));

‘else
.web(HOST_WRITE_ENABLE));

‘endif

always @(posedge CLKFX OUT or posedge RST In) begin
if (RST In) address<=0;
else address<=address+1;

end

always @(posedge CLKFX OUT) address_d<=address;

always @(posedge CLKFX OUT) address_dupl<=address;
always @(posedge CLKFX OUT) address_dup2<=address_dup];
always @(posedge CLKFX OUT) address_dup3<=address_dup2;
always @(posedge CLKFX OUT) address_dup4<=address_dup3;
always @(posedge CLKFX OUT) address_dup5<=address dup4;

endmodule



ISR FARNTF =AY R

//Jan.27.2005 Refine 2

//Jan.21.2005 Refine

//Jan.19.2005 ¥ Baseband/Demodulator @ Eye 42f%.
/ Coe FILE ZEp%

“timescale 1ps/1ps
module hard test bench;
//Hard /NTA—%
parameter INPUT DATA MSB=7;
parameter HOST DATA MSB=((INPUT _DATA_ MSB+1)*2-1);
parameter OUTPUT DATA MSB=11;
parameter ADDRESS MSB=11;

T AN FIRTA—=H
parameter real Freq =150e6*1000/999;//150MHz Carrior Frequency
parameter real Modulation =0.01;// +-1% GFSK Modulation
parameter integer Clock Period=10;//10ps 10ps resolution test bench
parameter File Name="bessel5.txt";//System Matrix A,B,C,D file for bessl filter
// 3dB cutoff=SMHz
parameter integer Filter Degree= 5;//System Matrix 's Degree
parameter integer CYCLE=Clock Period*3*333 ;//
parameter integer BasebandCycle=1000*100/(Clock_Period*2);//10Mbps
localparam integer Item_Counter Max=2048*2-1;//4KB
parameter integer IQ_Delay=1667;//90Degree shift at I150MHz
parameter integer HOLD TIME=1;

real fc;//Carrier Frequency
real fb;//BaseBand Frequency
real fm;//Modulated Frequency

//rungekutta systems matrix input/output array
real read_array[0:10];// Input vector for rungekutta
real write_array[0:10];//Output vector from rugekutta

real t;
reg clock=0;
reg signed [11:0] filt_out;//for monitoring

real filt_outr;
reg sync_resetl,sync_reset;

real modulated waveform;//Z S 1
reg signed [INPUT DATA_ MSB:0] demodulator_input;//8 x2 B M7V 75 5
I AEHERDANTNI2%

real theta,delta_theta,omega;//Dec.22.2004

wire NRZ;//Baseband NRZ

wire TXD;//UART /]

wire signed [OUTPUT _DATA_MSB:0] demodulated wave;/f8 %3 7] Data
integer fp=0;

//Hardware IF Signals
reg clk=0;
reg RST In;

reg [ADDRESS_MSB:0] HOST ADDRESS=0;
reg [HOST DATA_MSB:0] HOST DATA=0;



reg HOST WRITE ENABLE=0;

wire CLKFX OUT;

wire dem_clock=CLKFX OUT;//150MHz FPGA output CLOCK
wire delayed clock;

wire HOST WRITE CLOCK;

AT a2l —ar
real cos_real,sin_real;
real cos real zl,sin real zl;
real diff real;
integer mag;

assign #(HOLD_TIME) HOST WRITE CLOCK=delayed clock;//RTL Izl —I a3,
//HOST (2 1Q % Write 572D/ 1w/
assign #(IQ_ Delay) delayed clock = dem_clock;//CLKFX_OUT;//CLKFX_OUT % 90 £
/[~ 7RI 150MHz Zvay 7

HNT AN F oy Ny T4V EORISE R EIE N 20T, +4<¥5%
/IDCM ZHHEDNTI2NEDT 3 DREER(150/50) T 528, 2O TRNWEDVENTRAETD
always #Clock Period clock=~clock;

[[FPGA ¥ A7 L7y 50MHz Starter  Kit {14
always #(CYCLE) clk=~clk;

/INRZ FO_o2 V7 4 VA ORI E &5 RS D,
//
//'define USE_ROM_DATA //ROM DATA % {57252 4% ON (275
‘ifndef USE_ROM_DATA //ROM DATA ZAH72 56 . NRZ JDIREZE R 2 ER T 5
// ROM DATA ZAE5556 13, SIM FRFffAEHE D728
LR IEIATLR N
always @( clock) begin//Jan.19.2005

t=$time()*1e-12;

read_array[0]=(NRZ==1? 1 :-1);//1/0 => 1/-1 T~ ¥

$runge kutta(File Name,1);/7 0/ 3al—4 T, X7 V2 HTIEHE
filt_outr=write_array[Filter Degree-1];//ti /1% REAL Tf5% Get filtered outout
filt_out=$rtoi($rint(filt_outr*1023));//7 /L ZH 1 DE=4H

fc=Freq;

fo=Freq*Modulation*filt outr;

fm=fc+fb;

omega=2.0*fm*$M_PI;

delta theta=(Clock Period)*1e-12*omega;//Jan.19.2005

theta=theta+delta theta;

modulated waveform=S$sin(theta);//Z K L7-12%(5# 150MHz

[EAAELTo, BRLIZEEHE 150MHz 4 — "7 —5 8 WAL, B H
demodulator_input=$rtoi($rint(modulated waveform*( 2**INPUT _DATA_MSB -1.0)));

end
‘else
‘endif
//coe file A=fk

//"define MAKE_COE_FILE // XILINX RAM #JHHEZ 7 ANV A LT 5725 ON
‘ifdlef MAKE COE FILE
initial begin
fp=$fopen("modulator_out.coe","w");
$fwrite(fp,"memory _initialization_radix=16;\n");
$fwrite(fp,"memory _initialization vector=\n");
end
“endif
integer item_counter=0;



integer dem_instead_counter=0;
integer cos_monitor;
always @(posedge dem_clock) begin//cos =3
#1;
HOST DATA[INPUT DATA_ MSB:0]=demodulator input;//Set LSB WORD
cos_real zl=cos_real;
cos_real=modulated waveform;
cos_monitor=$rtoi(1000*cos_real);
end

always @(posedge delayed_clock) begin//sin =3’

#1;

HOST DATA[HOST DATA MSB: INPUT DATA MSB+I1]=demodulator input;
//Set MSB WORD

if 'HOST _WRITE_ENABLE) HOST ADDRESS=0;/54)]i30

else HOST ADDRESS=HOST ADDRESS+I;
IIRINBA 7Y AR

HOST WRITE ENABLE=1;//Write Start

sin_real zl=sin real;

sin_real=modulated waveform;

diff real=cos real*sin_real z1 -sin_real*cos real z1;
diff real=diff real*1023*16;

mag=S$rtoi(diff real);

‘ifdef MAKE_COE_FILE / XILINX RAM f#IHILT 7 A VAERRAE AR S 5725
if (item_counter==Item_Counter Max)  begin/RAM f#& 7 RLAETEH -5
/#4300
$twrite(fp,"%4h;\n",HOST DATA);
$fclose(fp);
$finish;
end else begin
$fwrite(fp,"%4h,\n",HOST DATA);
end
“endif
item_counter=item_counter+1;
end

/INRZ 4 j%
baseband #(.counter max(BasebandCycle)) base(clock,NRZ);//NRZ £ i%,

HT AIRHE— AR

“define EYE_BASEBAND //X—ZURDT A/ = Z AT HEE iz ON
‘define EYE_DEMODULATOR /A8 #s i 1 DT A /32— 2 AT HLE Zivkz ON

‘ifdef EYE_BASEBAND

eye_monitor #(.samples per scan(15*2*2),.max_columns(32)

,.Eye Save Data File("eye base.txt")) eye base(dem_clock,filt out);
‘endif

‘ifdlef EYE DEMODULATOR
eye_monitor #(.samples _per scan(15*2*2),.max_columns(32)) eye demo(dcm_clock,mag);
//mag,demodulated_wave

‘endif



//Reset
initial begin

$runge kutta(File Name,0,read array,write_array);//7 707 3ol —%

DA T =7 MIEAAL

RST In=0;

#(10*1000);

RST In=1;

#(100*1000);

RST In=0;

end
ISR

hardware #( .INPUT_DATA_MSB(INPUT DATA_MSB),
HOST _DATA_MSB(HOST DATA_MSB),
.ADDRESS_MSB(ADDRESS_MSB),
.OUTPUT_DATA_MSB(OUTPUT DATA_MSB) )

dut ( .RST In(RST In),//Reset
. CLKIN_IN(clk),//FPGA A /7 CLOCK=50MH z
.HOST_CLK(HOST WRITE_CLOCK),// % RAM ~ Write A /] CLOCK
.HOST ADDRESS(HOST ADDRESS),/{H#423 A7) RAM Address ¥§ &
.HOST WRITE_ENABLE(HOST WRITE_ENABLE),//{f8#i%% A\ 7] Write
.HOST DATA(HOST DATA), // %3 A\ 7] Data
.output_data(demodulated wave), //{E##sH!J) Data
.CLKFX_OUT(CLKFX_OUT),//150MHz FPGA Hi 7
.TXD(TXD));//UART {77 115.2Kbps

//uart read port
wire [7:0] buffer reg;
wire int_req;
localparam LF=8'h0d;//2ZfT72—F

always @(posedge clk, posedge RST In) begin
if (RST In) sync reset <=1'bl;
else sync_reset<=1'b0;

end

//"define READ_GENERATED UART DATA //FPGA UART 7607 —#% TEXT Save
//=>uart.txt

/RTL &2 T 2 EDSEL, 2A ML
‘ifdef READ GENERATED UART DATA

parameter uart_file="uart.txt";//Z#H 1 /) L7 UART 7TF A7 741

reg [OUTPUT _DATA MSB:0] uart_mem [0 :4096*2-1];//EtED T —H{RFF AEY

reg signed [OUTPUT _DATA MSB:0] uart_output;//AEVNEEZ G-V HI$

reg [ADDRESS MSB+1:0] vart mem address=-(13'h100a-13'h0c70);

/AL UART DATA OFfiHE(H

initial begin
$readmembh(uart_file,uart mem);//uart mem (Zat A IAATE T — 2 A K& AN
end

always @* uart_output=uart mem[uart mem_address];//150MHz 2 a 7 [ H]
always @(posedge = CLKFX OUT) uart mem_address<=uart mem_address+1;//
‘endif

vart read uart read port( .sync reset(sync reset), .clk(clk)
, rxd(TXD),.buffer reg(buffer reg), .int req(int_req));//FZD TX port D7 ARHEL T



/UART HH D7 —4% 12'h xxx CR TERT D
always @(posedge int_req) begin
begin :local

reg [7:0] local mem [0:3];
integer i=0;

if (i>=4) $stop;//Assert(0);

if (buffer_reg==LF) begin :local2 //pop stack
integer j;
J=0;
while( j <1) begin
$write( "%c",local_mem[j]);
=it
end
$write("  : time=%t\n",$time);
i=0;//clear stack
end else begin//push stack

local mem[i]=buffer reg;

i=itl;
end
end
end
endmodule
/7% 5 NRZ &R 5

module baseband
#(parameter counter max=1000)

(

input clock,
output reg NRZ=1
);

localparam integer MAX=counter max-1;
localparam integer initial value counts=4;//5zfJiZ. Bessel Z & #fH
localparam integer finish_value counts=counter max-5;/f %% 11U TUVA03,
IBEFED 8-> TR DT, Wrap [REIZ Noise 23 CT5,

reg [15:0] counter=0;
reg [15:0] baseband_counter=0;

always @(posedge clock) begin
if (counter==MAX) counter<=0;//10Mbps counter
else counter<=counter+1;

end

always @(posedge clock) begin
if (counter==MAX) begin
baseband counter <=baseband counter+1;
if ( baseband_counter <=initial value counts ||
baseband counter >=finish value counts) NRZ<=1;
else NRZ<=$random %2==1;//7> % 2 10Mbps NRZ

end
end

endmodule



T A28 — %A%, EXCEL Fit A Dy <L —h TXANT 7 AVEERT D
//EXCEL #t/mABBFIC, A~ ZHRETHIL,
module eye_monitor #(parameter samples_per scan=32,//4T%%
max_columns=64,//51$%
Eye Save Data File="eye demo.txt" /7 7 /4
)

input clock,
input signed [11:0] baseband_out

integer sample counter=0;
integer column_counter=0;
integer fi;
integer 1,j;

reg [11:0] saved wave [0:samples per scan][0:max_columns];

always @(posedge clock) begin
saved wave[sample counter][column_counter] =baseband out;
if (sample counter==samples per scan-1) begin
sample_counter<=0;
column_counter<=column_counter+1;
if (column_counter==max_columns) begin
save data to_file;
$stop;
end
end else sample counter <=sample counter+1;
end

task save data to file;

begin
fi=$fopen(Eye Save Data File);
for (i=0;i<samples_per scan;i=i+1) begin
for (j=0;j< max_columns;j=j+1) begin
if (==0) $twrite(fi,"%d ",$signed(saved_wave[i][j]));
else if (j=max_columns-1) $fdisplay(fi,", %d ",$signed(saved wave[i][j]));
else $twrite(fi,",%d",$signed(saved _wave[i][j]));
end
end
$fclose(fi);
end
endtask

endmodule



