5 ' METHOD AND SYSTEM FOR GENERATI NG ARBI TRARY ANALOG
VAVEFORMS 10 15 20 Field of the Invention The present invention relates to
a'systemfor testing a radio frequency (RF) 25 subsystem of a
transmtter/receiver device such as a nobile comuni cations

transm tter/receiver. The present invention also relates to a system and
met hod for generating an arbitrary anal og waveform The present invention
also relates to a systemand nethod for generating a set of clock signals.
2 Background of tMETHOEDYAND SYSTENMs EORGENERATING IARBITRARY a

comuni cati ons device. The devNMIlOGJWRVEFQHMSa transceiver (i.e., a
transmtter and a recerver) wihtchforms—part—of —a cettutrar phong, coratess
phone or personal digital assistant (PDA). The device 10 of FIG 1 5 may
be vi ewed as conprising a baséband subsystem 12 and an RF (radi o frequency)
sgé)system 14. In the transmtting node, the baseband subsystem 12 receives
data froma source and codes the data in a sequence of in-phase (I) and a
sequence of quadrature (Q channel synbols. The | and Q channel synbols are
then fed to the RF subsystem : '

15
20
Field of the Invention
The present invention relates to a sysfem for testing a radio frequency (RF)
25 subsyétem of a transmitter/receiver device such as a mobile communications

transmitter/receiver. The present invention also relates to a system and method for
generating an arbitrary analog waveform. The present invention also' relates to a

system and method for generating a set of clock signals.
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10 14 whi ch nodul ates these synbols onto one or nore RF carrier signals
for renote transmssion. In the receiving node, the RF subsystem 14,

recei ve oEe or ;ehRF carrier signals and denodul ates fromthe received
RF carrh&%ﬁg—é—%&wﬂ%ﬂof | and Q 15 symbol s. The | and Q synbol s
are delivered to the baseband subsystem 12 whi ch decodes these | and Q
symbol s to r &feieschematicallyillustratesta communicetipns devings ohbe devicey10® of FIG
desirable to provide the capability for testing the RF subsystem of a

conmuni dajs @rarsteivar (el hatransmittersaid adreeehay s which Formexpant| of, a dellure
t he design of a nobile communication device, the baseband and RF 20

subsyst %n@?l&opﬁegﬁ?Jh%%doﬁﬁ@:%ﬂtaﬁH?ei@%%fsta‘hiﬁh’lﬂ\f.cg’ﬁi ages. 10 bf Fi Pe

desirable to test the RF subsystem ore the baseban systemis

avai | abl e, ternative | e_baseban u em i val l.abl e, i

b bo_ doY PaifWBl Qs gmoRitE 4 besdartf SRNATR BT ARECH RE sRidle Patifincy |

the RF subsystem_can be nore easily |l ocated and .identified. Accordingly, it

is an ouUbEYS®M (I present invention to provide a system which sinmulates a

baseband subsystemin a comnmuni cations transceiver. 5 Summary of the

| nvent i on Thils thadransmitting] mode, dhe baseband subsystampt2 seceivesdataifoom a

According to one enbodi nent, a baseband sinmul ati on subsystem is provided

for testsongceandRcodes the data in a sequence of in-phase (l) and a sequence of quadrature

(Q) channel symbols. The | and Q channel symbols are then fed to the RF subsystem

10 14 which modulates these symbols onto one or more RF carrier signals for remote

transmission.

In the receiving mode, the RF subsystem 14, receives one or more RF carrier

signals and demoéulates from the received RF carrier signals a sequence of | and Q

15 symbols. The | and Q symbols are delivered to the baseband subsystem 12 which
decoﬂes these | and Q symbols to regenerate source data.

For a variety of reasons it may be desirable to provide the. capability for testing
the RF subsystem of a communications device without the baseband subsystem. For
example, during the design of a mobile communication device, the baseband and RF

. 20 subsystems may be designed separately. Under such circumstances, it may be
desirable to test the RF subsystem before the baseband subsystem is available.

_Alternatively, even if the baseband subsystem is available, it may be desirable to test
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~subsystem of a communi cation device, such as a cellular tel ephone, cordl ess
10 tel ephone, etc. Illustratively, the inventive baseband sinulation
_subsystem i s connected, via an interface card, such as a Personal conputer

i nt er f athe BEsubsPEIam separatehoap that fauits imthes BEsubsystempigrebe Imee easily
conpati bl e conputer system The baseband sinulation subsystemis al so
connectlodated ahd ikentifiedyst em under test. The baseband sinmul ati on subsystem
recei ves discrete sanples froma source, 15 such as the PC via the PCF.

The basebandageardiagly? it is Unsole8bFIHY Sfaskht iniiitiontth providea éy'%té}anHR:‘W

In a transnit node,  the baseband sinulation subsystemretrieves these

prestored I gnal s usi ng
di gi tals F@%‘}%%Qﬂ%@ﬁ%@?%ﬁ%ﬁ%“ﬁ %ﬁﬁ%ﬁ%ﬁ%{ﬂ?ﬁ%} ar g i nputs to the
RF_subsystem under test. In response to these sinul ated anal og baseband
siﬁnals 20 inputted into the RF subsystem under test, the RF subsystem
under test outputs RF band signals. In a receive node, the RF subsystem
recei veSummarynaf the dnvention| denodul ates these signals to generate anal og
baseband signals which are supplied to 4 the baseband sinul ation

subsystem Thhisaskdthed objects ave achieved pytthepreserstinvention: doeiovdidgaoaneg
baseband signals to discrete sanples. The discrete sanples are stored in

the me oﬂiméﬁ? '&a%%EéBQné' &Htﬂ&ﬁ@ﬁ' SURPSRE RIS BHovided iRk | Rsbting tahe HRC

forI aga ySi S. lustratively, the baseband simul ati on subsystem
T
e SO P AR IR, ST ot <t

10 telephone, etc. lllustratively, the inventive baseband simulation subsystem is
connected, via an interface card, such as a Personal computer interface card (PCIF),
to a computer system, such as an IBM™ PC compatible computer system. ~The
baseband simulation subsystem is also connected to the RF subsystem under test.

The baseband simulation subsystem receives discrete samples from a source,

156 such as the PC via the PCIF. The baseband simulation subsystem stores the received
samples in a memory. In a transmit mode, the baseband simulation subsystem
retrieves these prestored samples and generates therefrom analog baseband signalé
using digital to analog conversion. The baseband signals simulate inputs to the RF
'subsystem under test. In response to-these simulated analog baseband signals

20 inputted into the RF subsystem under test, the RF subsystem under test outputs RF
band signals. In a receive mode, the RF subsystem receives RF band signals and

demodulates these signals to generate analog baseband signals which are supplied to

_
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TAC port includes a TAC FPGA (Field Programmable Gate Array) and a TAC
menory. The TAC port receives a master clock signal froman external source
anid gener at es l;))I ural timng and control signals (i.e., plural clocks)

t her ef r tine baseband simulgtionTsubsystemal Thehasebdnd simulation sybsysteoheenvertsch
I's connected to an address input of the TAC nenory. The counter and nenory

of the THEressived amatogbaseisarsighalsctd discrdtersaimplesc KEhe disergtelsamhplesarks
are synchroni zed to the master clock. The TAC counter cycles through its

t
coun sts fod Fprestore mgnaPhFee ﬁsmﬁﬁaﬁeﬂws ?érhlmarénafmémom@

menory, ura I ncl udi ng one signal |evel for
each Cl?ﬁﬁfto b %nerated The TAC port outputs the retrieved signa
| evel s ?kﬁ@ﬁ \ These plural signal levels formthe plural generated

cl ocks. The 1Q port incl udes an | Q FPGA and an 1Q The |

redei ves at [ustrativalyot Qhﬁﬁ?wmu @I%WSW$3WB%§H@H§G apmmg
response to one or nore of 20 the cl ocks generated by the. TAC port t he
| Q port anekcordraly TAGIart.san (Q porto and gereralmispdss inpsitoutpuh (GRIQ) nast eZhe
Illustratively, a counter responsive to a clock signal generated by the TAC

port COUFAG poitt Mctilidés 8 TINE FPGA(FisldRrograrhatdble Gate Array) drd a7 AC nedons s
in the 1Q nmenory used to retrieve one sanple. The retrieved discrete | and

Q sanpl 6f,d $RCCHEA! reteildia ?ﬁé‘éienﬁm%? héal #Sn‘i hRexidirlat Sobvcd 88d Fenerates

subsystem under " test. The 1Q port 11 ?r atively also includes digital to

anal g cqnySaing 4R Sohud A OB i AT AR 09 | and g 51 gnal

from t hé
10 The TAC port also includes at least one counter which is connected to an
address input of the TAC memory. ‘The counter and memory of the TAC port
cooperate to generate the plural c.locks. The plural clocks are synchronized to the -
master clock. The TAC counter cycles through its count state. For each count cycle,
the TAC counter ’retrieves from the TAC memory, plural prestored signal levels,
15 including one signal level for each clock to be generated. The TAC port outputs the
retrieved signal levels, in parallel. These plural signal levels form the plural generated
clocks.
The 1Q port includes an 1Q l-;PGA and an 1Q memory. The IQ port receives at
least one of these plural clocks. In the transmit mode, in response to one or more of
20 the clocks generated by the TAC port, the 1Q port retrieves from its IQ memory
prestored discrete | and Q samples. lllustratively, a counter responsive to a clock

signal generated by the TAC port counts through a sequence of states. Each state
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5 retrieved discrete | and Q sanples. The transmt analog i and ¢
signals are then outputted fromthe 1Q port to the RF subsystem In the
recei ve _node, the | Q port. receives analog i and, q signals fro he RE
subsyst éfmsan address iR Ithﬁslh mewpery, %Paotq ﬁ%ﬁ'@ﬂ@sogﬁaﬁ%ﬁp@()%i fefrieved
converters (ADCs) which, in response to one or nore clocks generated by the
TAC por Wdiscretepl and Q@ samples representia simulated messagedodmtrangmiitted bycthe RRem
to receive discrete | and Q sanples. These receive discrete | and Q sanpl es

may be subs9stemn Gfider @sterOrhe 1@l pertnillustraltively fatso dneludes diigitabte analad Q
sanples may be transferred fromthe 1Q nenory to the PC via the PCIF for

anal yzi %n%?ﬁe??i ('dAQ‘stwﬁiEﬁ rdconsttagtd Qgﬁﬂmwaﬁﬁéé ftandeqnagﬂghefrbhe the

carrier ‘signal's to output the recelive analog i and q signals.

The. GPI O t jnclud OFPGA T h [ hd ;
% O oo, VoS B G bR, e ThEu M b CaRE, ekl 3 hep
and anal og signals with the RF subsystem under test. In addition, the GPIO
port i ncuiputtedatrom the I@mart tpthe n§B{’n¥V§§§m-i cular auxiliary digital data

to auxiliary analog signals. The auxiliary analog signals are, for exanRIe,
control si gndhstheoreceivé made;itheulQ porthrecieivesoanalogr anthqysigaals fsermmthes RE
power anplifier, an automatic gain control, and an automatic frequency

cont r ol .gybsy8téini aheleBgoitiMustratively aisolincludes anklog! toidigitat somvertersd ADGslal

comuni cations system FIG 2 depicts the.interconnection of a baseband
si mul at | pf: HIGRYr¥spBhse to one or more clocks generated by the TAC port, sample the
10 received analog i and q signals and convert them to receive discrete | and Q samples.
These receive discrete | and Q samples may be stored in the IQ memory.
Alternatively, the receive discrete | and Q samples may be transferred from thg 1Q
memo.ry. to the PC via the PCIF for analyzing the ability of the RF subsystem under
test to demodulaté the RF carrier 'signa_ls to output the receive analog i and q signals.
15 The GPIO port includes a GPIO FPGA. The GPIO port exchanges auxiliary
discrete data with fhe PC. The GPIO port also exchanges auxiliary digital and analog
sighals with the RF subsystem under test. In addition, the GPIO port includes DACs.
The GPIO DACs convert particular auxiliary digital data to auxiliary analog signals.
The auxiliary analog signals are, for example, control gign’als for various circqits in the

20 RF subsystem, such as a power amplifier, an automatic gain control, and an automatic

frequency control.

S

Been Replaced

i



according to an enbodi nent of the present invention to an RF subsystem
under test; 5 FIG 3 depicts the architecture of the baseband

si‘mul ation bsystem o | G 2;: FIG 4 depicts a block diagramof the timng
and cont&&ﬂﬁﬁi@—"i&—g&mﬂdepl cts the timing and control port of FIG
4 in greater detail; FIG 6 depicts plural clocks generated by the TAC port
according to FiGel pie@;&itﬁta canventiongl cagmmunicationd systemipi cts a bl ock
diagram of the 1Q port of FIG 3; FIG 8 depicts a block diagram of the GPIO

port of FIG FiGargl ddpicts dhei intércdonneetioat of cadbgsésandirsimutatiory subdysteém
wavefornms. Detail ed Description of Preferred Enbodi nents 15 FIG 2

s an | |dcévrdiyg toard BRITRBA BF tRe pHdBIM inihtiiPid Bh HF ARUR/stomidbr'test;

present 1 nvention. The sinulation sestem 20 is used for testing an

S0t ese 1 ife'ﬂho%ﬁ@f% thé Pefifacifls BEand bepeiing skl | ?@resy@@ﬁeﬁﬁa?&gﬁ 2;
30, PCI E (PC
(bascband) i AdeCt, A BYRSICHABERrT G GEHIING and GRIMED) BO SIS Bom 40 i <

connected to the RF subsystem under test 25. The BB sinul ati on subsystem
40, in conj urfdG brdepicts thectimihgandebnthel putt PfFIG 4dnigreates detailubsyst em
25. 7 The conputer systemor PC 30, may be an IBMerr] PC conpatible
conput er systFiG 6 depictBPlutal clocks @eﬁetaédtuy tHeeTRC port acdoitfing Toeh&présent

provi des data and
invention;
10 FIG. 7 depicts a.block diagram of the 1Q port of FIG 3;
FIG 8 depicts a block diagram of the GPIO port of FIG 3; and

FIG 9 depicts illustrative digital and analog | or Q waveforms.

Detailed Descrigti;m of Preferred Embodiments

15 FIG 2 is an illustrative embodiment of a simulation system 20 according to the
present invention. The simulation system 20 is used for testing an RF subsystem 25
ofa comniunicaﬁon device, such as a cellular telephone, cordless telephone, etc. The
simulation system 20 comprises a computer system or PC (personal computer} 30,
a PCIF (PC inferface) card 35 and a BB (baseband) simulation subsystem 40. The BB

20 simulation subsystem 40 is connected to the RF subsystem under test 25. The BB
simulation subsystem 40, in conjunction with the PC 30 and the PCIF 35, tests the

RF subsystem 25.

—_—
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command signals on a PC bus 45 that control operation of the BB sinulation
subsystem 40. In addition, the PC 30 illustratively analyzes data received
fromthe 5 BB simul ati on subsystem 40. More than o r system or
PC ay be corREcERRIPUIEE VSR oG S0y beran (LS PG, FEMTRANBIe Hampieter
card 35 is connected to the BB simulation subsystem 40 via an interface bus
50. The sy6tdinc aFhe BE 30 isconnesteddovihePCHecard 35. dhe PCSMBpravides dataand
subsystem 40. The PCIF card 35 is designed to route and convert data 10

and conigophmahdnsighals® ofOEPRC bug 461 fiits cbAtrot perBtioR o B @hanBBt Siendiition
si mul ati on subsystem 40. Thus, the PCIF card 35 allows data and control

500731 subsyret A" 4 dabiffol e B FXARARUel dngiized Bula Ul o AR R

11 us gl ta a an nt ro are exc anged bet ween

th PCI E card and | on_subsystem 40 via fhe |nt ace b

% The 86 mHitiah sybsvaten AT 4 Blord" e e Elbnkstt e B e Onevobs
from an external source 52. In a transmt node, the BB sinulation subsystem
40 provicennested &9 tha PG byg 45 1o perform thesefunGtign® s [err] (i n-phase) and
[err] (quadrature) 55, 60 to the RF subsystem under test 25. The anal og
transmt fil t'Ehaecﬂ’CHFgmrds3§eisrt}0lmatt@drho] the BB Sinaulatigonsubsystery 46 via an
sequences of discrete | and Q sanples stored in a nenory of the BB

si nul at ijqterPdte busUbOYsThe PCIF tafd [BF jhtdrRiteschotneas the FCs80eand IthenBBQ
sanpl es represent si nmul at ed nessages for transm ssion by the RF subsystem

under 1 &gdnfatjon' SEbSYSehP 40 ?ﬁgm?eéarawffi iS deSighel ﬁ”&&ﬁ&@ﬁveft%é’t@r

t han representing co ressed ver sl ons anal O0g sinul ate ssages

' esenth gclallatroFgl%lr'nLa'fs %néo&partlmae IA4¥ between the PC 30 and the BB simulation

subsystem 40. Thus, the PCIF card 35 allows data and control signals to be

exchanged between the PC 30 and the BB simulation subsystem 40. lllustratively,

digital data and control signals are exchanged between the PCIF card 35 and the BB

simulation subsys&em 40 via the interface bus 50. The BB simulatioh subsystem 40
15 also receives a master clock 220 from an external source 52.

In a transmit mode, the BB simulation subsystem 40 provides analog baseband
transmit filtered signals i (in-phase) and e (quadrature) 55, 60 to the RF subsystem
under test 25. The analog transmit filtered signals i and q; 55, 60 are generated from
sequences of .dis'.crete | and Q samples stored in a memory of the BB simulation

20 subsystem 40. The prestored sequences of discrete | and Q samples represent
simulated messages for trensmission by the RF subsystem under test 25. The

prestored sequences of discrete | and Q samples, rather than representing compressed
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nmessages for transm ssion by the RF subsystem under test 25. The BB
simul ati on subsystem 40 retri eves the prestored discrete | and Q sanples

fromits nenory and converts emto analog transmt filtered nals [err]
and [ er Versians o ansiearanIBterl maesesges, (RHEAseES 'zse%%?'a?e@ ﬁ?reamiq
transmt filtered signals [err] and Jerr] 55, 60 onto one Qqr

carri er mesgages for transmigsipn dythe: RET subgystemeuader tash 2% f'Eh? BPsﬁlmulmon

t he RF subsystem under test 25 denpdul ates one or nore RF signals which

carry baﬁﬁbﬁn‘tdnﬁ4el regrievegthespiestsredadidciete f JandSQ sainpied dtarndts menibry and
carriers e denodul ati on of the RF signals 10 produces the baseband

anal og Ebﬂ@éﬁ% théi 1o éﬁ‘ﬂo#‘ﬁér}sn@i@ fllt@e&"@id‘rﬂal@f fnAR55 260! THRF Bﬁbsystem

simul ati on subsystem 40. The BB sinul ati on subsystem 40 converts th

¢ Bt vounReLta 2B b A sl il ren Rl kel fanelfle 20 g9 &,W%@*ga?%e

provided to the PC 30 éwa the interface bus 50, the PClF card 35, and the
PC bus !P!S)'“M?rRElr?cﬂr?%r ign@l$e sequences of 15 received discrete sanples

may al so be stored in the nenory of the BB sinulation subsystem 40. The PC
30 anal yzes tmiasratieiNe modeaoh the bassbgnd simulationasystent 2Q- thed3ly subsystemer
test 25. FIG 3 shows the BB sinulation subsystem 40 in greater detail. The

BB si mulyndeptest 25y demodilatesconeles motre MMgigmats evhich adar(yl Aa@seband dridlog an
| Q port 1 10 20 and, a GPIO port 120, where GPIO is General Purpose

I nput/ Oy cﬁﬂﬁlsl L, 69“?9 nheddiated BH‘RFT&@ne}sQ THE deffiddubstidrs of Btk REXignals0)
recei ve EY

data and control signals via the interface bus 50 fromthe

qud: ca pro§|§¢e4 {heaﬂgééséﬂh aﬁ&%ﬁ%tb“&l@q BRthSR 65, 70 which are supplied to the BB

simulation subsystem 40. The BB simulation subsystem 40 converts the baseband

analog receive signals iy and qi 65, 70 to sequences of receive discrete sahples. _ The
sequences of received discrete samples are provided te the PC 30 (via the interface

bus 50, the PCIF--card 35, and the PC bus 45) for analysis. The sequences of

15 received discrete samples may also be stored in the memory of the BB simulation
subsystem 40. The PC 30 analyzes this digital data to debug and validate the RF

" subsystem under test 25.

FIG 3 shows the BB simulation subsystem 40 in greater detail. The BB

.simulation subsystem 40 includes a timing and control (TAC) port 100, an 1Q port 110

20  and, a GPIO port 120, where GPIO is General Purpose Input/Outpqt. These three
ports, {the TAC, 1Q and _G_PIO ports 100, 110, 120) receive digital data and control

signals via the interface bus 50 from the PCIF card 35. In addition, these three ports

5—\
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9 also receive the master clock 220 fromthe external source 52.
I[llTustratively, the master clock 220 is a 13 MHz clock signal. In response
to the-master clock, the TAC port 100 generates all of the tim ng signals
for the also ceesiyethe magter closk 220 feom therexternalsaursa) 84 JHustigtiyelerthao,

5 i.e., for the IQport 1 10, and for the GPIO port 120. The tim ng
si gnal s,mastee cledle220dsta 13Mplzuclotk sigrals, are provided on a timng signal
line 125. Illustratively, the TAC port 100 generates 16 fully programuabl e

tining signalg; re§p<f>ﬁ>§e td M6 Mdstbt BrICk? the TAL PorO100afeieratdsusIlL bf ene timiAg
the transmt node, in response to one or nore of the timng signals present

1 on.th Uit of
prest or ot PP RF sUSystont Tnbier tod 25, A0 R nf 8B ERNAILBSR BRI SN0,
sequences of discrete | d resent |II ativel

Fu18 T edauferhevts poe T Orant o thedaPy RaruT 20 TBeTipihd sapels Piﬁe"rﬁvfﬂréﬂ
by the RF subsystem under test 25. The retrieved seguences of discre

and Q saepasplurabelocks, arepraxided onda tinaingt signaldine 126, plijustratiygly, dherbﬁ\@ar
to anal og converters (DACs) 140, 145, -respectively. The DACs 140, 145

convert pde 100garesrates 16 fulhhpodranmaisle timingrsignals) 8 famtparsmitFonciess aod
‘the analog .transmt filtered signals [err] and [err] 55, 60 (also shown in

FIG 2). gr}gr?éc;@,\ggf&ﬁMt filtered signals [err] and [err] 55, 60 are
then outputted to the RF subsystem under test 25. 20 In the receive

aarr] 60 P HRRPRTRRIGT I AbeSARIA D SR S e bty
Igﬁqreretc glgr\\/ fe 5%3&?& ns?gr?aqalll e 1r295>C e{ |6' 86‘%' f16ere£n]|e\?ensd seque o€ of 8re%rtored
discrete | and Q samples 130, 135 from its memory. The retrieved sequences of
discrete | and Q samples 130, 135 represent, illustratively, full resolution versions of
an analog simulated message to be transmitted by the RF subsystem under test 25.
The retrieved seqd‘ences of discrete | and Q samples 130, 135 are outputted from the
15 1Q port 110 to digital to analog converters (DACs) 140, 145, respectively. The DACs
140, 145 convert the discrete | (in-phase) and Q (quadrature) samples 130, 135 to
the analog transmit filtered signals i and ch 55, 60 (also showrr in FIG 2). The analog
transmit filtered signals i and g, 55, 60 are then outputted to the RF subsystem under
test 25.
20 In the receive mode, the 1Q port 110 receives the baseband analog receive
signals i ane gg 65, 70 (also shown in FIG 2) from the RF subsystem under test 25.

The received baseband analog receive signals i and gz 65, 70 are converted from

/
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10 analog formto a sequence of digital or discrete sanples 150, 155 by
analog to digital converters (ADCs) 160 165, respectively. The discrete

sdnpl es arethen stored in a mn art  of e ort. . .
Al t br natanalog formy o a.sgausneeggﬁﬁ i) ox distrpie, Sampiet $0c bR Ssing o djaies
the PC 30 via the PClIF 35. The GPI O port 120, in addition to
recei vi ropnvieetets §ADSS) dLAQ, haa. respectively. g The discrete samnles are themgtorsd in
fromthe PCIF card 35, also supports the transm ssion of auxiliary digital

and basepanémang!foeming pErs of 1Tk tIQ pbet. RrAIternayivelyn thuladisdretd saimplBdGrre
(not shown) may be connected between the GPIO port 120 and the RF

SubsyS! ojéifted it die IERSHANE GUIPEI0UGMEPOIFEEI S Lo audi| i ary

signal s for transm ssi t e RF subsystem 25. lllustratively,

t he_auxiliary.s o trol S| 419

RF Bubsyst em IREPIO B 328, dp 3 §°'h"°p6‘%§$\"§ﬂﬁﬁéfd@? e toitol dghg
control, and an automatic érequ &) GPl O ort 120 ma
cont ai n iadhei igtenface bvsnp f"%‘l‘]‘c ﬁPf I35pc;?% SYRR H&Bﬁ H@8§XY‘§§‘°" of
synt hesi zers. 15 ‘The TAC port 100 gener ates El ural clocks which are
synchr orawdlianydigitel and beseband Rnalogtsignals 179 ta=therRF snbsystas yades teato2b.
52. The plural clocks are generated in cooperation with counters and a

menory WhaAQs (st shewaim)r avayd beccenmectednbétweeretheaGPé@ppartn4@0bahdvthe RF
[llustratively, the TAC, 1Q and GPI O ports 100, 110, 1 20 are each

i npl emeny i i E ] 4170
Xi I nx[ er'?‘%ﬁs(P rgetfﬁbsé&iggt?gl ?Hz}dsgl?‘iqgﬁ%gggﬁ (ﬁg&& é}?ﬁ?ﬁngAC aanrd | Q ports

10? (4] 110for}6’t§ar¥é}ﬁlsgﬂalnl &%ﬂ@n?%u@(}g{ah 25. lllustratively, the auxiliary signals 170 are

control signals for various circuits in the RF subsystem under test 25, such as a power
amplifier, an automatic gain control, and an automatic frequency control. The QPIO
port 120 may also contain additional elsments, such as monitor ports and interfaces
for synthesizers.

15 The TAC port 100 generates plural clocks which are synchronized to the master
clock that is supplied by the external source 562. The plural clocks are generated in
cooperation with counters and a mefnory which has prestored discrete signal levels
as exblained below.

llustratively, the TAC, 1Q and GPIO ports 100, 110, 120 are-each implemented

20 using a Field Programmable Gate Array (FPGA) made l?y Xilinx™, modgl XC3195. In

addition, each FPGA of the TAC and {Q ports 100, 110 has the following peripheral

components: 3 Mbits of external SRAM (Static Random Access Memory), 128 kbits

10

—— ../
Has Been Reraced

\\l\\l\\ I \\\\\\\ I



conmponents: 3 Miits of external SRAM (Static Random Access Menory), 128
kbits SPROM (Static Programmable Read Only Menory), and a PC interface

rt. Fl a bl ock di f .t TAC t 100,~The TAC 100
Do PR B8, sabamihlte MRS ol WRESOR T, bod 3B e Bl 3 e
RAM 210 is configured fromthree 256k x 4bit_SRAMs. This effectiyely forns
a 256k 5 O Fi@24pshowsam biogk diagramanf the TAGepors 10Q: nHhe A€ et 300

supplied by the external source 52 (FIG 3). In response to the master cl ock
220, theoMsriséiCd PAC FRGA 200scohrsevted ctodatPAQ rmetmorys210. t Hastratvelyytthe
210 and generates plural clocks 230. The TAC FPGA 200 provi des one or nore

of the MAKP216iPEsSfigHed Roithrb&258k!x 4B SHAMsCHIS Refctively forfits 4 RE6RN
subsystem under test 25 on the timng 10 signal line 125 (FIG3). FIG5

1
sh t h 2 ' i, T '
cortrol |’§P 5%’5%00%\% gﬁs??&ﬁ @?pﬁétég}vq%gr@gge?%gﬁg %o?q)g? 5@@ ,bi%ﬁe
transmt counter 325 iye counter 330, a X o] =) . a
cl ock geRISPENR) SOYReL 5??‘F[§§S a;‘? fesnrense o %ﬁ@@ﬁ%f&é‘%bb?ggﬁ%ﬁ@%éééﬁ:iaa
controller 310 are 15 autononmous finite state nmachi nes. The TAC
cont r ol | retri®as disceste sltata psesteses in theoTACIRemory 2 thand @enesates plawl clocks
generates timng control signals 320. Illustratively, the TAC controller

305 prov23es The TACTFPGA @00 provides ane @2More df thet planainclocks 230:to 336 l@nd
the receive counter 330. Illustratively, the transmt and receive counters

325, 330hg¢ e 18- tHd GFIONHEFS120] ah@8SIHRNRF SubsyBerhi thdér €edtt 25 orf tisdainting

320, the 20 transmt and recelve counters 325, 330 generate address
siggal s G3Ral 128" (Fi@%s).

FIG 5 shows the TAC FPGA 200 in greater detail. The TAC FPGA 200

comprises TAC controller 305, a PCIF (Personal Computer Interface) controller 31 0,

- a transmit counter 325, a receive counter 330, a MUX (multiplexer) 345, énd a clock

generator 365. Iliustratively, the TAC controller 305 and a PCIF controller 310 are

15 autonomous finite state machines. The TAC controller 305 receives thle master clock

220. The TAC controller 305 generates timing control signals 320. lllustratively, the

TAC controller 305 provides the timing control signals 320 to the transmit counter

325 and the receive counter 330. lllustratively, the transmit and receive counters

325, 330 are 18-bit counters. In résponse to the timing control signals 320, the

20 transmit and receive counters 325, 330 generate ad_dfess signals 335, 340 for the

timing operations during the transmit and receive modes of the TAC port 100. The

address signals 335, 340 may also be used during a non-timing mode, when the PC

11
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timng operations during the transmt and receive nodes of the TAC port
100. The address signals 335 340 may al so be used during a non-tim ng
node, when the PC 12 30, (FIG 2) is reading/witing fromto the TAC
memory 300FIGH) '§d’§ﬁ€§'¥9/wttm9: fropyto tbﬁd"b# rRemory it and receive.
counters 325, 330 are provided to the MJX 345. The PCIF controller 310
provi des a cd‘heraﬂdresgmtpms7335; 8A0mfdhlectsansmitiarub radeive gountars 325, 33Q
TAC controller 305. The control signal 5 347 is also provided to the

transni r@proviaéa ity theé MUXCB453 e BOIF coritroksri® N0 providesa conmtrolodignaldddy
347, the TAC controller 305 generates a select signal 350 which is provided

to the ﬁabﬁé&l&%%Bﬁ?ﬁ%@pé@j to‘eﬁe ﬂ%?‘ébnﬁéﬁer B0S. M-Ke 2ontrolsRiHatl

one of t ress signals C mem)ry 210 of the TAC port

toBl0 H@eaiéstn%'et“ée {octhst ﬁgﬁé%ﬁéwé??%eié«aﬁ%?a S0t oo DIGRPEES 132
330 is such that the tinmn nals for the_receive operfttlon of 1t
subsyst éhe mrfolt%emalz‘ﬁfl'é.a&\ %&W‘PVOE?'T 3@b generates q selact signal sq%ﬁfﬂ'!!c'?or

the transmt operation, w thout having to re-downl oad the TAC nenory 210.
Qut put degrovided toathd d8UKN345s himwrespomsprtosthey selectsignal 350 the leJXo%‘!ﬁ
for 15 exanpl e, may al so be used. Illustratively, an input |atch nay be

| ocat ed igpukeoné bp e atdredsssigngls 335, BACtocthe TAC rmenidirg. 2 10ohith TAQpordn
out put Iatch rray be | ocated between output signals and the TAC controller

305. They @ahj‘éés”@ﬂfhéletw thrishit €3RHTer0B25CHF thé raEeRe! dbiinted SB@RS! S

and t he [ nput may be used

10 access the TAC memory 210. The reason for having two counters 325, 330 is such
that the timing signals for the receive operation of the RF subsystem under test 25
can be easily offset against the timing signals for the transmit operation, without

having to re-download the TAC memory 210.
Output and‘ input latches {not shown) comprising an array of D-flip flops, for
15 -example, may also Be used. lllustratively, an input latch may be located between
input signals and the PCIF controller 310. In addition, an output latch may be located
between output signals and the TAC controller 365. The output latch may be used
to remove glitches from outputted signals and the input latch may be used to
synchronize all input signals to the master clock 220. The TAC port 100 may also
20 include registers and circuitry to allow the PCIF port card 35 (FIG 2) to read and write

data to and from the TAC RAM 210. lllustratively, the TAC port 100 has eight 8-bit

registers.
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synchroni ze all input signals to the master clock 220. The TAC port 100 may
al so 20 I ncl ude registers and circuitry to allow the PCIF port card 35
(FIG2) toread and wite data to and fromthe TAC RAM 2@(_)I IIIust ativel
the TAC port TheoT ASspestgt0 geperates ghe pliyral clocks230, from E(SP?SthG ock 230"
generates the plural clocks 230 fromthe master clock 220 and provi des the
| Q and @Adpmvides the,1Q1a6d\GPIO poetsol 10p12Mmwitih engeoremaredfthe genetateds
230 on the timng signal line 125 (FIG 3). In addition, other functions of

the TAC Jifal cidtks 280WiF the tifriihg Gigisal imet 125 REIG 3jarid éﬂﬂltlehj othetFuhbtioRs
30 (FIGS 2) toread/wite data fromlto TAC RAM 210 in non- tlmng node,

and r eadigigodpd A € fdr? Tddfcilide iRfdfracifig tSRePeiFY r8l 35, Sotvifghe reaey #Qd

froma In respons fo the naster clock 2

Godh | ¢ cri TaRRLATISE datacremite, TAL RAM 21 @i FofBnedd <'*esr°§'£9ek%§ff'na e

renmoved fromthe clock signals. In one illustrative enbodl ment, each signal
| evel orfrmtl'tﬁfTAQjBMﬁ\%&H prestored in the TAC RAM 210 is used to

generate one cycle of one of the plural clocks 230. That is, the plural
cl ocks 230 arthé plurabeletks230une genefratedeframya elodkegarierator 365 in responsedo
fromthe TAC RAM 210. For exanple, if a four bit data word is prestored in

the TAC {RaMnasfer élber 320 rarﬂ Q5165330 retridvidll #omabecTACSRAM 2102 afthecklock
generator 385. For a four bit data word [err] the first bit [err] of the

prestor e Aabe 968 aiSS bbrofinsS B8gMRhIMY Hlkfetidd, SWhevéih litthdd)Such as noise

10 spikes, are removed from the clock sighals. In one illustrative embodiment, each
signal leve! or bit of a data word prestored in the TAC RAM 210 is used to generate
one cycle of one of the plural clocks 230. That is, the plural clocks 230 are the
parallel output of the signal levels or bits retrieved fl.'.om the TAC RAM 210. For
example, if a four‘bit data word is prestored in the TAC RAM 210, then four clocks

15 230 are generated by the clock generator 365. For a four bit data word b,bsb,b, the
first bit b, of the prestored data word b,b;b,b, corresponds to the first cycle of the
first clock; the second bit b, corresponds to the first cycle of the second clock; the
third bit by corresponds to the first cycle of the third clock; and the fourth bit b, -
.corresponds to the first cycle of the fourth clock.

20 As an illustrative example, FIG 6 shows four clocks 230 generated from four
bit data words stored in the TAC RAM 210. For a prestored four bit first data word

being 0000, the values of the first cycle #1 ‘of the four clocks 1, 2, 3, 4, are low. For
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first clock; the second bit b2 corresponds to the first cycle of the second
clock; the third bit [err] corresponds to the first cycle of the third .
cl’'ock; and the fourth bit b4 correspongds .t e first cycle qf, the fourth
cl ock. @prestored fQurahit; secand Qﬁméﬁ%‘;%l @? 6&1 avteren the Tirst, it i dhe Tsast
generated fromfour bit data words stored in the TAC RAM 210. For a

pr est or signifieant it, Which isi&t’ainvthisi cesentherotee velues,ef the seeond cycle #2 of
cycle #1 of the four clocks 1, 2, 3, 4, are |low For 14 a prestored four
bit secgekeat,a3 wps thigh aRdthat W &lecks2, i aretlo.t Similatly, faraa prestoned ifoant
bit, which is "1 in this case, then the values of the second cycle #2 of

cl ocks ﬂg tﬁir&ro‘”aég WISy P01 66! tHin {(yef)\?é‘lgﬁ% of fhéiiSird eycleFIof dldcks 1,2, fare

prestore our brt third data wor then the values of the third

cycle #3 of clocks 1 N -1 W t ue . Air #3
of gcl oc vgaing eg“?‘"?r?%ttnpstﬂf@s%f%ﬁ #:{)ﬂgg&%&rg?sé ékﬁ%%%?@%h%%%&@li n
parallel, wherein one cycle of all the plural clocks _ 230, coryesponds t ne
fat a woplockee230,a6a autputtedinataliel Whérei e ayeleiof all-thejplusst glogks 230
retrieved and the plural clocks 230 generated, the process is repeated.
Thus, tberrpbpoads¢baniesdam)woe¢mesmeérinaheé’ﬁ@ﬂlﬁh%@r of 10 cycl es.
In the illustrative exanple shown in FIG 6, the plural clocks 230 repeat
after 6 cycl afterAthe di¥ideddita Wordsasre rptrisveld ardthespldadl dlocks 230 gedetatedhe
|Q port 1 10 through 15 the timng signal line 125. FIG 7 shows the 1Q

1 ' i | : i
port 1 ifle P%%Eﬁﬁp%m _mﬂ)m q%I g/gge 2F0peat affd d dedhiddnurdBerbs

an | Q nenofry Ition,
10 cycles. In the illustrative example shown in FIG 6, the plural clocks 230 repeat after
6 cycles.

At least ont; of these plural clocks 230 is provided to the 1Q port 110 through
15 the timing signal line 125. FIG 7 shows the 1Q port 1 10 in greater detail. The 1Q port
110 comprises an 1Q FPGA 400 and an IQ memory 405. In addition, the two DACs
140, 145 and the two ADCs 160, 165 (also shown in FlG-3) provide an interface
between the RF subsystem under fest 25 and the BB simulation subsystem 40 (FIG

3) containing the IQ port 110. |
20 lllustratively, the 1Q memory 405 is configured from three 256k x 4bit RAMs
to effectively form a 256k x 12 bit RAM. The lQ po'rt 110 is configured to generate

and/or receive analog data on the | and Q channels.
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140, 145 and-the two ADCs 160, 165 (also shown in FIG 3) provide an
interface between the RF subsystem under test 25 and the BB sinulation
subsystem 40 (FI G 32: cont ai ni ng t he IQe port 110. 20

Il lustrati vel'éh DACsJd Ap mey be 18Pt PASs usednteriraasmitok apdsQ darms
to effectively forma 256k x 12 bit RAM The 1Q port 1 10 is configured to
gener at aespeétively e te tivee Rkrsaibsysterh ainder tast 25 aTtheADICs 80,5165 map beh0 BACs
140, 145 may be 10 bit DACs used to transmt | and Q data, respectively, to

the RF sAbEgswhishredeiveliaid G datd, 1RspBEEivdIG) frohd théRF seBsyStdh undeFtesteh

receive I and Q data, respectlvely, romthe RF subsystem under test 25.
[l lustr h f
Fesorut ﬁhh%ﬁxe'& tofiRce to, 145 408 ABTS 180 165 dumitiR A b YeBbiytion g
ran e of 5 volts. LPF Pa Filters 0, 415 are_connec

D ACCONNSTSIRmAY IS ML ABONS eYen Axeltae sings of Brvalihy, oo (Lqwiass
450 455 are connected between the ADCs 160, 165 and the RF subsystem under-
test 25.Filtars) 419; 415 are connacted hetwvesry the DACS 340e 1145nend the REsuhsysterss

filter wwth a cut-off frequency of 200 KHz. 10 - The 1Q FPGA 400

recei vesunder tegt 25 ndh additian)cLRFs450, 55 ate connedted betvédre thar ARCs clalk
220. The timng signals on the timng signal line 125 may be one or nore of

the plurpssdreritie RFGUbsyStent urfder $88€£28! eE'aél'Y LPFQl1U\C4139rh5é0Q59 fh

transnit node, in response to one or nore of the clocks 230 (receive 15

on the t50dd iRk Bhad 5w tadk MEN WS cO¥-JFf FrelionBy'df é@@ kHfle | Q port

110,
10 The 10 FPGA 400 receives timing signals on the timing signal line 125 and the

master clock 220. The timing signals on the timing signal line 125 may be one or

more of the plural clocks 230 (FIGs 5, 6) generated by the TAC port 100.

In the trans;nit mode, in resbonse to one or more of the clocks 230 (received

15 on the timing signal line 125) generated by the TAC port 100, the 1Q port 110,
retrieves the prestored discrete | and Q samples from its IQ RAM 405. lllustratively,

a counter of the 1Q FPGA 400, responsive to one or more of the plural clocks 230,

counts through a sequence of states. Each state forms an address in the IQ memory

405 used to retrieve one sample. The prestored discrete | and Q samples retrieved

20 . from the IQ memory 405, rather than representing compressed versions of analog
signals, represent full resolution versions of the analog signals for transmission by the

RF subsystem under test 25. lllustratively, the prestored discrete | and Q samples
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retrieves the prestored discrete | and Q sanples fromits |1 Q RAM 405.
Illustratively, a counter of the |1 Q FPGA 400, responsive to one or nore of
the plural clocks 230, counts through a sequence of .states,.. tate .
for e aSOSRRPAS to;AdIeS WVAIRTS SiEH S BA0HEAN dvavesotmsn Laistd SasefEsine
prestored discrete | and Q sanples retrieved 20 fromthe 1 Q menory 405,
r at her M%V\efpé'mse%‘l‘rti ng conpressed versions of anal-og signals, represent
full resolution versions of the analog signals for transm ssion by the RF
subsyst em undarcomjanction withuthe aDACs! 140, 4%, ¢he dQ:ait st teoriventsi e@ch
sanpl es 16 correspond to anal og waveforns such as gaussi an wavef or s,

rai sed GgfidVadidiserdte Maeehosdifplesits- thearfelog Wraishtif sitirials Lhend4Ca30} @40,
145, the I'Q port 110 converts each retrieved discrete | and Q sanples to

| artnoo (eraQya; erhBTa <l BRENGEH aidee d g @ samrlios ISIORU SO

| Q menor 5 in seguence. These |latche ut put t retrieved. di screte
o O < e IEameme AL it seguerive, «Endet tdhies Sutaut thnelied gfgerethd and o
reconstructs the analog transmt signals [err] and e{gé]A 430, 440 fromthe
r et ri evezéraplgsisinulianeously o the DACS 148; ddS: i Pé\ésa « L4P sacenstayetsdhe
signals. 10 The analog transmt.signals [err] and [err] 430, 440
ar e out paridleg tfansmit isigriadCiy; dntDq, 489, 440 froen HiRF-settitved sBtnples Whicheaarerthe
The LPFs 410, 415 output the analog transmt filtered signals [err] and
[err] 55ﬁul|%sﬁﬁﬁﬁ)rﬂe?ée?érﬁ%ti%naéﬂaﬁélog'@gnélgs’i| og transnit filtered signals

[err] and [err] 55, are then outputted to the RF subsystem under test
251 0] The analog transmit signals i; and q; 430, 440 are outputted from the DACs

)

140, 145, to the LPFs 410, 415 for filtering. The LPFs 410, 415 output the analog
transmit filtered signals i and q 55, 60 (see also FIGs 2 and 3). The analog traqsmit
filtered signals ic and g; 55, 60 are then outputted to the RF subsystem under test 25.
The low pass filte;s 410, 415, which filter the analog transmit signals i; and qT 430,
15 440, filter out noise and high frequencies from the analog transmit signals i and q¢
430, 440. This smoothens the analog transmit signals iy and qr 430, 440 and
provides the analog transmit filtered signals i and g, 55, 60.
In the receive mode, the LPFs 450, 455 of the 1Q port 110 receive baseband
analog receive signals 460, 465, respectively, from the RF subsystem under test 25.
20 The LPFs 450, 455 output filtered baseband analog receive signals iz and Qr 65, 70
(also shown in FIGs 2 and 3), respectively. The low pass filters 450, 455 filter out

noise and high frequencies from the analog receive signals 460, 465, respectively.

16
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The | ow pass filters 410, 415, which filter the analog transmt signals
[err] and [err] 430, 15 440, filter out noise and high frequencies from

t e anal transmt sjgnal err] and r 4 440. Thi,s shogfhens the
bnal oo 1T Binsmeotepsihd anelag faashvg SanhisARD. 488, andibrdsalis flrerestmcsye
transmt filtered signals [err] and Eerr 55, 60. In the receive node, the
LPFs 450basgtmner analeg|signalstiz and qe65i V9. bIbeAREsate0.od 6bcebtha IQinprhi1d0
460, 465, respectively, fromthe RF subsystem under test 25. 20 The LPFs
450, 455rgpeiveithd basebart hnalolgaedeiveasigpalsdg andays69170s réspeadtivedy] from the
65, 70 (also shown in FIGs 2 and 3), respectively. The |l ow pass filters
450, 455| pE4 480, @85.n0i se and high frequencies fromthe anal og receive
signal s 560, 465, Trespectively. 17 This snoot hens the anal og receive

"L OB < 400, sgBHSe B B b Alel ihe BBl S3pE AT SRR RRle feRbtle
e borr Bhoaesnariu By n A hob 180, KR A G 10166 bl 8
(received on the timng signal line 125 .andzst_gener ated b_qut he TAC port 100,
t he ADCsconvertbs receivied basghand analpgcsignalstiztangd ae &S, v&Q todhebsequencel of

signals [err] and [err] 65, 70 to the sequence of discrete | synbols 150

and t he disgretecksyinbolss 456t and)thy seguente of dissrstetQ\sympbglsl 55 s hespecdtivelyt G
3). The sequences of discrete | and Q synbols 150, 155 may be 10 stored

bt RS SRR TR dhlcpd Momapmeate D siragngts 187y O

f 78 t hes{o(?ed in the IQ memory 405. Alternatively, these sequences of discrete | and Q
syrrnbols 150, 155 may illustratively be transferred to the PC 30 (FIG 2) from the IQ
memory 405 via the PCIF card 35 for analyzing the ability of the RF subsystem under
test 25 to receive one or more carrier signals and to demodulate | and Q analog
signals therefrom.-

15 #IG 8 shows a block diagrarn of the GPIO port 120. The GPIO port 120
comprises a GPIO FPGA 500 which has a pseudo-random bit sequence (PRBS)
generator 510, and a Phase Lock-Loop (PLL) register 520. The GPIO port 120 also
comprises a plurality of DACs. Illustrative'ly, four DACs 530, 535, 540 and 545 are
provided. The GPIO FPGA 500 receives the master clock 220 supplied by the external

20 source 52 (FIG 3). In response to one or more of the plural clocks 230 (shr>wn in FIG

5 and generated by the TAC port 100), received on the fiming signal line 125, and the

master clock 220, the GPIO FPGA 500 p'rovides_digital signals to the DACs 530, 535,
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menory 405 via the PCIF card 35 for analyzing the ability of the RF
subsystem under test 25 to receive one or nore carrier signals and to

deénodul at e | d_Q anal o ignals therefrom 15 Fl G 8 a bl ock
G nor amBd0. 4. CEiemaster sisk 246 apdanan more st theplurebaloskeZ MRekatsn
whi ch has a pseudo-random bit sequence (PRBS) generator 510, and a Phase

Lock Lodhe RRBS gepgtator 5 1€pand the Rtk egister 52000 the, GRIGFPGASQ0 tp putput y
of DACs. Illustratively, four DACs 530, 535, 540 and 545 are provided. The

CPI O FPEPRES sﬁ%aiiam ahli@ PES binat 566K résiiactiviey.i Hilistnativiedy cthiecPRBS sighal

source 52 (FIG In response to one or nore of the plural clocks 230

shown i k : n Tr ; 0 AT ATy
(Eroun 8o WEyinadth B, i 15y IS Poghud 0820 ooe2y e oot b

digital signhals e DA 3 5 . 540 5 I 0
and one FiPURGeca o bilcedstel PAL Biopd); Bo5-usd i & o lack e B e &6
And o PlAUBSYETA Wkler test AR | Uha FRBS pianel 50, ang. Pk sichalPEE BreSadipry
and a , [ . : '¥Fs
random bit streans, and the PLL register 520 is a 21 bit register which 5
pr ovi dedigitalisighalss®60 girovidedstogthe REsibsystem undesitast 2bock | oop circuit
of the RF subsystem under test 25. The PRBS signal 550 and PLL signal 555

are auxil i ar yTkd DIACE 53005355 54Q) 545 pialdde naxiliapy Basehdred analogLsigeals (56EH.
25. The DACs 530, 535, 540, 545 provide auxiliary baseband anal og signals

g?ghargegzyoépgirliﬁfw bBSSEAR Aty Signals Y andtheddiikifdly digithl sighuisB60 fatm
10 the auxiliary signals 170 shown in FIG 3. llustratively, the DAC 530 provides a
power amplifier (PA) siénal 570 which controls the amplitude and slope of a pulse
used as a-control signal for a power amplifier of the RF subsystém undgr test 25._ The
DAC 535 provides an AGC signal 575 used in an autorﬂatic gain control circuit of the
RF subsystem uncier test 25. The DAC 540 provides an AFC signal 580 used in an

15 automatic frequency control circuit of the RF subsystem under test 25. The DAC 540 .

is a spare to be used for providing additional signals as needed.

The GPIO port 120 may also contain additional elements, such as monitor ports
and interfaées for synthesizers. For example, the GPIO port 120 may have an 8-bit
.monitor port which latches digital status signals outputted from the RF subsystem
20 under test 25. The monitor port is synchronized to the master clock so that its status

may be reported at a desired basis.

FIG 9 shows an i or q analog signal 600 which represents the received

18 :
\
This Sheet H. B een

i



10 the auxiliary signals 170 showmn in FIG 3. Illustratively, the DAC 530
provi des a power anplifier (PA) signal 570 which controls the anplitude and

sl'ope of a pulse used as a control si I, fo0 wer Lifi the, RF
subsystkaseband @“@E@ reagiverfigng Rﬁiﬂﬂ%\z éi@i F%@%@@%?gﬁgﬁi\%%ﬂﬁgg&n?ql'e,an
automatic gain control circuit of the RF subsystem under test 25 The DAC
540 pr cthieds®Carl 60:(1 65 gample tae apalog sigaal 600 to farmensampled signal810cdiher ol

circuit of the RF subsystem under test 25. The DAC 540 is a spare to be

used f ofamrpledisigngl 610l répresehtssti@séquences afdliscreté & ol fymbiols 180, 1865 off so
contain additional elenents, such as nonitor ports and interfaces for

Synt hesig®y S eak gsiaﬁ@m 8 digifdl ValdhR@ i stbeéd iy particulan a8dhiss dfairiePionyor t

whi ch latche tal status signals outputted fromthe RF subsystem 20

under test,k25. Th [ ot rdyl 9y S ' t Og: I hat
781 ooy e BBV 05 3 120 PR SRS, et elgiec8 20 r3ka Ve 0
signal 600 which represents the receiyed 9, basehand anal,oq recgeive

si gnal sof ety This yalue)mgy b?(feresleF@%‘X%Vaﬂds %?'t Fﬁﬂ'fﬁewloé ei‘%"qﬁﬁ’d@?e {pest
ADCs 160, 165 sanple the anal og signal 600 to forma sanpl ed signal 610,
The sangipaificangrbit is a0sigapbit swhersin e’ Feindicates anegative aumbenr Using 1Hisi s
150, 155 of FIG 7. Each sanple is a digital value and is stored in a

par ti cujjastratide exangplepthevalue 51 of the ditst samplee6R2Q iRARpreEentéd ByGl 9) .ankbr
exanple, the first sanple 620 has a value of -1. This value may be

L35 S e f i R OSNEET, natoh anndet o i
10 to represent signs and magnitudes, two’s compliment notation may by used.

The second sample 625 has a value of 1, represented by the digital word 001
which is stored in address 1 of the IQ RAM 405. The third, fourth and fifth samples
630, 655, 640, have a value of 2, represented by the digitél word 010 which are
stored in addressés 2, 3 and 4. In a similar fashion, digital words or symbols
15 representing the value of the sampled signal 610'are stored in particular address
locations of the 1Q RAM 405. The stored data, rather than representing compressed
versions of the r'ecéived ba#eband analog receive signals iy or g 65, 70, represent full
resolution versions of the received‘ baseband analog _receive signals i, or g 65, 70.
" The stored data is routed to the PC 30 through the PCIF card 35 for analysis to

20 determine the proper operation of the RF subsystem under test 25 (see FIG 1).

The reverse operation occurs in the transmit mode, where the 1Q port 110

supplies the RF subsystem under test 25 with the analog transmit filtered signals i¢

-
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il lustrative exanple, the value -1 of the first sanple 620 is repreésented
by 101 and is stored address 0 of the 1Q RAM 405 (FIG 7). Alternatively,

i nstead of using bits 10 to represent signs and nagnitudes, two's

conpl i andtqn95a60cshowmn ihyFlGse2, 3Tlaads2cothe peegtbeedsdiscnete hand| Qesanhples
represented by the digital word 001 which is stored in address 1 of the 1Q

RAM 403 30The3% hitoeed v the NCRRAA 40B Sontdire Fult Fesofition Géfsions(rather ahar of
2, represented by the digital word 010 which are stored in addresses 2, 3

and 4. lcbpnﬁ']e%%ae b@FSIéﬁégif%g’ltgl% s‘eﬁraﬁj?rtfgr %‘é@gﬂeﬁd %ﬁa‘o{%ééﬁéﬁswél‘\ 3¢

t he va nal are s ore particu

| ocati gns of 405. T d data ther t resentin
conpreiﬁgenemﬂgné“ o shewn o hew B A am%'r’gg"%%@f% k GREfsples)

[err] 65, 70, represent full resolution versions of the received
b§sebal’6€ anpadigularc st ok isgmples| erfhessr apalog) waveformsTgan syaivedrom: anes
routed to the PC 30 through the PCIF card 35 for analysis to 20

det er nicoenminaiqatione systeen dtoi anotiert h&oRAnstances tthen analog wayefaing Lan beG
1). The reverse operation occurs in the transmt node, where the |1Q port

110 supusSrani wavEYorfid) yiisbd Bosiiitewalefdrmis) etc! ITHe RC BCFIG 1) 'conyites the
filtered srgnals [err] 20 and [err] 55, 60 shown in FIG 2, 3, and 7.

The pr es%%qﬁfeﬁ@ ro%t?reke PEnQ P ErRples 39301 3P38! Yepreddhtimdfs th%Mé\gé

contain Ut I on ver Sl OI’IS (rather t han COITpI’ essed versions)

i Shta?'vsswe"%rﬁ\%f’rﬂas&%’@ o &Eb@%ﬁﬁiﬁgﬁ&%@# #ﬁ?{?éﬁgr%‘isf%@ﬁa%%

to a particular set of sanples. These anal o vef or ns an va from one
10 P illustratively stored in cgr?secutive addresses sg twgt they can e easn{yy retrlevec? ?)

the 1Q FPGA 400, shown in FIG 7, on a sample by sample basis.

" The analog trensmit filtered eignals ir and q; 55, 60 (shown in FIGs 2, 3, and

15 7) are generated from the full resolution discrete sequence of samples preétored in the
1Q RAM 405. Each prestored sample is represented by a digital word. For example,

the digital word 101 represénts a pulse having a value of -1. Ters, retrieving the

digital word 101 from address O of the |Q RAM 405 produces a pulse having a value

of -1. Similarly, a digital word 001 retrieved from address 1 of the IQ_RAM 405
20 causes generation of a pulse having an amplitude of 1. Retrieving the prestored digital-
samples reconstructs the digitized or sampled signal 610. Thereafter, the DACs 140,

"145 (shown in FIGs 3 and 7) convert the sampled signal 610 to the analog signal
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communi cation systemto another. For instance, the anal og waveforns can be
gaussi an waveforns, raised cosine waveforns, etc. The PC 30 (FIG 1) .
conput es the sequences of discrete | and Q sanples 130, 135, representing
t hese 68kl og waveforms, and stores themin the | Q RAM 405. The sanpl es of
each waveformare 10 illustratively stored in consecutive addresses so
t hat they (hisliaveatiohyhasmary cdiviantages.| QTheGaveotiye shaseband BinBulatioon a
sanpl e by sanple basis. The analog transmt filtered signals [err] and .

[err] sapsySfbrh ENBWS testingGan RF subsyderhSwitho(t the e fordts domplémeRtariul |

resolution discrete sequence of sanples prestored in the 1 Q RAM 405. Each

" S B B TSSO oy OB e

wor d p avil ng retrieving
digital word 101 fromaddress O of t | Q 40 r oduc apul se having a-
Bul'ue Gomplemestary bapgband SHERYaIPmyodBusothe SeveIRAENeRt 8f il A cedsySiim r

| Q RAM 405 20 causes generation of a pul se having an anplitude of 1.
Ret r i dgineg hindetedcby dhe tinavgilabiity; afitsceomplasnentary thasepand; sybsystamor
sanpl ed signal 610. Thereafter, .the DACs 140, 145 (shown in FIGs 3 and 7)

convert thdnzigitien, thegnuéntite® basebdred sinmilatjionisypbslystem 2xtativelyitests the
‘invention has many advantages. The inventive baseband sinulation subsystem

al | owsRt @aibisPste® Urider URSiridlcoperating Usonditionse@ntodllows tesubrlbshieating Yand
baseband subSystem This allows devel opi ng the RF subsystem i ndependent

f romRi:‘iésl{,%'s'? é’%ﬁ?érem it paESH5il THEENG! e"i"his@l!bﬁus%‘éﬁn@ﬁ%ﬁhm RE .

t he

10 subsystem which may result in refinement of the baseband subsystem design.
Refining the design of a baseband subsystem is more cost effective than refining an

already realized and constructed baseband subsystem.

Furthermore, ;che invention allows validation. of an RF subsystem which in turn

15 can be used to validate a baseband subsystem. Having a validated RF subsystem,
~ which is tested to function properly by the inventive baseband simulation subsystem
reduces validatioh time for an actual baseband subsystem under test, since a.ny faults

can be attributed to the baseband subsystem under test rather than to the RF
subsystem. Thus, the task of debugging and prototyping are made easier and less

20 costly.

The above described embodiments of the invention are intended to be illustra-

_tive only. Numerous alternative embodiments may be devised by those skilled in the

21
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is not hindered by the unavailability of its conplenentary baseband
subsystem |In addition, the inventive baseband sinulati on subsystem
extensively tests the RF subsystem under nornmml operating conditions, and
al | owsart (witheut dgparting frem 30 spifithand scape afithe follewieg ¢lais.fai | testing.
This allows refinenment of the RF 10 subsystem which may result in '
refi nement of the baseband subsystem design. Refining the design of a
baseband subsystemis nore cost effective than refining an already realized
and constructed baseband subsystem Furthernore, the invention allows

val idation of an RF subsystem which in turn 15 can be used to validate a
baseband subsystem Having a validated RF subsystem which is testéd to
function properly by the inventive baseband sinul ati on subsystem reduces
validation tine for an actual baseband subsystem under test, since any
faults can be attributed to the baseband subsystem under test rather than
to the RF subsystem Thus, the task of debugging and prototypi ng are made

easier and |less 20 costly. The above descri bed enbodi nents of the
invention are intended to be illustra- tive only. Nunerous alternative
enbodi nents may be devised by those skilled in the 22 art wthout

departing fromthe spirit and scope of the follow ng clains.
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23 CLAIMS The clained invention is: 5 1. A process for generating an
arbitrary anal og waveform conprising the steps of: generating a sequence of
di‘'screte sanples by a conputer representing a full resolution unconpressed
version of said arbitrary anal og waGEAIMS storing saird—futt—resolution
unconpressed di screte sanples in a nmenory, counting ou _
counter to retrieve said full resolution 10 uncorrpr‘%lii'iﬂ Iﬁﬁmﬂﬂwlﬂll
sanples fromsaid nenory, and converting said retrieveds n
unconpfﬁé%fgn@dsm,ghﬁoﬁqﬁpl es to said anal og waveformby a digital to

anal og converter. 2. The process of claim1l wherein said anal og waveform
sinmul ates an out put of 15 a baseband subsystem of a conmuni cati on devi ce
and wherein said process further conprises the step of transmtting said

anal og_waveformto ?n RF subsystem of said com*runigcat i on devi c% for
mBdul ali on HPregessfargenesating an arbitrary analog waveform comprising the steps of:

generating a sequence of discrete samples by a computer rgpréSenting a full
resolution uncompressed version df said arbitrary analog waveform,
storing said full resolution uncompressed discrete samples in a memory,
counting out addresses by a c.ounter to retrieve said full resolution
10 uncompressed discrete samples from said memory, and
converting said retrieved full resolution uncompressed discrete samples to said

analog waveform by a digital to analog converter.

2. The process of claim 1 wherein said analog waveform simulates an output of
15 a baseband subsystem of a communication device and wherein said process further
comprises the step of transmitting said analog waveform to an RF subsystem of said

communication device for modulation on an RF carrier.
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