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ABSTRACT

Because of the Advance Digital Radio Baseband Board developed by CAT Telecom
Public Company Limited for the purpose of use within the Organization and for
commercial use. Currently in the development stage, this board uses Terrestrial Trunked
Radio (TETRA) communication standard of European and this board is one of many
platform that uses Software Defined Radio (SDR) technology, which is widely used
nowadays. Therefore, this project will present information about SDR technology based
on TETRA standard, including the study of TETRA standard by applying TETRA standard for
use on Universal Software Radio Peripheral (USRP) which is one of many platform of SDR
technology and also including the study of processor chip on Evaluation kit from CML
Microsystems Plc that is the main part of Advance Digital Radio Baseband Board. All these
studies are done for bring the knowledge to develop Advance Digital Radio Baseband

Board.
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Amplifier Digital
=1 _| i Lowpass X Output
Er‘ | Anti-alias Filter ADC il "
Digital
Linear RF Signal
Amplifier processing Digrte)
Reconstruction input
%‘7 Filter ) DAC 1 =

sUft 2.2 vaenlnesunsudmiusruingmuaulaerensiag
2.1.1.2 Digital Up Converter (DUC)
Tunsldauiifesnsmuaudyyiundunuding (Radio Frequency :
RF) suduseuasdyyiuilneatuauuus (digital baseband signal) Tidudygyruwianuun
(real passband signal) Iﬂﬂiﬂgﬂuﬂﬁﬁu DAC (Digital-to-Analog Converter) @13130a3198 gy
pauAuiInglalnensa agnslsfinnu DAC Tulligtudiliannsoneuaussenudesnisluiies
maammuﬁu&huaxmmL%’Jﬁm%’ue‘fmzywmﬂﬁuﬂfsmﬁf‘mﬂw’amaw%aﬂLunm‘ﬁsmﬂﬂé{ Faifuds

F1uudioedl DUC weliaiusonauauainUABINIsIaile

Digital Up Converter

Pulse Shaping and @ i
—_—t 1
| | Interpolation Filter 5 E
| ; to RF
; AN St
1 |
Q1 | Pulse Shaping and
=i} »
Interpolation Filter

]

I

]

1

: . .
i cosine sine
:

1

I

II

]

SUf 2.3 winnsituguues Digital Up Conversion (DUC)
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2.1.1.3 Digital Down Converter (DDC)
Juaielunsandasinisdadoyalasdasnuideyaigniesenty
unenda3endn Digital Drop Receiver (DDR) c[,ﬂEJLLﬂUﬂ’J’]ﬂJa‘ﬁL‘i'}ﬂuiﬂ'ﬂx’eJFg:'iaU‘] ANANaNg
(intermediate frequency) 9 nvgufjvadluaias (Nyquist theorem) na1IN9nsINNTEUMBEN
(Samnpling rate) vesdayay afifiuuudsiia (band-limited signal) agneifos deaduanavives
mnuddeyaiiielfaunsnairedyarandunld ylilugansinsdsdoyafiguazdosins

Uszananatuge lag DDC axvhlviauisaansdnsinisdedeya wildisanunsadssuianaladie

Fu
Digital Down Converter
l ® Decimation E [
] —t—
£ : : Filter |
IF I |
—— ADC [ ;
' i Decimation E Q
: > —:—b
: Filter :
E cos(wenT) sin(wenTs) i
fs : 1 NCO |

g‘lJ‘ﬁ 2.4 wﬁﬂﬂ’l‘i“ﬁuﬁ’mmm Digital Down Conversion (DDC)
2.1.1.4 NCO (Numerically Controlled Oscillator)
Huwnieariiledyarnwuuiineaiiaiianistslasida (synchronous)
wWudyauaden (clock signal) Taedulug) NCO ﬁ]sgﬂfh:.J'flﬂu‘iwuﬁamﬁﬂmumﬂiauﬁy’q
Digital Up/Down Converter Mldlussuuinglimsuasaainuasssuuiinea
2.1.2 MsuegLandymAInea (Digital Modulation)
lunisuegiandyauiines ﬂﬁuwwﬁuwamﬁaﬂasgﬂua@mmlmaé’mzymﬁm
#eLiles FBnsuegranuuudneadeldiniunsulasiinealidusudenasnisiuegian

@

(demodulation) fideardasnfenisuiatourdentiufdnea n1silasundasuesdyyiu



pAuNIIrgLAenaInTwIuiniueuvesdydnual (symbol) M (Fnwsfignuagian) Laad

W s

YWnwsUsenaudie M = 2N dudnualmaden uwiazdndnuaiuvnunisdonnuiusenaumiy N

s o @ € o 9 A w

f tdndydnuainiednsuen (baud rate) Wu fs dydnual/Auni ilvidnsdeyaniesnsn

k)

b

s ar &

Jn (bit rate) 10U Nfg /AU feegray Monwsiusenausie 16 dydnual uweazdyanual

<

guvurdae 4 On dufudnandeyaiuldudvivesdandydneal lnowadaveinisueganuuy
fanpanldnunaly laun FSK (Frequency-shift keying) , ASK (Amplitude-shift keying) , PSK

(Phase-shift keying) ag QAM (Quadrature amplitude modulation)

=

2.1.2.1 miuealaan1eAun (Frequency -shift keying: FSK)
ﬁugnum‘magmmﬁm@nmuw FSK (Frequency Shift Keying) fuldun
IINNTUDAAAUUY FM Fadunswasuewrauivesdyyaaiunninunsiasureadn
Toya 1n g luarursawuagasladn 1dun Audio frequency-shift keying (AFSK) , Multi-

frequency shift keying (M-ary FSK or MFSK)

data bits

e WL AL A DAL LR
ARV VAT L RVARULAL

JUT 2.5 uanssnegedygy s FSK

2.1.2.2 MsupnlaaAn1auaNnagn (Amplitude -shift keying: ASK)

N1SHBQLAAKUY ASK TUTINUFIULIINNITUBYAALUU AM UAa AY

s =1

FuyuAanea (0,1) iWwneuanlunisuegen wieennaildindyyiuil 2 sedu Ao high

= 1 ]

way low Imalf'ﬁlumiLﬂﬁama‘wwLLamwﬁgﬁmaﬁé’cymﬂmﬂﬁuwﬁ FagnAmuali high windu 1

wag low Wiy 0 9zt38n31 ON/OFF keying



SUN 2.6 wanssinad a1 ASK

U

2.1.2.3 m3Nagann1aing (Phase-shift keying: PSK)
L“TjummﬂﬁlwmwwLwammﬁagzywmﬂguwwﬁmﬁuﬂwiLﬂé"awaaﬁm%’a%a
Tnevilannsousseslsdn Idun Binary PSK (BPSK : M=2) , Quadrature PSK (QPSK : M=4)
, 8PSK (M=8) , 16PSK (M=16) , Differential PSK (DPSK) , Differential QPSK (DQPSK) , Offset
QPSK (OQPSK) , Ti/4-QPSK , T/4-DQPSK

I
é

®  (onstellation point

<—— Tromsifion to n2xt poinl

|
I
I
I
4
I
SU# 2.7 79879 constellation diagram %84 T1/4-DQPSK

lABN1SUBAARRUY TI/4-DQPSK WUANAIAUAITUBALAAUUY DQPSK

lngfinsuegianuuy T/4-DQPSK axiidgdnwal (symbol) ignivualasnisiuasuiasin

dyanwainouniild 1 /4 dsfuduiugauu constellation diagram v8en15URLAAKUY TU/4-

DQPSK agiiviaviiayindiu 8 9o fagun 2.5 wasdadudaau Differential Sndag



2.1.3 Serial Peripheral Interface (SPI)
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e Full-duplex tumingaudn dygraannsadaniuldsening Master uag Slave ldata
seiilea sUnuUTayansdeansuie Protocol vaauuy SPI i Lildunasgutmuamed MNUeya
fdsmfudeseglugunuunie Format wuulwy iunisin Protocol Msdeansiutenies wieq
910 Datasheet vo1guUnsnl d@1u1sasudsdoyalagniosusiuginin UART (Universal
Asynchronous Receiver Transmitter) figuldlun1sfudadayasening Microcontroller iy
Qﬂﬂiﬁﬁfﬁia?\hﬁgu‘miu Serial EEPROMs, Shift Register, Sensor, Display Driver, A/D Converters
waz SD CARD 1Jusiu

SCLK o - m—— SCLK
SPI MOS} . MISO SPI
Master MISO = MOSI Slave
) NG

=i = ' = ' ¢
UM 2.8 Waumnan1s@easuuy SP seninegunsi Master uae Slave

Msi@euranIdeaIswuU SPI sninegunsal Master uag Slave laeilanednyanvavun

4 &y v58 Four Wire Usenaunie

1 e

- SCLK (Serial Clock) MWasdyqanuniinianngunsal Master lugsgunsal Slave Lite

o

AUATIIENTSUATDLE

v

- MOSI (Master Out Slave In) ‘l“fi'ﬁ\i’ﬁ’mﬂamﬂqﬂﬂifﬂ Master lﬂﬁdqﬂﬂifﬁ Slave

- MISO (Master In Slave Out) l45udeyavingunsnl Slave

- S5 (Slave Select) #3a 41 CS (Chip Select) Todsdeyeyau Low Tuagunsal Slave i

AoINsiudtaya

' [
= as

L4 o v o g @ < a
gunsal Master viwmihidusimivaunisdeansiavun lngaiuaunnsieansaudygyiu

v ¢

= (Y] o & ) v = (Y] < [ @
UIRNT wazaedygin SS Mmunameiavidudindadulaien Su v awagawmqﬂmm

o £

Slave @ynnaddu SS 130 Slave select Tunsdl 73l Slave 1nndn 1 67 Tnansviliidu SS &

s

@ & s v a 1w o v a 1o @ ¢
sysudnyaandu Low Wedesmsinmaiu Slave fmila mindesnisinsadearsivgunsel Slave
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v @ o v o o

fle Aupwinliduanm SS vee Slave fatdy fseiudmuiandu Low Tefvesnsdeaswuy
SPI fia a1u190@0a15uUU Full Duplex namdeaunsasunasdsdayalenionq fu iwsazil
aedynuiuiavdsteyalasiawy sUkuunsdeansues SPI lisesrimun Address titeszy
gunsnifiseansdeansinilou 12C lesnnldaedygin s Wusmuay faiidasinisiuds

(7 '

Hoyaginin 12C wazunzdmsunsiudstsyauuuselilot 3e Streaming aghalsiniu nndl

LVRRR V]

gunsal Slave viangdn nsdeansuuu SPI dasldanedmnimnnnia 12
2.1.4 Inter-Integrated Circuit (12C)

nsinredearsseninsledlaeda 12¢ lasun1simunlaeWaUd (Philips) fag
yasjamnevdnie desnslwledvielugaannsndese dsnuuazauguansldaedyaoniios
2 1du Tneduniadeansdyaauninfldimundamenisiinu msdesmiuveseunsaluy
Ut 12C vilsiiaunnifissioanetoyanazaedyanuiinivesgunsniusiaziuiunsonasiu
T daumstmuaneninsaniasiuisdmsuindogunsaudazad sslisiadeyauaznisiivun
annladniivweninsavesguniniudazda anedoyavuta 12 fFaiFonagrudunmanisia
@1edayanunsunIe SDA (Serial Data line) dquaedgyaruuiiiniideisendiaedyyin
UIRN1YNTUNTD SCL (Serial Clock line) anantAlaevinluvesda 12C Aoany SDA waz SCL
\uanedyan 2 Aenng (bi-directional line) fasinisaafsinuniungdniuusaiy +5v 13
ma@mnmLﬁa’lﬁmaﬁamuzaa%ﬂqﬂu‘umﬁlﬁﬁmﬁma‘kﬁ’mu wadftnedlosiudtyaasuniud
ofidulumedyaaiivans 2siedwnvesgUnsaiiviosguula 12 delidnyuluas
wwsula (Open-drain) weaealinnesiUa(Open-collector)

wdnnsvetia 12C Ysznoudieanedyaa 2 1duie SDA uas SCL gunsaiiine
Wasuudaaunsaiildinning fuduiesdinsimuaguuuuresmsiaseuulaiel il dou
niaziaunsallafnsetustuargunsailaidushivvieds Tasgunsalitdudatredoyanie
defaya \Fondndda (transmitter) gunsaiidugSudeyaiSoniniaiu (receiven gunsaluwuda

et |

12C annsadiuldisiSunazds vgunsalvminiduiiivediaden arliiigunsallauuda
12C Fivintdusadsadiuiion guasaliviiminfiaruaudaviznsiaseuula 12C 15und
wame3 (master) gunsalignasuauniegunsaifidewiadnluuuda 12C (Bunda aaw (slave)

eutyeu SDA wag SCL LLam’lugiJﬁ 2.9



scL s\ / 1.7\_/?\_/?\_/14\_/?\_/p—
Start Address Write ACK Data ACK Stop
cond. cond.

gﬂﬁ 2.9 dgyayneunn SDA wag SCL
2.1.5C-BUS

C - BUS Aanefiu SPI %uﬂunﬁﬁaaﬁwnimwu Synchronous gmwuwﬁq
amnsaidoudaiu SPI Master 6lnense Tae13assau (Integrated Circuit) 910U Slaves Tag
annsodeuseiu S Lﬁaamﬂﬂﬁa’a’ﬁ'ayjal,wﬁauﬁu MISO wazdyavzasunduuu C - BUS 1l
A1uANTUY N191TNABNITARAITUUY C - BUS 5tni19gUnsal Master uas Slave laoil

AudryQIuevun 4 1du %39 Four Wire Usznause

as o

- SCLK (Serial Clock) l4f@sdsysyrauuniniangunsel Master ldsgunsal Slave Lite
Muuadansiudidoya
- Command / Data ldayaanngunsnl Slave lugagunsal Master

- Reply Data l5udeyasingunsal Master

- CSN Tdidadsyeynes Low Tdisgunsel Master ieidnlta SPI

SCLK
SPI Master e C-BIUS
MQOSI i .
lo[1]2]3]4]s]6]7 Command/Data
MISO Tt Gt
CSN
SS
SCLK C-BUS
Peripheral
Command/Data
Slave Select using host Reply Data
GPIO or de-multiplexer
<> Esh

A lﬂl ! ﬂ‘J -] Lo ‘i‘ L 1 ld!'
JUN 2.10 mswwewselagludwiunilwteunnniiuils C - BUS slaves
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CSN ] [

CCLK AN RATER S PN YA B Agipigeyagbgigh
CDATA WrRla[s5T4a[3[2]1]0] [7]6[6sTafalals]o]
MSB LSB MSB LSB
Address byte Data byte
RDATA [Fl6[5[4][3[2]1[e] }——
High Z state MSE LSE
[ ] pata value unimportan ©7TTT Either logic lavel valid

=i

UM 2.11 mesvinnuaes C-BUS
2.1.6 Fast Serial Bus (FSB)
Jumsdearsguuuunils Smauidn ML finde 1IC cMxos1 Tdaietuiteldly
nssusazidouaItamasniely 1IC CMX981 sazansnsunandauldianit C-BUS lnuil

sULUUM VIR 2.12

SCLK [IIIII I I] I ! [

FS =] P
DAT [15]14]13]12] ... [3]2]1]0 ]

+10-12 clock cycies-;’_| I
RDFS ¥
RDDAT [15[14[13[12]...[3[2]1]0]

gﬂﬁ 2.12 NM15¥1191UD9 Fast Serial Bus

o a

2.1.7 &ynd (Linux)
dunddatiatuluiuuaud U a.a. 1980 lnsdua nsiada (Linus Trovalds)

tnAnwininianineinisneuiiames (Computer Science) lunninedeieadad dya iudn
szuudiiing (Minix) Adussuvgiinduuiidlurmedy Sohnsfaules @ woungd miuuutl
(Andrew S. Tanenbaum) fafiaruanunsalsiisswounaiudeants Faldduduinisiaun
ssuuginduenulastun lnsgauszasddnusznis Aedonisiadiudilaluien
seuvUfURnsaouRinneimoidiowGuiaundundlurrmiauda wiAldinisdnyauli
tniaunlusunsuduguniehmsimuniyng deenusudediulugiayfuniusuiieny
mdumeiiun Fuasnduausvrnlusunsuiigiauisanldsutuhmsiaunduuiuary
wanirglimeaastdiitonaaeumdaunnios fiuraulafdosusmamendgauimnssfiviha

TagldAnArmauuny wazvhaudiudumesiueianun Jagtuneituaigauesssuuiundile
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& as @ v s &

UszniAeanufeesty 2.0.13 Tadunaluisouavsianasduilias arsianaidundmalioy
Fausnifuangiiu 1.0x1.2x westumaiazioinduneiduiiaiosumuasinuiuasly
Y o Vv a & & ¢ o = ¢ w - =
sgaunils wannduaaAau 1.1.x 1.3.x azhernduneitunadeu Feluesdumaiilasiinig

WnuAuansalnligadll wasddosihnisvaaaumdeRanaInnieg o
= & a3 a e 1 =i 7] fa 3 = = 1 =i 3
dund Wussuuufuiniawudieniu eea lulasvendiuland iaglng lnsdund
tudninduszuuluiniseiindusvinvnils lnedundlasuanuionainanuaiunsovesdi

o =

syuvUjiAnisuazlusunsuussynaiviinuuussuudund Insanigegiabalusunsulunsena

= g

283 GNU (GNU's Not UNIX) wagdsiiddnynanifessuuaundifussuuujoimsussanmsuas
(Free Ware) Aelsiidoaldanslunistiolusunsy

szuudundaanainesdu 4 du arunsnvieulduudigis 3 asega Aevudig
w939ama (PC Intel) Ainaadaninauined (Digital Alpha Computer) wazguauiia (SUN
SPARC) iilpsanldimaluladfliGonin RPM (Red Hat Package Management) Saudiinluvauzila
unddsliannsounuilulasvend Julaid vuiidvouneloled (Mac 0S) lésmmnfian wegld
Srulitosiiviuanluasdioiaunlusunsusegnduudyndiu wasieswenisquassuud

W
g o

yneg ma’LmzwﬁqmﬁmﬁLﬂéaaﬁaﬂhaﬁm%‘um"wLﬁumﬂﬁazma?jﬁu

Tagtiuldfimsthszuuujuinmsdundludssendluszuudfiamsdmivnudiu
ANPGRS mans i duaanilaiu aniiuinig Suvedila dunsiis
wialdlu nsidsuntsasunasn1siideneeninaesldfaurlusunsuiesan findesile
1103070 1 TUsunTuAIwd (O) Iwdanda (C++) Undaia (Pascal) wasunsu (Fortran) fad
(Lisp) TUsden (Prolog) Lam1 (ADA) Hnwansua L uaa (Shell) uradiwad (Bash Shell) &
wad (C Shell) posuwwas (Korn Shell) wWisa (Perl) Insau (python) TCL/TK

2.1.8 N (C Language)

Programming Language C %38 C Language (n1913) 1un1wineufiameiild
dwsusimunlusunsamly gnivaunlaoisuda 34 (Dennis Ritchie) Wiauszanasud A 1970
iioldauuussuuufoanisedng ununtwueaimuud Fadunwisefuiiianisansevinly
FEUUENSALIS PeANTINGT wigndaurasn wneimuuaifeanugienlunisiusunsy
anudulanizin uazanuuandnfululuwiasieies sesngmirluldlussuuuftanisane 9
qugnliifuntwifiugrudmiunisdu 1wy 2119121 Uava) n1w1iLesi(PHP) n1wnd
15U (CH) NIWTNAFNER (C++) N1 uiATa (Perl) n1wnlwsou (Python) w%ammgﬁ (Ruby)

MR Tun1e Y oulUIUNTUTLUUTIAIEY (MF8LT9NTEUIUI) Qﬂaamgw%mﬁaftﬂmaﬁw

12



fulalusunsunvunisideulssinsalunseun awnsadndemnheanudlusedudns e C ull
sifunmwssiugs winaunsliifunviaieldiduetneg
2.1.8.1 lpssadsvesluaunsunivd
Tusunslunmndvnlusunsuasdssnaumeilsitustieos nileiladdu
Ao Heidu main Tnelusunsun1wi@aviduiiauiiieddu main dow Tuudasiledduas
Usznauniy

1) Function Heading Usznaudisdeiladiu wazerafisianisves
argument (UneAWSEN parameter) agluludy

2) Variable Declaration @uusgn1afauys @1msun1wd aauusnie
Aasiinn Aldlulusunsuazdesiinsusznianouitazldnuedasls anfualusduuulamiu
integer #3® real number

3) Compound Statements duvasussloafdaneg dauiaduusslen
\J9gaU (compound statement) fiu Uszlaaiinau (expression statement) lnguszlondagou
azagmelunaduinnanis { uay } laglunilwssloadedou axiivstloadnaifiuenandudie
P3Ny semicolon () a9 Useleasiaiu way onvihadudnnldustlondsdouton

2.1.8.2 ToRU8INW%

1) M@ aunsatluldlduuedomn platform ladnagiiu Intel PC 7
run Windows 95 138 Windows NT, Windows XP, Windows 7 38 wiusifaynd SRIEDE
Macintosh uag iA3eanasnamdy nanaumuiny {edwnil compiler Y8401 asjd'ﬁ"’flﬂ

2) mwd Wunwiiidiey Aedusdasmualunisldan wie Syntax us
Lyifiilerddudniagyu (Built-in Function) laq Sedumnglddasnisvierlsfiou doadounneds
T84 wie 8191380 Library Functions w1lde Tae Hefduilunuiilivess argnyuTmbiluy
Library Functions 1@y msdanisteanny msdfiunsifieadu input / Output (1/O) M3T8d
s1128A77137 (Memory Allocation) a¢laiiilu Standard Library 1ty flsfiuidnnis Graphics Wil
azfuifusyuuilld (wWu ussuu UNIX w3 Windows 95) uay Awandenlunisvien (u GUI

1T X-Windows %38 Direct X) msvintuiiagyiliniend iunwiwasudielaine (portable)
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2.2 uATeiieates
2.2.1 1m351U TETRA (Terrestrial Trunked Radio)

= aY vas @ ; .
Wugnvesuiasgrunlasuniswauilae European Telecommunications

=

Standardization Institute (ETSI) #iefunsislassadsitugiunisdearsvesingdoarsindeu
Tassadsiugruidfidmnedundndmvivanudesnisvesnguanuvasadsasisue 7
Wusnsiunisdeansdedeuazdoya duduuinsgiurenniedisingdearsiamzngu
(trunked radio) Tne1d Time Division Multiple Access (TDMA) Tuaaqud 1 A ufiavuus

ponlu 4 Time Slot Fazauinsesiunisdearswuungulas 4 nguniouiu lasiin1suen

=

Lanuuy 'Y, differential quadrature phase-shift keying (T/4-DQPSK) GR

=1

i1 symbol (baud) rate

}2 b2

Wiy 18 kSymbol/sec Taglsiaz symbol unusig 2 Us wsizaztiulsnsinisiuadsiayanae

U

s

A3L57 36 kbps FeiimuUasadamsiziliunisdenuu Point-to-Point wagtlunisidnsiauuuy
end-to-end

v =

VONUBININTFIU TETRA

¥ =t o

1. lupnuisharaseunquituiinnnnit Gearldindesdidynnaden uiliandunu
Fulassaineiug
2. sgwinumsdeastoyaiudsazliloumssununiedadome
3. awsademsinensdlulvin Walkie-talkie
4. Pumsdiousiawuy Point-to-Point Ingliifaafidiuiiendesiu Operator wia
Dispatcher
5. Wiswanuy End-to-End Feiliiianudasedivgs
UoLAETDINIMTFIU TETRA
1. deddindosvenadaduieliiulumuderivuanas RF
2. msmeleuteyalatiniminsgulagiy
2.2.2 CMX981 Advanced Digital Radio Baseband Processor
TWswawofJusulasdyaauaziiusynanauuunaunauilfidoudedi
'iazuuamﬁaﬂLgazﬁﬁmaammssw%qﬁ%maaLLasﬁWﬁ'wﬁﬁqﬁ’fyaai'm?jﬁﬁm%’u DSP (Digital signal
processing) 5895UN15V9IUNUTIUNINUIY LU TETRA, APCO25, RCR-39 (Japan) tludu

CMX981 Usznousefeidunmmanisndulunisulaseyadydnualfidvadudymyneuiden

w =

| kA Q TITIWTINMIATUALLIVINATDIATI N1TVALIULDIVINAALIINTBILUUADTIaAITOAS

as a

A1lel dinsueguanuuy Differential Quadrature Phase Shift Keying (DQPSK) dins5udyayraiduna |

@@
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waz Q lnenisnsesteyaludesdynumdnaieanniugenlunisussinanauarnisistioya

aa o

a1u15afaAInNseAluaeAIvanazAinsesLuuaana wazdedl Auxiliary DAC wag ADC 14

s

muRuLazIndyyIunauIng RF J959ufe AFC, AGC uag RSSI @11150%u wuasuagidnsa

=

dynrandeslalaouansufenlaosunsuves CMX981 ﬁagﬂﬁ 2.13 uLasudand IC CMX981 fagun

2.14

JU#l 2,14 IC CMX981
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s

SazBenUad IC CMX981 dnail

 Tldee 2.5 Toadt i 3.3 Taad
Radio Rx: 2 x 16-Bit Sigma Delta ADC
- Radio Tx: 2 x 14-Bit Sigma Delta DAC
- Auxiliary: 6 x 10-Bit ADC
- Auxiliary: 4 x 10-Bit DAC
- Voice : 14-Bit Linear with Digital Filter
- upLaALuY TT/4 Differential Quadrature Phase Shift Keying (DQPSK)
- C-BUS and 3 Fast Serial Bus Interface
130mW Speaker Amplifier (8 Q load)
- 16.5mW Earpiece Amplifier (32 Q load)

s

$3a1009 (Registers) YNMUATDY IC CMX981 3591l
Control and Set-up Registers

- 53awo3 00 Configuration control register 1
- 53awo3 01 Configuration control register 2

amed 02 Interrupt control register

1
anl

- 33ame9 03 Transmit set-up register
- 33ame9 04-07 Transmit data FIFO register
- S3am97 08 Receive set-up register 1

- 33amas 09 Receive set-up register 2
Status and Interrupt Registers

a8 OA Status register 1
F3a1903 OB Interrupt mask register 1
F3ama3 0C Status register 2
- 33,03 0D Interrupt mask register 2
- S3ama3 OF Status register 3

- 33awes OF Interrupt mask register 3

16

Read/write
Read/write
Read/write
Read/write
write only

Read/write

Read/write

Read only
Read/write
Read only
Read/write
Read only

Read/write



Miscellaneous Registers

- 33mas 10 Symbol clock phase adjustment register
- 33awmes 11 Clock stop control register

33awmas 12 Power down control register

33emas 13 Loop back control register

39awmed 14 Auxiliary RAM ADC control register

33ame3 15 Auxiliary ADC control register 1

396903 16 Auxiliary ADC control register 2

39emDT 17 Transmit path ramping delay register

- 33am03 18-1F Coefficient memory /O access addresses
Transmit Path Set-up Registers

- 33amad 20-21 Transmit | channel phase register
qdmas 22-23 Transmit | channel gain register
33amasd 24-25 Transmit | channel offset register

- FRame3 26-27 Transmit Q channel phase register

- Fqawmes 28-29 Transmit Q channel gain register

- S3ame3 2A-2B Transmit Q channel offset register

- 33awmas 2C-2D Transmit ramp up increment register

- 33903 2E-2F Transmit ramp down increment register
Receive Path Set-up Registers

33ames 30-31 Receive | channel gain register
- F3aw03 32-33 Receive | channel offset register
- 336903 34-35 Receive Q channel gain register

- 334903 36-37 Receive Q channel offset register
Data Access Points

33a1M03 38-39 Receive | channel data access point
3341993 3A-3B Receive Q channel data access point

- 53@wes 3C-3D Transmit | channel data access point

17

Read/write
Read/write
Read/write
Read/write
Read/write
Read/write
Read/write
Read/write

Read/write

Read/write
Read/write
Read/write
Read/write
Read/write
Read/write
Read/write

Read/write

Read/write
Read/write
Read/write

Read/write

Read/write
Read/write

Read/write



- 33aw93 3E-3F Transmit Q channel data access point Read/write
Auxiliary Data Registers
- 33awes 40-4B Auxiliary ADC data registers Read only
F3amed 4C-aF Auxiliary DAC memory I/O access addresses  Read/write
Fawmes 50-57 Auxiliary DAC data registers write only
Voice Codec Registers
F9ama3 58 Voice codec set-up register 1 Read/write
- F3aEme3 59 Voice codec set-up register 2 Read/write
- 33ama3 5A Voice codec gain register 1 Read/write
- 33,93 5B Voice codec gain register 2 Read/write
F3emad 5C-5D Voice codec tone frequency register Read/write
- 39amed 5E-5F Voice codec transmit/receive data register Read/write
Clock Division Registers
- 53mes 60 Clock division control register 1 Read/write
- 33awes 61 Clock division control register 2 Read/write
Direct Write Data Registers
F9ema3 60-6F Transmit | channel direct write data register write only
- 33amed 70-7F Transmit Q channel direct write data register ~ write only

2.2.3 Evaluation Kit 9810 (EV9810)

Wuvedadiarusoldlunisussifiunanisnaaeiwagn1seaniuy CMX981
Advanced Digital Radio Baseband Processor lagazusznaunig PCB (printed circuit board)
LuuAdTiauazueunden wiew IC CMX981 vuuada ieldlunsidifedyyndeyauanuud
doyaauniuauuazdunesinedayares CMX981 aasaauileidu ADC uay DAC udenlaazunsy

284 Evaluation Kit 9810 LLamﬁ’qgﬂﬁ 2.15 waruasn Evaluation Kit 9810 LLamﬁ'\ﬁgU‘ﬁ 2.16
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Vext

P Y

Aux DAC

Aux ADC

POWER

Auxilliary Header

[
[
.

FSB1/C-BUS

FSB2

FSB3

IRQ's

2.2.4 CMX998 Cartesian Feed-back Loop Transmitter

(CFBL) vhwmihiduiuvasdyaalaenseain | uaz Q ludueine RF 1¥u Linearise Power
Amplifier (PA) Inb Cartesian Loop taesiindsavsaimuazainuiu Linearity vosiadsdeyayiod
AugnsiadlunIsuagIanvaINITdeHIY CMX998 azgnivualagfiulasdyyi down

converter waNUAgauaziMAT0Y | waz Q szaunaiiu sudulademilvinisueganiininugndes

Buffers,
Level

Shifting

REGULATORS

CMX981

[ |

Audio Codec
Interface

Rxl

Interface

RxQ

» Txl

TxQ

v
MIC1 MICZ EAR SPEAKER

gﬂﬁ 2.15 vaanlaazunsuuead Evaluation Kit 9810

sU7 2.16 Uadn Evaluation Kit 9810
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Tnefinssuuseiuiiugian -30 dB anursalfuuninsgiu TETRA Tasuaniudenlnesunsuues

CMX998 FagUfl 2.17 uag IC CMX998 uamsssguil 2.18

— oisvl

DIN

oip |

LO Splitter,
Buftor
" Devide by 2

3 |2
2 i3
L 8 |3
P s |3
{ MON g B
DC Nl . i =
Eoror
mplfacs

| ¢ y E"Jr
=]

SUT 2.18 IC CMX998

s

swaziEunvad IC CMX998 Rail

- ATwidtae 30 MHZ §4 1 GHz

- Wide Band Noise -148dBc/Hz
- C - BUS Serial Interface

- Gain Control

- Error Amplifier

- Up Converter Forward Path
20



- Down Converter for Feedback Linearization
- 360° Loop Phase Shift Control
DC Offset Measurement Output
- Flexible Digital Interface
- Linear Modulation Schemes 11 QPSK, Ti/4-DQPSK, 8PSK, QAM, OFDM 1lusiu

=l e

F9emas (Registers) Waunves IC CMX998 Sl
398,93 01 General Reset Register (Address only, no data)
- 39@m99 02 General Command, 8-bit write only
- 33am93 03 Phase Control Register, 8-bit write only
- 53awe3 04 Gain control, 16-bit write only
- 53awe3 05 Forward Path Gain Control, 8-bit write only
- 33ewas 06 Feedback Path Gain Control, 8-bit write only
- 33awmes 07 Aux Control, 8-bit write only
- F3awo3 08 Frequency Control Register, 8-bit write only
- 39awmed F2 General Command, 8-bit read only
- 53awe3 F3 Phase Control Register, 8-bit read only
- 33&w3 F4 Gain control, 16-bit read only
- 33awwes F5 Forward Path Gain Control, 8-bit read only
334903 F6 Feedback Path Gain Control, 8-bit read only
- 3%awa3 F7 Aux Control, 8-bit read only

- 33am93 F8 Frequency Control Register, 8-bit read only

2.2.5 Evaluation Kit 9980 (EV9980)
Wuvesafiaruisoldlunisusviiunaniinaassuasnisoanwuy CMX998
Cartesian Feed-back Loop Transmitter lagazusznauais PCB ﬁﬁLLwamWameUUﬁmejuuaz
i 1C cMx998 vuueda MldausnlddumesinamunufionunAuazaauauin1eg
annsoinfedyanani RF uay baseband Tnefiidwenefinnud 450 MHz wie 800 MHz Tag
EV9980 anusaldarnudsendng 100 MHz &9 1 GHz anunsasmuaaliinausiuiu CMX981
annsafvuaszuuguteyatesldlasuaniudenlaasunsuves Evaluation Kit 9980 faguil

2.19 WA Evaluation Kit 9980 wansdagu 2.20
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LP Filter

X .
5.
Extemal 1Q
Inpute CMX981 Interface
®
8 A Diflerential @ Aftenuator
[ ] 1
. »
® | ocMeas
@ | Instabity Detector
PA Ramp
RFIN CMX058 RFOUT
® O » pA
CFBL /
§— IC —}E—l RF2173
{Not fined)
PewaERTEIEA Ry PA
caus | | RF5110G
Interface
—{@) Coax
Connector :

sUfl 2.20 vedn Evaluation Kit 9980

2.2.6 CMX994 Direct Conversion Receiver
CMX994 1 Jusisudyaralnsulasdygyruuuunss Ussnaunae LAN (Local

Area Network) Wuuusaaluus fnuAniasvesuuulaningslunisisenian | uay Q uay
TudrudrsudygrulsznounieiagedyyIularaINTauUUaLUYANLLYET way VCO

(Voltage - Controlled Oscillator IngluuandsnustuargieUansusuinaas LO v9uain
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wnaednel 3.3 Vidgalugiegaumgidaug -40 fa +85 ssmwaldeauazilegluyn VQFN lay

udenlaszunsuves CMX994 uandaguil 2.21 uae IC CMX 994 uamadaguii 2.22

TIN

th

3

U
. &
™\

s 5 O3

LNAIN
5 14 | Channel
VCCRF 2
VCCRXIF 7y
veeLo X o
e 2 sz %
Q Channel
% 4
nn Yoo 1 PLL
ovDD
VDDID ——

gigt 3 AR R T
2 z olelo [
= 4
[=—y
External 'Nmm&ve:
Resonator and : Local |
FECES | Oscilstor |
H | Referance Oscillator

]

U7 2.21 vienlassunsuves CMX994

SUT 2.22 IC CMX994

o

eazLdeAUe IC CMX994 F‘N‘ﬁl

1) Rx Direct Conversion Receiver

- Direct conversion eliminates image responses

- LNA with gain control

- 100MHz to 940MHz I/Q demodulator

- Extended low frequency operation — down to 50MHz

- Precise filtering with bandwidth setting and 1 : 2 : 4 bandwidth modes
2) Local Oscillator
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- LO synthesizer
- VCO negative resistance amplifier
- LO divide by 2, 4 or 6 modes
- Tx LO Output
3) loldBs 3.0V - 3.6V
4) Small size 40-pin VQFN Package
5) Low - power Mode
F9ama3 (Registers) Fanuaves IC CMX998 il
- 33amad 10 General Reset Register (Address only, no data)
Ja1ma3 11 General Control Register, 8-bit write only
F3aLma3 12 Rx Control Register, 8-bit write only
- S3awes 13 Rx Offset Register, 8-bit write only
- 3ama3 14 IM Control Register, 8-bit write only
- S3ema3 16 Rx Gain Register, 8-bit write only
- S3amas 20-22 PLL M Divider Register, 8-bit write only
- F3awes 23-24 PLL R Register, 8-bit write only
- F3awes 25 VCO Control Register, 8-bit write only
- 53awmes E1 General Control Register, 8-bit read only
39aLm97 E2 Rx Control Register, 8-bit read only
- 33amp7 E3 Rx Offset Register, 8-bit read only
- 33ama3 E4 IM Control Register, 8-bit read only
- S3@med E6 Rx Gain Register, 8-bit read only
Jemes DO-D2 PLL M Divider Register, 8-bit read only

1
Nl

39am93 D3-D4 PLL R Register, 8-bit read only

el

- 33ama3 D5 VCO Control Register, 8-bit read only

2.2.7 Evaluation Kit 9942 (EV9942)
Duvesafiausaldlunsussdiunansnaasiuagniseaniuy CMX994 Direct
Conversion Receiver lagazUsenaunieg VCO tank, Fractional-N PLL wag VCO ﬂ:lm?]lq\ﬁ
Sumesiaildtusialudaelfaiuisaldeusasg1esaaiadmiunisuseidiu CML baseband

processor IC Evaluation Kit L¥unszna PE0601 waznszNa PE0403 lagld PEC003 Universal
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Interface Card 4291l RF vayaUsziliuagil 100 MHz fla 940 MHz Tasfimsvhenususud
gudnanail 448 MHz Tasuansufienlazunsuve Evaluation Kit 9942 fsguil 2.23 wazuesa
Evaluation Kit 9942 uamedssuil 2.24

Cusrahse
Signals io ADC

. 514)
CMX994/A/E

C-BUS serial
Datadcommand

Infertace 1a host
e, 018

v
Wz

© 99000006000000300

0000000000 DOOO
OQQDOCDOOOOOGDD

GOOGODODDDQOOQ‘

5Ul 2.24 Up%a Evaluation Kit 9942
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2.2.8 PEO002 Evaluation Kit Interface Card
Juszuudumesiadmsuldiuygauseduvesuisn cmL SaaAR S uein
FirmASIC feagdasanninududeulunisusuiiunauazeenuuuiunoulunisnaass 9annasld
lulaslusiwaiwas RISC / DSP 32 n 104 Hyperstone wasld PC GUI dayafiaiansogluguiuy
a1 wagdaluds IC Whvune TagldBumesineuuvaynsuves C - BUS annsaaniuniseny
wezdaulaenisiTouansus Anredeastiuneufinmeiuiumswasa USB (Universal Serial Bus)
Tauanaudenlaozunsuaes PE0002 ﬁagﬂﬁ 2.25 Wwag PE0002 Evaluation Kit Interface Card

LARAFagUR 2.26

[ }—[vou]
*
[sav 1w Hﬁxm
Pl !
2
uss FT232RL [« :/‘:,
y i
Hyperstone E2 | owd, s SORAM
MAXB957 |17
AL b J T
I~
oo [T Tt ELERy:
Js Y Y S—; : 1 ; %
B z o, W | &
%S Imaxees7|| & [T/ &
2 g
<3 - n
3

sUT 2.25 uienlmozunsumes PE0002

gﬂﬁ 2.26 PE0002 Evaluation Kit Interface Card
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PE0002 Evaluation Kit Interface Card fistwasdondisil
- Global interface for new generation IC evaluation kits
- Target IC C-BUS read and write operations
- 32-Bit RISC/DSP Microprocessor based operation
- Mating interface for wide range of target evkit boards
- PC GUI and hardware provided
- High-speed real-time script execution
- PC control/communications via USB

- Software configurable GPIO lines and LED bank

2.2.8.1 WWslnsu ES000243

Dulusunsudldlunisdeansiu PE0002 vuszuuUfuinis Window Tng
nsldaulusunsa £5000243.EXE mnlianunsnfndedoasagdsingdenuinduman usd
ynanansadeansldyuingnasstonnumusuil 2.27 lasaslinaaindsidn SW1 uu PE0002
Wsuuasezaivanlnedaludludiuesa PE0002 wagndesnauldazidrglusunsumdn lag
ansatousesalulftuaouinnesiiidoss PE0002 TnsTusunsy £S000243 agilvisnun 5
dhu fail

1) C - BUS Control Tab Ingazanunsnsiu \euuagziinarvialuves
FFawmed lanidetoudnusadludosuilyaziinisnsreasutiielviuladnduiavgiudunn
ansaidensuuandeu 8 On vie 16 Jn Tasmnuenvesfigndausiialii 2 dnws (1 Tud)
Tunssnuseidiou uazammenvesiiegsiialiin 2 Snws vse 4 dnws (1 Tud vde 2 Tud) Tne
COM 1 9widiausiofi J5 vas PE0002 way COM 2 axifiousiadi J3 & C - BUS Control Tab udns
Flagui 2.28

Har dware Reset

Please press and release Reset button SW1

Abort

JUT 2.27 naeatannnuiuaulusunsy
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: C-BUS Cortrol |c43usc1;15¢.1[c-ausad Ext.2 | Function Image Load | Program Serial Memory | Script Handler |

~ Wiite a Register ~ Read a Register
 8bit Register Address I " 8bit Register Address I
+ 16bit Register Data | * 165t Register Data I
Write Read |
-~ Select Target Board ‘fﬂud Device
(+" C-BUS Header 1 (" C-BUS Header 2 Gen. Reset |

SUT 2.28 C - BUS Control Tab

2) C - BUS Control Extended Tab (C - BUS Ctrl Ext. 1 and 2) Hilaridu
nseuLanliu C - BUS aneyn luusavuaiuanadasiameiued C - BUS lngaziinisnsiddeu
Toyaiitlouadludestoyaiiionsasaeuiniuavgnuauunield  Tnsaueniegiteussgn
it 2 Snws (1 1ud) wazdwiudeyaitawmesinindl 2 Snws via 4 Snws (1 lud w3e 2 Tud)
neuswianitesuvideiousiniiames C- BUS mindasniseuniaidsuvarssiensliinady
“Wr all” 3 “Rd all” netja “Clear all” ile3idnmsne natu “Clear data” ieTidngeaudly
foya natu “Lock” iietlasnismsudlalagliddla natu “Save Config..” Litetufinass
23t “Open Config...” tielvanmseiitiufinlideunth 8 C - BUS Control Extended Tab

o o
waReIgU v 2.29
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C-BUS Control  C-BUS C .1 | C-BUS Cid Bxt.2 | Funclion Image Load | Program Serial Memory | Script Hander |

Description Address Type lUpdate Data Enable Description Address Type Update Data Enable

] ~] X]| b | 1|

] X =] X
=] X[ ] X|
X ] x|
AX ~] x|
=] X[ 1 =] x|
=] x| i =] X[
X =] x|
=] x]f i = X[
=] X| i =1 X1
=] X[ | =] X[
=] X[ | =] x|
=] X r =] X
X = X[
=] X[ | =] X[
=] x| | ] X
=] X[ ™ =] x|
] X[ ™ =] x]f

1

[ e A M A M e S H e M M e B M M (|

] _I_XJI m =1 x|
Select Target Board | OpenCorfig.. |  Wral |  Lock |
# CBUSHeader1 € CBUSHeader2 | SaveConfig.. | _Rdal | Clearal |

| Delayby o | WARdal| Cear data

I
I
|
[
|
|
I
l
|
I
I
|
|
I
|
I
[
|
[ X =] X]]
I

3U71 2.29 C - BUS Control Extended Tab
3) The Function Image™ Load Tab f#sngulvanuazUaldsusidu

dm3U FirmASIC
4) The Serial Memory Programming Tab d11suLldsulusunsy

) o o s . ld s . i
mieANTIuUBYnsHdMIU FirmASIC Wedaiiutdaya Function Image uanslugud 2.30
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AR

C-BUS Control | C-BUS Ot Bxt. 1| C-BUS Cif 4.2 | Function Image Load ~ Program Serial Memory | Script Handier |

- Select Function Image Source —— -— - —
Tcksub [ _Browse | |
Functon inoge | _Bowe |
Frequency (MHz) [ 192

| Ok Divide Setting [ E0CB

!

 Select Toget Board &
@ C-BUS Header 1
" C-BUS Header 2
| Load ]

Optons | Cose |

gﬂﬁl 2.30 The Serial Memory Programming Tab

5) The Script Handler Tab @snsaltan3usla Tngldimanihiuing
YomUsITUAMIBLNG pes uavzvhauvulilasiswaes nsldnwaniudiamy Tiden
ansuilasnaty “Select Script” Tasuiissnadwiuansniidandulasaeiusdidenaty “Run
Script” madwsmaniannsotuiinaslulwddennulaenatu “Save Results” w3afosnsang

o 1 a A
naanslaenaUy “Clear Results” lnBuanssisgun 2.31
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= Target Device Setup and Operation

C-BUS Control | C-BUS OrExt | | C-BUS O Ex 2 | Function Impos Loed | Pragrem SeralMemary Script Handisr

i Selea Setipl !:,! o B
I e

_____.}
. LI

Opsans Close

sU#l 2.31 The Script Handler Tab
2.2.9 Script Language Reference
nwaesUdilaTunsRatudmTunsUsediu ICs fulvidves CML Fesauia

FirmASIC®-based Fetasanmrrududoulunisuseulana aﬁﬂﬁﬁmmﬁvudwmﬁa’lﬁ;ﬂﬁ
annsasunandounedn C-BUS leds 2 nasauu PE0002 &eilusyansamlunisvhaniSealnd
Frtunidlesuarsuiuuialeas wiheaus vy PE0002 wisesnidunansdiu Tuaaenis
siiiunsarsusiaunargniusuuasaiivanadly "Command Buffer’ as PEO002 “Data
Buffer” w4u1a 61440 word 5’1‘13’%1LWa‘i’ﬁwﬁ’w%aﬁ’wLWaéﬁagaLﬁuﬂiwﬁaﬂ%UﬁmsamﬁﬂLLas
dfornu “Data out of range” atsngiulumihdnstiuiinnaniulng Tnefigusuurdadld

- fds filew Uoyaasgnlaudean PE0002 TUfupdaslaarimuininesanns (FIFO

- ida filer Toyaazgnloudnsaniniasleadlud PE0002 iruliiesansdu(FIFO)
"FileBuffer" aunm 294512 word

g
o a

- A1ds fopenw \Uanseasnslnduuasedlaadfiagldiiasutayananiusn PE0002 n

H'.Jl n’ o q'/ 3 =l 1 v a - L") &
ASIINUAIAS filew 9ziinsangloudeya 16 Tnanarsudluadvines

-Ads fopenr \Walwduwpsadlaannasldlunsdideyaludsaniua PE0002
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2.2.10 Si570
Si570 XO / Si571 VCXO Wy IC fidnunsa generate aud Tneldae9s DSPLL fu
g9784 Silicon Laboratories Lﬁalﬁﬁmmwmuwﬁmﬁmimauauaﬂunﬂmmﬁ SI570 / Si571
annsalduldfunnanuivieandaud 10 s 945 MHz aansaidonaudil 1400 MHz fe
Auaziden <1 ppm lnoieusoriudumesinanuueynsy 12C Tag IC fifenuatios Ay

eliegs Insuansudonlnesunsures Si570 AagUT 2.32 uazuand IC SI570 AaguT 2.33

\, CLK- CLK+
oo A s
Fixed 10-1400 MHz
Frequency |— DSPLL®Clock
SDA > 20 Synthesis «lseor
SET1 only i .

s .
.
PR S —
—

SUT 2.33 IC Si570

IC $i570 Hswaziduadail
- owianuiReus 10 §s 945 MHz wasidenanuiiiu 1.4 GHz
- \Beuseriu 12C
- Serwadesvesrnudiinnda 3 whae oscillator SAW
- LVPECL, CMOS, LVDS uay CML outputs
~ s 1.8, 2.5 w3e 3.3 Taadt

as

33am09 (Registers) Minunvad IC Si570 gl
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- 33awmes 7 High Speed/N1 Dividers
- 53amad 8 Reference Frequency

Jema3 9 Reference Frequency

i
anl

- 33@me3 10 Reference Frequency

1

81993 11 Reference Frequency

i
anl

- 39@mad 12 Reference Frequency

- 33mmes 13 High Speed/N1 Dividers

- 33@mas 14 Reference Frequency

- F3am3 15 Reference Frequency

- 33ames 16 Reference Frequency

- 53ame3 17 Reference Frequency

- 33a903 18 Reference Frequency

- 53@me3 135 Reset/Freeze/Memory Control

- 53me3 137 Freeze DCO

Si570 XO way Si571 VCXO Wwaiesrindndayayio anunsanlusunsuiesvue
mmﬁt.mﬁww 10 MHz §3 1.8 GHz Tnganansammuanuiioing (f,,) 9Inmsdanlag
finuue HSDIV SiAwvindu 4, 5, 6,7, 9 ¥38 11, N1 fdwifiu 1 isiaudauis 128, fo da1
\1AU 156.28 MHz W@z RFREQ = 0x2BBD25236 (81uA131n33am83v849 Si570) =
43.7502734363

2.2.11 Field Programmable Gate Array (FPGA)

FPGA fia gUnsnlansAsihwdinlusunsuldfiilassdonsidensenisluuuy
wising Tassadnamelues FPGA duaunsalusunaldinifinsimuniliouaednnaiiugu
iy AND, OR, XOR, NOT #3asaufiuviane wiin (combinational logic) tielsiimiinfididaiim
Fudauintu 19y decoders wiallsitunsndinenans Tu FPGAs wialu ueninnazUsenause
druvetiasaninuuulusunsulduds asfiiudenvemineanusn Femarainoniuae
Yagheitw wieldiuiivesansiainiadadumisauiiasaq sganelufld Tuniseenuuy
1asPAneadidnnsetind 71 FPGA azuiwumaa%ﬁwu?u 98l eaNLUUANINTNANTUINYDS
WK92933 TaainsoeenkuuldTnig lifemaasuneandoanigluliiedoauysal 100 % f
ANNTNDNUUULHINATL WoldfuunisasuazUsznauaunsaliingg tiauds Jerosiuum

WINI3YI9UYes FPGA 1alunisunds #19491nn190anuuusmeandIninavuInan NReeenkuuy
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mufuvesaevesuadliiaseauysaliou warlianunsaunlelaluniends vonani msldau
FPGA annsolusunsumsynuldlunnuususiiensiidawouaund Adeansadluuily
29518Tasdene Saduiuvesiin "field programmable’ Fafinunedalusunsuldlunpauny
vieiivieuiuies egralsAnudaimun (Configuration) ve1 FPGA agyelundsainia
IWidse ety ssdosiimiioninusiniouen (Flash) iassinudeiuaves FPGA 15 @ FPGA

=l 1 174 ] q’j LY e, s o c?l)
Agiinsyuiunsautanruatiulaesnlulfinasanlasulniaes

.zj
e e
z7na-720x0-05v-ll =

U7l 2.3¢ FPGA Zyng7000

2.2.12 Remote Terminal Unit (RTU)
Wuniivairuauszeglnavassyuy SCADA (Supervisory Control And Data
Acquisition) 5¥UU SCADA Aesruuiildlumsmiusaunasdamstaya uanimareamsieuns
arviaiu-defoya uazaruaunsviauresgunsal Inslamzfugunsaiitegvinslnasenluain
gudmuauLaZldTi UG TReuianifitug (UnMan Station) Tae RTU imthitlunisenix
Aun11eIuvesgUnsainarUszaianadeyanauiiordesisauludiquiaiugy
uen Nt RTU faaedpsiuddslumsmuaugunsaianngudauny Saandlusuil 2.35
2.2.12.1 msvhaudiavdes fnsetudiudun lussuuie
1) nsAnAefu MTU (Maximum transmission unit) {un1sannely
Snuauzresnsddoyanduniasufmdinin MTU iiussuudoans
2) ns@nsiefudruniuaudug n1elu RTU 1ea 19y 1ulves PLC w3e
sowes iumsindeludnuy vesmsdeidsmunuluauaugunsalineg viesuioirianeg 7

6l 9ngunsalnUszunana ludtygia nalifiuuusneg
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Qutput To Sensor

Master

Communicaton Syzkem

Saion

RTU
Input From Sensor

g‘dﬁ 2.35 tandguusenaunanaoaszuu SCADA

2.2.12.2 @wlssnaunanvas RTU ﬁﬁwﬁ’mﬁagﬁ 3 dusane Ul
1) Central Processing Unit (CPU) w84 RTU nii1findnde vimiidily

nsUseRIanadyy 1N TuL1RIn Filed Instrument Tnsdyaunlasuaissgndedidu 170

a

@ ]

Module m13119 531U YY1UA199 axin1snisUssatanadeyasiaqilasuain 170

Module iofiazdsdoyaliifugudniuay wazsimiiriiuasidsangusaivauiiiolflung
AIUANgUNsaisngg idadsegfianndauruuazaiuauszuunisdoanssening RTU fuaud
mugu Tnesiu Port lunsdeans & Port Alilunsdomsduariuegfudeild

2) Input / Output Module (/O Module) ¥iwmtiiilunissuadsdanio
910 CPU wladslumuny iesrurangunsaiiniesiiatnseg

3) Communication Port ¥1u1ti1#tdudesnislunisdearsieya
sewine RTU fugudmunumie RTU sefu wazannialddeans (Port) Tunisdeasuinnit 1
Port Taazdosinuavinvostemislunisdearsuassuienisivundeildsng wiu dng
doans A Microwave Liugu

Taaylulassanuidiinasly RTU Meludiuveg USRP way Uasauadnig

anuUsznouns visaeadiuasil Central Processing Unit fia FPGA iilaufiuuansnanuiiuued

8/ =

FPGA 14 & Input / Output Module #¥udsan FPGA Taruaudiusnagadieqfiu uay

Communication Port fiaageIne #oasiauaTendne RTU aieriy
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UNA 3

Asn1TAiueu

3.1 nsidengunsaliildlunismaass
USEW naw. Insauuiay 9170 un1vl Aesnisldenuuedia Advance Digital Radio
Baseband Board Tamsnfudadeyauuunngiu TETRA (Terrestrial Trunked Radio) 1d 1ng
N19UsENlaAnwILaE WAL Advance Digital Radio Baseband Board (Ua$m TETRA RTU ¥84
U3t naw. Insauuran $1fa umwu) wiszezaamiludalaefuluvresusinidevain
Evaluation Kit 9810 (EV9810), Evaluation Kit 9980 (EV9980) wax Evaluation Kit 9942 (EV9942)
Falluuesailil IC CMX98L, IC CMX998 way IC CMX994 aguuuain Tasledvismunildadaty
UUNINTFIU TETRA
Taguisn nav. Insanwiay 4109 uau laideiuingunsailussuu SDR (software-
Defined Radio) t¥ugunsaififinnubanguuazdrerenislday dsuragunsailuszuu SOR
annsndludszsgndlduuuanmsgu TETRA 16 dnfuddléigunsalfiBonia USRP (Universal
Software Radio Peripheral) anfinwuaznaaasliamisoiudidayauuunsgiu TETRA ldaneu
Aaufivziuasa Advance Digital Radio Baseband Board 1nnaaeduagwmu R PITCER
USRP 914 Field Gate Programmable Array (FPGA) Tun1suszuaana vinlvaiuasauiun
Uiuudslidussuuiidosniswgnaseuldiouwaslutiogiu UsRP Wugunsalfianusaldauuy
goWWI5 MATLAB il Simulink 16 Fedresenisuszgndldaru wsizaiansauiuuaou
W1s15me$ (parameter) Tuudan (block) 149 Tu genuas MATLAB i Simulink Tfananse
T uuuanasg TETRA 1o
3.2 nsldeuaunsal
3.2.1 M5l4au USRP (NI USRP-2920)
Junnsldau USRP uuanasgiu TETRA iaudl 450 MHz desnainisiuds
] aya 144 ksample/sec waguonianuuy TU/4-Differential Quadrature Phase Shift Keying (T1/4-
DQPSK) Tngldaanua MATLAB iy Simulink Tnsnedaiinisyiaudagud 3.1 wae maduil

N5YUegUR 3.2
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NI USRP-2920

20 MHz
puc
onc ) “or” & Y
Tx Tx Amp
Computer VCO 0 —%

control
> 20 MHz
DUC DAC —'®—'
LPF

JUT 3.1 M3viauvesnAdl

NI USRP-2920

20 MH
DDC ——<ADC 2 —
LPF
Drive Amp
Rx
Computer | VCo g M

90
control

Low Noise

20 MH Amp
— DDC ADC |— . ——®——‘

LPF

UM 3.2 Mavhauweaninsy
3.2.1.1 nAds
Tudruveslusunsy MATLAB My Simulink §3avinlavinnisusy
wisdlmesluudonnieq Tu Communications System Toolbox Support Package for USRP
Radio example Mdumaduieliiamsadsdoyaiiiy Text 16 Tneldnuiirnud 450 MHz uu

1msg 1 TETRA 16 Tag Simulink Block veaniadauanafzudl 3.3

LW A, SDRu
Bits Generation > DQPSK p P Data Transmitter
Square root 192.168.10.2
DQPSK Raised Cosine
Modulator Transmit Filter SDRu Transmitter

Baseband

U7 3.3 Block Simulink 989n1Ada

Y

9n3U7 3.3 18 Simulink Block Tagsauiamuavesniads tngluvden
Bits generation {Wuns¥uIuN1s encode TavdaIasuaLUUs (baseband) Felinsuegianiuy
DQPSK Tngldudan DQPSK Modulator Baseband uagléiufian Raised Cosine Transmit Filter

Tun1s Upsample Tngn1gluuden Bits Generation § subsystem uanedasuil 3.4
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Unipolar Repeat ]
Barker Code "l 2 Ll O T
‘!_ /
Qut
’I
hge;.uslgge Scrambler > i
Scrambler1 1
Matrix
Concatenate

JUN 3.4 subsystem Y@euden Bits Generation

udan Matrix Concatenate gniunldineidoudodyyiutoyaduns

Ussnnidgafuieaisdyaiaerdnasaiilosazaiuisadonlnunaisisduuunnmesne

vawili 1y Block parameter 484 Matrix Concatenate UanIaegui 3.5

m Block Parameters: Matrix Concatenate X

Concatenate

Concatenate input signals of the same data type to create a contiguous
output signal. Select vector or multidimensional array mode.

In vector mode, all input signals must be either vectors or one-row
[1xM] matrices or one-column [Mx1] matrices or a combination of
vectors and either one-row matrices or one-column matrices. The output
is a vector if all inputs are vectors. The output is a one-row or one-
column matrix if any of the inputs are one-row or one-column matrices,

respectively.

In multidimensional mode, use "Concatenate dimension' to specify the
output dimension along which to concatenate the input arrays. For
example, to concatenate the input arrays vertically or horizontally,
specify 1 or 2, respectively, as the concatenate dimensions.
Parameters

Number of inputs:

2

Mode: Multidimensional array b

Concatenate dimension:

J Cancel Help Apply

gﬂﬁ 3.5 Block parameter w84 Matrix Concatenate
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Tagufion Unipolar Barker Code 31n3U# 3.4 whanldiieasne header

v v ] " as a
’Lma;ﬁlawmaamiaq I Subsystem Yaauden Unipolar Barker Code Wandna3guv 3.6

-C- double

QOut

Constant Data Type Conversion
Barker Code

g‘LJ‘ﬁI 3.6 Subsystem U84 Unipolar Barker Code

udian Constant Barker Code gniunldinadedrnsniniivunlag

W151{iLme$ Constant value 81 Constant value LutantAas wavdas Interpret vector

parameters as 1-D {Unag azvi1lsk Constant value Mdunnmesnasfifivasudumasiily
¢ & & aa ] g ° v o a [ )

D13LTUNUINA Udan Data Type Conversion Qﬂumﬂ‘mwaLLanuﬂ‘Uaﬂ‘UﬂHaLLaSUiU‘Ummjad

Lmﬁwm me Block parameter U84 Constant Barker Code Wa¥ Data Type Conversion Waf9nd

UM 3.7 uay §UN 3.8 audndu

m Block Parameters: Constant Barker Code

Constant

Output the constant specified by the 'Constant value' parameter. If 'Constant value' is a

vector and 'Interpret vector parameters as 1-D' is on, treat the constant value as a 1-D

array. Otherwise, output a matrix with the same dimensions as the constant value.
Main  Signal Attributes

Constant value:

[[+1 RS | +1:‘1*-.i;im-1_:-1 ].' > 0 % Bipolar to Ugi_pg_l_i_a_(‘(;gpye[gipgiﬁj

[] Interpret vector parameters as 1-D

Sample time:

J Cancel Help Apply

‘g‘LJ‘ITi 3.7 Block parameter 484 Constant Barker Code
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H Block Parameters: Data Type Conversion X

Data Type Conversion

Convert the input to the data type and scaling of the output.

The conversion has two possible goals. One goal is to have the Real
World Values of the input and the output be equal. The other goal is to
have the Stored Integer Values of the input and the output be equal.
Overflows and quantization errors can prevent the goal from being fully
achieved.

Parameters

Output minimum: Output maximum:

[i | [0 |
outpit catatye: [doutle || >

[] Lock output data type setting against changes by the fixed-point tools
Input and output to have equal: 'Real World Value (RWV) g

Integer rounding mode: Floor >

[[] saturate on integer overflow

9 Cancel || Help || Apply

g‘dﬁ 3.8 Block parameter w84 Data Type Conversion

Tuudien Message Source 91n3U7 3.4 i Subsystem uandsisgui 3.9

4 s

genMsg .

Message Generato

Bernoulli
Binary

Bernoulli Binary
Generator1 Matrix

Concatenate

gﬂﬁl 3.9 Subsystem vpsvfen Message Source

Tnadayafisazdiaunsousuldannuion Message Generator uarlu

n1sUsumiweiivaiunsadloyaniedns 36 Kbps ielinsswm1uninsgIu TETRA @11030

40



U5ulaainal Sample time Tu Block parameter wasu@an Bernoulli Binary Generator I
Block parameter ¥4 Bernoulli Binary Generator LLam@ﬁgﬂﬁ 3.10

ﬂ Block Parameters: Bernoulli Binary Generator1 X
Bernoulli Binary Generator

Generate random Bernoulli distributed binary numbers.

Source code

Parameters

Probability of zero: [0.5 o ‘

Source of initial seed: Parameter i
Initial seed: 61 ]
sample time: 28036000 ]
samplesperframe: 60 |
Output data type: double hd
Simulate using: Interpreted execution %

Cancel || Help || Apply

g‘d‘ﬁl 3.10 Block parameter 98¢ Bernoulli Binary Generator

Tmsudan DQPSK Modulator Baseband mngﬂﬁ 3.3 fichunldiinisusu

W53 m03949 Iae Block parameter 499 DQPSK Modulator Baseband LLamﬁquﬁ' 3.11

m Block Parameters: DQPSK Modulator Baseband

DQPSK Modulator Baseband (mask) (link)

Modulate the input signal using the differential quaternary phase shift
keying method.

Parameters

Input type: Bit =
Constellation ordering: Gray y
Phase rotation (rad):

b4 , o ]

Output data type: double ¥

J Cancel Help Apply
‘E‘U‘ﬁ 3.11 Block parameter 4831 DQPSK Modulator Baseband

laggdnvilauiuan Phase rotation Iy pi/d lagdnsinisdetoya
ndwndeyar1uuden DQPSK Modulator Baseband 9¢1M11u 18 kSymbol/sec @aufian

Raised Cosine Transmit Filter gnununldlun1s Upsample uaz a3 Pulse Liteannisiiin

a1



Inter Symbol Interference (ISI) Tna§umn Output samples per symbol Tudianiu 8 e
Joayat1u Raised Cosine Transmit Filter 8031013898y avuiviniy 144 kSample/sec lag

Block parameter 489 Raised Cosine Transmit Filter ﬁdgﬂ'ﬁ' 312

[%a] Block Parameters: Raised Cosine Transmit Filter X
Raised Cosine Transmit Filter (mask) (link)

Upsample and filter the input signal using a normal or square root raised
cosine FIR filter.

Tab  Data Types
Parameters

Filter shape: | Square root -

Rolloff factor: [sdrqpsktx.RolIOff

Output samples per symbol: Le

Filter span in symbols: isdrqpskb(.RCFiltSpan i
Linear amplitude filter gain: [ 1 l

Input processing: | Columns as channels (frame based) v

Rate options: |Enforce single-rate processing Y

[ Export filter coefficients to workspace

View Filter Response

Cancel Help Apply
gﬂ‘?‘i 3.12 Block parameter 489 Raised Cosine Transmit Filter

A:I - o [ [ s [
99n3U7 3.3 ufien SDRu Transmitter gnuwldiiedsdayaludgunsal

USRP TneU¥u Center frequency 151¥1fu 450 MHz @3 Block parameter 984 SDRu
Transmitter LLamﬁdgﬂﬁ 3.13
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B Block Parameters: SDRu Transmitter

SDRu Transmitter .
Send data to the Universal Software Radio Peripheral (USRP).
Device
Platform: N200/N210/USRP2 >
USRP IP address: |192.168.10.2 ) B
Control
Desired Device
s Value Value
Center frequency (Hz): Dialog ¥ |450e6 - | 4.5e+08
LO offset (Ha): i
Gain (dB): Dalog <0 |10
Clock source: Internal b
Master clock rate (Hz): 1e+08
Interpolation: Dialog ~[52  [s12
Transport data type: int16 >
Outputs
(] Enable underrun output port
Buffering
[[] Enable burst mode
Hardware
0: H210r4
v: WBXv3 RM+GDB b
| OK | Cancel Help Apply

g‘LJ'*?'i 3.13 Block parameter w89 SDRu Transmitter

s

3.2.1.2 mAsu

[

System Toolbox Support Package for USRP Radio example fitduniafuiiieldaruisnsu
Fynnatoyaiiiu Text Tnglduiinnud 450 MHz vumasgiu TETRA 16 Tag Simulink Block

as . s = o o w
YBINIATULEY Subsystem 18IUdBN Receiver ULARWIFUT 3.14 WagFun 3.15 auddu

2 ° v o [ o 4 =3 ' ¥ .
ddavinlavinnisusunisiiiinesluvdendnsq lu Communications

Data dataln Receiver
SDRu ji
Receiver
192.168.10.2
Data Len

USRP Receiver

SU# 3.14 Simulink Block v@sn1A3Y
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Enable
DataOut In
dataln = a Data Decoding
CO— e N z Timing ,
Frame Square roct L3 oy Recovery r'y
Frame Conversion Raised Cosine “Unbuffer DataValid IASS——
Receive Filter

‘g‘dﬁ 3.15 Subsystem ¥8aUABN Receiver

= i ° v o w
91n3U7 3.14 vdan SDRu Receiver gnihanldiitesudayaain USRP lne
U5uAn Center frequency Tidlayindu 450 MHz wagnimua Sample time WinAu 1/2304000
szaziudnsInsiutoyaazivindu 2.304 MSample/sec 1ag Block parameter va3udan

SDRu Receiver LLamﬁigUﬁ 3.16

m Block Parameters: USRP Receiver
SDRu Receiver A
Receive data from the Universal Software Radio Peripheral (USRP).
Device
Platform: N200/N210/USRP2 =
USRP IPaddress:  [192.168.10.2 o~
Control

Desired Device

Source Value Value
Center frequency (Hz): Dialog  ~ [450e6 | 4.5e+08
LO offset (Hz): Dialog ~j0 o
Gain (dB): Dialog ¥ |10 ) o ] 10
Clock source: Internal i
Master clock rate (Hz): le+08
Decimation: Dialog  ~ [512 s
Transport data type: int16 ¥
Outputs
[[] Enable overrun output port
Sample time: 1,725040;30 ) ) B
Output data type: double X
Frame length: |g009 ,, S o 7. N o :“
Buffering
] Enable burst mode
Hardware
3LE
DB v
OK Cancel Help Apply

EU'ﬁI 3.16 Block parameter wesudon SDRu Receiver
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91n3U7 3.15 uden Frame Conversion gniunldiiiasad sampling
mode vasdaano1inalagusu sampling mode of output signal Tl Frame-based lng

Block parameter 984 Frame Conversion LLamﬁ\igUﬁ 3.17

ﬁ] Block Parameters: Frame Conversion X
Frame Conversion

Set sampling mode of the output signal.
Parameters
[J nherit output sampling mode from <Ref> input port

Sampling mode of output signal: ' Frame-based -

9 Cancel | [ Help | | Apply

g‘d‘ﬁ' 3.17 Block parameter 984 Frame Conversion

o . . ; ; o y
91n3U7 3.15 vAan Raised Cosine Receive Filter gninunldife

Downsample 1ag Block parameter v84 Raised Cosine Receive Filter LLamﬁﬁagﬂﬁ 3.18

Raised Cosine Receive Filter (mask) (link)

Filter the input, and, if selected, downsample, using a normal or square root
raised cosine FIR filter.

Main  Data Types
Parameters

Filter shape: Square root =
Rolloff factor: (0.2

Filter span in symbols: 10
Input samples per symbol: |8
Decimation factor: 4
Decimation offset: |0 )
Linear amplitude filter gain: 1 )
Input processing: Columns as channels (frame based) -
Rate options: Enforce single-rate processing b
[ Export filter coefficients to workspace

View Filter Response

[ ok ] Concel | e [ Ay

‘g‘dﬁl 3.18 Block parameter 484 Raised Cosine Receive Filter

31n3U7 3.15 vudan Unbuffer Qﬂﬁﬁmlﬁﬁawaa frame Tl scalar

/ A U s ﬁl
samples Tudn319genin Ine Block parameter ¥84 Unbuffer uansiagui 3.19
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[ Block Parameters: Unbuffer
Unbuffer
Convert a frame to scalar samples output at a higher rate.
Parameters
Initial conditions:
0

J Cancel Help Apply

Sample-based processing: Same as frame based ¥

]
|

gﬂﬁ 3.19 Block parameter 984 Unbuffer

mﬂg’d‘fﬂj 3.15 uden Data decoding i1 Subsystem LLamﬁfﬂgU‘?{ 3.20

Out

Tgger
SymoalGoneriion Remace Prar Gies
Cg:muv PR
D Delay
" Deu-,qEn
i 4 m&&m% Du=4'|i3<!<'m"§}_'v umc‘;f»cu
Bafer Akgn Data
U 3.20 Subsystem YgaUfiean Data decoding
Tneluuden Barker code Symbol Generation i Subsystem As3uU 3.21
LW
Repeat
-C- —® double ——P Ix —P DQPSK
Constant Data Type Conversion
Barker Code DQPSK
Modulator
Baseband

E‘U‘ﬁ 3.21 Subsystem 84 Barker code Symbol Generation

AnnAaslasin1sun Barker Code w14y Header

veelaya fedy

n1ATuedesasne Barker code Lol Header va4toyansula Asiiuan Constant value Tu

UA®n Constant Barker Code Tun1asuiedosfianniloufiuai Constant value Tuudan

Constant Barker Code Tuniags Tne Block parameter w83 Constant Barker Code Tuniasu

WARIAIFUN 3.22
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i:_i} Block Parameters: Constant Barker Code X |
Constant

Output the constant specified by the 'Constant value' parameter. If 'Constant
value' is a vector and 'Interpret vector parameters as 1-D' is on, treat the
constant value as a 1-D array. Otherwise, output a matrix with the same
dimensions as the constant value.

Main  Signal Attributes
Constant value:
[[#1 41 +1 +1 +1-1-1 41 +1-1+1-L+1 ] > 0 |

[ Interpret vector parameters as 1-D

Sample time:

‘inf

o Cancel || Help | Apply

E‘Uﬁ 3.22 Block parameter 9849 Constant Barker Code

mng‘dﬁl 3.20 luu@ien Phase Ambiguity Correction & Demodulation

Subsystemn Wanasisguil 3.23

2 | in —Lww
Cerigihy papsk  F——»(7 )
Data PhPrase Shift w2
Out

DQPSK

Modulator

Baseband
Phase

Gain

E‘U‘ﬁ 3.23 Subsystem w84 Phase Ambiguity Correction & Demodulation

o . ° v oA v a A a
99n3UT 3.20 ufen Descrambling gniwnldiielilvideyadn 0 vietn

1 ag.jﬁmﬁumm]mﬁuiﬂ 1n® Block parameter ¥a3Uaan Descrambler ag’lu‘uﬁan Descrambling

LLamﬁagﬂﬁ 3.24

47



ﬁ Block Parameters: Descrambler

Descrambler (mask) (link)
Descramble the input data using a linear feedback shift register whose
configuration you specify using the 'Scramble polynomial' parameter.

This block accepts a scalar or column vector input signal.

Parameters
Calculation base:
2 ] 7 |

Scramble polynomial:

pion ]

Initial states source: Dialog Parameter v

Initial states:

oooo)

[[] Reset on nonzero input via port

9 Cancel Help Apply

Eﬂﬁ 3.24 Block parameter veeuden Descrambler

as

9In3U7 3.20 ledyyrnteyadiuuden Descrambling uds deyeyind

U [ 7

s L2

Toyavzidinguiien BitToASCI Weaisdygyrudoyaiiilu Text nduAuan wazillaviinissu
Simulink block Wentpdswazn1asy Arfisulaasuansluuden BitToASCH FaUsinguu

command window 284lU5kN54 MATLAB

3.2.2 M54 Advance Digital Radio Baseband Board waz SDR dongle
Advance Digital Radio Baseband Board L{uvesaiinie usew nav. Insauunau
10 ey Tudadidunuunnannueda Evaluation Kit s EV9810, EV9980 wag EV9942 Tneld
IC Si570 Wfu Oscillator wipad1smanud RF Insuesn Advance Digital Radio Baseband Board

LLamﬁagUff’i 3.25
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TR N i, PR l
L e i

gﬂﬁ 3.25 Advance Digital Radio Baseband Board

Inguasn Advance Digital Radio Baseband Board 219 FPGA Zynq7000 Tun1s

81T BuRS A0S (Register) Upe CMX 981, CMX 998, CMX 994 uaz Sis70 lnu3dainasi

GAGATRE

IC

il
C

MX981

F3ames 00 Configuration control register 1
39ama3 01 Configuration control register 2
33amas 03 Transmit set-up register
39ama3 04-07 Transmit data FIFO register
3341903 08 Receive Set-up register 1
3941793 09 Receive Set-up register 2
339999 11 Clock stop control register
3341083 13 Loop back control register

33ame3 20-21 Transmit | channel phase register
33ama3 22-23 Transmit | channel gain register
33amas 24-25 Transmit | channel offset register
33am0% 26-27 Transmit Q channel phase register

33amo3 28-29 Transmit Q channel gain register

49



- 33am03 2A-2B Transmit Q channel offset register

- 33amD3 38-39 Receive | channel data access point
- 39@m99 3A-3B Receive Q channel data access point
- 33am93 3C-3D Transmit | channel data access point

- 39@m@7 3E-3F Transmit Q channel data access point

IC CMX998

- 33ame3 02 General Command, 8-bit write only

- F3awo3s 03 Phase Control Register, 8-bit write only

- 3%awe3 05 Forward Path Gain Control, 8-bit write only

- 33awas 06 Feedback Path Gain Control, 8-bit write only

- 33@we3 08 Frequency Control Register, 8-bit write only

Tuawived IC CMX994 %uLﬂuﬂ’tzmmmﬂ%'ué’ﬂajgﬂﬁﬂmﬁmmﬂLﬁaammma

B3 6BIn1519 Advance Digital Radio Baseband Board aunsalddstayalaneulasly IC

u

CMX981 1Tus Processor #an, IC CMX998 1ugdiuvainindanay IC Si570 wilusa Oscillator

Insudenlaezunsunisivdsdayanididyues CMX981 uansiagu 3.26 uazudanlnasuniu

2871918909 CMX998 Lkﬁﬂdﬁﬁgﬂ‘ﬁ 3.27

T4 Sample'sce
for cach channc!
i

*, 1%
o

RRE Filser
(83t FIRY

1
1% Symhid s

o3
for vinch chaunc! Low Fass

: Fiker
Madulatoe [P FIR

0 | iixe
o ﬂ\ o tx DATA NN
34 DAC Logie Resommaiction i

b | 3 Qe
1 DA o1

REITIVIPY
for cach channel

Ha DATY

Offser
1403 Samphe sec Al Vemier Comtrol |-

kS mphe s
L for cach chinne)

e s chanes]

JU7 3.26 vianlaesunsunsiudetoyaues CMX981
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p

Y4

Loop-back

(X—
~s &
7y

=)
®

LO LO Generator j
> P

and
Phase Control

X

Ul 3.27 ufenlaavunsuves CMX998

SDR Dongle gnuy W'L‘ffl,ﬁa@mﬂﬂm%'umaﬁ Advance Digital Radio Baseband

v L3 o kX ﬂl!
Board lngldfeess SDRSharp udanlaezunsunisyeuves SOR Dongle uanasisuil 3.28

» Digital

v

- Analogue

RF lF A x Resampler > ‘@ U’bft!

BuURY 4y

/ synch.
S Decimation
Cos(2a(/, 1 e
’me'm“ -==’
Sin(2a( £, /., )n) O | output
T to USB
T port at
R ol @h:
RN NING)
8 bits
. e gt it s Filtering
Baseband

Radio Frequencies (RF) " F Intermediate Frequencies (IF) |

U7 3.28 ufpnlaezunsun1s¥ieuues SDR Dongle

3.2.2.1 gonuI e
1) gonuasAldsruiu Advance Digital Radio Baseband Board fi®

PuTTY Teedulusunsy Remote Server %38 SSH (Secure Shell) Tnelusunsudianunsadaau
Server #18 command line Insazldidaunaluds Server My Linux Wiolagonuis PUTTY

TULNAUNINAIA PUTTY Configuration uanaaagu 3.29
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g PuTTY Configuration

Category
= Session
Logging
= Teminal
Keyboard
Bed
Features
YWindow
Appearance
Behawviour
Transiation
mechion
Colours
Connection
Data
Proxy
Tednet
Riogin
+ SS5H

)
Serial

Aboud

Basic opbons foryour PuTTY session
Speciy the destination you want to connect to

Serial Ine Speed

(COM4 |115200

C_mne-:tlm type ~ ) .

(JRaw (U Telnet (_)Rlogn () SSH (@) Sena

Load. save or delete a stored session

Saved Sessions S

Defsult Settings Load
Save

Close window on exit

O Always (O Never (8 Only on clean ext

Cancel

Open

SUT 3.29 niieina PUTTY Configuration

Wavinn1sninue Serial line way speed WaNA open IZUUNUIAN

goNuIs PUTTY Aegufl 3.30 Taedadnusdunidununedis Directory file fadnwsdiduivaneiis

Execute file harMonysau1IviuIeng Text file

&P COM4 - PuTTY

gﬂff’i 3.30 UtEaNWIS PUTTY
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2) 4N ALEIIuf U SDR Dongle Aa SDRSharp lastirualdiiie
n$29@8U1 Advance Digital Radio Baseband Board a1unsadsdeyayiaufianuiisnelé lagg
ynanaiulugenuss SORSharp Sathanswenias SDRSharp meﬁqgﬂﬁ 3.51

BB 5082 1001422 - RTL-50R [USE)

=m#y

b Sowce RTL-SOR (USH) ~
¥ Fado

IHEN QA O LS

400.000.000 #

Db st e s

SUT 3.31 evlua§ SDRSharp

3.2.2.2 Tumaunsiteu
Ing list Menuanuanslugun 3.30 aglu directory 1%931 root Falist

navualadigdavilineuuds Tnglwdngdavilddunnaasuasiamnfe Directory: /root/Txtest

FALTUNDUNIT
1) ¥1n155ulnanT%9797 cmx Taeldads /emx wiavinnissulngd ecmx

winazuanaandunsldnudaguin 3.32
— m} X

#P COM3 - PuTTY

JUN 3.32 wyviamuanasanfulna cmx
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Taefandunsidaunauaine

- press 1 : Set up PA Vinput lunisiuuaussauliniavenslaslusunsuazseiu

1avgu 16 lneusanunasldfe 1.1v Ingdesouan 30 aalu uanswisguin 3.33

B COM3 - PuTTY - m| X

gm‘ﬁz 3.33 MS1U9U press 1

LY

- press 2 : Run initial set up for CMx981 \llunsiuuaansuduliiuidamesans

IC CMX981

- press 3 : Run initial set up for CMX998 (fun1simuaasuduliiuIdamesves

IC CMX998

v o

- press 4 : Start Tx Loop send data to FIFO tJunisinunsiliiusdamasves IC
cMx981 Tvianunsodedoyanuugulnedeayaluda FIFO la
- press 5 : Start Tx Loop send data to Access point {umsasusa i dames

983 IC CMX981 lifaunsadsdoyauuugulnedsdoyaludi Access point 1o

&

- press 6 : Start Tx Loop send data to Access point lJunsmuusaliiusdames

984 IC CMX981 Taunsadedoyauuugulnudetoyaludy Access point 16 uaxil

i
=i 1

" [ o & =l 1
ﬂ’ﬁmi’)ﬁ]ﬁ@ﬁ'ﬁ’]‘ﬂ@%ﬁ%ﬂﬂﬁﬂlﬂLLﬁ’J 3%5%%38131

LY

- press 0 : exit Liwolgoonanlusunsy cmx Ingldrds exit(0)
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TUsusnsuiinanauviamueannsaudlouazusuugsldanlag cmxost.c
ﬁaqﬁu directory:/root/Txtest

2) ilevinisudlanaruiuusalulug cmxest.c uazimunilsdduly
TUsunsu cmx iilelvannsodsdeyaldiadaisouioonds azsulndidedn sis70 wlerivue
Al IC Si570 Imaﬁgﬂuwﬁwﬁnﬁaﬁ /si570 -P —d [18vg7U 16 MnYA) -w lABlavgu 16
wnyeluddferdsuliitanetues IC Si570 tues Tnsaudiusvasargu 16 unyaiu
puifilduuansisnsed 3.1 Tegdnvilaldeu Advance Digital Radio Baseband Board i

ALE 450 MHz

M19197 3.1 Anuduiusvasdeyaiavgiu 16 nngatuaudfildem

AruElda @UFIY 16 NNYA
400 MHz 60 431001 41 20
450 MHz 40 02 F4 01 35 A8
800 MHz 60 03 10 01 41 20
940 MHz 40 03 15 9A DD 05
1000 MHz 2002 BC 01 1E B8

a) wlovnsSurda /si570 —P —d 40 02 F4 01 35 A8 —w dalunisld

Ui 450 MHz Taeis1agld SOR Dongle Lﬁa@amﬂm%’ulﬂaﬁ%mn{ SDRSharp

3.2.2.3 Ygymiing
nMsganeiivesvein Advance Digital Radio Baseband Board lag
lgauuas SDRSharp virlwaguladnluaiuisavinliuein Advance Digital Radio Baseband
Board l¥dstayale n1aldnvindslau schematic ¥aaudin Advance Digital Radio Baseband

Board wavueadn Evaluation Kit Fadusunuures Advance Digital Radio Baseband Board 311

|
= =

Wisuisuimansiaaey 3931nn1sasadevaiulnitlifideianaianie schematic fatiung

L o =

fanviideldtivesa Evaluation Kit 9810 (EV9810) indAnwuarnaaed ienjukuuvesdyny o

v
e

L eNRvassaevasafijuuuumiloudunielu delug

q

s

avlddeuddslaeldniwnd e
Amundrluidawme sldamisansaasuguuuudyaiuednaiivn Tx vasuesa Advance
Digital Radio Baseband Board ¢ lapiiisn1sfe nvunaiaslulusTames 3C-3D (Transmit |
channel data access point) FsAnidouasluiduaagiu 16 Susufidndu 0000 Tnerfiudiay

0001 auds 3FFF Wiaauils 3FFF azanasiiay 0001 audls 0000 Tuwuiluenn wazileviing
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o o o 1% 2 YT o a @ s 3
FuAdus19¢1d Oscilloscope Tndgyay1auivn Txl 1agFULUUTBIF YR IUBIANA VBIUDTA

Advance Digital Radio Baseband Board tipurluiSsuifisuiuvasa EVI810

3.2.3 msldem Evaluation Kit 9810 uag PE0002 (Evaluation Kit Interface Card)
e davinlddiuada Evaluation Kit 9810 (EV9810) wazuasa PE00O2
(Evaluation Kit Interface Card) uil$smuiiloiSsuifisusuuuuvesdyaaueidivn Tx fuuese
Advance Digital Radio Baseband Board Inguasa PE0002 (Evaluation Kit Interface Card) tJu
suvBumesiadmiuldiuynUsuiiureitn CML Faastivanmududoulunisussiiusa
wazopnuuutumaulunsvaaes Iasuasa Evaluation Kit 9810 (EV9810) wamsisguil 3.34 uay

Uase PE0002 (Evaluation Kit Interface Card) LLamﬁngﬁ 3.35

'

U1 3.35 PE0002 Evaluation Kit Interface Card
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[

SFawmasveuetn V9810 fddnlunisldauiisd

- 33awe3 03 Transmit set-up register

- 33aw03 13 Loop back control register

- 33awmes 22-23 Transmit | channel gain register

- 39893 38-39 Receive | channel data access point

- 33ame3 3C-3D Transmit | channel data access point

3.2.3.1 goNWS LY
gonuwrA1¥32uAU Evaluation Kit 9810 (EV9810) Ao ES000243
Wulusunsudlélunisdeansiu PE0002 uusruuufinig Window Taenisldalusunsy
ES000243.EXE vnlalanansnfndedeansazusingdeanuitduman uddwnnanusadoansls
wUsIngnassdarunuguil 2.21 Tasaslinaaindsidn SW1 uu PE0002 iduwasaza1ai
Tnanlagdnlud@ludsuota PE0002 wazndasnauldazidrglusunsumdn Tnsanunsaideuse
Snluifafuroufaunesidiilede PE0002 Tnedruvadlusunsy £5000243 ildluauiduilfe The

Script Handler Tab uanansgufl 3.36

! Target Device Setup and Operation

C-BUS Contol | C-BUS O Ext | C-BUS Ol Ex2 | Fuaction imege Losd | Frogrem SenalMemary Script Handber

G ol [
_—
i dewnwai |
_

Ciphans Close [

gﬂ?f 3.36 The Script Handler Tab

3.2.3.2 JUADUNT LT
1) ¥nsieunauasa EV9810 fuuasa PE0002 lasdanwnen1silinume

WUU C-BUS Uamaiinns1i 3.2 waggui 3.37
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A15199 3.2 aNYUYNSIDNADTENINNUDSA EVIS10 Auuasm PE00D2

EV9810 description PE0002 description
(connector/pin) (connector/pin)

J7/40 GND J3/12 GND

JT/39 CBUSEN J6/10 3.3v power supply

J7/a7 CDATA J3/4 CDATA

J7/35 RDATA J3/8 RDATA

¥7/33 CCLK J3/6 SCLKBUS

J7/31 CSN J3/2 CSN

TTLLL L LS

e il

~ e ®

SUTl 3.37 dnwagmsieudasswinauada EVI810 fuuada PE0002

2) ¥iIInN15L8uaAIUA (Script Language Reference) Tnsn1wransudil
iFumsimuudmiunisussdiu ICs sulmives CML Feinsanaududaulunisussunana
ansusdausuhdelidldannsnsuuandounasa C-BUS Tnedinldiduaniudty
et muadluzdamesliannsonsanaeuguuuudygnateinaiin Tx vesuesn EVo810 ¢
laefilgnshemmunanerdnmadusdamas 3C-3D (Transmit | channel data access point) o
Anenaiidouadluiduiavgiu 16 Gusudianiu 0000 udfisiiay 0001 ufls 3FFF ilef

3FFF avanasiiay 0001 9uils 0000 tuituilludony
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| L 1

3) avhnns¥uan3udiintisng The Script Handler Tab Tulusunsa

ES000243 waa L1513z 14 Oscilloscope TaduayiaiiiansUuuuvasdygiugun Txl 1a3uasa

L] CYET]

EV9810 \ealuSeulfisuiuuesn Advance Digital Radio Baseband Board 1ag schematic U84
1 Txl VadeUDsnLansisg Ul 3.38

[og— e L PP

Evaluation kit

L

Sewes 2z 93 r Use Oscilloscope
on this point
]
JIIXP_RI -T—I
ioi X2 INDA
Advance Digital 1 %ig RCPUGN
i " R1SY R19S
Radio Baseband = E 1 % TR
Board s e o e Tsieco L s
e Tm-'_usr—[‘n.\f f

RCPUGNDA

‘g'd*?; 3.38 schematic 91 Txl ¥09U8sA EV9810 Uaz Advance Digital Radio Baseband Board
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UNA 4

NaN157398

o

Tudiuvemanisiduazgnuusesniduaiudiu dauusndenavinnisldsugunsel USRP
Tngazuanawanisaniuanuildannisnindawazniaiu Ussnausedoyaiidauassuls
constellation MAdsiarn1A$y srulUfensAuInm bit rate vasszuy Tuduiigeadunasn
A51491U Advance Digital Radio Baseband Board lngazuansnanisidaiusivesa wagludiu
aavheidunansiFeuifisudyananedwaiion Txl semine Advance Digital Radio Baseband
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#tinclude <stdint.h>

tinclude <unistd.h>

#include <stdio.h>

#include <stdlib.h>

#include <getopt.h>
#include <fentlh>

t#include <sys/ioctl.h>
#include <sys/stat.h>
#include <fcntl.h>

#include <linux/types.h>
#include <linux/spi/spidev.h>
#include <time.h>

tinclude <pthread.h>
#include <math.h>
//#include <windows.h>
#define ARRAY SIZE(a) (sizeof(a) / sizeof((a)[0]))
/* ---READ (CMX981)--- */

#define ConfigCtrll read 0x00
f#tdefine ConfigCtrl2 read 0x01
f#tdefine IRQCtrl read 0x02
f#tdefine Statusl read 0x0A
#define InterruptMaskl read 0x0B
#define Status2_read 0x0C
#define InterruptMask2 read 0x0D
ttdefine Status3 read OxOE
ftdefine InterruptMask3 read 0xOF
#define SymClkPhase read 0x10
#define ClkStopCtrl_read 0x11
#define PowerDownCtrl read 0x12
#define LoopBackCtrl_read 0x13
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#tdefine RamDacCtrl_read
ftdefine AuxAdcCtrll read
#Hdefine AuxAdcCtrl2_read
#define RampCtrl_read
#define ClkDivl read
#define ClkDiv2 read

/* ---WRITE (CMX981)--- */
#define ConfigCtrl1_write
#define ConfigCtrl2_write
#define IRQCtrl write
#define Statusl write
ftdefine InterruptMaskl write
#define Status2 write
#define InterruptMask2_ write
#define Status3 write
#define InterruptMask3_write
#define SymClkPhase write
ftdefine ClkStopCtrl_write
#define PowerDownCtrl_write
#Hdefine LoopBackCtrl write
#define RamDacCtrl_write
#define AuxAdcCtrll_write
#define AuxAdcCtrl2 write
ftdefine RampCtrl_write
Hdefine ClkDivl write
#define ClkDivZ_write
#define AuxDacDatal write
#tdefine TxSetup_read
#tdefine TxSetup_write

#define TxData_write

Ox14
0x15
0x16
Ox17
0x60
0x61

0x80
Ox81
0x82
Ox8A
Ox8B
0x8C
0x8D
Ox8E
Ox8F
0x90
0x91
0x92
0x93
0x94
0x95
0x96
0x97
OxEO
OxE1
0xD1
0x03
0x83

5
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#define TxData multisymbol write 0x85

#define TxData rampup_write 0x86
ftdefine TxData_multisymbol rampup write 0x87
#define TxIPhasel read 0x20
Hdefine TxIPhase2 read 0x21
#define TxIPhasel write 0xAO
#define TxIPhase2 write OxA1
#define TxIGain1 read 0x22
#define TxIGain2_read 0x23
#define TxIGainl write OxA2
#define TxIGain2_write OxA3
#define TxIOffsetl read 0x24
#define TxIOffset2 read 0x25
#tdefine TxIOffsetl write OxA4
t#define TxIOffset2_write OxA5
#Hdefine TxQPhasel read 0x26
#define TxQPhase2 read 0x27
#define TxQPhasel write 0xA6
#define TxQPhase2 write OxA7
ftdefine TxQGain1_read 0x28
#define TxQGain2_read 0x29
#define TxQGainl_write OxA8
#define TxQGain2_write OxA9
#define TxQOffset! read Ox2A
ftdefine TxQOffset2 read 0x28B
#define TxQOffsetl write OxAA
#define TxQOffset2_write OxAB
#define TxDPIDatal read 0x3C
#define TxDPIData2 read 0x3D
#define TxDPQDatal read Ox3E
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#define TxDPQData2_read
#define TxDPIDatal write
#define TxDPIData2_write
#define TxDPQDatal write
#define TxDPQData2 write
ftdefine RxDPIDatal read
#define RxDPIData2 read
#define RxDPQDatal read
#define RxDPQData2_read
#tdefine RxDPIDatal write
ttdefine RxDPIData2 write
#define RxDPQDatal write
#define RxDPQDataz_write
#define RxIGainl read
#define RxIGain2_read
#tdefine RxIGain1_write
t#tdefine RxIGain2_write
#define RxIOffsetl read
#define RxIOffset2 read
#define RxIOffsetl write
#define RxIOffset2 write
t#tdefine RxQGainl_read
ttdefine RxQGain2_read
#define RxQGainl_write
#define RxQGain2_write
#define RxSetupl read
#tdefine RxSetup2_read
#define RxSetupl write
#define RxSetup2_write
#define RxQOffsetl read

0x36

Ox3F
0xBC
0xBD
OxBE
OxBF
0x38
0x39
0x3A
0x3B
0xB8
0xB9
OxBA
0xBB
0x31
0x32
OxB1
0xB2
0x32
0x33
0xB2
0xB3
0x34
0x35
OxB4
0xB5
0x08
0x09
0x88
0x89
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#tdefine RxQOffset2 read Ox37
#define RxQOffsetl write  0xB6
#define RxQOffset2 write  OxB7

/* —WRITE (CMX998)--- */

#define General Reset write 0x01

#tdefine General Control write 0x02
#tdefine Phase_Control_write 0x03

#define Gain_Control_write_16bit 0x04
#define Gain_Control _write Forword 0x05
#define Gain_Control_write Feedback 0x06
/* 05,06 == 04*/

ftdefine Aux_Control_write 0x07

ftdefine Frequency Control_write 0x08

/¥ —-READ (CMX998)--- */

#define General Control read 0xF2
#define Phase_Control read OxF3

#define Gain_Control_read 16bit OxFd
#define Gain_Control read Forword OxF5
#define Gain_Control read Feedback 0xF6
/* 05,06 == 0d%/

#define Aux_Control_read OxF7

#tdefine Frequency Control read 0xF8

static uint8_t templ ;

static uint8_t temp ;

struct spi_ioc_transfer msg[1];
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static void pabort(const char *s) {
perror(s);
abort();
}
static const char *device = "/dev/spidev1.0"
uint8_t tx[10];
uint8_t rx(10J;
static uint8_t mode;
static uint8 _t bits = §;
static uint32 t speed = 1000000;
//static uint16 t delay;

static void send x8(uint8_t data)
int fdw;
struct
{
uint8 t vl
} tolosic;
fdw = open("/dev/xillybus_write 8", O WRONLY);
if (fdw < 0) {
perror("Failed to open Xillybus device file(s)");
exit(1);
}
tologic.vl = data;
write(fdw, (void *) &tologic, sizeof(tologic));
close(fdw);
}
static uint8_t reciver(int fd,uint8 t address,uint8_t data){
int status;

Vo4 memset(tx,0,ARRAY _SIZE(tx));
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// memset(rx,0,ARRAY SIZE(rx));
tx[0]=address;
tx[1]=data; // tx[2]=0x00;
msg[0].tx_buf = (unsigned long)tx;
msg[0].rx_buf = (unsigned long)rx;
msg[0].len =2;
msg[0].cs change =0;
msg[1].delay usecs = 0;
msg[0].speed hz=speed;
msg[0].bits per word =8 ;
status = ioctl(fd,SPI_IOC_MESSAGE(1),&msg);
if(status < 0}
pabort("SPl 10C_MESSAGE");

}
long pause;

clock t now,then;

pause = 3%(CLOCKS PER_SEC/1000);

now = then = clock(),

while( (now-then) < pause )

now = clock();
printf("sent: %02x %02x \n", tx[0], tx[1]);
printf("rev: %02x %02x \n", rx[0], rx[1]);

return rx[1];

void initialCMX981(int fd){
/¥initial setup for CMX981 register*/
send x8(0x10);
reciver(fd,ConfigCtrl1 write,0x00);
reciver(fd,ConfigCtrl2_write,0x00);
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/!

reciver(fd,IRQCtrl_write,0x00);
//disable interupt masking
reciver(fd,InterruptMask1 write,0x00);
reciver(fd,InterruptMask2 write,0x00);
reciver(fd,InterruptMask3_write,0x00);
reciver(fd,PowerDownCtrl_write,0x00);
reciver(fd,ClkStopCtrl_write,0x00);
reciver(fd, TxSetup_write,0x18); A7 Ofiging] 4%
//reciver(fd, TxSetup write,0x38),
reciver(fd,ClkDivl write,0x00);
reciver(fd,ClkDiv2_write,0x00);
reciver(fd,TxQPhasel write,0x00);
reciver(fd,TxIPhasel write,0x00);
reciver(fd, TxQGain1 write ,0x00);
reciver(fd, TxQGain2_write,0x03);
reciver(fd,TxIGain1_write,0x00),
reciver(fd,TxIGain2_write,0x03);
reciver(fd, TxQOffset1 write,0x00);
reciver(fd, TxQOffset2 write,0x00);
reciver(fd, TxIOffset1 write,0x00);
reciver(fd, TxIOffset2 write,0x00);
//reciver(fd,RampCtrl_write,0x00);
//reciver(fd,LoopBackCtrl_write,0x01);
//reciver(fd,LoopBackCtrl_write,0xBE); old
reciver(fd,LoopBackCtrl write,0x04);
%

reciver(fd, TxSetup_write,0x18);
reciver(fd,RxSetupl write,0x01);
reciver(fd,RxQOffset1 write ,0x00);
reciver(fd,RxQOffset2 write,0x00);
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reciver(fd,RxIOffset1 write,0x00);
reciver(fd,RxIOffset2 write,0x00);
reciver(fd,RxQGain1 write,0x00),
reciver(fd,RxQGain2_write,0x03);
reciver(fd,RxIGain1_write,0x00);
reciver(fd,RxIGain2_write,0x03);
reciver(fd, TxSetup_write,0x18);
reciver(fd,RxSetup2_ write,0x00);
reciver(fd,RxSetupl_write ,0x18);
temp = reciver(fd,RxSetupl read,0x00);
printf("temp : %04x\n",temp);*/

void initialCMX998(int fd){
/¥initial setup for CMX998 register*/
send x8(0x12);
reciver(fd,General_Control_write ,0xFC);
reciver(fd,Phase_Control_write,0x00);
reciver(fd,Gain_Control_write_Forword,0x00);
reciver(fd,Gain_Control write Feedback,0xFF);
//reciver(fd,Aux_Control write,0x00);

reciver(fd,Frequency Control write,0x00);

static void delay(int milliseconds) {
long pause;
clock_t now,then;
pause = milliseconds*CLOCKS PER_SEC/1000);
now = then = clock();

while( (now-then) < pause )
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now = clock();

void* txlooplvoid *param){

printf("\n----—- START TXLOOP------- \n");

int status;

int fd = (intptr_t) param;
//fd = open(device, O_RDWR),
for(int j=0:j<1000;j++)

//
//

for(int i=0; i<8 ; i++X
uint8_t data[8]={0x0,0x1,0x2,0x3,0x4,0x5,0x6,0x7};
memset(tx,0,ARRAY _SIZE(tx));
memset(rx,0,ARRAY_SIZE(rx));
tx[0]=0x87;
tx[1)=datalil; // tx[2]=0x00;
msg(0].tx_buf = (unsigned long)tx;
msg[0].rx_buf = (unsigned long)rx;
msg[0].len =2;
msg[0].cs_change =0;
msg[1].delay usecs = 0;
msg[0].speed hz=speed,
msg[0].bits per word =8 ;
status = ioctl(fd,SPI_IOC_MESSAGE(1),&msg);

if(status < ON
pabort("SPI_10C_MESSAGE");
}
printf("sent(%d][%d]: %02x %02x \n",j,i, tx[0], tx[1]);
printf("rev: %02x %02x \n", rx[0], rx[1]);
}
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}
void* txloop2(void *param){
printf("\n----—- START TXLOOP2---—---\n"),
int status;
int fd = (intptr_t) param;
uintlé _t Txl = 0x0000;
uintl6_t TxQ = 0x0000;
e | oo s e
//fd = open(device, O RDWR);
for(int j=0;j<10000;j++)
// for(int i=0; i<8 ; i++)
//uint16 _t data[8]={0x0,0x1,0x2,0x3,0x4,0x5,0x6,0x7};
// memset(tx,0,ARRAY SIZE(tx));
// memset(rx,0,ARRAY SIZE(rx)),
tx[0]=0xBC;
tx[1)= (uint8 t)(TxI & OxFF); // tx[2]=0x00;
msg[0].tx_buf = (unsigned long)tx;
msg[0l.rx_buf = (unsigned long)rx;
msg[0].len =2;
msg[0l.cs change =0;
msg[1].delay usecs = 0;
msg[0].speed hz=speed,;
mse[0].bits_per word =8 ;

status = ioctl(fd,SPI_IOC_MESSAGE(1),&msg);

if(status < 0){
pabort("SPI_10C_MESSAGE");
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//printf("sent[%d][%d]: %02x %02x \n" j,i, tx[0], tx[1]);
//printf("rev: %02x %02x \n", rx(0], rx[1]);

/¥ long pause;

clock_t now,then;

pause = 1000*(CLOCKS PER_SEC/1000);
now = then = clock();

while( (now-then) < pause )

now = clock();

y's
tx[0]=0xBD;
tx[1]=(TxI>>8)&0x3F; // tx[2]=0x00;
msg[0].tx_buf = (unsigned long)tx;
msg[0].rx_buf = (unsigned long)rx;
msg[0].len =2;
msg[0].cs_change =0;
msg[1l].delay usecs = 0;
msg[0].speed _hz=speed;
msg[0].bits per word =8 ;
status = ioctl(fd,SPI 10C_MESSAGE(1),&msg);
if(status < 0}
pabort("SPI_I0C_MESSAGE");
}
printf("sent OxBC [%d]: %02x %02x \n",j, tx[0], tx[1]);
printf("rev: %02x %02x \n", rx[0], rx[1]);
/7}

Txl += 0x0f;
if(Txl == Ox3FFF)
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Txl = 0x00;

tx[0]=0xBE;

tx[1]= (uint8 tX TxQ & OxFF); // tx[2]=0x00;
msg[0].tx_buf = (unsigned long)tx;

msg[0].rx_buf = (unsigned long)rx;

msg[0].len =2;

msg[0].cs_change =0;

msg[1].delay usecs = 0;

msg[0].speed hz=speed,;

msg[0].bits_per word =8;

status = ioctl(fd,SPI_IOC_MESSAGE(1),&mse);

if(status < Of
pabort("SPI_IOC_MESSAGE");
}
//printf("sent[%d](%d]: %02x %02x \n"j,i, tx[0], tx[1]);
//printf("rev: %02x %02x \n", rx[0], rx[1]);

P long pause;

clock t now,then;

pause = 1000%(CLOCKS_PER SEC/1000):

now = then = clock();

while( (now-then) < pause )

now = clock();

B

tx[0]=0xBF;
tx[1]=( TxQ>>8 )&0x3F; // tx[2]=0x00;
msg[0].tx_buf = (unsigned long)tx;
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msg[0].rx_buf = (unsigned long)rx;
msg[0].len =2;

msg[0].cs_change =0;
msg[1].delay usecs = 0;
msgl0].speed hz=speed,
mse[0].bits_per word =8 ;

status = ioctU(fd,SPI_I0C_MESSAGE(1),&msg);

if(status < 0){
pabort("SPI_IOC_MESSAGE");
}
printf("sent OxBE [%d]: %02x %02x \n",j, tx[0], tx[1]);
printf("rev: %02x %02x \n", rx[0], rx[1]);

TxQ += 0Ox0f;
T80 == OX3FER]
TxQ = 0x00;

void Txloop2new(int fd)
printf("\n------- START TXLOOP2------- \n");

int status;

uintl6 t Txl = 0x0000;
uintl6 t T™xQ = 0x0000;
uint8_t Address;
uint8 t Data;

uint8_t TxReceive;

uint8_t TxStatusiRQ;
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uint8_t TxStatusQOverflow;
uint8_t TxStatuslOverflow;

for(int j=0;j<1000;j++){

/¥ Write | ¥¥/
Address=0xBC;
Data = (uint8_t)Txl & OxFF),
printf("Write | On 3C");
reciver(fd,Address,Data);

Address=0xBD:

Data =(TxI>>8)&0x3F;
printf("Write | On 3D");
reciver(fd Address,Data);

Txl += 0xO0f;
if(Txl == Ox3FFF)
Txl = 0x0000;

/* Write Q **/
Address = OxBE;
Data = (uint8_t)( TxQ & OxFF);
printf("Write | On 3C");
reciver(fd Address,Data);

Address=0xBF;

Data=( TxQ>>8 )&0x3F; //  tx[2]=0x00;
printf("Write |1 On 3F");
reciver(fd,Address,Data);
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TxQ += 0x0f;
(T} == Ox3FFF)
TxQ = 0x0000;

TxReceive = reciver(fd,0x0c,0x00);
TxStatuslRQ = (TxReceive & 0x01);
TxStatusQOverflow = (TxReceive & 0x20);
TxStatuslOverflow = (TxReceive & 0x10);

if(TxStatusIRQ == 1)
printf("Sent\n");
printf("%02x", TxReceive);

telsef
printf("Send Fail\n");
printf("%02x", TxReceive);

}

if(TxStatusQOverflow == 1 || TxStatuslOverflow == 1)}
printf("Data Overflow Terminate TxLoop");
exit(0);

}
while(1)
TxReceive = reciver(fd,0x0c,0x00);

TxStatuslRQ = (TxReceive & 0x01);

if(TxStatusIRQ == 1){
printf("Sent! %02x \n", TxReceive);
lelsef

printf("Send Fail %02x \n", TxReceive);
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delay(500);

}
void readstatus(int fd){

int status;
//int fd = X((int *)fd_ptr);
for(int i=0; i<5 ; i++)
uint8_t address[d]={0x3C,0x3D,0x3E,0x3F};
//uint8 t data[5]={0x00,0x00,0x00,0x00,0x00};
// memset(tx,0,ARRAY SIZE(tx));
¥ memset(rx,0,ARRAY_SIZE(rx));
tx[0)=addressli];
tx[1]=0x00; // tx[2]=0x00;
msg[0].tx_buf = (unsigned long)tx;
msg[0].rx_buf = (unsigned long)rx;
msg[0].len =2,
msg[0].cs_change =0;
msg(1].delay usecs = 0;
msg[0].speed hz=speed,;
mse[0].bits per word =8 ;

status = ioctl(fd,SP1_IOC_MESSAGE(1),&msg);

if(status < O}
pabort("SPI_IOC_MESSAGE");

}

printf("sent: %02x %02x \n", tx[0], tx[1]);

printf("rev: %02x %02x \n", rx[0], rx[1));
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Vs long pause;
clock t now,then;
pause = 100%(CLOCKS_PER SEC/1000);
now = then = clock();
while( (now-then) < pause )
now = clock();*/
}
}
void vinput(int fd,uint8 t temp)
send x8(0x10);
reciver(fd,RamDacCtrL_write,OxOO');
reciver(fd,PowerDownCtrl_write,0x01);
reciver(fd,AuxDacDatal write,temp);
}
uint8_t map(uint8_t x,int in_min,int in_max,uint8_t out_min,uint8_t out_max)
{

return (x - in_min) * (out_max - out_min) / (in_max - in_min) + out_min;

int main(int argc, char *argv[]){

pthread t threads;

int ret = 0;

int fd;

uint8_t ADxV;
//float V;

int status;
uint8 tV,
uint8 t temp2;
uint8_t temp3;
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uint8_t tempd;
//array  buffer 32768
//index word 0

//mode = SPI_MODE_1 | SPI_CS_HIGH;
mode = 0x00;

fd = open(device, O_RDWR);

if (fd < 0)

pabort("can't open device");

//spi mode
ret = joctl(fd, SPI_IOC_WR_MODE, &mode);
if (ret == -1)

pabort("can't set spi mode");
ret = joctl(fd, SPI I0OC RD MODE, &mode);
if (ret == -1)

pabort("can't get spi mode")

// bits per word
ret = ioctl(fd, SPI IOC_WR_BITS PER WORD, &bits);
if (ret == -1)

pabort("can't set bits per word");
ret = foctl(fd, SPI IOC_RD_BITS PER_WORD, &bits);
if (ret == -1)

pabort("can't get bits per word"),

//max speed hz
ret = joctl(fd, SPI_IOC_WR_MAX_SPEED HZ, &speed);
if (ret == -1)

pabort("can't set max speed hz");
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ret = ioctl(fd, SPI_IOC_RD_MAX SPEED HZ, &speed);
if (ret == -1)
pabort("can't get max speed hz");
printf("spi mode: 0x%x\n", mode);
printf("bits per word: %d\n", bits);
printf("max speed: %d Hz (%d KHz)\n", speed, speed/1000),

while(1){
printf("Version 1.7\n");
printf("press 1 : Set up PA Vinput\n");
printf("press 2 : Run initial set up for CMX981\n");
printf("press 3 : Run initial set up for CMX998\n");
printf("press 4 : Start TX Loop send data to FIFO\n");
printf("press 5 : start TX Loop send data to Access Point\n");
printf("press 6 : start NEW TX Loop send data to Access Point\n");
printf("press 7 : Read Status\n");
printf("press 0 : exit\n");

printf("please select the option : ");
scanf("%d", &status);
if(status==1)
printf("Input temp ");
scanf("%02x",&V);
/ xV = map((V*1000),(0.15*1000),(3.245%9000),0x26,0x76);

//printf("%02x \n" xV);
vinput(fd,V);
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else if(status==2)

initialCMX981(fd);
}
else if(status==3)
initialCMX998(fd);
}

else if(status==4) {

pthread create(&threads, NULL, txloop,(void *) (intptr_t)fd);
}
else if(status==5) {

send_x8(0x10);

pthread create(&threads, NULL, txloop2,(void *) (intptr_t)fd);
}
else if(status==6) {

send_x8(0x10);

Txloop2new(fd);
}
else if(status==7) {
readstatus(fd);
}
elsel
exit(0);
}
//delay(10000),
return ret;
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; CMX981 register

X% PRI " 33

e e I KK

ConfigCtrl1_write
IRQCtrl_write
ClkStopCtrl_write

PowerDownCtrl_write

RxSetupl write
RxSetup2_write
TxSetup_write
LoopBackCtrl write
TxDPIDatal write
TxDPIDataz write
TxDPIDatal read
TxDPIDataZ_read
TxDPQDatal write
TxDPQData2_write
RxDPIDatal read
RxDPIDataz2 read
RxDPQDatal read
RxDPQData2 read
TxIGainl write
Tlea?nZ_write
TxlOffsetl write
TxIOffset2 write
RxIGainl_ write
RxIGain2_write
RxIOffsetl write
RxIOffset2 write

const $80
const $82
const $91
const $92
const &88
const &89
const $83
const $93
const $BC
const $BD
const $3C
const $3D
const $BE
const $BF
const &38
const &39
const &BA
const &BB
const $A2
const SA3
const $SA4
const SA5
const SBd
const $B5
const $B6
const $B7
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’

.declare register data size

SHAK * * * *
]

register 1, ConfigCtrl1 write, 1
register 1, IRQCtrl_write, 1
register 1, ClkStopCtrl_write, 1
register 1, PowerDownCtrl_write, 1
register 1, RxSetupl write, 1
register 1, RxSetup2_write, 1
register 1, TxSetup_write, 1
register 1, LoopBackCtrl write, 1
register 1, TxDPIDatal write, 1
register 1, TxDPIDataz write, 1
register 1, TxDPIDatal read, 1
register 1, TxDPIData2 read, 1
register 1, TxDPQDatal_write, 1
register 1, TxDPQData2 write, 1
register 1, RxDPIDatal read, 1
register 1, RxDPIData2 read, 1
register 1, RxDPQDatal read, 1
register 1, RxDPQData2_read, 1
register 1, TxIGainl write, 1
register 1, TxIGain2_write, 1
register 1, TxIOffsetl write, 1
register 1, TxIOffset2 write, 1
register 1, RxIGain1_write, 1
register 1, RxIGain2_write, 1
register 1, RxlOffsetl write, 1
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register 1, RxIOffset2 write, 1

; main

dataA word 0
dataB word 0
[ word 0
Iread1 word 0
Iread? word 0
Qread1 word 0
Qread2 word 0
templ word 0
temp?2 word 0
temp3 word 0
tempd word 0
flag word 0

device 1 : select CBUS1
copy 508, *TxSetup write
copy 506, *LoopBackCtrl write
copy $01, *RxSetup2_write
copy $00, *TxIOffsetl write
copy $00, *TxIOffset2 write
copy $00, *RxIOffsetl write
copy 500, *RxIOffset2 write
copy $FF, *TxIGainl write
copy SFF, *TxIGain2_write
copy SFF, *RxIGainl_write
copy SFF, *RxlGain2_write
copy $06, *ConfigCtrl1 write
jsr receive_loop

(sl 8, dataB



(sl

receive_loop

8, Iread?

copy dataA, *TxDPIDatal write

copy dataB, *TxDPIData2_write

copy dataA, templ

copy dataB, temp?2

add temp2, temp1

disp "%x \¢" , templ

if

endif

flag ==

add #1, dataA

while (dataA == 256)
copy 0, dataA
add 256, dataB

endwhile

while (temp1 == 16384)
copy 1, flag
copy 16383, templ
copy 1, dataA

disp  "flag = %d" , flag

endwhile

flag ==
sub #1, dataA
while (dataA == 0)
copy 255, dataA
sub 256, dataB
endwhile
while (temp1 = 1)
copy 0, flag
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copy 0O, templ
copy O, dataA
copy 0, dataB
disp "temp1 = %d", templ
endwhile
endif
copy *TxDPIDatal write, Iread1
copy *TxDPIData2_write, Iread2
:add lread1, lread2
disp " %x \c" , Iread?2
disp "06x" | Ireadl
delay 2

jmp  receive_loop
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#include <stdint.h>
#include <unistd.h>
#include <stdio.h>
#include <stdlib.h>
#include <getopt.h>
#include <fcntl.h>
#include <sys/ioctl.h>
#include <sys/stat.h>
#include <fcntl.h>

#include <linux/types.h>

#include <linux/spi/spidev.h>

#include <time.h>
#include <pthread.h>

#include <math.h>

#define ConfigCtrl1 read
#define ConfigCtrll write
#define TxDPIDatal read
#tdefine TxDPIDatal write
#define TxDPIData2_read
#define TxDPIDataz write
#define RxDPIDatal read
#define RxDPIDatal write
#define LoopBackCtrl read
#define LoopBackCtrl_write
#define RxSetupl read
#define RxSetup1 write
#define TxSetup read
#define TxSetup_write

0x00
0x80
0x3C
OxBC
0x3D
0xBD
0x38
0xB8
0x13
0x93

0x03

0x08
0x88

0x83
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struct spi_ioc_transfer msg([1];

static const char *device = "/dev/spidev1.0";
uint8_t tx(10];

uint8 t rx[10];

static uint8_t mode;

static uint8_t bits = 8;

static uint32_t speed = 1000000;

static void pabort(const char *s) {
perror(s);

abort();

static void send x8(uint8_t data){

int fdw;

struct

{

uint8_t vl

} tologic;

fdw = open("/dev/xillybus_write 8", O WRONLY);

if (fdw < 0) {
perror("Failed to open Xillybus device file(s)");
exit(1);

}

tologic.vl = data;

write(fdw, (void *) &tologic, sizeof(tologic));

close(fdw);

static uint8_t reciver(int fd,uint8 t address,uint8_t data){
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//
//

int status;

memset(tx,0,ARRAY SIZE(tx));
memset(rx,0,ARRAY SIZE(rx));
tx[0]=address;

tx[1]=data; // tx[2]=0x00;
msg[0].tx_buf = (unsigned long)tx;
msg[0L.rx_buf = (unsigned long)rx;
msg[0].len =2;

msg[0].cs change =0;
msg[1].delay usecs = 0;
msg[0].speed hz=speed,;
msg[0].bits per word =8 ;

status = ioctl(fd,SPI_IOC_MESSAGE(1),&msg);

if(status < 0){
pabort("SPI_IOC_MESSAGE"),
}
long pause;
clock_t now,then;
pause = 3*(CLOCKS PER_SEC/1000);
now = then = clock();
while( (now-then) < pause )
now = clock();
printf("sent: 9%02x %02x \n", tx[0], tx[1]);
printf("rev: %02x %02x \n", rx[0], rx[1]);

return rx(1];
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int main(int argc, char *argv[])}
int fd;
uint8 t i;
intret = 0;
uint8_t ilsb;
uint8 t imsb = 0x01;
int flag = 0;
//mode = SPI_ MODE 1 | SPI CS HIGH;
mode = 0x00;
fd = open(device, O RDWR);
if (fd < 0)

pabort("can't open device"),

//spi mode
ret = ioctl(fd, SPI_IOC_WR MODE, &mode);
if (ret == -1)

pabort("can't set spi mode");
ret = joctl(fd, SPI_IOC_RD MODE, &mode);
if (ret == -1)

pabort("can't get spi mode"),

// bits per word
ret = joctl(fd, SPI_IOC_WR BITS PER WORD, &bits);
if (ret == -1)

pabort("can't set bits per word");
ret = ioctl(fd, SPI_IOC_RD_BITS PER_WORD, &bits);
if (ret == -1)

pabort("can't get bits per word"),

//max speed hz
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ret = ioctl(fd, SPI_I0OC_ WR _MAX_SPEED HZ, &speed);
if (ret == -1)
pabort("can't set max speed hz");
ret = ioctl(fd, SPI_IOC_RD_MAX SPEED HZ, &speed),
if (ret == -1)
pabort("can't get max speed hz");
printf("spi mode: 0x%x\n", mode);
printf("bits per word: %d\n", bits);
printf("max speed: %d Hz (%d KHz)\n", speed, speed/1000);

reciver(fd,ConfigCtrl1_write,0x00);
reciver(fd,RxSetupl write,0x02);
reciver(fd, TxSetup write,0x98);
reciver(fd,LoopBackCtrl_write,0x06);
if (flag == 0){
for (ilsb=0 ; ilsb<256 ; ilsb++)
reciver(fd,TxDPIDatal write,ilsb);
if (ilsb == OxFF){
reciver(fd, TxDPIData2_write,imsb);

ilsb == 0;
imsb += 0x01;
if (ilsb == OxFF && imsb == 0x3F){
flag == 1;
}
}
}
}
else {

for (ilsh=255 : ilsb>0 ; ilsb--){
reciver(fd, TxDPIDatal write,ilsb);
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if (ilsb == 0x00){
reciver(fd, TxDPIData2 write,imsb);

ish == 255;
imsh -= 0x01;
if (ilsb == 0x00 && imsb == 0x00)
flag == 0;
}
1
}
}
return ret;
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