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ABSTRACT

After developing the Time Difference of Arrival (TDOA) method for

accurately determining the position of devices This project focuses on

developing a digital transmitter circuit using the Ultra-Wide Band IEEE 802.15.4

standard. The goal is to use the designed circuit for location-based systems,

with support for operating in channels 0, 5, 6, 8, 10, 12, and 14. The circuit

includes various types of encoder circuits such as Reed Solomon GF(64)

RS(63,55), SECCED, and LSFR. Subsequently, the designed circuit will be

simulated and compared with real signals generated according to the UWB

IEEE 802.15.4 standard.
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2.1 Locating System

2.1.1  Locating System example
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gﬂﬁ 2.2.2 Time Difference of Arrival Timing diagram
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2.2 Ultra-Wide Band Protocol
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2.3 SPI protocol
SPI (Serial Peripheral Interface) Julusinpeanisdeansuuy synchronous serial i
ffnaggniunltluszuuileds (embedded systems) uazusundiatudug Wiedoanssyning
lulaspoulnsatass, Wuwes LLaquﬂsaiLﬁmﬁmSuﬂ TneUnaudanisaeanslu Spl axd
gUnsalfiLu master Aidsdyanal clock uazdeyaludsgunsalindu slave naneq falae

AN1150AETLANIN19dILATSU

SCLE * SCLE
OS] » MMOSI SPI
SPI MISO ke Slave
Master 551 p S5
5G2
553
— SCLE
- MOSI SPI
MISO Slave
» S5
 SCLE
—— MOS] SPI
MISO  Slave
———— @ 55

gﬂﬁ 2.5 1981901568 pin ®1941U SPI protocol
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CS (Chip Select) - 1 uw19 1 lun151d0nTU (slave device) 7 7890158 @157 U
master device Tun1589a15AuTULY 2 09v1n15 A2 CS Tiduaniug low NauLiNe

donTuiiu uarAsnbiduaniug high Weduganisdeans.

MISO (Master In Slave Out) - 11 umﬁiﬂuma%’u%gamﬂ slave device U184

master device

MOSI (Master Out Slave In) - v1 umﬁliﬂum’iﬁﬂ“ﬁagamﬂ master device lUg4

slave device

SCLK (Serial Clock) - s uwriildlunisdedyaias clock 910 master device T8

slave device tanIuANNTTdITLA

(7
Y

o = 1% v P P | ! 1Y)
JUUY IUﬂqjaaaﬁli@'ﬂﬁl SPI 22M89U N1 BUNBY1VDY master device AU slave

device A1 CS, MISO, MOSI ag SCLK lngn13d499yaazl3uAuaIN master device lag

N Y 1Y

& I3 A A a 2 g . '
NN369A1Y1 CS U low IWBLABNTUNFBINITERETT 91NUU master device ALAIUDUANIUYUN

Y

1% ¥

MOSI 1Ugs slave device uavasdyans clock WU SCLK iearuaun1sdloya Toyaas

Y Y
v

| 2 a A g | v 2 & I A & . s & a
NANLEIAAULUD master device aﬂ%@mﬂalﬁi‘ﬂauuagmﬂﬂfmq CS Wu hlgh LW@auq@]ﬂfl'ﬁﬁaaqi

e

[
v a %

uBUtug lny slave device ax3utoyaniuu1 MISO luvaueh master device davaya

Controller Peripheral
| Mermary | SCLK | Mermary |
Lofufafsfafs]s]7] e JORBBOBEE
* FOCI

gﬂ‘ﬁ 2.6 UgAIN1589E15Y84 Master (Controller) waz Peripheral

[
Y

SPI fUUANTITERENTNIULA 4 1A LARLINUAIZWLANAIAUMIENISAIAFILUSEIAN

Yosdeyayad clock wazdayaignas lnelassuiiazilunsldivuni 0 (mode 0)

Y



SPI Mode O
CPOL=0
CPHA =0
SCLK idle low

Toggling edge Sampling edge

JUN 2.7 udneden15iea15989 SPI Mode 0

Tu mode 0 N1sA9a159zIsudUlAeN1SHIAIYY CS U low L aLANTUNABINIS

s

#0@15 9N master device Azdsoyar1UY1 MOSI LUS4 slave device Tuvnuedyanwal

<

SCLK tuaniug low 9101 master device agdsdayayras clock Huv1 SCLK LiloAIUAY

1 L4

n1sdatayaliiu slave device Tugaaidydnual SCLK 1uanug high lnedoyadsgnds

Y

2 & A i | v 2 & & . i, o4 A o
L@9EULUD master device aﬂ‘U@ﬁJﬂaLaiﬂaULLagmﬂﬂqmq CS Wu hlgh LW@ﬁu@jﬂﬂ’ﬁa@aﬁliﬂU

FUtiue Iae slave device awSutayar1uu1 MISO luauei master device oy
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2.4 Galois Field Arithmetic
\iovzid1ladie Reed Solomon 151daatrlangui Galois Field 3al5undndedn

Finite Field nau

Galois Field #598n% af @ Finite Field 221U Set ¥0982189N TUVUIAINNA LA

anansathun uan, av, an, wagms dudiieulu Set 1o Tnunadnsazdaadudndilu Set 1t

2.4.1 Galois Fields Element

UszNoumelonuedeInUsenauvsolwnuediiay Jeiliuuuuegiosdusenaunani

[

Tnunumedydnwal @ wardanduluau (2.4.1)

0,0’ al, a? .., o (2.4.1)
A15A5EANTINUIUBIAUSENBUWINAU 2™ 197 n = 2™ -1 agynbialke GF2™) lae

o oA ' & | = oA v v 19 = | ¥
TNaenA1weY A 1JU 2 kAdIUISOLEABNANDULARINADINIS NSIANNLEBNAIUDY O han

L3 A X o £ ! & 1 =3 v v ¢
ENﬂ‘U’i%ﬂ’e']‘U‘V]iJWﬂ%u&ﬂmﬂiﬂ%ﬁiﬁ?ﬂﬂﬂﬂ’]i@mﬂ’lEJ A Tuumazdunau 8819lsNAUANNEUNUS

Y09N13aVe4 Galois Field Huldlddulumungiianidnluniseadnd

109 field element au1sauansleidu polynomial nanadluguwuuiduluniy

(2.4.2)

am X"+ g+l (2.4.2)

e Aad1ay a,, 09 a, U 0 39 1 Wiasnsanmunesruseneuly Field
IalaeldanavlusUiuulavguast a, ... a; a 99 2™ 89AUTENOULAATINTAT1INTTR
nauvasilay m Un Megrauduly Galois Field M3l 64 asaUsENaU @9i38n31 GF (64) IneW

m = 8 azladuguiuuves polynomial Wulusu (2.4.3)

a X +agl+as+axi+ac+ axi+ axt+ ap’ (2.4.3)
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P8 a; g as aq a3 Ay 3, A WYNUNUAIBLAVIUEADS 0000 0000 fia 1111 1111 @158

Wasmdueaduszneu field iruavgiuduiiieuwiiu 0 81 63 Wuldnugui 2.5

index polynomial form decimal
form |x' [2° | [a® [ | |x* |2°

0 0O 0 0 0 0 0 0 O 0
o’ O 0 0 0 0 0 0 1 1
o O 0 0 0 O 0 1 0 2
o 0O 0 0 0 0 1 0 0 4
o 0 0 00 0 1 @ 0 O 8
o 0 0 0T U9 0 0 16
o 0707”1 0 0 0 =00 32
o o 1 00 \\0\|/8/ /8 0 B 64
o I 0 N\Q\l/g o8 0 12
of 0, _0¢ 043 .~ T=P1-3 011 29
o’ 0 —O0N B9, | | R V.1—10 5
o PRSP0 O\ L P 0 142

[

5UN 2.8 A18819N15UEASAT alpha ANULAVIMAY

2.4.2 Galois Fields Sum

Tu GF2% 181 5 anunsaudanduiavgiu 218 101 99017y Coefficient 199
Polynomial 144 a1ntae 5 wuasla 101 wagyiin1s Coefficient 999 Polynomial a, = 1,
a; =0, a, =13zl x*+1 wazlunisurnaruisaviunvannulalaenistd modulo 2

wu 4 + 5 Tu Galois Fields GF(28)

A + 06A+1) = A+ A0+ (2.4.4)
%) + (*+1) = (2 mod 2)x* + 1 (2.4.5)
<A + (6P+1) = (0)x% + 1 (2.4.6)

3 + (+1) = 1 (2.4.7)



12

2.4.3 Galois Fields Multiplication
wiindymiuuinsasiuavdanalyl Degree vas Polynomial Wiaduwasyinlving
ansuuliagly Set

muumsﬁmmaummaawauuiﬂmm'ﬁ mod U Irreducible Polynomial Aaglaend
naunneglu Set Y09 Galois Fields ena8e1911 Irreducible Polynomial Tu GF(2°) qagiien

WU X + x* + x>+ x + 1

2.5 Reed Solomon

2.5.1 Reed Solomon Application
Reed Solomon code tJusiaufludoianainilo1aaziintuyinlmina1nuidenie

Yostoya annsaldanuldnanmateiaiinisdealsidviawaznisiaiuteya

2.5.2 Reed Solomon Theory

Reed Solomon code Wuswaudanfiaiuisadouknulasdy RS(nk) Aanwansly

[

A Ipedauls ‘0’ Aevwinvedandsauasninailudydnual @ ‘k’ Aeduiuvesdaya
mhaludyanwaliauiy wag 2t Aeduwesdanvainisamhoidudyanual Tnoisiay
TauUs ‘m’ wnudrwiudnvesdyanwalisnun lasdganuwalniied ‘symbol’ unu

AMNRLIEINDzdvanulnly 1 dydnual

A
>
v

S
~
Y.
--X
N
—~

Data PARITY

sU# 2.9 #8814 Data Block #&ann159i Reed Solomon

lngiluueas Reed Solomon codes gniliguse RS(nk) lnedainuvsngdinudagz i

mailuguil 2.6 wlai
Block Length: n

Tnuvesterunieludydnual: k

v W

uIuved Parity heidudydnwal : n - k = 2t

o
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lngAnuduiusseninvwIavedlAndsn n uazauindydnyal m QAMMUARIY
aun1si 2.4.1
n=2m-1 (2.5.1)

Tnedydnuwaiues (n,k) Reed Solomon code 31 characteristically #1311970 Galois

field GF (2™)

Reed Solomon agfivuinmd (n,k) LLazmmmﬁmuﬁumﬂ Galois Field GF(2™M)

P (x) =x—-1 (2.5.2)

Generator polynomial agifulumuanns 2.4.3, 2.4.4 uay 2.4.5

g(x) = NZ, (x — a') (2.5.3)
g(x) = (x—a)(x—a?)..(x—a?) (2.5.4)
g(X) = 8o + 81X+ gX% + 4 gor x2T 1 + x2 (2.5.5)

wag Codeword gnas1adulagldmuaunisi 2.4.6

c(x) = g(x)i(x) (2.5.6)
dle g(x) A® generator polynomial
i(x) A® the information blocks

c(x) Ain codeword Kaze198ImU primitive element w94 field.

2.6 SECDED Encoder

SECDED #a1131n Single Error Correction, Double Error Detection %ﬂL‘ﬁuLwﬂﬁﬂlu
msnmaaeunazuilyteianarslunisdomstoyalussuuaouiinmes Taagldnisiiude
AsIERULATLNlvTBRANAA ImsLﬂumiLﬁmﬁmmsmiﬁﬂmm‘[mé’aﬂa%ﬁuﬁgﬂé’auﬁaiﬁ

SEUUAIUNTONTIATULBL LA b aRanante
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NANN15911971909 SECDED Aanisiudnnsivasuiiiluludeyaiazdimiasu e
Joyagnaludiszuuiatene szuulatgnsagasnasuinnssdeuinensiadeuinteya
gndangndewselil ninddnladaniisvesdeyaiinnain ssuulgldtnnsivaeuiliiad1un

= Y a & = a v a o Yy 1 oA a ¥ a
ieunludeRanainiy mndnsfadeiianainnldasnsanilela 1wy dnsiiadeiianain 2

Tnduly szuvazanunsansIaduwsliaunsawntale

salusinegaveddassnuilagldinensisaeudoyanddlulutie PHR lumsdeans

2.7 Linear-feedback shift register spreader.
Linear- feedback shift register (LFSR) \U1A8n1sassasudiavifianwaurg1iula
1aye1AunN1La oUTALUULT AL UL @3 1971508 ue 1 (cyclic redundancy check) Tunns

avaeutaranantagldlunisainsdy

lun1sinseia UWB agly LFSR iiieasedayayiasdy (pseudorandom noise signal) #

al

T ludrunisvasdoyaiiasgnds lne LFSR azideniavgudesiavihuildluansudulunis

Y

asedyayady waazmwmaatndlagldilanidu XOR vudalu LFSR Midanliidudiuanidn

sviendalnulunisaindyangy vhguninaglaninuenndesnisvesdyyindy

2.7.1 Example of Block Linear-feedback shift register spreader circuit

-

w_XNOR

[, Q D Q D Q D Q D Q

= - - = =
J7 Bit1 J7 Bit 2 r Bit 3 r Bit 4 ’7 Bit &
Clk

g‘ﬂ‘ﬁ 2.10 Example of Block Linear-feedback shift register

d o

lusui 2.7 9ndaee19 LFSR dyaveslnly register IgnAvuanseaiuisaady

Y

o v ¥

munitlaednludfideiinsihdeyadvsethveyasen ngazilel input Iiudnves LFSR
A o i v Y A a a v 4' A o 1 o ° i

Meuniianting uanlednigarineves LFSR deouluisunuusn duaggnauialvilag
XOR (Exclusive OR) vasu13dnnielu LFSR wazidauldsumissoly drunadnsazidudn

UAUAlALUUIAUDY LFSR tazwisilimesou q Alslunisaiuau
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LFSR danudfglunisadedumssiduvisnineuaziiuszansnnlunisadieadu

S v [y o A

Aiandu windvednnaudnainuves LFSR aggiilussusdu 9 uwazdossdnsyiadie
Laliauitluleda@nsidndsarunsavininisi nves LFSR ¢ Geeradunislandnldlunis
IRV loeld

2.8 Analog Modulation Waveform
Tun1s Modulate dyaasanunsautseantoiiu 3 JUnuy fie

[
I %

Foyeyau 0 - Aenshildsdyguezlseonty Turiswesdyauiu

(%
v

foueuaw + : AensasdauAll Amplitude Wuvaneenly Turiewesdygautiy

[
o

Foyeunu - - Aensasdeya sl Amplitude Wuausenly Tuiisvesdyanaiu

Ingdmiunisasne Data Tuguuuudeyayias Digital iewdauludyaia Analog 9%

[

9%edyay10431 Chip ¥u19 2 bit J3UwuuAsil

Chip bit 1 : Fwthituendn Chip tuasfinisds Pulse 3ol
Wiy 0 : lifnsds Pulse
WU 1 : 1n715849 Pulse

Chip bit 0 : wthituendn Chip thuasfinisds Pulse Wuuanviseau
Winfu 0 : @ Pulse WWuuan

Windu 1 : dn15de Pulse 1Wuau
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uni 3

UANNISNIITULATNISDDNLUU

3.1 Block diagram

FPGA
SPI Burst Pulse
<« RAM |+ Control Generator
SPI SIGNAL I/F SFD
o é |
p z
: ero | |
Reg file Preamble Insertion
Multiplex
er
Mt RS(63,55) Conv. Symbol
Control Encoder Encoder Mapper
LFSR
g A Spreader

gﬂﬁ 3.1 Block Diagram w84 UWB IEEE 802.15.4 Transmitter

970 Block diagram azuusni1syauduaesdiundngdiuves Header wag Data
lAgALE11130AIUANNITINNUY WU SPI Interface Tun1silgudaya niedaliisunisiau

Wy
3.2 Master Control Block

Block #yiMti91A1UANNNTIUNIMUAYEI3995 UWB IEEE 802.15.4 Transmitter
Feagviminlun1saiuay Setting Parameter 1U0WNE3199589UA99) ATIUAINTTALUANT

(%
9 [y

1189 Memory Block 4843923316199 wagyihnihfianuauvisdunisvitaeu Tnne Block

[

MUeg19gNARY MY Flowchart Inedlandun1singunall

3.2.1 State Idle
lu State Uazayn19lil SPI Interface Block a@1130LT8ULAZ81U Ram Wag Reg file laogns
dasy Wolw User vihn1stlou Setting Way Data Nidoan1sas lngazisuyinauile User Write

Reg file Status AU Start
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3.2.2 State Initial LFSR

=

11199270 LFSR Block s1uusoaiadadulunisyinau 9@1 Initial ¥89 LFSR fvun

[ 7
%

31N Preamble code lngfinaudfiansnun LaiknuiiA1uInedg bit 1 uazunuifA1aume bit

0 yhuuuHauAsy Initial state 15 bit wagtowsing LFSR Block

3.2.3 State Prepare PSDU
Winleasvinanulaegalivsz@nsam  Felaesnuuuliieasaiunsayinauuur LIy
Tnelutnefiviinisds Symbols w8 The Synchronization Header (SHR) fiagyi1a1u Encoder

WazlA3EEs Symbols ¥89 PHY Service Data Unit (PSDU) lusae

[
&Y

wazillesann lugisimvinnisdedeya Symbols wed SHR eguuazinisldnu Ram
ARBALIAY BefBamleadaya PSDU 8anu13n Ram telineu wedwnldlutuney Encode

ey Symbol mapper

3.2.4 State Start SHR

Tu State G9ziduni1sdedyaas Enable LUSs Block Preamble wag SFD iiad sl
TN atal

3.2.5 State Reed Solomon & SECDED Encode

Ty State 1 9%197u Reed Solomon Encoder 78318 PSDU 96 bit Idnadwsifu

Codeword 48 bit wag Encode PHR 13 bit lenadnsidu SECDED check bits 6 bit

3.2.6 State Start Symbol mapper.

\iowioudaya PSDU wagyin1g Encode 138u¥osudaziiudsli Block Symbol
mapper, LFSR, Convolution Encoder 191U W6 Symbol mapper Block 9¢39aun319¢¥in
n15da Symbols ¥8 SHR 1a3adsazi5urhau il elvideya Symbols Aidsiianusieiiaafu

LLazLﬁ'adﬁayja PSDU AsUnN bit ka3 State awdswdu 3.2.7 State End

3.2.7 State End
Tu State fazidunisilasudn Ree file Status lindunndu Ready Snasudiose

ANdq Start ASIaRlY



s

Yes
\/

47

[ Prepare PSDU J

;

Start SHR ]

i

Reed solomon &
SECDED Encode

)

[Stan Symbol mappej

<
. l
~Mapperbusy
Yes
End
Status = Ready

-

No

gﬂ‘ﬁ 3.2 Flowchart of Master Control Block

18
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3.3 SPI Interface Block

WJunN1580a15uuu SPI Protocol Iae Block Haztdudnaniunisdea1sniguan

anansavhaiuly Mode (CPOL, CPHA) = (0,0) and (1,1) Wunsdeanslaeendenisdstoya

¥
IS

wazdutoyalutasnauniduvesdygin SLK laglussuuldnsdstoyaiiiieluuilodeyaly
Ram wag Regfile TngA3n15ds MOSI 8 bit wsn aztludiuvesnisiviug Address 3dudau
Ram 30 Regfile wddun15idsunion1ssnu wag MOSI bit doqu1azidudiuve Data 7
wudoy vive WWuduiise MISO defeyaiienuain Ram vde Regfile dandulum Master

TnenN15d99zds MSB U1naumNL1audd LSB

3.3.1 SPI Interface Timing Diagram

e I I
MOS| 2% X Addr7(MSB) Ik Addr0(LSB) b Dala7(MSB) _ J | Daia0(LSB) ¥
SLK_sync[z-0] Z7# 7 7 i -’J = mi —L
sik_synciz-1] 7 T | R 1~ B L = - L
rSampling |/ A\ \ J L \
MOSI_sync G | | AddrO(LSE) | | Data7 (MSE, ¥ Data0(LSB)
MISO 77 7% T 'DalaOulT(MSB) | DataOulD(LSB)
rSampling 7% N7 7 DWW, Z %7400 X

31]17; 3.3 SPI Interface Timing Diagram
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3.4 Ram

\Dunheiivtoyavuin 64 Byte lnedl 32 Address wag 1 Address 1iu 16 bit Ram

N Y A & v

druminuueya Preamble Code, SFD Sequence way Data Buffer 1n8 Ram azvdunnsg

Wauanneusnlaeddeyinniu SPI protocol

3.4.1 Ram Timing Diagram

RAM (Read)

reset _\
addra [5:0) 2727220V ad2¥ 777777777777
wouta (150} 0 RN 7 R
dina [18:01 772777727227/ 7777/

ena
wea. 7 77/ 72/ 777772

g‘d‘ﬁ 3.4 Ram Timing Diagram when Read

RAM (Write)

clk
reset —_\

addra [5:0] 7%

douta [15:0] 7/ 4

dina [15:0] % 7%

ena

wea

31]17; 3.5 Ram Timing Diagram when write

3.5 Regfile
< 1 o < = Y 1 v 5’5 1 o dy I3
WUNUILAIUNIVUIALAA mmmmﬂﬁmmaaﬂablﬂm'gws InenuAuT1dagLAvy
I A o oy o 1 o . 3 =
A guduluns Initial ¥0sunasnulI8n15v9I1UV0e Block Diagram wagaglnulzd

Data rate, Frame Length, Preamble Code Length, Preamble Symbols Length, Preamble
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Duration, SECDED Reverse, N Burst, N hop, N cpb, Viteribite rate, SFD Select Sequence

wae Status Check Inedoyamaiinaiunisasndyain UWB Fsdnduseaiudoyaionly

3.5.1 Regfile Timing Diagram

Reg (Write)

clk

reset \

addra [5:0) 7777777777772 22222222225 )

douta (16:0) 7777722222222 2 PHOX 222 AP
dina [15:0] 77777772727 17777777 77

ena

wea

0_PHRO [7:0] PHO
o_PHR1 [4:0]
o_SECDED_R- 7227777777777/
o_N_Burst[1:0]
0_N_hop [1:0]
o_N_epb [3:01 77777777222/
o_Preamble_Code
o_Preamble_Symbols (3:0)
o_Viterbite 77777227/ %7777/ 77227
0_SFD
o_Status

gﬂﬁ 3.6 Reg Timing Diagram when write
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Reg (Read)

clk |
reset \

addra [5:0] 7777777777

douta [15:0] 7

dina [15:0]1 2777777777777

€ena

wea
0_PHRO [7:0] PHO
o_PHR1 [4:0] PH1
o _SECDED_R o _SECDED_R
o_N_Burst [1:0] o_N_Burst
o_N_hop [1:0] o_N_hop
0o_N_cpb [3:0] o_N_cpb
o_Preamble_Code o_Preamble_Code
o_Preamble_Symbols [3:0] o_Preamble_Symbols
o_Viterbite o_Viterbite
o_SFD o_SFD
o_Status o_Status

g‘dﬁ 3.7 Reg Timing Diagram when read

3.6 Preamble Block

¥
=]

nadef 2.2 Block Hnthiiadsdaias Code CilL) wag CiL-1) nelu Symbol

Si 499dIU The Synchronization Header (SHR) Fausznausediuves Preamble waz SFD

lusun 3.8
Ci(0) Ci(l) |+ | C(l-1)
- d . - -
iy, N - ’., \.\. \-.\ «-.*_-. -
.—-_.—'—' - w S --"'-__
Cif0)| 0 0 0 [C)| 0 0 0 soe G(L-I) 0 0 0

| L chips I

K
-X. .

i Symbol S; of duration: Tpgm
gﬂﬁ 3.8 Construction of symbol Si from code Ci

lagnann139191uA8 81uveya Preamble Code sequence n1elu Ram Lads

Code Ci Tuguil 3.8 lUidg SFD Block 1 ednn15dauves Start of Frame Delimiter (SFD)

[

WA Zero Insertion Block wfieifiy Zero sevine Code Ci Iugﬂﬁ 3.8 Inedl Setting #i14°) A9l



23

Preamble Code Length: A1131817989 Symbols A® 31 Code Length wag 127

Code Length

Preamble Symbols Length: ﬁ‘]’ﬂmm%gﬂumiﬁﬂ Symbols Gz?ﬁ A816,64,128,256,512,

1024,1536,2048,4095 Symbols

SFD Select Sequence: 91uuAT9lunN1589 Symbols @v03d7u Start of Frame
Delimiter (SFD) Fazilluniseda Symbols dunilouiu @ Preamble ynUszn1suazazgn

IAN1sABLUY SFD Block

Code Code sequence Code
index q Length
3 -+0++000-+-++00++0+00-0000-0+0- 31
4 0000+-00-00-+ + ++0+-+000+0-0+ +0- 31
+00+000-0--00--+0+0+00-+-++0+0000+ +-000+00-00--0-+0+0--0-

9 +++0++000+-0+00-0++-0+ ++00-+00+0+0-0+ +-+--+000000+00000-+0000- 127
0-000--+

10 ++00+0-+00+00+000000-000-00--000-0+-+0-0+-0-+00000+-00++0-0+00-- 127
+00++-+0+-0+0000-0-0-0-++-+0+00+0+000-+0+ ++000----+++0000+ + +0--

11 -+-0000+00--00000-0+0+0+-0+00+00+0-00-+++00+000-+0+0-0000+ + + + +- 127
+0+--0+-0++--0-000+0-+00+0+----000-000000-+00+-0++000++-00++-0-0

12 -+0++000000-0+0-+0---+-++00-+0++0+0+0+000-00-00-+00+-++000-+-0- 127

++0-0++++0-00-0++00+0+00+ +-00+000+-000-0--+0000-0000--0+00000 +--

E‘U*ﬁ 3.9 Useable Code Index of Channel 5

3.7 SFD Block

[
=

Block Hiuihiilunisdanisdrudeyaves Start of Frame Delimiter (SFD) Sequence

AUV 2.2.2
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| Tore I

Y.

A

SHR
Variablg24 - 4160symboly

SYNC SFD
16,64, 10240r 4096symbols 8 or 64 symbols
=
P =TT SFD forall datarates > 0.8MUb/s |
Si S v S 0 S 0 -S S 0 0 -5

| SFD for nominal low data rates of 110kb/s ]I

0fo|s;

=
pl
=

s{s ofs|olss;|ofo}s|siofo]s|o]s]-|s;

3
Y
A

Y

Tsyne Ty

g‘l.l‘ﬁ 3.10 SHR preamble structure

mﬂiugﬂﬁ 3.10 92491u31 SFD Sequence Usenausae Preamble Symbols dgnéds
WuURSINE |, danuunauia way lads ana IEEE Standard SFD Sequence ol Length 8
SFD d@1%5U Data Rate uantuiloann 110 kbps wazld Length 64 SFD @115V Data Rate

WU 110 kbps
The length 8 SFD Sequence f8 0, +1, 0, -1, +1, 0, 0, -1

The length 64 SFD Sequence Ao o,+1,0,-1,+1,0,0,-1,0, +1,0, -1, +1, 0, O, -1, -1, O,
0, +1,0,-1,0,+1,0, +1,0,0,0,-1,0, -1, 0, -1,0, 0, +1, 0, -1, -1, O, -1, +1, 0, 0, O, O, +1,

+1,0,0,-1,-1,-1, +1, -1, +1, +1, 0, 0, 0, O, +1, +1

3.8 Zero Insertion Block

SHR Chip [15:0]

SFD Code SFD Code

[3:2] Zero Zero Zero [1:0] Zero Zero Zero

5U# 3.11 83dUsznauves SHR Chip 16 bit
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Block Wvinihfiiiutaya aud (0) devinevaya SFD Code lngvayanis Chip i
YA 2 bit ALlaRe Aud (0), UIn (+) wag au ()

3@ Input SFD Code 970 SFD Block flwuna 2 Chip 4 bit i eiftudeya qued (0)
97U2U 3 Chip Aavi1g SFD Code waay Chip wa23zle Output Ao SHR Chip AW1A 8 Chip

16 bit dwwanluds Multiplexer Block

3.9 Linear feedback shift registers Reed-Solomon encoder Block
Block fijud]umilfﬂjﬁﬁ’a Reed Solomon Inel419a5 Linear feedback shift registers

(LSFR) \finds Message nlufiagi winlmduluauaunisnisasne Code word

TngazvinszuIunIsnamaransiduluniy GF28) wazasie RS(63,55) Taaady

9119849 Code word fn 8 symbol Forming Code words

C(x) = g(x)M(x) (3.9.1)

AnuALA message 1130 data Nazthunisviaenluguauns polynomial zlda

M(x) = mg + myX + myx? + -+ + my_,x52 + my_,x<?1 (3.9.2)

wag code word awilguaglusy

CE)=co+ X+ x2+ -+ x" 2+ ¢y x™71 (393)
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3.9.1 Diagram for digital circuit

GF(64) RS(63,55)

22 x 6 0 Zﬁ 47 l AL 37 o 61_’ 55 X
t (+)—~ D ~#)—{0 =#)—~{ D |~(#)—~[0 =+ —[ o |~(+)—[0 —(+ @_T

Input shift 55 clock

g‘l.l‘ﬁ 3.12 Diagram for digital circuit

970 Diagram w89 RS(63,55) Wuaztiiulainain Polynomial Generator a¥@3ns Array
994 Galois Luluau [22 6 20 47 48 37 61 55] antTuazldsie 55 clock Lfiead1s Code

world 8 symbols

3.9.2 Reed Solomon Timing Diagram

Reed Solomon
A pEpigipEpEpinEnipininininSnininipinieEninEetnininSnininEnEnE

i_MT_En

o_Rs_Busy
i_MT_Dataln [5:0]

o_Ouput_En
0o_RS_Code [7:0]

31]17; 3.13 Example Reed Solomon Timing Diagram

970 Timing Diagram AziulAI199iInN54 Message 7iag Clock LWa@514 parity
%39 codeword lufagns Timing Diagram UULERIDINITE message WEaLA 16 message

WY



27

3.10 SECDED Block

Block #3g1n151015%a SECDED wazgnussatuluaiuves PHR lu protocol ¥as

Ultra-wide band

Bit
0

11| 12 13 14 | 15 16 17 | 18

._
)
%)
B~
w
o
-
0
=]
S

R1 RO | L6 |LS L4 | L3 L2 L1 LO | RNG | EXT | Pl PO C5 |C4 |C3 |C2 [CI Co0
(oo
2 o |x
Data o558
Frame Length LD % & Preamble SECDED Check Bits
Rate w |E 7 Duration
=1

3U# 3.14 PHR Diagram

Togazd 2 Tnuansieu Wuanshausuuunfasdulumugud 3.15

C0 = XOR(RO, R1, L0, L2, L4, L5, EXT, P1)
Cl=XOR(RI, 12,13, L5, L6, RNG, EXT, P0)
C2 = XOR(RO, L0, L1, L5, L6, RNG, EXT)

C3 =XOR(LO, L1, L2, L3, L4, RNG, EXT)

C4 = XOR(PO, P1)

C5=XOR(R1,R0, L6, L5, L4, L3, L2, L1, LO, RNG, EXT, P1, PO, C4, C3, C2, C1, C0)
5U# 3.15 n13AU0d SECDED Check bits Mode not reverse
TWUANISYNIULUU Reverse ﬁ]%LﬁUlUGHJJE‘Uﬁ 3.16

S0 = NOT (C0)
S1=NOT (C1)
$2 = NOT (C2)
S3 = NOT (C3)
S4 = NOT (C4)
S5 = NOT (C5)

5UT 3.16 N13A1uIM SECDED Check bits Mode reverse
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3.10.1 SECDED Timing Diagram

SECCED
e L)L L L L L L e
i_MT_En [\ /A
i_MT_PHR [12:0] PHR_Init
i SECDED_Reverse_n /_\
0_SECDED_Code [5:0) 277727777 C5:C0 X $5:50

g‘dﬁ 3.17 Example of SECDED Timing Diagram

910 Timing Diagram Huazyinaumudyga i MT En uazazyiaululuualvun

v
[V

“ﬁuEIgJJﬂ‘U i SECDED Reverse n

3.11 LSFR Spreader Block

Block Diagram @ w3un13vina1u LSFR lngagyianududsgy 3.11.1

1.7
D[13] Dbrz2) DN [10]
LU
t T E

] I
[

gﬂﬁ 3.18 LSFR Spreader Block Diagram

lngagldnann1snsanniave LSFR L83 nAudvues Clock tuagegf 62.5 MHz
wideyufiznaneonu iy 500 MHz fAuiudssndudeswinluunnis shift dyaimi 1, 2,

4ay 8

3.11.1 LSFR Timing Diagram

LSFR
I_MT_En / \
I_Sh_Ent I\
i Sh_En2 I\
i_Sh_En4 I\
i_Sh_Eng I\
Linitinput [15:0] ZZZ In1 p in2

o_Shifout [7:0] iz In1 JH[s+7:s+0)  SH[s+15:5+8] ) SH[s+23:5+16] ) SH[s+27:5+24] } SH[s+29:5+28] ) SH([s+30) X In2

31]17; 3.19 LSFR Timing Diagram
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310 Timing Diagram 3¥AIuANN15YNNULAg Master Control lnedayayias i MT En

Wudygrausudunisyinnu way ddqeai Sh Enl, i Sh En2, i Sh End uaz i Sh En8

] [ [

Dudyaadmniumuaunisvinauesens Ineazannsadddy vieu 1 sey, 2 sov, 4 58

[

waz 8 50U MLEIRU Tneazisdygiad Initial 910 i Initinput Wedeyyia MT Wadu 0 9z

<

11A1910 i Initinput LW1lW99s

3.12 Convolution Encoder Block

g({)”]_ systematic bit (or
position bij
» D » D
(n) . i
& parity bit
(or sign bit)

gﬂﬁ 3.20 Convolutional Encoder Block Diagram

(% '
Y a

Block 1311191 Encode Data @21989 PHY wag PSDU aslu Block Diagram lngay

a Output Ju

Position bit = Data in(L) : ¥ %t in1nua319zds Burst ludau interval Tuves
Symbol

Parity bit = Data in(L) xor Data in(L+1) : ¥hwtififnundn Burst fidseentuaznse
WanTanauLna

Output ﬁﬂaaqaggﬂﬁﬂuﬂisﬂuﬂWiﬁﬂ Symbols @uwes PHY way PSDU Tu Symbol

Mapper Block
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3.12.1 Convolutional Encoder Timing Diagram

Convolution Encoder

clk
MtConvEn ﬁ /_\ /_\
MtConvin ﬁ / \
Conv_Pos / A\
Conv_Parity { \

gﬂ‘ﬁ 3.21 Convolutional Encoder Timing Diagram

3.13 Symbol Mapper Block

Parity bit > “)
e | 21
——Position bit: »Symbol Mapper —BPM Chip—»
Hopping position address—»
—Scramble Spreader——
LSFR
Spreader

31]171 3.22 Symbol Mapper Block Diagram

Block vitidilunns BPM-BPSK modulation ¥es1a PHY uaz PSDU Ingldtaya
Position bit L@y Parity bit 910 Convolutional Encoder Block Laz %' ® 48 Scramble

Spreader 910 LSFR Spreader Block 11911115 Modulate T54l¢ Symbol Structure ﬁflg‘d
sellil

Symbol interval: wijs Symbol senidu 4 @ Fagui 3.23

Burst here unused Burst here unused
ition bit = guard Position bit = 1 guard
Position bit =0 interval interval

I One symbol interval i

gﬂ‘ﬁ 3.23 One symbol interval

N burst: S1uandufianunse burst lalumils Symbol
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N hop: T1UIUATLAU T @1u150L88n burst 1a 1ay Hopping position address

AMNUAFILNLIAIL Spreading Code 210 LSFR Spreader Block

N cpb: $7u3U Chip per burst 7 deenUlund s Symbol Tag Chip #alda1n
Spreading Code wagldf Parity bit fmuadn Chip fidseenluazasunandanduina

Symbol Rate: Anualunsds Symbol per second

Bit Rate: A1an57lun3ds Bit per second vi3a1dondndedn Data Rate

PRF: Pulse repetition frequency 1428891131 Pulse ﬁgﬂdaﬁafﬁ’mw Pulse 33

vanualy Symbol

lag@ausa Setting N1sdavaya UWB lavisnun 9 sUnuudwialull lnsuuansds

Foya PHY uag PSDU wenaniu uidsnseglurag PRF weafiu

PHY: 9903 an28A213157 Bit Rate L1y PSDU lunsai#i Bit Rate vas
PSDU <= 850 kbps way detasasiea11uiia Bit Rate 1y 850 kbps lunseiil Bit Rate

Y93 PSDU > 850 kbps

PSDU: azaadayasnisnanuisy Bit Rate audl Setting w3l PHY

CASE 1: UWB PHY symbol structure

TBPM TEPM

N hop Guard Interval N hop Guard Interval

A

(LI PP PP P L]

N burst = 32 Symbol Rate = 0.12
<5 Preanble Length =31 N hop=8 Bit Rate =0.11
‘ 0 ‘ ‘ ‘ | ‘ ‘ |—27| Viterbi =0.5 N cpb =128 PRF = 15.60

31]‘17; 3.24 CASE 1 : UWB PHY symbol structure



CASE 2 : UWB PHY symbol structure

TBPM TBPM

N hop »€ uard Interval < N hop € d Interval P
Tb‘ir;[
HEEEEEEEEEEEEEEEEEEEEEEEEEEEE N
N burst =32 Symbol Rate = 0.98
Pl Preanble Length = 31 N hop=8 Bit Rate = 0.85
CT T T T T I-1%] Viterbi = 0.5 N cpb =16 PRF = 15.60
< N cpb >
gﬂ‘ﬁ 3.25 CASE 2 : UWB PHY symbol structure
CASE 3 : UWB PHY symbol structure
TBPM < T BPM
N hop uard Interval hop < Guard Interval >
T burst
>
HiP Amavinvin W/ s o AN Wsmivinvaind (4 =91 1 B
N burst =32 Symbol Rate = 7.80
i » Preanble Length = 31 Nhop=8 Bit Rate = 6.81
{_ Viterbi = 0.5 Ncpb=2 PRF = 15.60
< N ot >

5UT 3.26 CASE 3 : UWB PHY symbol structure

32
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CASE 4: UWB PHY symbol structure

TBPM

TBPM

0p P Guard Interval N hop € uard Interval »
T burst
I N N N N N N N I
N burst = 128 Symbol Rate =0.12

& Preanble Length = 31 N hop =32 Bit Rate = 0.11

‘ 0 ‘ | ‘ ‘ ‘ ‘ 3 | Viterbi =0.5 N cpb = 32 PRF = 3.90

Nepb
35U 3.27 CASE 4 : UWB PHY symbol structure
CASE 5: UWB PHY symbol structure
TBPM TBPM

hop Guard Interval » Nhop ————— M€ Guard Interval ———————

T burst

31

AR RONN_J7

ivandl 4 =N

.|127

T chips

cpb

5U7 3.28 CASE 5 :

N burst =128 Symbol Rate = 0.98
Preanble Length = 31 N hop =32 Bit Rate = 0.85
Viterbi =0.5 Ncpb=4 PRF = 3.90

UWB PHY symbol structure



CASE 6 : UWB PHY symbol structure

TBPM < TBPM

hop Guard Interval < N hop > d Interval >

Thurst

N I N N N N N e

N burst = 128 Symbol Rate = 3.90
T chips Preanble Length = 31 N hop =32 Bit Rate = 6.81

Viterbi =1 Ncpb=1 PRF =3.90

Nepb >

g‘ﬂﬁ 3.29 CASE 6 : UWB PHY symbol structure

CASE 7 : UWB PHY symbol structure

TBPM € TBPM

Nhop < uard Interval e N hop ———————P€—————— Guard Interval ——————
€—T burst——

N burst=8 Symbol Rate = 0.12
Lihji Preanble Length = 127 N hop =2 Bit Rate = 0.11

\ \ \ 511 | Viterbi = 0.5 N cpb =512 PRF = 62.40

Nepb >

31]17; 3.30 CASE 7 : UWB PHY symbol structure

34



CASE 8 : UWB PHY symbol structure

TBPM

35

Nhop

uard Interval

-

LY

A
=
g

TBPM

«—Thurst—

Guard Interval »

N burst=8 Symbol Rate = 0.98
T chips Preanble Length = 127 N hop =2 Bit Rate = 0.85

| 0 ‘ ‘ ‘ ‘ | | 63 | Viterbi = 0.5 N cpb =64 PRF = 62.40
< Ncpb >

]

3UN 3.31 CASE 8 : UWB PHY symbol structure
CASE 9 : UWB PHY symbol structure
TBPM < TBPM
Nhop & ard Interval N hop £ uard Interval

«—— T burst—}

T chips
>

[ 11

[-]7]

cpb

gﬂﬁ 3.32 CASE 9 : UWB PHY symbol structure

Preanble Length = 127
Viterbi = 0.5

N burst =8
Nhop=2
N cpb=8

Symbol Rate = 7.80
Bit Rate = 6.81
PRF =62.40
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3.14 Multiplexer Block

Block fiviuidilun1s Multiplexer &syeynad SHR Chip au1a 16 bit fu deyey e

=

BPM Chip 211 16 bit WWdayaavisaasiaiiuseiiesiy wavds Output As Out Chip

UM 16 bit tlanuasa FPGA

3.14.1 Multiplexer2tol Timing Diagram
mux2to1

S I [ A I
SHR_En f i \ I
sHR_crisi1s:01 722 SHR Crip N fymbols .
BPM_En / / J | S—
erm_criits:0) 7000 P Chip N Syfior: 000
OUTEn J/ Ji .
BPWM_Chip[15°0] 27772 SHR (hip N symbols b BPM Chiff N symbals YV

g‘ﬂﬁ 3.33 Multiplexer2tol Timing Diagram

3.15 Channel and config Support on this circuit

Modulation & Coding Data Symbal Structure Data

Channel | Peak PRF | Bandwidih | Preamble B WBurst W Hop | ¥ Chips _ Burst Symbol | Symbal | Mean
Number MHz Mz Cade Lengutd Viterhi Ry _(I.!\.wfrnll Positions per | Bursts | Per Burst #Chips Per Dhuration Duration | Rate Bit Rate PRF
Rate | Rate |FECRatele i | Vg | M | ™0 | 1w | Tawim | ommg | M| g

ETH 492 1 05 187 0144 32 ] 128 4K 25641 #205.13 [NF T 1560

{3, 56, 92 492 1 05 187 144 # 16 512 2405 1025 64 98 | 08s 1560
B:10, 12:14)| w92 492 3 05 087 044 32 ] 2 o 40 12821 180 | 681 15460
44 2 496 2 3] | (187 (187 32 8 1 32 2 0} 6411} j560 | 2724 | 1560

92 am 2 1 05 087 044 128 32 12 4006 64,10 £205.13 [XEN AT 391

{03, 536, 92 4H 2 1 05 087 144 128 32 4 512 #i1 1025.64 98 | 085 a0
510, 12:14 92 w2 1 05 %7 144 128 32 2 256 4401 51282 195 1% 3 4
492 4K 2 | | (187 187 128 32 1 |28 200 25641 390 | 681 3 i)

992 492 127 03 087 044 ] 2 512 406 1025 64 220513 012 .11 6240

{3, 56, 932 432 127 [ 087 044 8 2 64 512 12821 1025.64 098 | 085 6240
800, 12204 a2 432 127 05 087 044 ] 2 ] L] 1603 12821 780 681 6240
42 4K 2 127 il 5 (187 (144 i 1 401 3205 3120 | 2724 | 6240

3UN 3.34 5UNNLERNI5I9IUR Support dmiunisiesansninds
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4.1 n15nnaa9 SPI Protocol 310 SPI Interface Block

KEYSIGHT DSOX1204G Digital Storage Oscilloscope ~ 70 MHz 2 GSa/s ""“@"’ "

1 S00W 2 S00W 3 S0OW 4 S00W/

KEYSIGHT DS0X1204G Dpigital

1 500w 2 500w 3 600V 4 500V

33""?:\, oc 0001 o

Stc

+1§
10.0:1 |0C

- SOV
30“&! oc 'n“urml oc 3“m;'un\ oc g

rage Oscillos

Default
Setup

Entry

SCOPE 70 MHz 2 GSa/s

gﬂﬁ 4.2 gﬂwami‘wﬂaaﬂ SPI Protocol write data

37
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$N1519a09la81119950U Test uuuasa CMODA7 FPGA lagvinsaidu Slave
Wouseaiu Arduino nano taevindatdu master Test @oa1561u SPI Protocol Haus1n£71

anunsndeansidegegnios

4.2 nN15NAaa9 SEDED Encoder Block @514 Password code

Experimental of SECDED
S A I I I

i_MT_En I\ I\
i_MT_PHR [12:0] 0x424
i_SECDED_Reverse_n [\
o_SECDED_Code [5:0] 0601010 X 0b110101

g‘dﬁ 4.3 Timing Diagram of experimental SECDED Encoder

Lﬁlaﬁ’]ﬂ’]ﬁ Simulation 2935¥89 SECDED Iﬂﬁjﬁﬁl'] Initial Lﬁu 0x434 LLagLﬁ‘@ﬁﬁlﬂqi
Togele i MT_En 9¢&3l#41n15 Encoder wuu Mode s Reverse lé 0601010 wag Mode

Reverse ¢ 0b110101 wazidulueeagnsios

4.3 N15NAaa9 LSFR Encoder Block #3519 Password code

Experimental of LSFR

clk
i_MT_En /

i_Sh_En1 / Iy
i_Sh_En2 / \
i_Sh_End / \

i_Sh_En8

i_initinput [15:0] %{ 0x716d

o_shifout [7:0] 777/ oxtied )\ ot ) Oxde X oxried Y ox27 X 0x9d X oxried ) ox27_ ) 0x76 X ox7i6d )} 0x27_ ) Ox6e

gﬂﬁ 4.4 Timing Diagram of experimental LSFR Encoder

119911115 Simulation 793959849 LSFR Ipedian Initial 10U 0x716d wazki 9vi1ns

Shift fiag 1,2,4,8 azle output LT 0x04e,0x9d,0x76 waz 0x64 aua1nu wagtdulleeia

NFBY
Y
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4.4 n15NNaa9 Reed Solomon Block #5149 Password code

Experimental Reed Solomon

clk
i_MT_En Ji )\

o_Ouput_En

0_RS_Code [7:0]

E‘U‘ﬁ 4.5 Timing Diagram of experimental Reed Solomon Encoder

PinnseaenuILiiet Message lndiandu [40, 24, 55, 62, 34, 35, 38, 10, 62,
40, 30, 34, 27, 33, 10, 52, 23, 47, 29, 38, 5, 45, 10, 36, 25, 59, 56, 54, 10, 6, 58, 41, 39,
37,10, 17, 49, 18, 26, 14, 14, 61, 62, 37, 32, 15, 20, 53, 48, 43, 63, 34, 25, 6, 28] Wkl

LALATIEOU code word U I1gndesmiuil MATLAB library léduaaild [27, 48, 40
,34, 57, 19, 11, 46]

4.5 n1snaaag Digital Integrated Circuits for UWB IEEE 802.15.4

Transmitter

P Ik R

Input—> Matlab —Generate—»

Message.text

Symbols.text
Compare
7
RN Digital IC N
UWB IEEE
Input—>» 802 15.4 ——Generate—»|

Transmitter

Message.text Symbols.text

g‘d‘ﬁ 4.6 UWB IEEE 802.15.4 Transmitter Compare with MATLAB Block Diagram

n1snaaesiidunisneasin1svineIuves Digital IC for UWB Transmitter 1Junns
NAFOUNTINUTITIIMIALY IC AANMSWlutayanis Setting uar MALTUAUNITYINY

WU SPI interface luaugsnisdsdaya Output u Symbols 8811910 FPGA

Tngninisnaaeslaglyisni1siuToulmaun1sv191uve9 Digital IC for UWB

Transmitter 7T Hardware flaanuwuutae tumlSeulisuiu Communications Toolbox
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Library for ZigBee and UWB 8w Software 103 MATLAB TngwSeuiiisuiniiededeoniny

a ) Y . a 1Y) oA v X P o A '
“qﬂlﬁlﬁnﬂu LLa:,’F[fU Settmg WeINUY Waveform Wati%UNq'ﬂgLﬁﬂJ@‘Uﬂu%ﬁEﬂN

Communications Toolbox Library for ZigBee and UWB frame

0.15
SYNC
SFD
0.1 PHR
Payload
- ﬂH
O ‘ il ‘ i } ‘ ‘
i
T | ‘
| ‘
-0.05
il |
'!
i il
-0.1 | |
| I
7015 il I 1 1 1 1 I}
0 2

4 6 8 10 12 14
x10°
3UM 4.7 Waveform generate by MATLAB Toolbox
' Digital IC for UWB Transmitter frame
It ! SYNC
08 i ‘ | SFD
I Il ~ PHR
06 I | I Payload
1l I
04 Il {1 HfreAre
\ I !
02 [T : ! |
| I
3 SR 01 L L
i ;: | ‘ [t ’
02 ' ' ‘ | ]
A At A
04 I | A
Il | |
-06 | l
|
I f
08 H
1 L]
0 2 4 6 8 10 12 14

x10%

gﬂ‘ﬁ 4.8 Waveform generate by Digital IC for UWB Transmitter

31NA1TNAABINUINTBY1 Waveform M1d319910 MATLAB Toolbox siuSauiigu
U Waveform 7 @51931n Digital IC for UWB Transmitter lanadwsindaunulumnn

annunisal
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4.6 n1sMAaaUlAuN1591 Implementation

IMPLEMENTED DESIGN - impL_1 | xc72351cp0236-1

Device

a woE 9 H B E %

31]17; 4.9 Floorplan of IC

Utilization Post-Synthesis | Post-lmplementation
Graph | Table

Resource Utilization Available Utilization %
LuT 749 20800 3.60

FF 670 41600 1.61
BRAM 0.50 50 1.00

10 23 106 21.70
BUFG 3 32 9.38
MMCM 1 5 20.00

gﬂﬁ 4.10 Utilization Post-Implementation
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Design Timing Summary

Setup Hold Pulse Width
Worst Negative Slack (WNS): 5.922 ns Worst Hold Slack (WHS): 0.099 ns Worst Pulse Width Slack (WPWS): 7.500 ns
Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): 0.000 ns. Total Pulse Width Negative Slack (TPWS): 0.000 ns
Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 1]
Total Number of Endpoints: 1877 Total Number of Endpoints: 1877 Total Number of Endpoints: 679

All user specified timing constraints are met.

g‘lh?i 4.11 Design Timing Summary
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Ui 5

d3Unan1Inaass

9MNN15NAABIN 4.1 SPI Protocol 310 SPI Interface Block Hals1ng31a11150d4
warsutayalieg19gniesniu SPI Protocol kaga1u15adeasiufiuasa CMOD A7 fiu

U839 Arduino nano

91NN15NAAB7 4.2 SEDED Encoder Block @319 Password code nau31n431
aunsansia lneivun Mode M5Vl wavkilonTiaaeunIu MATLAB wiius1ngin

hauldegregneias

91NN15M9R837 4.3 LSFR Encoder Block @313 Password code Haus1ng3aiunse
Whsvalaeldmnud 62.5 MHz Tun1sasnasvanas 8 1ieanain1syineaIuasiann 500 MHz

uazlilonsiaaeUHIu MATLAB wdausinginihnulasgagnaes

1NN15NAABA 4.4 Reed Solomon Block @514 Password code naus1ngi
anunsaudnsalaedulumuaun GR64) RS(63,55) Taeidleth Input Wiluauasu azawuse

a31939ala 8 symbol kazilansI19aeuNIL MATLAB Wausngimihanuliegegnies

PNNSNAGEIT 4.5 Digital Integrated Circuits for UWB IEEE 802.15.4 Transmitter
lpgndannyiinisnaaes Simulation ¥4 9 @ un1salikagifieu output iU MATLAB U514

Tihnuleegegnaes
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