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"1 5 " A BASEBAND SI MULATOR ARCHI TECTURE FOR TESTI NG A RADI O

+ FREQUENCY SECTI ON OF A MOBI LE COVMUNI CATI ONS TRANSCEI VER 10 15 20 Field of
"\t he Invention The present invention relates to a systemfor testing a radio
frequency (RF) subsystem of a transmitter/receiver device such as a nobile

conmuni cati ons 25 transm tter/receiver. The present invention also
relates to a system and nethod for
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Field of the Invention
The pfesent'invention' relates to a system for testing a radio frequéncy (RF)
subsystem of a transmitter/receiver device such as a mobile communications
25 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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" generating an arbitrary anal og waveform The present invention also relates
- to a system and nethod for generating a set of clock signals. 2
> Background of the Invention FIG 1 schematically illustrates a

f?wﬁwmw ce 10 of FIG1 is a transceiver (i.e. ., a
phone or personal digital as\grlstcgnz OE gEDAI)Oar El'htca)f dgwcglal lii)a(r)f pEloge cor aless
FIG 1 schematically illustrates a communications device. The device 10 of FIG
1 is a transceiver (i.e., a transmitter and a receiver) which forms part of a cellular
phone, cordless phone or personal digital assistant (PDA). The device 10. of FIG 1
5 may be viewed as comprising a baseband subsystem 12 and an RF (radio frequency)
subsystem 14.
in the transmitting mode, the baseband subsystem 12 receives data from a
source and codes the data in a sequence of in-phase (l) and a s_equénce 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 demodulates from the received_ RF carrier signals a sequence of | and Q
symbols. The | and Q symbols are delivered to the baseband subsystem 12 which
15 decodes these | and Q symbols to regenerate source data.
For a variety of reasons it may be desirable to providé 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
subsyst_ems rﬁay be designed separately. Under such circumstances, it may be
20 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

the RF subsystem separately so that faults in the RF subsystem can be more easily
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"5 may be viewed as conprising a baseband subsystem 12 and an RF (radio
frequency) subsystem14. In the transmtting node, the baseband subsystem
~12 receives data froma source and codes the data in a sequence of in-phase

(1) and a sequence of quadrature (Q channel synbols. The | and Q channel
synblocated @ndhidentifigdi 0 t he RF subsystem 10 14 whi ch nodul ates these

symbol s onto one or nore RF carrier signals for rempte transmssion. In the
recei vi ng Avededinighe, iRis anibbject afithé preserdi invention torprowide &eystem which
signals and denodul ates fromthe received RF carrier signals a sequence of

I and;: I | lakii ' ;
Lan %'s’tﬂéﬁ"q*%% \Al/%?sce'r?%d sw@s&mﬁW@bsm®ﬁatubnermsa.¢m baseband

5 m_mmgf_thsmtjo_ﬁ

This and other objects are achieved by the present invention. According to one

embodiment, a baseband simulation subsystem is provided for testing an RF
subsystem of a communication device, such as a cellular telephone, cordless
telephone, etc. llustratively, the inventive baseband simulation subéystem is

10 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,

such as the PC via _th'e PCIF. The baseband simulation subsystem stores the received

15 samples in a memory. In a transmit mode, the baseband simulation su_bsystem
retrieves these prestored samples and generates therefrom analog baseband signals

using digital to analog conversion. The baseband signals simulate inputs to the RF
subsystem under test. In response to these simulated analog baseband signals
inputted into the RF subsystem under test, the RF subsystem under test outputs RF

20 band signals. In a recei\}e mode, the RF subsystem receives RF band signals and
demodulates these signals to génerate analog basebahd signals which are supplied to

the baseband simulation subsystem. The baseband simulation subsystem converts
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“15 - decodes these | and Q synbols 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 wi thout the baseband

the edmenlye fAB Hsehihl Hordls g Ehere bafollls T SSR Saoleh AR o
he beioEeh a the aoRobyOf ha hasehsnd SuFuslan, sibeygrem. par/d eI oo
subsystemis available, it may be desirable to test the RF subsystem
separ BCefloy analysist faults in the RF subsystemcan be nore easily
lllustratively, the baseband simulation subsystem includes three ports: a timing
5 and control (TAC) port, an 1Q port, and general purpose input output (GPIO) port. The
TAC port includes a TAC FPGA (Field Programmable Gate Array) and a TAC memory.
The TAC port receives a master clock signal from an external source and generates
plural timing'and control signals (i.e., plﬁral clocks) therefrom. |

The TAC port also includes at least one counter which is connected to an

10 address input of the TAC memory. The counter and memory of the TAC port
cooperate to generate the plural clocks. The plural clocks ére 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,
including one sign—all level for each clock to be generated. The TAC port outputs the

15 retrieved signal levels, in parallel. These plural signal levels form the plural generated
-clocks.

The 1Q port includes an IQ FPGA 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
the clocks generated by the TAC port, the 1Q port retrieves from its IQ memory

20 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

forms an address in the |Q memory used to rei_:rieve one sample. The retrieved

e
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3 located and identified. Accordingly, it is an object of the present
I nvention to provide a system whi ch simul ates a baseband subsystemin a
-~ comuni cati ons transcel ver. Sunmary of the Invention This and ot her

2 bads Rl LA G Rt t%‘?gé’%'ﬁsf BimyBYES Didage 6 e Rkl ByRIORF T

ot c. SUBBYEEP i Y';é’s‘i ndheniGnefucstiabnly” e e nafe HBERC torandod
converters (DACs) which reconstructs transmit analog i and q signals from the
retrieved diécrete | and 'Q samples. The transmit analog i and q signals are then

5 outputted from the 1Q port to the RF subsystem. |

in the receive mode, the 1Q port receives analog i and q signals from the RF

subsystem. The IQ port illustratively alsb includes analog to digital converters (ADCs)
which, in response to one or more clocks generated by the TAC port, sample the
received analog i and q signals and convert them to receive discrete | and Q samples.

10 These receive discrete | and Q samples may be stored in the |Q memory.
Alternatively, the receive discrete | and Q samples may be transferred from the 1Q
memory to the PC via the PCIF for analyzing the ability of the RF subsystem under
test to demodulate the RF carrier signals to output the.receive analog i and q signals.

The GPIO ;;ort includes a GPIO FPGA. The GPIO port exchanges auxiliary

15 discrete data with the PC. The GPIO port also exchanges auxiliary digital and analog
signals 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 auxiiiary-analog signais are, for example, control signals for various circuits in the

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

20 frequency control.
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" 10 connected, via an interface card, such as a Personal conputer
interface card (PCIF), to a conputer system such as an | BM PC conpati bl e
rcomputer, system The baseband sinulation subsystemis also connected to

t he Iﬂﬁe‘fw%ﬂmmaﬂme Diatvinghe baseband sinul ation subsystemreceives
discrete sanples froma source, such as the PC via the PClF. The baseband
ransm ¢ ader SRIAEE LOA et el ERfin(Fidiong ofRBRET . 0o hese i est or ed
anal 06 com6r & SPPIGR. 18 cBLERENORGHANs OF, fuparebaD EUIRHAr SURBYSTRISy ot e
under test. In response to these sinmulated anal og baseband signals inputted
i nt o aceerdingstaran embediment of the preseat igventien ta amRisithsystem undestest; Rr
b FIG 3 depicts the architecture of the baseband simulation subsystem of FIG 2;
FIG 4 depicts a block diagram of the timing and control port of FIG 3;
FIG 5 depicts the timing and control port of FIG 4 in greater detail;
FIG 6 depicts plural clocks generated by the TAC port according to the present
invention; |
10 FIG 7 depicts a block diagram of tﬁe IQ port of FIG 3;
FIG 8 depigts a block diagram of. the GPIO port of FIG 3; and

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

Detailéd Descrigti;n of Preferred Ehbodiments
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
of a communication 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 interface) card 35 and a BB (baseband) simulatidn subsystem 40. The BB
20 simulation subsystem 40 is connectéd to the RF subsystem under test 25. The BB

simulation subsystem 40, in conjunction with the PC 30 and the PCIF 35, teéts the

RF subsystem 25.
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signal s and denodul ates these signals to generate anal og baseband signals

band signals. In a receive node, the RF subsystemreceives RF band

:which are supplied to the baseband sinul ati on subsystem The baseband
simulatio

di screte igﬁg‘?bojﬁ%%?egfﬁqéﬁ{ tg{s_ «? % It'ggv ﬁ%ﬁ%@nﬁhogﬂ&'%sﬁ@ﬁ?ﬁng°§wg&gés He

baseband si qul %é%rb Subsystem and/or_supplied to the PC for anal ysis.

10

15

20

system. The is connected to the PCIF card 35. The PC 30 provides data and

command signals on a PC bus 45 that control operation of the BB simulation
subsystem 40. In addition, the PC 30 illustratively analyzes data received from the
BB simulation subsystem 40. More than one cémputer system or PC may be
connected to the PC bus 45 to perform these functions.

The PCIF card 35 is connected to the BB simulation subsystem 40 via an
interface bus 50. The PCIF card 35 interfaces between the PC 30 and the BB
simulation subsystem 40. The PCIF card 35 is designed to rbute and convert data
and control signals to compatible formats 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 subsysf—em 40 via the interface bus 50. The BB simulation subsystem 40
also receiyes 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 q; {(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 discrete | and Q samples stored in a memory of the BB simulation
subsystem 40. The prestored sequences of discrete | and Q sampleé represent
simulated messages for transmission by the RF subsystem under test 25. The

prestored sequences of discrete | and Q samples, rather than representing compressed

e
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“Illustrativel y, the baseband simulation subsystemincludes three ports: a
timng 5 and control (TAC) port, an 1Q port, and general purpose input
.output (GPIO port. The TAC port includes a TAC FPGA (Field Programabl e

Gate Array) and a TAC .ne . The TAC port recejyes a, master clock sjgnal
Fr om Lhrsiiris. P Aralga wEVIRtet, angseages. Bocesent il tsalitatm Gl ofHe AgRlas
(i.e., plural clocks) therefrom The TAC port also includes at |east one
count Bies@pges fors trapsmissien byhthe REcsubsystemeaenderiest 25. (The BRsimpilation The
counter and nenory of the TAC port cooperate to generate the plural clocks.
The pkubsysteimnd4@getrievesytheprestared discriete | andt@rsaohples frorh dtsTivenuarydred

cycles through its count state. For each count cycle, the TAC counter

retri gyRverts MWern'® driffogRratismit Filtered signafs RaRd ¢ 55.260! TH RF subsystem

5 | under test 25 modulates the analog transmit filtered signals i and g; 55, 60 onto one
or more RF carrier signals.

In a receive mode of the baseband simulation system 20, the RF subsystem
under test 25 demodulates one or more RF signals which carry baseband analog
signals i and gg 65, 70 modulated on RF carriers. The demodulation of the RF signals

10 produces the baséband analog signals iz and qg 65, 70 which are supplied to the BB
simulation subsystem 40. The BB simulation subsystem 40 converts the baseband
analog receive signals iz and qg 65, 70 to sequences of receive discrete samples. The
sequences of received discrete samples are provided to the PC 30 (vié the interface
bus 50, the PCIF card 35, and the PC bus 45) forlanalysis. 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, an1Q port 110
20 and, a GPIO port 120, where GPIO is General Purpose Input/Output. These three .
ports, (the TAC, 1Q and GPIO 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

} This Sheet Has Been Reﬂlaced
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“i ncl udi ng one si ghal | evel for each clock to be generated. The TAC port
out puts the 15 retrieved signal levels, in parallel. These plural signal
-levels formthe plural generated clocks. The 1Q port includes an | Q FPGA

and an_l r onLt ceive eas g4 h | ¢l ocks.
-t nsp PaRBIVE e, RSt oRBK, 3aBCol I kiRl 8o 2 FfsEey Bi€a
the TAC port, e 0 trieves fromits I Q nenory 20 prestored

di scr@aégq" @ﬁﬂﬁg%é%geg qﬁ?&&%ﬁ'ﬂ?é‘-y, a counter responsive to a clock
signal generated by the TAC port counts through a sequence of states. Each
stat e f or ntn easpangedosthermaster|alpckrtiveyTAEcpbrt d 0 geherates all oftivel timinkhe

e ii\;ioalls for the RF subsystem under test 25; and for the BB_simuIation subsystem 40,
5 i.e., for the 1Q port 110, and for the GPIO port 120. The timing signals, also referred
to as' plural clocks, are provided on a timing signal line 125. [llustratively, the TAC
port 100 generates 16 fully programmable timing signals; 8 for transmit functions and
8 for receive functions. |
Iin the transmit mode, in response to one or more of the timing signals present
10 on the timing signal line 125, the IQ port 110 retrieves sequences of prestored
discrete | and Q samples 130, 135 from its memory. The retrieved sequences of
discrete | ahd 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 seqt.-lences of discrete | and Q samples 130, 135 are outputted from the
1 5' 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 transrﬁit filtered signals iz and g 55, 60 (also shown in FIG 2). The analog
transmit filtered signals i and q; 55, 60 are then outputted to the RF subsystem under
test 25.
20 In the receive mode, the 1Q port 110 receives the baseband ahalog receive
signals i and dg 65, 70 {also shown in FIG 2) from. the RF §ubsystem under test 25.

The received baseband analog receive signals iz and qi 65, 70 are converted from
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"5 discrete | and Q sanpl es represent a sinul ated nessage to be transmtted
by the RF subsystemunder test. The 1Q port illustratively also includes
.digital to anal og converters (DACs) which reconstructs transmt anal og i

anal Qa9 ferfg v A RedlenzB ot tcﬁgﬁg‘sm d g%ff"?iﬁaem% Fo0; TR Beadalbe b -

subsystem In the receive node, th ort receives anal o and jgnal s
Tt omcanvaters JAIGHIHBOT BB tssRactively . Thecdisgits SHaRIos aee thes SIrREbls (o

digital converters (ADCs)
a memory forming part of the IQ port. Alternatively, the discrete samples are

transmitted from the |Q memory to the PC 30 via the PCIF 35.

5 The GPIO port 120,.in addition to receiving the d'igital data and control signals
via the interface bus 50 from the PCIF card 35, also supports the transmission of
auxiliary digitél and baseband analog signals 170 to the RF subsystem under test 25.
DACs (not shown) may. be connected between the GPIO port 120 and the RF
subsystem under test 25. These DACs convert digital signals to auxiliary sig-nals 170

10 for transmission to the RF subsystem 25. lllustratively, the auxiliary signals 170 are
control signals for various circuits in th.e RF subsystem under test 25, such as a power
amplifier, an automatic gain control, and an automatic frequency control. The GPIO
port 120 may also contain additional elements, such és monitor ports and interfaces
for synthesizers. .‘

156 The TAC port 100 generates plural clocks which are synchronized to the master
clock that is supplied by the external source 52. The plural clocks are generated in
cooperation with counters and a memory which has _prestbred discrete signal levels

~as explained below.
lllustratively, the TAC, 1Q and GPIO ports 100, 110, 120 are each implemented

20 using a Field Programmable Gate Array (FPGA)} made by Xilinx™, model XC3195. In

addition, each FPGA of the TAC and |1Q ports 100, 110 hés the following peripheral

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

10
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whi ch, in response to one or nore clocks generated by the TAC port, sanple

the received analog i and q signals and convert themto receive discrete |
.and Q sanples. 10 These receive discrete | and Q sanpl es may be stored
int I \ Al ternati, v celv npl es may
be t%i’m?@rﬁo{'¥r"699{ﬂ8"} l?rg%pfs?@ @ﬁén?‘@f '\/?ﬂ tanebgﬁh’—rw‘ger %ﬁtgl yzing the

ability of the RF subsystem under test to_denodul

to out put FiGedrshawsea ahlacbgilagcam of $henbAG. P?ﬁe%éa OhﬁTﬂRﬁ-Aﬁzi;‘lﬂgreﬁaég

FPGA. The GPI O port exchanges auxiliary 15

nal s
GPl O

discrete data with the PC.

The Gonsprisust adTAG ERGAa200cannecitedity aliTAC ahematy a2t0.odllystgativelywithe t he
RF subsystem under test. In addition, the GPIO port includes DACs. The GPI O

DACs ave1 6 isoeéﬁiigwearfrm&éazssﬂimmIsmv_la. tThiseffectiaely formsceg256gnal s.
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x 12 bit SRAM. The TAC FPGA 200 receives the master clock 220 supplied by the
external source 52 (FIG 3). In response to the master clock 220, the TAC FPGA 200
retrieves discrete data prestores in the TAC memory 210 and generates plural clocks
230. The TAC FPGA 200 providgs one or more of the plural clocks 230 to the 1Q
port 110, the GPIO port 120, and the RF subsystem under test 25 on the timing
signal line 125 (FIG 3).

FIG 5 shows the TAC FPGA 200 in greater detail. The TAC FPGA 200
comprises TAC controller 305, a PCIF (Personal Computer Interface) controller 310,
a transmit counter 325, a receive counter 330, a MUX (multiplexer) 345, and a clock
generator 365. IIIustratlvely, the TAC controller 305 and a PCIF controller 310 are
autonomous finite state machines. The TAC controller 305 receives the master clock
220. The TAC controller 305 generates timing control signals 320. lllustratively, the
TAC controller 305 provides the fiming control signals 320 to the transmit counter
325 and the receive counter 330. Illustrati;lely, the transmit and receive counters
325, 330 are 18-bit coﬁnters. In response to the timing control signals 320, the
transmit and receive counters 325, 330 génerate address signals 335, 340 for the
timing operations during the transmit and receive modes of the ;I'AC port 100. The

address signals 335, 340 may also be used during a non-timing mode, when the PC
1

[
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) The auxiliary anal og signals are, for exanple, control signals for various
circuits in the RF subsystem such as a power anplifier, an autonatic gain
.control, and an automatic 20 frequency control. 6 Brief Description

o o 0 R e ol e BSR EAR i 2 oo st em Fie 2

The address outputs 335, 340 of the transmit and receive counters 325, 330

are provided to the MUX 345. The PCIF controller 310 provides a control signal 347
which enables/disables the operation of the TAC controller 305. The control signal

5 347 is also provided to the transmit and receive counters .325, 330. In response to
the control signal 347, the TAC controller 305 generates a select signal 350 wﬁich

is provided to the MUX 345. In response to the select signal 350, the MUX 345
outputs one of the address signals 335, 340 to the TAC memory 210 of the TAC port

100. This causes either the transmit cbunter 325 or the receive coﬁnter 330 to

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 305. The output latch may be used
to rémove 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 registeré 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.

12
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" according to an enbodi nent of the present

under test; 5 FIG 3 depicts the architecture of the baseband

. simulation subsystemof FIG 2; FIG 4 depicts ablock di agram of the timng
and contrgl

R of FIG 3; FIG 5 depjcts . the conrol
4 in grealBe "g‘é{:eﬂqrt 1 %‘Qiéfﬁscﬂ,e B‘”&?‘a‘FhE\‘%é?@n @aﬂb aesEsr ?IREE
according to the present invention; FIG 7 depicts a bl ock
di agaad provides th® pﬁrand)ﬁFFthp@'tsn '(9.81 20pwithsone [9r JuRreiof ghangeperated cpl O
~port of FIG3; and FIG9 depicts illustrative digital and analog I or
vav e bRirdP cloeRb 236G dnectimitig eignal liRec¥28 (RIG S)tbdmliadditicn, other functions
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of the TAC port 100 include interfacing to the PCIF card 35, allowing the PC 30 (FIG
2) to read/write data from/to TAC RAM 210 in non-timing mode, and reading data

from the TAC RAM 210.

The plural clocks 230 are generated from a clock generator 365 in response to

I nvention to an RF subsystem

f FIG
port

Q

the master clock 220 and data 370 retrieved from the TAC RAM 210. The clock _

generator 365 also performs a deglitching function, wherein glitches, such as noise

" spikes, are removed from the clock signals. In one illustrative embodiment, each

signal level 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 plurél clocks 230 are the

parallel output of the signal levels or bits retrieved from the TAC RAM 210. For

example, if a four bit data word is prestored in the TAC RAM 210, then four clocks
230 are generated by the clock generator 365. For a four bit data word b,bsb,b, the
first bit b, of the plfestored data word b4b'3b2b1 corresponds to the first cycle of the
first clock; the second bit b, corresponds to the first gycle of the second clock; the
third bit b, corresponds to the first cycle of the third clock; and the fourth bit b,
corresponds to the first cycle of the fourth clock.

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

13
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" 15 _ FIG2 is an illustrative enbodi ment of a sinulation system 20
according to the present invention. The sinulation system 20 is used for
,testing an RF subsystem 25 of a conmunication device, such as a cellular

o BFAan L7 S SHEROE i Mo P 1T AR R, B S0 o ¢ o
SUbs arufcan: BY: WOHIRBAR d' in thiscoaae, 288, Cp yArm o Pectecsiid Yydogk? of
si mul ati on subsystem 40, in conjunction with the PC 30 and the PClF 35,
t est clocks R-3saredyigheandthat of clocks 2, 4 are low. Similarly, for a prestored four
bit third data word of 0100, then the values of the third cycle #3 of clocks 1, 2, 4 are
5 low and the value of the third cy.cle #3 of clock 3 is high. In this fashion, the plural
| clocks 230 are outputted in parallel, wherein one cycle of all the plural clocks 230
corresponds to one data -word prestored in the TAC RAM 210.
After the desired data words are retrieved and the plural clocks 230 generated,
the process i_s repeated. Thus, the p_lural clocks 230 repeat after a desired number of
10 cycles. ln_ the illustrative example shown in FIG 6, the plural clocks 230 repeat after
6 cycles.
At least one of these plural clocks 230 is provided to the 1Q bort 110 through
the timing signal line 125. FIG 7 shows the 1Q port 110 in greater detail. The IQ port
110 éomprises an.‘IQ FPGA 400 and an Id memory 405. In addition, the two DACs
15 140, 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 simulation subsystem 40 (FIG
3) containing the 1Q port 110.
lllustratively, the 1Q memory 405 is configured from three 256k x 4bit RAMs
to effectively form a 266k x 12 bit RAM. The IQ port 110 is configured to generate

20 and/or receive analog data on the |l and Q channeis.

14
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:'7 The conputer systemor PC 30, nmay be an IBMerr] PC corrpati"blé conput er
system The PC 30 is connected to the PCIF card 35. The PC 30 provi des data
.and command signals on a PC bus 45 that control operation of the BB

S LR BN TR b B Wt ot
F Unceepastivehs todihe BE subapstes HoAREtas 28,0 ThAADBS 6 165 oravs b ARbEM 40
via an interface bus 50. ‘The PClF card 35 interfaces between the PC 30 and
t he BXDCs which receive | and Q data, respectively, from the RF subsystem under test 25.
Hlustratively, the DACs 140, 145 and ADCs 160, 165 support 10-bit resolution with
5 conversion time of less than 450 ns overa voltage range of 5 volts. LPFs (Low Pass
Filters) 410, 415 are connected between the DACs 140, 145 and the RF subsystem
under test 25. In addition, LPFs 450, 455 are connected beiween the ADCs 160,
165 and the RF subsystem under test 25. Each LPF 410, 415, 450, 455 may be a
2-pole linear phase low pass filter with a cut-off frequency of 200 KHz.
10 The 1Q FPGA 400 receives timing signals on the timing signal line 125 and the
master clock 220. The timing signals on the timing sigﬁal line 125 may be oﬁe or
more of the plural clocks 230 (FiGs 5, 6) generated by the TAC port 100.
In the transmit mode, in response to one or moré of the clocks 230 (received
on the timing signal line 125) generated by the TAC port 100, the 1Q port 110,
15 retrieves the pll'estored discrete | and Q samples from its IQ RAM 405. lllustratively,
a counter of the 1Q FPGA 400, responsive to one or more of the plljral clocks 230,
counts through a sequence of states. Each state forms an address in the 1Q memory
‘405 used to retrieve one sample. The prestored discrete | and Q samples retrieved
from the 1Q memory 405, rather than representing compressed versions of analog
- 20 | 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

correspond to analog waveforms such as gaussian waveforms, raised cosine or sine

15
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si mul ati on subsystem 40. The PCIF card 35 is designed to route and convert
data 10 and control signals to conpatible formats between the PC 30 and
.the BB sinulation subsystem 40. Thus, the PCIF card 35 all ows data and
cont npavefoerng] eté.0 be exchanged between the PC 30 and the BB sinulation
subsystem 40 I[llustratively, digital data and cont rol signals are

h dik t ILQ?N% '
?)ﬁg ?R?Zr ace ﬁﬂcggﬁ ‘?’qwéﬁégﬁﬁué?aﬁgh su sys em A[%J’ioﬁé al so recél v\e“saa
mast er, cl ock ..220 fr,0 ext t t
AL ARt AR o o o bane ol o B B,
[err] (in- phasegtggg err] (quadrature) 55, 60 to the RF subsystem under

t est Ihastrativelyn § Inptshown) recejveths Qjﬁtwese[l@nﬂ]ﬂ samnles retrigwed drompy e
generated from

5 the 1Q memory 405 in sequence. These latches output the retrieved discrete | and Q
samples simultaneously to the DACs 140, 145. The DACs 140, 145 reconstructs the
analog transmit signals i; and gy 430, 440 from the retrieved samples which are the
full resolution representation of analog signals. |

The analog transmit signals iy and q; 430, 440 are outputted from the DACs

10 " 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 transmit

filtered signals i and q: 55, 60 are then outputted to the RF subsystem under test 25.

The low pass filters 410, 415, which filter the analog tra_nsmit signals ir and gr 430,

440, filter out noise and high frequencies from the analog transmit signals ir and q;

15 430, 440. This smoothens the analog transmit sigﬁals iT' and q; 430, 440 and

provides the analog transmit filtered signals iz and g 55, 60.

In the receive mode, the LPFs 450, 455 of the 1Q port 110 receive baseband
analog receive signals 460, 465, respective!y, from the RF subsystem_under test 25.
The LPFs 450, 455 output filtered baseband analog receive signals iz and qi 65, 70
20 (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.

This smoothens the analog receive signals 460, 465, and provides the filtered receive

16
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] sequences of discrete | and Q sanples stored in a nmenory of the BB
simul ation 20 subsystem 40. The prestored sequences of discrete I and Q
_sanpl es represent sinmulated nessages for transm ssion by the RF subsystem

e et anelasSgBel boaion 0% - it o456 BT S B Pa R BhESL 165 ™
R satiya toerbasgband GETaKE receive BENSISr and o 85, 70, Tespectivaly, from the |
LPFs 450, 456.

In response to one or more of the clocks 230 (recéived on the timing signal line
125 and) genérated by the TAC port 100, the ADCs 160, 165 of the 1Q port 110
convert the received baseband analog signals iz and qg 65, 70 to the sequence of
discrete | symbols 150 and the sequence of discrete Q symbols 155, respectively
(also shown in FIG 3). The sequences of discrete | and Q symbols 150, 1'55. may be
stored in the 10 memory 405. Alternatively, these sequences of discrete | and Q
symbols 150, 155 may illustratively be transferred to the PC 30 (FIG 2) from the IQ
memory 405 via the PCIF card 35 for analyzing thé ability of the RF subsystem under

. test 25 to receive one or. more carrier signals and to demodulate | and Q analog
' _Signals therefrom.

FIG 8 shows a block diagram 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 GPId port 120 also
comprises a plurality of DACs. lllustratively, four DACs 530, 5635, 540 and 545 are
provided. The GPIO FPGA 500 receives the master clock 220 supplied by the external
source 52 (FIG 3). In response to one or more of the plural clocks 230 (shown in FIG
5 and generated by the TAC port 100), received on the timing signal line 125, and the
master clock 220, the GPIO FPGA 500 provides digital signals to the DACs 530, 535,

540, 545. The master clock 220 and one or more of the plural clocks 230 also cause

17
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" subsystem 40 retrieves the prestored discrete | and Q sanples fromits
menory and converts themto analog transmt filtered signals [err] and
[err] 55, 60. The RF subsystem 5 under test 25 nodul ates the anal og

tran I 5 re RF
car 1 PEBS @Fh6aY 878.ahd BI¢ piEdeglethl b20r e BP0 A0S 30 s
the RE _subs st? nde t .25 deppdul ates one or nore nal s which
car 1 3 RS SIERH 00 90 8iRhlesigneL D, (RRPeCEVB. clusatBlY, the M siana
carriers. The denodul ation of the RF signals 10 produces t he baseband -

anal 850sisynandomebit] stieamperand 1 PLL. ragister 520 siepp|2 b dit segisterBhich
simul ati on subsystem 40. The BB si nul ati on subsystem 40 converts the

basepeovidesa 29 bitaeriab PLLosIghal §56rdsednih hqshidseSlackNdopocicausitofahe RF
recei ve discrete sanples. The
5 subsystem under test 25. The PRBS signal 550 and PLL signal 555 are auxiliary

digital signals 560 provided to the RF subsystem under tést 25.

The DACs 530, 535, 540, 545 provide auxiliary baseband analog signals 565.

The auxiliary baseband analog signals 565 and the auxiliary digital signals 560 form

the auxiliary signals 170 shown in FIG 3. lliustratively, the DAC 530 provides a
10 power amplifier (PA) signal 570 which controls the amplitude and slope of a pulse
used as a control signal for a power amplifier of the RF subsystem under test 25. The
DAC 535 provides an AGC signél 575 used in an automatic gain control circuit of the
RF subsystem under test 25. The DAC 540 provides an AFC signal 580 used ih an
automatic frequen;:y control circuit of the RF subsystem under test 25. The DAC 540
18 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 interfaces 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
under test 25. The .monito.r port is synchronized to the master clock so that its status

20 may be reported at a desired basis.

18
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;sequences of received discrete sanples are provided to the PC 30 (via the
I nterface bus 50, the PCIF card 35, and the PC bus 45) for analysis. The
_sequences of 15 recei ved di screte sanples nay al so be stored in the

menory of BB simul ati on _subsystem 40. e PC,30 analvzes,this digjtal
ot e 1o dIBL® v anis  ananalbds St 690 wbisn reBf¥Eekts Ik keeavall e
BB sinul ati on subsystem 40 in greater detail. The BB 'sinul ati on subsystem
40 i basehand analogirpgeivasignals ixnr qaBE) 70 0fFIGs@ and 7. dnitheireceivg mode, ang,
a GPIO port 120, where GPIO is General Purpose Input/Qutput. These three
por t the ADICs T8Q, 168 sampleRh® amaldg sighal 600G foPM) a sampiled signgl 610. dEhex and
control signals via the interface bus 50 fromthe PCIF card 35. In
addi sampled §i§RaI 69098pR¥ehts the sequences of discrete | or Q symbols 150, 155 of
FIG 7. Each sample is a digital value and is stored in a particular address of a memory
(such as the 1Q RAM 405 of FIG 7). For example, the first sample 620 has a value
of -1. This value may be represented by a 3 bit digital word, wherein the most
significant bit is a sign bit wherein a ‘1’ indicates a negative number. Using this
illustrative example, the value -1 of the first sample 620 is represented by 101 and
is stored address O of the IQ RAM 405 (FIG 7). Alternatively, instead of using bits
to represent signs and magn_itudes, two’s complirrient 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 |Q RAM 405. The third, fourth and fifth samples
630, 635, 640, have a value of 2, represented by the digital word 010 which are
stored in addresses 2, 3 and 4. In a similar fashion, digital words or symbols
_representing the value of the sampled signal 610 are stored in particular address
locations of the IQ RAM 405. The stored data, rather than representing compressed
versions of the received baseband analog receive signals iz or g 65, 70, represent full
resolution versions of the received baseband analog receive signals iy or q 65, 70.

20 The stored data is routed to the PC 30 through the PCIF card 35 for analysis to

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

19
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" 9 also receive the master clock 220 fromthe external source 52.
Il1lTustratively, the nmaster clock 220 is a 13 MHz clock signal. In response
_to the naster clock, the TAC port 100 generates all of the timng signals

for the 40,
5 | Rﬁ‘? t,*?ﬂ‘ﬁee%“"&%ﬁ“ bgirs?ii, e Rt o PiEt el T

i gg%‘m o 1, B GG e? b 25 Wi he BfdlofaHeli ftbrda'dighag ' ona

~and g 55, 60 shown in FIGs 2, 3, and 7. The prestored discrete | and Q samples
130, 135 stored in the 1Q RAM 405 contain full resolution versions (rather than
5 compressed versions) of dig.ital samples of arbitrary baseband analog signals, suchas
the analog signal 600 shown in FIG 9. There is an analog waveform that corresponds
to a particular set of samples. These analog waveforms can vary from one
communication system to another. For instance., the aﬁalog waveforms can be
gaussian waveforms, raised cosine waveforms, etc. The PC 30 (FIG 1) computes the
10 sequences of discrete | and Q samples 130, 135, r_epresenting these analog
waveforms, and stores them in the IQ RAM 405. The samples of each waveform are
illustratively stored in consecutive addressés so that they can be easily retrievefi by
the 1Q FPGA 400, shown in FIG 7, on a sample by sar-rliple basis.
| The analog t-ransmit filtered signals i and q; 55, 60 (shown in FIGs 2, 3, and
15 7) are generated from the full resolution discrete éequence of samples prestored in the
la RAM 405. Each prestored sample is represented by a digital word. For exafnple,
the digital word 101 represents a pulse having a value of -1. Thus, retrieving the
digital word 101 from address O of the IQ RAM 405 produces a pulse having a value
.of -1. Similarly, a digital word 001 retrieved from address 1 of the |Q 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 ané!og signal

20
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port 100 generates 16 fully programmable timng signals; 8 for transmt
functions and 8 for receive functions. In the transmt node, in response to
_one or nore of the timng signals present 10 on the timng signal |ine
125, é&e | Q port 110 retrieves sequences of prestored discrete | and Q
sanp§ 130, 135 fromits nenory. The retrieved sequences of discrete I and
Q sanples 130, 135, represent, |IIustrat|ve|h_éH full qu I on ver?lons of
t

an anal ogThisninvantion,bas manyoadvantagesni "b‘iﬁ'ltﬁ’@ Psg ad simy
test 25. The retrieved sequences of discrete | and Q sanples 130, 135 are
out psabsysténoallovws tésting lag BBrsubsystero withoutithe oeed JODQSMEH@@W‘DACS)
140, 145, respectively. The DACs 140, 145 convert the discrete | (in-phase)
and Babébrl SlbéyBteRRTPhis 2lld34s dévidioping the RF subsystem independent from its

complementary baseband subsystem. Thus, the development of the RF subsystem

is not hindered by the unavailability of its camplementary baseband subsystem.

In addition, the inventive baseband simulation subsystem extensively tests the

RF subsystem under normal operating conditions, and allows troubleshoofcing and

debugging rather than limited pass fail testing. This allows refinement of the RF
10 ‘subsystem which may i'esult in refinement of the baseband subsystem design.
Refining the design of a baseband subsystem is more cost effective than refining an
already raalized and constructed baseband subsystem.

Furthermore, the invention allows validation of an RF subsysten‘i which in turn

can be used to vali;iate a baseband subsystem. Having a validated RF subsystem, |
15 which is tested to function properly by the inventive baseband simulation subsystem
reduces validation time 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 debi.igging and prototyping are made easier and less
costly.
20 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

art without departing from the spirit and scope of the following claims.

21
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"the analog transnit filtered signals [err] and [err] 55, 60 (also shown in
FIG 2). The analog transmt filtered signals [err] and [err] 55, 60 are
_then outputted to the RF subsystem under test 25. 20 ' recelve

III LII\., T

node, the 1 Q port 110 receives the nd anal og rec ve signals [err]
and [err] 65, 70 (also shown in FI omthe RF sub ﬁﬁﬁﬁfﬁw 25.

The recei ved baseband anal og receive signals [err] and [
converted from 10

The claimed invention is:

5 1. A baseband simulation subsystem for simulating a baseband subsystem of a
communication transceiver to test a radio frequency subsystem of the communication
transceiver comprising: |

a timing and control port for generating plural clocks in response to a
master clock, and

10 an 1Q port connected to receive at least one of said plural clocks

generated by said timing and control port, and configured to convert each discrete |
and Q sample, of a first sequence of discrete | and Q samples representing a
simulated message outputted for processing by the radio frequency subsystem, to
first set of analog | and q signals, said 1Q port also connected to receive a second set

15 of analog i and q signals from the radio frequency subsystem and configured to

convert said received second set of analog i and q signals to a second sequence of

discrete | anc_:l Q samples in response to at least one of said plural clocks generated by
said timing control port, and

a general purpose input output port conhected to receive at least one of said
20 plural clocks generated by said timing and control port, and connected tb receive to

provide auxiliary analog signals to the radio frequency subsystem.

22
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" anal og formto a sequence of digital or discrete sanples 150, 155 by anal og
to digital converters (ADCs) 160, 165, respectively. The discrete sanples

.are then stored in a memory forming part of the 1Qport. Alternatively, the
discrete _sanples are transmtited fro

. Lré the 1Qnenory tg the PC 30 via the
PO 35.Ths baseband simulefiorsspbsysteptor claimdkehesain said UG aNs eoRtral gi ¢ a
data and control signals via the interface bus 50 fromthe PCIF card 35,
al ors qopoptises Betiming andssontnolopragrammable gate awrayawbidlniscgapablared og
signals 170 to the. RF subsystem under test 25. DACs (not shown) may be
Conyeferating edale pluidl cclebk O frstht digh@l dada,t Bad R tirmingy ahdncanttel niemory25.
These DACs convert digital signals to auxiliary signals 170 10 for

a;w&ﬁw% baid tifirig ard B6¥HRbPHRogPamimabis gaté EYr%WsaiH&ﬁnM@ﬂd é6Ntrsi gnal s

5 men‘iory storing said digital data.

3. The baseband simulation subs'ystem of claim 1 wherein said |Q port comprises
an 1Q programmable gate array which is capable of generating said first sequence of
discrete | and Q samples and which is capable of receiving said second sequence of
10 said discrete | and Q samples, and an IQ memory connected to said IQ programmable

gate array, said IQ memory storing said first sequence of discrete | and Q samples.

4. The baseband simulation subsystem of claim 1 wherein said general purpose
“input output port comprises: |
16 an input output programmable gate array which is capable of providing auxiliary
digital signals,
a digital to analog converter connected to convert said auxiliary digital signals
to said auxiliary analog signals provided to the radio frequency subsystem, and

an input output memory connected to said input output programmable gate

20 array.
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“control signals for various circuits in the RF subsyétem under test 25,
such as a power anplifier, an automatic gain control, and an autonmatic
_frequency control. The GPIO port 120 may al so contain additional elenents,

such as monjtor, ports and interfaces for.synthesizers, 1 The, TAC
port 9100 &hé?%‘?g‘é‘i 5!’09%'“& ﬁ&@s&ﬁ?c{?raﬁ'@\@%%?%%"?’os‘f%%’ sﬁ%@tgfacl ock
that is supplied by the external source 52. The plural clocks are generated
in cmnanim:omtmmwetosteamr@dmému,enmﬁ%wsmagerppéslt\%ﬁeﬂ"ml%'eg’e%
signal |levels as explained below Illustratively, the TAC, 1Q and GPIO

por t Srakiieeivier dompasdingt e each inpl enented 20 using a Field Progranmabl e
Gate Array (FPGA) made by Xilinx, nodel XC3195 In

a timing and control port for generating plural different clocks in response
5 to a master clock, and

an 1Q port connected to recefve at least one of said plural clocks

generated by said timing and control port, and configured to convert each discrete |

and -Q sample, of a first sequeﬁce of discrete | and Q samples representing a
simulated message outputted fof processing by the radio frequency subsystem, to

10 first set of analog i and q signals, said IQ port also connected to receive a second set
of analog i and q signals from the radié frequency subsystem and configured to
convert said received second set of analog i and q signals to a second sequence of

discrete | and Q samples in response to at least one of said plural clocks generated by

said timing control port.
15
6. The subsystem of claim 5 further comprising a general purpose input output

port connected to provide auxiliary analog signals to the radio frequency subsystem.

7. The subsystem of claim 5 further comprising a memory for storing said first

20 sequence of discrete | and Q samples. |
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" addition, each FPGA of the TAC and 1 Q ports 100, 110 has the follow ng

peri pheral conponents: 3 Mits of external SRAM (Static Random Access

. Menory), 128 kbits 11 SPROM (Static Progranmmabl e Read Only Menory), and

10

15

a PCinterface port., FIG 4 shows a bl ock djagram e TAC port 1 0 The
TAceportAlbasebaw. simulgtioncsysiem ofas sHRulatingd & %% Apd system 29
I'llustratively, the RAM 210 is configured fromthree 256k x 4bit SRAIVB

Thi sominamicatien yransceives ta 56st a radio frequency subsystem of the communication

transceiver comprising:

a computer connected to compute sequences of discrete samples | and Q of
baseband analog outputs i; and qT'to. the radio frequency subsystem,

a baseband sqbsystem having a memory and being connécted to receive said
sequences of discrete samples | and Q, wherein said sequences of discrete samples
| and Q are stored in said memory, said baseband subsystem being connected to
generate, from the sequences of discrete samples | and Q stored in said memory, the
baséband analog outputs i; and q; to the radio frequency subsystem, and being
connected to receive baseband analog inputs i; and gz from the radio frequency
subsystem, and

an interface card connected between the cohputer and the baseband

subsystem, wherein the interface card interfaces between said computer baseband

subsystem.
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"5 x 12 bit SRAM The TAC FPGA 200 receives the master clock 220 supplied
by the external source 52 (FIG 3). In response to the master clock 220, the
. TAC FPGA 200 retrieves discrete data prestores in the TAC nenory 210 and

generates_plural clocks 230. The TAC FPGA 200, prqvi des one or, nore of the
pl ur 8 cl dhrdasabang simulation system of claign Epvherin;t eiﬂsei’ﬁadt%‘ lon
subsystem under test 25 on the timng 10 signal line 125 (FIG3). FIG5
showsub&psteACCOAPKISE80 in greater detail. The TAC FPGA 200 conprises TAC
controller 305, a PCIF (Personal Conputer Interface) controller 310, a

transmt count e timidg aﬂdrmulep6ﬁm§]enﬁﬁting pUiPél clodKs inl msponsé4o, aand a
cl ock generator 365. Illustratively, the TAC controller 305 and a PCIF

cont ighdedF cfbdk, Hrid

5 an 1Q port connected to receive at least one of said plural clocks
generated by said timing and control port, and configured to convert said sequences
of discrete sampleé land Q to said baseband analog outputs iy and q;, and connected

“to receive said ba“séband analog inputs iz and qg, and
a general purpose input output port connected to receive at least one of said
10 plural clocks generated by said timing and control port, and connected to provide’

auxiliary analog signals to the radio frequency subsystem.

10. The subsystem of claim 9 further comprising a low pass filter for filtering said

baseband analog outputs ir and q.

15
11. The subsystem of claim 9 further comprising a low pass filter for filtering said
baseband analog inputs iy and qz.
12. A process for testing a radio frequency subsystem of a communication
20  transceiver comprising the steps of:

in response to a master clock, generating plural different clocks from a timing

and control port of a baseband simulation subsystem, and

: 26
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" 15 autononmous finite state machines. The TAC controller 305 receives the
master clock 220. The TAC controller 305 generates timng control signals
. 320. Illustratively, the TAC controller 305 provides the tinmng control

signal s 320 t ) h | i

i Pust ol ysﬁ@,n%Fﬁte %f@%%ﬁp%ﬁ?ﬂﬁé@iﬁ%&%ﬁ Goidiafud By hingbhg
counters. In respo to t tim |, Si I '
andopete] Perl SATNEFING Y, 330 RIS 544 Ragpband argHston sUBSYSI BpE e
timng operations during the transmt and receive nodes of the TAC port
100disEhetecdahd: ©ssanplealaf it seqoenag ofidiscrete Lisad Qisamilesirepiasentingg

node, when the PC ' .
a simulated message outputted for processing by the radio frequency subsystem, to
b a firét set of analog i and q signals,
receiving by said 1Q port a second set of i and q analog signals from the radio
frequency subsystem, and | |
converting said received second set of analog i and q signals to a second

sequence of discrete | and Q symbols in response to at least one of said plural clocks

10  generated by said timing control port.

13. A process for testing a radio fljequency subsystem of a communication
transceiver comprising the steps of:

in response t; a master clock, generating plural different clocks from a timing
15 and control port of a baseband simulation subsystem, and

in response to at least one of said plural clocks generated by said timing and
control port, generating by an 1Q port of said baseband simulation subsystem an
analog i and q signal from discrete | and Q samples prestored in a memory of said 1Q

port, and

20 . providing said generated analog i and q signal to the radio frequency

subsystem.
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"12 30 (FIG2) is reading/witing fromlto the TAC nemory 210. The address
‘outputs 335, 340 of the transmit and receive counters 325, 330 are provided
_to the MUX 345. The PCIF controller 310 provides a control signal 347 which

enabl es/ di sabl es the operation of Et]E% TétC controll er 305. The control
330 In response to the control signal 347 the TAC corsfol Ler 805
gener at esAaé)%%qt@éld %iFU'-HﬂﬂmQ.E?USWd'g rlﬁ%"'ﬁ?%@ ifﬂégeﬁtﬁ\‘q %8%%h§§gst%%§ of & ponse
to the select signal 350, the MJX 345 outputs one of the address signals
335, cérfnumication Tdevice,rsugh 2is) aocelivtar Telephone, cordless telephone, etc. A

preferred embodiment has a computer connected to an.interface card which in turh

is connected to a baseband éimulation subsystem. The baseband simulation

subsystem is connected to the RF subsystem under test. The baseband simulation

- subsystem includes three ports: a timing and control (TAC) port, an |Q port, and

general purpose input 'outpdt (GPI0O) port. The TAC port receives a master clock

signal from an external source and generates plural clocks therefrom. The 1Q and
10 GPIO ports receives at least one of these plural clocks. In a tr_ansmit mode, in
re_spohse to one 6r more of the clocks generated by the TAC port, the 1Q port
retrieves from its memory prestored discrete | and Q samples and reconstructs
therefrom arbitrary transmit analog i and q signals which are provided to the RF
subsystem under tt;.st. In a receive mode, the 1Q port receives analog i and q signals
from the RF subsystem. 'i'he 1Q port, in res_pbnse to one or more clocks generated by
the TAC port, converts the received analog i and q signals receive discrete | an'd Q
samples. These receive discrete | and Q samples are transferred via the PCIF to the
PC for analyzing the ability of the RF subsysterh under test to modulate the inpuﬁed
transmit analog i and q signals on one or more RF carrier signals a.nd to demodulate

20 the RF carrier signals to output the receive analog i and q signals. The GPIO port

exchanges auxiliary discrete data with the PC and auxiliary analog signals with the RF

subsystem under test.

28
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" 100. This causes either the transnt counter 325 or the receive counter 330
to 10 access the TAC nenory 210. The reason for having two counters 325,
330 is such that the timng signals for the receive operation of the RF

" subsystem under test 25 can bg easily offset against the timng signals for
the transmt operation, mﬂtozF having to re-downl oad the TAC nenory 210.
Qut put and input latches (n hown) conprisihg an array of D-flip flops,
for 15 exanple, may al so be used. Illustratively, an input |atch nay be
| ocat ed between input signals and the PCIF controller 310. In addition, an
out put- I atch may be | ocated between out put signals and the TAC controller
305. The output latch nay -be used to renove glitches fron1outputted signal s
and the input latch may be used to
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synchroni ze 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
(FIG2) to read and wite data to and fromthe TAC RAM 210. Il lustratively,
the TAC port 100 has eight 8-bit rggi rs. 13 The TAC port- 100
generates the plural clocks 230 f V% ~master clock 220 and provides the
| Q and GPI O ports 110, 120 with onefor nore of the generated
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plural clocks 230 on the timng signal line 125 (FIG 3). In addition, other
functions of the TAC port 100 include interfacing to the PCIF card 35,
allowing the PC 30 (FIG 5 2) to read/wite data fromto TAC RAM 210 in
non-timng node, and reading data fromthe TAC RAM 210. The plural cl ocks
230 are generated froma clock generator 365 in response to the master

cl ock 220 and data 370 retrieved 3{1?% TAC RAM 210. The cl ock generator
365 al so perfornms a deglitching f Wherein glitches, such as noise
10 | spikes, are renoved fromthe clock signals. In one illustrative
enbodi nent, each signal level 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

0

i




paral |l el output of the signal levels or bits retrieved fromthe TAC RAM
210. For exanple, 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 [err] the firgi 2{1 [err] of the prestored data word
[err] corresponds to the first cyCl the first clock; the second bit
[err] corresponds to the first cycle of the second clock the third bit
[err] corresponds to the first cycle of the third clock; and the fourth bit"
b4 corresponds to the first cycle of the fourth clock. 20 As an
illustrative exanple, FIG 6 shows four clocks 230 generated from four bit
data words stored in the TAC RAM 210. For a prestored four bit fir gﬁsta
word being 0000, the values of the flrst cycle #1 of the four cIocZ}
3, 4, are Iom1 For

cLocy,
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14 a prestored four bit second data word of 0101, where the first bit is
the least significant bit, which is "1 in jhis case, then the val ues of
-the second cycle #2 of cl ocks 1, 3 are ?/ d that of clocks 2, 4 are
low. Simlarly, for a prestored four b| hi data word of 0100, then the

values of the third cycle #3 of clocks 1, 2, 4 are 5 | ow and t he val ue
of the third cycle #3 of clock3|s hlgh Inthlsfashlon the plural
cl ocks 230 are outputted in paraII ﬂn oge cycl e of all the pl ur al
cl ocks 230 5
ACHEY G 4b
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corresponds to one data word prestored in the TAC RAM 210. After the
desired data words are retrieved and the plural clocks 230 generated, the
process i s repeated. Thus, the plural clocks 230 repeat after a desired
nunber of 10 ~ cycles. In the Eé; tlve exanpl e shown in FIG 6, the
plural clocks 230 repeat after I At | east one of these plural

cl ocks 230 is provided to the 1Q fort 110 through the timng signal |ine
125. FIG 7 shows the 1Qport 1 10 in greater detail. The I1Q port 110
conprises an |1 Q FPGA 400 and an I Q nenory 405. In addition, the two DACs 15
140, 145 and the two ADCs 160, 165 (also shown in FIG 3) provide an

I nterface between the RF subsysten1under test 25 and the BB sinmul ation
subsystem 40 (FI G

!
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3) contaihing the 1Q port 110.
configured fromthree 256k
‘RAM The IQ port 1 10 is cdqn

and Q channel
and Q dat a,

data on the |
used to transmt |

gu
15 The DACs
respectively,

25. The ADCs 160, 165 may be 10 bit

| Lustratively,
i Ms to eff '
d to generate 20

the 1Q nenory 405 is

ectively forma 256k x 12 bit
and/ or receive anal og
140, 145 may be 10 bit DACs

to the RF subsystem under test
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.~ ADC®Hi ch receive | and Q data, respectively, fromthe RF subsystem under
test 25. Illustratively, the DACs 140, 145 and ADCs 160, 165 support 10-bit
.resolution with 5 conversion tinme of |less than 450 ns over a voltage
range of 5 volts. LPFs (Low Pass Filters) 410, 415 are connected between

t he DACs 140, 145 and the RF subsystem under test 25. In addition, LPFs
450, 455 are connected betwe t 160, 165 and the RF subsystem under
test 25. Each LPF 410, 415, 4. /4 may be a 2-pole linear phase | ow pass
filter wwth a cut-off frequency®of 200 KHz. 10 The 1 Q FPGA 400
receives timng signals on the timng signal line 125 and the master cl ock
- 220. The timng signals on the timng signal |ine 125 nay be one or nore of
the plural clocks 230 (FIGs 5, 6) generated by the TAC port 100.
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'I hethe transmt node, in résponse to.one or nore of the clocks 230 :
- (recei ved on the timng signal Iine 125) geney o 100, the
$Q port 110, 15 . " .retri eves the prestored di S@%ggtlp%'réfh%pe é%{egs from - -
its 1Q RAM 405, 11 Iustratlvely, a.counter,of the | Q FPGA 400, responsive to-
~one or nore of the ptural clocks 230, .gounts. Dlateoug-hBaAEquﬁce of states. .
_Each state fornms an address in the IQ rrem)ry 405 ‘used .to retrieve one . -

sanple. The p sanpl es retrjeved fromthe IQmam)ry‘ »
405,91 at her @ﬁ%&éﬁ rr;g &Rgﬁsaﬂﬂﬁﬁ RAPIO signals,
r epr esent fuI ; PE cﬁMQF‘LFFQDMWUEF@T%?f J! GEIVEB i ssion - -

-'by the RF subsystemunder test 25. Illustratively, the prestored di screte I':
and Q sanpl es correspond to anal-og maveforns such .as gau55|an maveforns
;ralsed ‘cosi ne or S|ne

gy |

16
20 -
F|eld of the Invention
The present mvention relates to a system for testlng a radio frequency (RF)
sub’system of a transmitter/receiver device such as a mobl_le communications
25 tranemirter/receiver. The pre_s'em; iﬁVention also relates to a 'syetem and methed for

generating an arbitrarv enale_g we\}eform. The present invention also relates toa

~ system and method for geﬁerating a set of clock eignels.




- in sequence. These | atches output ‘the r&trieved

16 waveforms, etc. -In conjunction with the DACs 140, 145, the 1Q port 110 -
_converts each retrieved discrete | and Q sanpl eihisdstthe'f@;ﬂabé}ge,tnr% it
ssignals [err] and [err] 430, 440. Illustratively, |atches (hot- shovvnf‘ S
- receive the discrete | and Q.sanples retrieved bé\%m 5 ~ § tARR 19@grenory 405.

si.mul taneousl'y to the DACs _1_40,.. 145. The DACs. 140, - 145 reconstructs the
o Background of the Invention S T S o

. FiG 1"sch§rr_1ati¢ally iI_Iuét__rateé_ a communications de'v‘ice.-_ The dgVic_e 10 of .F'l_G' -
1is a_ttanség’iver lie., a tran_srﬁitt_er aﬂnd a r.elc.eive';l)"v.vhiéh fo'rms. part of a cellular |
_ p.h_o'ne, 'cordless pﬁéne or'ﬁersénél digital assistant (PDA),' Thé device .1.0 of FIG _1  |
5 'li may be vi_eWéd_ és compﬁsing 'a"ba'sjé.ba'nd si:bsyétefn 12 and'_a'r'l RF (radio fredﬁ'e_ndy)
_subsystem 14. R o |
' .'_In thé tra,nsmitting 'mo_d.e;,fhe bas’éband sdb'svstem 12 réceivéé data fr;:m a
B sc.)u._rce_"arid_ codes the data |n é'éeﬁﬁence_ of in-phase (Il) and a _seﬁﬁ_eﬁce of Quadfatﬁte
Q) cha'ﬁ'nel'évmbols. The | and Q channel symbols are then fed to the RF éu.bsyste.m ._ -
10 14 which mddu_lateé these stbol_‘s onto one or more RF carrier signals for rerr'\'ote'._ o
| . transmissidn. | B | |
" ; Ih the receiving qu'e'; fhé 'R_F .sub'sy'stem 14,l rec_:e_iii,es éné or more RF éarr_ier'
signals and derhddu’lates frdr_n the r'gd[eivéd RF ca_rfi_er_i siénals a seqd_enc§ of I.I and Q
" '.s'\'m'l\bdl's. | 'The | and Q symbols aré ldeli\'rered to t_hé bésebénd subsystem 1_2 Wﬁich
| 15 | de'cddes :thes_e I 'a.n.'d Q symbols to ‘regenerq‘te:s'ourc_e d_at_a._ o |
T Fdr a variety of reasons it may,.be.d_e'sir_able to provid.e' the capability} for testing
the RF subsystem of a communications device without the baseband subsystem. For
. example, during the design of a.md_lbile corﬁmuhicaﬁoh d_ei)ice, the basebénd an_c_:|' RF _
| 5ubsysterﬁé may be designed sé;iarately. ‘Under such c,ircumsta'nces_, it may be
20 desirable to test the RF sub's'ystéﬁl: before the _: baseband subévsterh is available.
- Altefnatively, e\.(en if thé bés@bahd 'su.bs_y:st_en.\' is_évail’éble, it may b.e.deéirable to test

. the'ﬁF_ su_b'system s'eparatej_y_._-;_,s__'g_ that _faults in the RF.sub_s*ys'te'm can be more eaéily

Screte | and Q sanples .-~



' analog t
whi ch ar
~dtransmit
-.140, 145,
“anal. og t

~and ' 3).

ransmt signals [err] and [err] 430, 440 fromthe retrieved sanples -
e the full resolution representati Oﬂh@fns%@ﬁ) si gnal s. The anal og

signals [err] and [err] 430, 440 are outpu

dcamentsheet DACs 10 .

to the LPFs. 410, 415 for filterin l?@t The LPFs 410 415 output the
£

ransm t flltered signals [err]_iamd
The -anal-og transmit filtered signals [err] an

b 558 gp&q also FIG 2
efr] 55, 60 are

then outputted to the .RF subsystem under test 25. The |ow pass filters 41'0

415, whi
filter o

ch filter: the {;mal og transmit signals [err] and [err] 430, 440,
u*PCWGl’saé‘da'HS“ ®h frequencies fromthe anal og transmt si gnal S

- [err] .and [errl% 430, 440.. Thi's snoothens the analog transmit signals - -

© [err] and [er rAccosdingly4ls isae OBPGVPE@'@ ﬂfﬁﬁe@rlaYQ!ﬁ'qr‘rt&r%'ﬁY ef ﬁyﬁmwlﬂlﬂgnal s
-[err] and [err] 55, 60. : '
simulates a baseband subsystem ina communleatlons transcelver

: Su ma ofte entic

Thls and other objects are aehreved by the present lnventlon Accordlng to one

- embodlment, a baseband slmulatlon subsystem is provided for testlng an RF

: 'subsystem of a commumcatlon devnce, such as a cellular telephone, cordless'

10

telephone,_ etc. lllustratlvely, the lnventlve baseband slmulatlon subsystem is

'oonneoted,' via an lnterfa_ce card, such as a Personal computer interface card (PCIF),.

to a computer system, such as an IBM“‘_‘_PC'.compatible_ oo_mputer, system. The

" baseband simulation subsystem i's".also conne_ctecl to_ 'the_RF subsystem under test.

15

uslng‘dlgltal to analog conversion. The baseband slgnals slmulate inputs to the RF |

20

the bas_eband slmulatr_on subsystem. The baseband _slmulatlon sub_system converts |

' 'The baseband slmulation subsystem receives .discrete sam'ples from a source, .

such as the PC via the PCIF The baseband simulation subsystem stores the recelved .

samples in a memory. In a transmrt mode, the baseband s:mulatlon subsystem

retrleves these prestored samples and generates therefrom analog baseband slgnals_

-subsystem under test._ ln response to these sumulated analog baseband sugnals

mputted into the RF subsystem under test, the RF subsystem under test outputs RF _

' _band s|gnals |n a receive mode, the RF subsystem reoeuves RF band slgnals and' _

"demodulates these slgnals to generate analog baseband signals whtch are supplled to



“I'n the receive node, the LPFs 450, 455 of thﬂ-, baseband
42 5 d i

anal og- recel ve signals 460, 465, respectively, from em under .
.test 25. The LPFs 450, 455 out put filtered baseband anal og receive signal s

[err] and [err] 65, 70 20 (-al so shown in p’a Jaggspecti vely.
‘The | ow pass filters 450, 455 filter ‘out- noi se and h|g requenci es- from =
t he anal og: recei ve signal s. 460, 465, respectively. This snoothens the .

| .anal 0g reﬁ'?d PeBefved %blﬁg‘lﬁ@eb&ﬁﬁsrgﬁ&g tD'disé'rétﬁssaHiﬁeJ Itﬁeaisdreteeemples are 17.
B - stored in the memory of the baseband slmulatlon subsystem and/or supplled to the
PC for analysls
lllustratlvely, the baseband slmulatron subsystem lrncludes three ports a trmlng'
- 5 | .. and control (TAC) port an 1Q port, and general purpose mput output (GPIO) port The |
| TAC port mcludes a TAC FPGA (Fleld Programmable Gate Array) and a TAC memory
' The TAC port recerves a master clock signal from an external source and generates
'plural trmlng and control slgnals (r e., plural clocks) therefrom
- The TAC port also mcludes at least one counter whlch is connected to an 'l
' 10 - address mput of the TAC memory. The counter and memory of the TAC port |
, _cooperate to generate the plural clocks The pIural clocks are synchromzed to the
- master clock The TAC counter cycles through its count state. For each count cycle, |
'the TAC counter retneves from the TAC memory, plural prestored slgnal Ievels, -
mcludrng one slgnal level for each clock to be generated The TAC port outputs the ._
1 5 | | retneved srgna_l levels, in parall_el. These plural signal lev_els form th_e plural g_enerated '
| CIOCks . . . . | | - | .
The lQ port mcludes an IQ FPGA and an IQ memory The 1Q port receives at.' .
~ least one of these plural clocks In the transmrt mode, |n response to one or more of '
the clocks generated by the TAC port, the 1Q port retrleves from |ts [o] memory
' 20_' : prestored dlscrete 1 and Q samples Illustratlvely, a counter responslve to a clock
slgnal generated by the TAC port counts through a sequence of states Each state

forms an address in the IQ memory used to retrreve one sample The retrleved_ |



haseband anal og signals [err] and [err] 65, 70. The ADCs 160, 165 of the I Q .

- port 110 receive the baseband anal og receive s [
70, respectively, fromthe LPFs 450, 455. tIn rlgg%ﬁi t?%[h% &n&tﬁ

¢l ocks 230 (received on the tinming signal line 5 ' 125 and) generat ed by

the TAC port 100, the ADCs 160, 165 of Sthe I-Q Dﬁté 11_O§c 8 epggt he recei ved'_j
" baseband anal og signals [err] and [err] 65, 70 to the eg ence’of discrete-
| .synbol s 150 - and the sequence of discrete Q synbols-155, respectively

(al so showscreteflabd ) safiblas sepreeanics sieriuisted ressage tabd t@nsiniteed by 186 RFL55 |
may be -stored:in the I1Q nenory -405. Alternatively, these sequences of =~

discrete lsubs¢kt&inlinder mstibotke 180port Siflustratively aksior mblv.ld%lsydrbnalt fcAaRbRY" ed l.
-tothe PC 30 (FIG2) fromthe IQ .
g . converters (DACs) whrch reconstructs transmrt analog i and q srgnals from the _'
.' retrre_ved discrete I_and Q _s_amples. The transmrt analog i and q srgnals are then- _
5 | * outputted from the IQ port to the RF subsystem; | | |
. In th_e receiye mode, the 1Q port reoeives analog i and'g "sig'nals tro‘m'the lRF :
subsystemt The 1Q port illustratively also includes arlalog' to digital converters (ADCsl_ |
- which, in resp'onse .t.o one or mo're.clo'c'k.s generated by the. TAC port lsample-t’he
.recelved analog i and q srgnals and convert them to receive drscrete | and Q samples
to | These receive drscrete ] and Q samples may be stored in the lQ memory
Alternatrvely, the receive dlscrete I and Q samples may be transferred from the 1Q -
memory to. the PC via the PCIF for analyzmg the ablllty of the RF subsystem under_ '
X test to demodulate the RF carrier slgnals to output the recerve analog iand q srgnals
The GPIO port includes a GP!O FPGA The GPIO port exchanges auxrlrary"
_ 15' : -drscrete data wrth the PC. The GPIO port also exchanges auxrlrary d|g|tal and analog '
B slgnals wuth the RF subsystem under test. In _addrtron, the GPIO port rncludes_ DAGCs.
| .The GPl_t) _DACs convert 'particula_r auxillary dlg'ital data_"to auxili'ary analog signals.
The auxiliary analog signals are, for example, co'n'trol .si'gn.als for various circuits in the
RF subsystem, suc'hl_as"a power amplifier, an a_utomatic g_ain oontrol, and a'n_ automatic

- 20 .frequency control.

eor eof the -



: rrermry 405 via the PCI F card 35 for analyzing the ability of t
- subsystem under .test 25 to receive one or nore l:faran$ehe§

At sheet,

denodul ate | and Q anal ag signal s theref rom FIG 8 shows a bI ock di agram of _
the GPIO port 120. The GPIO port 120. 15 corrp S e 500 whi-ch.
rhﬁglo ?;F Wse Lock-- |

~has a pseudo-random bi t’ sequence (PRBS)—generato
“Loop (PLL) register 520. The GPIOport 120 al so conprises a plurali ty of

DAGs. Illustratively, -four DACs 530, 535, 540 and 545 are provided. - The -
GPI O-FP 500.e ej ves _master clock 220 supplied by the. external

source:

BSUBMING nore of the plural clocks 230 (shown in

FI G 20 5 and enerat ed by the TAC port 100), received on the tim ng

Si gnal | i ne 1@@ 48 Elctsng conventional commumcatlons system.

FIG 2 deplcts the mterconnectlon of a baseband slmulatlon subsystem .

' accordmg to an embodrment of the present mventlon to an RF subsvstem under test;

| .5 | o FIG 3 deplcts the archrtecture of the baseband sumulatlon subsystem of FIG 2

FIG 4 deplcts a block dragram of the tlmrng and control port of FIG 3

FlG 5 deplcts the tlmlng and control port of FIG 4i in greater detarl

FIGS6 deplcts plural clocks generated by the TAC port accordrng to the present_

mventlon, _ |
10 - "FIG7 deplcts a block dragram of the 1Q port of FIG 3
| .FIG 8 deplcts a block diagram of the GPlO port of FIG 3; and

FIG 9 deprcts |Ilustrat|ve dlgltal and analog forQ waveforms

. Detailed Description of Preferred Embodiment

15 '~ FiG2isan illustrative:embodiment of a simulation system 20 according to _the -

' present inve'nti.on._- The simulation system 20 is use_d' for testing an RF subsystem 25 |

ofa communication device, suchas a cellular telephon_e, ccrdless telephone, etc. The

simulation system 20 comprises a comp'uter'system or PC (personal computer) 30, B

a PCIF (PC interface) card 35 an,d. a 'BB_(basehand) simulation subsys_tem 40 Th_e BB

20 simulation subsystem 40 is connected to the RF subsystem under test 25. ‘The BB

- simulation subsyste'm_'40,_' in 'conjunc‘tion wlth the. PC 30 and the PCIF 35, tests the

RF subsystem 26.



_..mas'ter cl ock 220, the GPI O FPGA 500 provides digital si gnal s to the DACs
530, 535, 540, 545. The mast er cl ock 220 and oné‘?lenaﬁhﬁ@nbﬁcmtpﬁhe’hl
clocks 230 al so cause . - 18 the PRBS generator 510 and the PLL- regl ster 520

- of the GPI O FPGA 500 to output ‘a PRBS signal 55 nd a W 555,
respectively. Illustratively, the PRBSXi gnal’ QBPOI S ra@%ﬁ st reans,

~and the PLL regi ster. 520 is.a 21 bit register. whi ch provides a 21 bit-
seri al PLL SI gnal 555:used in a phase Iock |l oop circuit of the RF

- The computer system or PC 30, may be an IBMTM PC compatlble computer
-. system. The PC 30i is connected to the PCIF card 35 The PC 30 provrdes data and
.""command srgnals on a PC bus 45 that control operatlon of the BB srmulatron
. _'subsystem 40. In addltlon, the PC 30 lllustratrvely analyzes data recelved from the |
5 _BB srmulatlon subsystem 40 More than one computer system or PC may be.
connected to the PC bus 45 to perform these functrons .
The PClF card 35 is connected to the BB srmulatlon subsystem 40 vua an
interface bus 50. The PCIF card 35-|nterfaces between the PC 30 and the’ BB |
slmulatton subsystem 40 The PCIF card 35 is desrgned to route and convert data o
10 | and control signals to compatlble formats between the PC 30 and the BB srmulatron
- _ s_u'bsystem 40-? Thus, the PCIF_ card 35 allows data an.d control sig__nals to be
"exchanged between the PC 30 and 'th'e- BB sir_nul'ation subs_ystem 40. lll'ustr.atively,
' -digital data and control'-si'g'nals are e)tchanéed between the PCIF card 35 and the BB
| stmulatron subsystem 40 via the rnterface bus 50. The BB slmulatron subsystem 40
15 _also recelves a master clock 220 from an external source 52 | |
ln a transmtt mode, the BB slmulatlon subsystem 40 provrdes analog baseband
transmrt filtered slgnals ie (ln-phase) and Qe lquadraturel 55 60 to the RF subsystem
under test 25. The analog transmrt flltered srgnals |.= and Qe 55, 60 are generated from
sequences of dlscrete land Q samples stored in a memory of the BB srmulatlon
20 subsystem 40 The prestored sequences of dlscrete | and Q samples represent
| 'srmulated messages for transmrssron by the RF subsystem under test 25 The'

B prestored sequences of drscrete land Q samples, rather than representing compressed



5 subsystem under- test .25. The PRBS si gnal 550 and. PLL signal 555 are

~auxiliary digital signals 560 provi ded. to theTRR BUhe replasemeneshestst 25.
The DACs 530, 535, 540, 545 provide. auxiliary baseband anal og signals. 565.

The. auxi | i ary baseband anal og signals 565 and .t he aUXIdJ'?J gital -signals

- 560 formthe auxiliary. signals 170 showh in Fate: | T Mﬁl& Iy, the DAC
530 provides a 10 ~power anplifier (PA) si gnal -570 which controls:the.

anplitude and sl ope of a pul se used as .a control signal for a power .

- anmplifier of the RF subsystem under test 25. The DAC 535 provides an AGC
~signal 575 varsiansi of analagi Smulated qeessagemirepresent full ressiutions pf theimaglogem
~under ‘test 25. The DAC 540 provides an AFC signal 580 used-in an .automatic.

' frequency mqssaqqs for ﬂ@ﬁﬂ“%&ﬁh\etwﬂﬁﬁbb?ﬁf@mmweﬁte%ﬁ 2'93 Bﬂn@fﬂQMO!MO

' subsystem 40 retrleves the prestored drscrete | and Q samples from its memory and
converts them to analog transmlt flltered slgnals ir and g 55, 60 The RF subsystem -
| 5 '_under test 25 modulates the analog transmlt flltered sngnals i and Qe 55 60 onto one‘
| or more RF camer slgnals | | |
In a receive mode of the baseband slmulatlon system 20 the RF subsystem
under test 25 demodulates one or more RF S|gnals whlch carry baseband analog .
slgnals 1,, and_ s 65, 70 modulated on RF c_arrlers. ‘The demodulatlon o_f the BF signals -
| 10 _produoes the baseband'analoq signals iy and an 85, 70 'Which are supplied to the BB
- sumulatuon subsystem 40 The BB slmulatlon subsystem 40 converts the baseband .
| analog recelve slgnals ln and qR 65 70 to sequences of receive dlscrete samples The
sequences of recewed dlscrete samples are provnded to the PC 30 (vna the mterface _
bus 50 the PCIF card 35 and the PC bus 45) for analysls The sequences of
16 . received dlscrete samples may also be stored in the memory of the BB slmulaﬂon ;
subsystem 40 The PC 30 analyzes thls dtgltal data to debug and vahdate the RF
subsystem under test 25 _ . ' | |
FIG 3 shows the BB snmulation subsystem 40 in greater detall The' BB
o S|mulat|on subsystem 40 meludes a tlmlng and control (TAC) port 100 an 1Q port 110
.__- 20 '_ and a GPIO port 120, where GPlO is General Purpose lnputhutput These ‘three :
B ports, (the TAC IQ and GPIO ports 100, 110, 120) recelve digital data and control

- slgnals via the mterface bus 50 from the PCIF card 35 ln add|t|on, these three ports'



15  is a spare to be used for providing a | ceDiddBrlont abesteeded. The
- .GPI-O port 120 nay al'so.contain additional - eI e reEuch_ as nonitor ports -

~sand interfaces for synthesizers. For exanple, the GPI O port 120 may have an

8-bit ‘monitor port which latches digital siPates. Sl ENPQ qﬁﬁ%putted fromthe
RF subsystem under test25. The noni t@r port is syrchroni Zed to the naster :
cl ock so'that its status 20 -may be reported at ‘a.desired basis. - 19 .. -

also receive the master clock 220 from the external source 52 lllustratlvely, the
: master clock 220 is s 2 13 MHz clock sngnal
” |n response to the master clock the TAC port 100 generates all of the tlmmg |
sugnals for the RF subsystem under test 25 ‘and for the BB slmulatlon subsystem 40,
5 i e., for the lQ port 110 and for the GPIO port 120 The timing srgnals, also referred' |
L : -to as plural clooks, are provrded ona tlmlng slgnal Irne 125 lllustratlvely, the TAC __
: port 100 generates 1 6 fully programmable t|m|ng sugnals, 8 for transmlt functlons and
8 for receive functrons
| ln the transm|t mode, in response to one or more of the trmlng srgnals present
10 on the t|m|ng slgnal llne 125 the IQ port 1 10 retrleves sequences of prestored
: discrete | and Q samples 130, 135 from its me_mory. The ret_rleved sequenc_es of
discrete l and. Q samples 130, 135 repre'sent., illustratively, ful'l resolutlon ve'rsions'of'
:an analog slmulated message to be transmltted by the RF subsystem under test 25.
| ~"The. retneved sequenoes of dlscrete 1 and Q samples 130, 1356 are outputted from the
15 _ | lQ port 110 to drgrtal to analog converters (DACsl 140 145, respectlvely The DACs_
| 140, 145 convert the discrete | (in-phase) and Q (quadrature) samples 130 135 to
the analog transmlt filtered signals i¢ and qe 55, 60 (also shown i in FlG 2) The analog
_ transmlt flltered slgnals IF and Qe 55. 60 are then outputted to the RF subsystem under
| test 26. | | | N
20 : In the receive mode, the lQ port 110 receives the baseband analog recelve'.
_ slgnals in and Ga 65 70 lalso shown in FlG 2) from the RF subsystem under test 25

The received baseband analog recelve slgnals in and q,. 65 70 are converted from



'FIG 9 shows an i or q anal og signal 600 V\/mch represe ts t I ved
baseband anal og receive signals [err] or [efhis ig3he fep B?G'ﬁ?&ééggnd 7. In

~:the receive node, the ADCs 160, 165 sanpl-e the anal'og signal. 600 to form a:.“' '

sanpl ed signal 610.. The sanpl ed  si gnal 610 Lesent {ggauences of .
- discrete | or Q synhbols 150, 155. of . 5 10 Eachass;{frrwpl €is. adigital

val ue and is stored in a particular address of a menory (such as the 1Q RAM

405 Of Fl Grdibg 161 1cPd 88llefice bPfiglth o‘rcjjrsﬁ%ls‘% 1159, PES/BY Hifaldd to digitdhi S

val ue may epresen by a 1 gital wor wherei n the nost

- BIS ?ﬂigf ; ﬁﬁgﬁ,ﬁ%esrt §Qpc§i 98004 é§ V\Q@éﬁ:‘tﬂe@ gﬂg r&@%@mpfésrﬁﬂﬂﬁénvﬁowr

rve exanpl'e of the Tirst sanple 620 is - -

AI ,P ;?ﬁg? It \eagh-@}ho}ﬁ prgﬁ glé)ar:tJ Sofntalebfq) g‘aﬂ: awfeﬁ?ﬁl@ly)ftﬁehaisc@t%%% 51%' G 7)
transmitted from the tQ memory to the PC 30 via the PCIF 35. |
5 ‘The GPIO port 120 m addltlon to réceiving the digital data and control srgnals
| via the mterface bus 50 from the PCIF card 35, also supports the transmnssnon of |
_ auxmary drgltal and baseband analog srgnals 170 to the RF subsystem under test 25
DACs (not shown) may be connected between the GPIO port 120 and the RF
.subsystem under test 25 These DACs convert dlglta| srgnals to auxmary srgnals 170 _.
10 _for tra_ns_missron to the_ RF subsystem 25. Illustratrvely, the auxlllary _slgnals 170 are |
: controll signals for various circuits in.the R? subs,ys_tem under test 25, such"as apower
amplifier, an automatic gain :contro'l, and an automatic_frequency control._ ‘The GPIO
port 120 may also contain -addi.tiona'l eleme_nts, such as rncnitor ports and interfaces
for syntheslzers | | - | |
15 - The TAC port 100 generates plural clocks whlch are synchronized to the master
._ .clock that is supphed by the external source 52 The plural clocks are generated in
cooperatlon with counters and a memory whlch has prestored dlscrete srgnal levels
as explam_ed be_low. _ _ | _ | |
lustratively, the TAC, 10 and GPIO ports 100, 110, 120 are each implemented
20. | usmg a Fleld Programmable Gate Array (FPGA) made by Xilinx™ ' model XC31 95 .
addltlon, each FPGA of the TAC and o} ports 100, 110 has the following penphera! | -

components 3 Mbrts of external SRAM (Statrc Randorn Access Memorv). 128 kbits |



to represent signs and nmagni tudes, two' s corrpl i, ment notation used.
. The second sanple 625 has a val ue of 1, reprél—é‘é?]tseﬂleﬂfpl‘iﬁémﬂgsga’t word 001
- which is stored in address 1 of the IQRAM405 The third; -fourth and’ flfth
~-sanpl es 630, 635, 640, have a value of 2, regif emeﬁjﬁtﬁﬂﬁgﬂﬁ digital word.
010 which are 15 . stored in addressesllz 3 and 4. In a sim.lar fashion,
- digital words or synbols representing the vatue of the sanpled signal 610 -
are stored in particular address | ocations of the | Q RAM 405. The stored

dat a; ra”ﬁfdrh%@e&féms it dble erﬁ%ﬁg%m&w itFa P intirac8 Girt ed baseban_d

- anal og receive signals [err 5, 70, represent full ‘resolution -

70200 “the & %?25“%“2?5?’?‘*-?3‘?}?%%“???95eﬁ%‘”ﬁ?‘? R e ERE e R 25
| ,f or anal ysc'o?nptrﬁes a TAC FPGA 200 connected to a TAC memory 210 lllustratively, the
- R RAM 21 i is conflgured from three 256k x 4b|t SRAMS. Th|s effectlvely forms a 256k'
| 5 _- ' .. x 12 but SRAM The TAC FPGA 200 recerves the master clock 220 supplled by the
| .-__jexternal source 52 (FIG 3l In response to the master clook 220, the TAC FPGA 200 |
' _retneves dlscrete data prestores in the TAC memory 21 O and generates plural clocks.'
-230 The TAC FPGA 200 provrdes one or more of the plural clocks 230 to the 1Q. |
_port 110, the GPIO port 120 and the RF subsystem under test 25 on the tlmmg
10 srgnal line 126 (FIG3). |
| "FIG 5 shows the TAC FPGA 200 in greater detall The TAC FPéA 200
'oomprises TAC controller 305 a PCIF (Personal Computer Interface) co'ntroller' 310, |
a transmlt counter 325 a receive counter 330, a MUX (multlplexer) 345 and a clock_.
_ generator 365. lllustratrvely, the TAC controller 305 and a PCIF controller 310 are
1 5: autonomous flmte state machlnes The TAC oontroller 305 recewes the master clock
220. The TAC controller 305 generates tlmlng oontrol slgnals 320 lllustratlvely, the |
o .TAC controller 305 prowdes the trmlng control slgnals 320 to the transmlt counter'
325_and the_ recelve count_er 330 |llustratwely, the transm|t and recelve countersl
-{325 330 are 18-bit counter's. In response to the t|m|ng control slgnals 320 the' o
20 transmlt and recerve counters 325, 330 generate address srgnals 335 340 for the' -
tlmrng operatlons durlng the transmlt and recerve modes of the TAC port 100.. The

address slgnals 335 340 may also be used durlng a non-trmlng mode, when the PC



determ ‘ne 't he ‘proper operation of the RF subsystem under test 25 (see FIG.

D). 20 The .reverse operati-on occurs in the transmt node, Wnere the 1Q
_.port 110 suppl i es the RF subsystem under testh,gﬁs%é ransmit
- filtered signals [err] .and [err] 55, 60 shown in FIGsPeﬁ}g@e an ‘ The ..

' prestored discrete | and Q sanpl es 13035135 st or ed |n é& M 405 _
contain full resolution versions (rather t haRa: . sl ver si ons) of

di gi.t al sanples of - arbltrary baseband anal og S|gnals such as

_ 30 (FIG 2)is readmg/wrrtlng fromlto the TAC memory 210.
The address outputs 335, 340 of the transmrt and receive counters 325 330
are provrded to the MUX 345 The PClF controller 310 provrdes a control slgnal 347.
whrch enablesldlsables the operatlon of the TAC controller 305. The control slgnal'
5 347is also provrded to the transmlt and recerve counters 325 330. In response tc
| the control S|gnal 347, the_ TAC controller_ 305 generates a s_elect slg_nal 350 which ..
is provided to the MUX'345. In:_re_spon'se"to the select .sig_'n'al 350, the MUX 345
outputs one of the address signals 335 340. to the TAC memory 21 Oof the TAC por't
100. This causes elther the transmlt counter 325 or the receive counter 330 to
10 access the TAC memory 210. The reason for havrng two oounters 325, 330i is such -
| that the trmrng S|gnals for the recelve operatron of the RF subsystem under test 25 _' _.
. can be easrly offset agalnst the t|m|ng slgnals for the transmlt operatron, wuthout
havung to re-download the TAC memory 210
Output and mput Iatches (not shown) ccmprlsrno an array of D-fllp flops, for |
15 e)tample, may also be used. lllustratrvely, an mput latch may be located between
input slgnals and the PCIF controller 31 0 In addrtron, an output latch may be located
" ~ between output srgnals and the TAC controller 305 The output Iatch may be used
to remove glltches from outputted slgnals and the input latch may be used to
synchronrze all mput_srgna_ls to _t_he master clock 220. The TAC port 100 may also
20 include registers and cir'c.uitry to allo'w the FCIF port card 35 (FIG 2l to read and yvrite o
o data to and from the TAC RAM 210. lllustratlvely, the TAC port 100 has erght 8-bit -

reglsters



the anal og si gnal 600 shown in FIG 9. There is an anal og waveform t hat

corresponds to a partlcul ar. set of sanples. ‘ %e anal og waveforns can vary_ "
-f rom one communi cati on systemto another. For rf@elacenenaeaéag '

- ‘waveforms can be gaussian waveforns; rgsed cosine waveform& etc. The PC

30 (FIG 1) conputes the.10 sequences—-of Dater ete g mﬁﬁaarrpl es 130,
135, representing t hese anal og waveforns, and.stores t the 1 Q RAM

405.. The sanples of each waveform.are il | ustrati vel y stored in. consecutive . |

addresses so that they can be easily retrieved by the | Q FPGA 400, shown in
FIG 7, on a sThpTAGportAQ0 genaeates the' plaralcidokg zamfnemmmefmastereldclsagl)al s -

[err] and [err] 55, 60 (shown.in FIG 2, 3, and 15.. .7) .are generated from
ot he ful arﬂspﬂoutdeerthdllacat&t eletpbeuscmmﬂmwtreonoroesameof the gdmerated
plural clocks 230 on the tlmlng slgnal line 125 (FIG 3) In addltlon, other functlons
of the TAC port 100 include mterfacmg to the PCIF card 35 allowmg the PC 30 (FlG
5 '_ 2) to readlwnte data from/to TAC RAM 210 in non-tlmmg mode, and readmg data |
 trom the TACRAM 210.

The plural clocks 230 are generated from a clock generator 365 in response to
the master clock. 220 and data 370 retrleved from the TAC RAM 210 The clock .'
generator 365 also performs a deglltchlng functlon, whereun glltches, such as noise

10 splkes, are removed from the clock slgnals In one lllustratlve embodlment each |
slgnal level or but 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 pIural clocks 230 are the"'
parallel cutput of the S|gnal levels or b|ts retrleved from the TAC RAM 210. For o o
ex_ample, ifa four.b_lt data _word |s_p_restored in the TAC_ RAM 21.0, then four clocks

15 230 ar'e_.gene'ra_ted by thecl'ock'-gen'erator 365. For a four bit data word bebsb,by the
- first bit b, of th_'e prestored data word b4b,b,b,_corresponds to the first cycle of the -
| first-clock' the second bit b, corresponds 'to'th'e first cycle .of. the second clock: the

'_ thlrd bit b, corresponds to the flrst cycle of the thrrd clock and the fourth blt b,
corresponds to the first cycle of the fourth clock |

| 20 - | . Asan |llustrat|ve example, FIG 6 shows four clocks 230 generated from four
. bit da_ta_ w_ords stored in the TAC RAM 210. For a prestored- four blt_ first data word.

| be_ing 0000, the values of the_first cycle #1 of the four clocks 1, '2,_ 3, 4, are low. For



| @ RAM 405. -Each prestored sanple is represented by a di gi tal

word. For

exanple, the digital word 101-represents a pul se having a value of -1.
. Thus, retrieving the digital word 1 01 frony %rtﬁgse@FOf t he | Q RAM 405

produces a.pul-se having a value of -1. Sim I ar

BPTaN Shaed

.001

“retrieved fromaddress-1 of the IQRAM4405 20 ?m%ratlon of a

pul se having an aiplitude - of 1. Retr.i.évingDates pre

reconstructs the digitized. or sarrpl ed signal 610. Thereafter,
.145 (shown in Fl.

Ital sanples

t he DACs 140,

q _
signal @ prestored cf;<szour bltnseco)nd art\a/evrvr[:r ?Osl%qplvsl%r%' t?\reafirs(é ]bolt 1’iso tltleh Foat al.og

srgmfrcant blt, whlch is '1' in thrs case, then the values of the second cycle #2 of

clocks 1. 3 are hlgh and that of clocks 2,4 are Iow Slmrlarly, for a prestored. four _ ;'

brt thrrd data word of 0100, then the values of the third cycle #3 of clocks 1 2, 4 are

| 'Iow and the value of the thrrd cycle #3 of clock 3 is hlgh In this fashlon, the plural

L clocks 230 are outputted in parallel wherem one cycle of all the plural clocks 230

. corresponds to one data word prestored m the TAC RAM 210.

After the desired data words are retrleved and the plural clocks 230 generated

the process is repeated Thus, the plural clocks 230 repeat after a deslred number of '

10

cycles. In the |llustrat|ve example shown in FIG 6, the plural clocks 230 repeat after
6 cycles _
‘At Ieast one of these plural clocks 230 is provrded to the |0. port 1 10 through '

the tlmlng slgnal line 125 FIG 7 shows the IQ port 1 10 in greater detall The o port

' 110 compnses an lQ FPGA 400 and an lQ memory 405 In addltron, the two DACs | _

15

' 140 145 and the two ADCs 160, 165 (also shown in FIG 3) provrde an mterface

between the RF subsystem under test 25 and the BB srmulatron subsystem 40 (FIG

) 3) containing the 1Q port 110

20

lllustratively, the IQ memory 405 is conflgured from three 256k X 4b|t RAMs
to effectlvely form a 256k x 12 bit RAM The IQ port 110is conflgured to generate

andlor receive analog data on the | and Q channels



21 600. This i nvention has many advantages. The inventive baseband
- 'sinulation subsystem allows testing an RF subsystemwi t hout the need for
~its conplementary baseband subsystem Thi's ANy lﬂ/\thed'eplalcg,p, AP .
"subsystem i ndependent fromits 5 conpl enent ary. baseband sub st em Thus,
‘the devel opment of the RF subsystem islhot paifdeseg APR tg% unavai l-ability
of its conpl ement ary baseband subsystem In addl tion, the I nventive
" baseband si nul at i on subsyst em extensi vely tests the RF subsystem under.
. normal operating conditions, and allows troubl eshooti ng and debugégl ng .
‘rather than Ii. elaAﬁasE‘*Q'a‘lﬁ traay beglohﬁ BAQSI esed tleﬂﬁﬁlél’mtnl apd h!latRF
' ' ' respectnvely, to the RF subsystem under test 25 The ADCs 160, 165 may be 10 blt _
ADCs which receive | and Qdata, respectlvely, from the RF subsystem under test 25
lllustratlvely, the DACs 140 145 and ADCs 160 165 support 10-bit resolutron wnth |
5 'converslon trme of Iess than 450 ns over a voltage range of 5 volts. LPFs (Low Pass |
Flltersl 410 41 5 are connected between the DACs 140 145 and the RF subsystem
under test 25. In addltlon, LPFs 450 455 are connected between the ADCs 160 .
165 and the RF subsystem under test 25. Each LPF 410 415 450 455 may be a
- 2-pole Irnear phase low pass fllter W|th a cut-off frequency of 200 KHz
10 o The IQ FPGA 400 receives tlmmg slgnals on the timing S|gnal line 125 and the
- master clock 220 The timing srgnals on the tlmlng slgnal Ilne 125 may be one or
more of the plural clocks 230 (FiGs 5, 6) generated by the TAC port 100.
~In the transmlt mode, in response to one or more. of the clocks 230 (recsived o
on the tlmlng S|gnal Ime 125) generated by the TAC port 100, the ie] port 110
15 retrleves the prestored dlscrete I and Q samples from its 1Q RAM 405 Illustratrvely,
a counter of the iQ FPGA 400 responsive to one or more of the plural clocks 230
. cou_nts through a sequence of states. Each state forms an address in the 1Q memory
405 used to retrieve one sample. The prestored disere_te_l"an'd Q samples retrieved’
~ from the 1Q m_em'ory.405, rather than repr'esenting'comp're's's_ed versions of .analo'g
20  signals, represent full resolution versions of the analog signals for transmission by the
- RF subsystem u_nder test .25', lllus'tratlyely,'the prestored discrete | and Q samples |

‘correspond to analog waveforms such as gaussian Waveforms, raised cosine or sine



10 subsystem which may result in refinement of the baseband subsystem
.design. Refining the design of a baseband subsystemis nore cost effective
than refining an already reali zed and constru&'hrsdsbﬁsea@@ayerﬁgms m
“Furthernoré, the invention allows vali dfélon of an. RF subsystemwhich.in
~turn can be used to validate a basebanMubsy Havi-ng. a vati dat ed RF
_subsystem 15 . which is tested to function é@perl—y&bﬂpgﬁggsnventlve
baseband- %%If&r"-i‘é)rétéubsystem reduces validation tine for -an actual .
baseband subsysterh under test, since any faults can be attributed to the -

- baseband subsygi eghiidcn \ith ! BREs! 140 125! s angynsmeeanvgngseachhe |

| task of debuggl ng a pr ot ot yprng-are made ea’si er |'ess cost
retrreved d|sorete land Q samples to the analog transmrt srgnals ir and gy 430 440

| '. lIIustratrver, Iatches (not shown) recelve the drscrete l and Q samples retneved from :
: 5 -the IQ memory 405 in sequence These Iatches output the retrleved dlscrete | and Q .
. samples slmultaneously to the DACs 140 145 The DACs 140 145 reconstructs the .
| analog transmrt slgnals r-,- and qT 430 440 from the retneved samples which are the_
full resolutlon representatron of analog slgnals | | _
The analog transmlt slgnals iv and qT 430, 440 are outputted from the DACs_ o
10 - 140 145 to the LPFs 410 41 5 for ﬂltenng The LPFs 410, 415 output the analog
N transmrt f|ltered srgnals i and Qe 55, 60 (see also Fle 2 and 3) The analog transmlt '
filtered s_rgnals irand q¢ 55, 60 are then outputted to the RF _subsystem under test 25.
- lT'he low pass filters 410, 415, whrch filter the -a.s.;uog tran'smit signals iy and qr 430,
440, f||ter out noise and hlgh frequenores from the analog transmlt srgnals ir and Gr
15 '430 440 Thrs smoothens the analog transmit srgnals I-|- and dr 430 440 and _
| 'provrdes the analog transmit fi Itered signals i iF and q; 55 60
In the receive mode, the LPFs 450 455 of the IQ port 1 10 receive baseband
| analog receive slgnals 4860, 465 respectlvely, from the RF subsystem under test 25 |
The LPFs 450 455 output filtered baseband analog recelve slgnals in and qg 65 70
20 _(also shown in FIGs 2 and 3), respeotrvely The low pass ﬂlters 450, 455 fulter out
o noise and hlgh frequencles from the analog recelve slgnals 460 465 respectlvely .

Thls smoothens the analog recerve srgnals 460, 465 and provrdes the filtered reoerve .



20 _ The above descri bed énbodi ments of the invention aré i ntended to

be illustra- tive only. Nunerous alternati d devi sed by

~those skilled. in the art without departi ngﬁﬁ?gﬁf%}é@%e?n%mfnggtscope of ‘the
f'ol |.owi ng cl ai ns. .22 CLAIMS The ¢laimed invention is: 5 - _
baseband 'Si rrul ati on subsyst em for Si rrullat IDﬂtea ba,seaom nggsyst em of a -

baseband analog srgnals in and q,, 65 70. The ADCs 160 165 of the 1Q port 110
recelve the baseband analog recewe srgnals in and Ar 65 70 respectwely, from the
| .-LPFs 450, 465. |
In response to one or more of the clocks 230 (recerved on the tlmrng srgnal lme '.
5 125 andl generated by the TAC port 100, the ADCs 160, 165 of the IQ port 110
o _ convert the recelved baseband analog stgnals in and dg 65 70 to the sequence of
' 'dlscrete 1 symbols 150 and the sequence of discrete ‘Q symbols 155 respectwely o
(also shown in FlG 3). The sequences of dlscrete fand Q symbols 1 50 155 may be
. sto.red |n the_ IQ memory 405._ Alternatively, these s__equences of dtsc_rete i alnd Q
10 symbols 150,165 may illustratively be transferred to the PC 30 (FIG 2) from the IQ.
| | memorv 405 via the PClF card 35 for analyzmg the ablllty of the RF subsystem under |
test 25 to recelve one or.more carner slgnals and to demodulate I and Q analog
) slgnals therefrom -
FIG 8 shows a block dlagram of the GPIO port 120 The GPIO port 120 |
1'5.' 'c'o'mpr_lses a GPIO FPGA 500 which has a pseud,o-random bit sequence (PRBS)-
o g'_enerator 510, and a Phase Lock Lasp (PLL) register 520_. The GPIO port 120 also
comprises a plurality of DACs. lllustrati\rely, fo'ur D:A_Cs. 530, 535, e4o and_. 545 are
.. provided. 'l'he GPIO FPGA 500 recelves the master clock 220 supplied by the external
source 52 (FIG3). In response to one or more of the plural clocks 230 lshown in FIG'
o 26 _ '_'5 and generated by the TAC port 100), recerved on the trmrng srgnal Irne 125 and the
S master clock 220, the GPlO FPGA 500 provrdes dlgltal s|gnals to the DACs 530, 535 |

540 545 The master clock 220 and one or more of the plural clocks 230 also cause



comuni cation transceiver to test a radio frequency subsystem of the

conmmuni cati on .transceiver conprising: a tinifhg artdeo'eplacethepbshedtor
~-generating plural clocks in response to-a master. cI ock, an :
an | Q port connected to. recei ve at IeaIsé on;ﬁge kﬂRnl cI ocks o
generat ed by said t| m ng and contr ol conflgured to convert each E
di screte | and g le, ;of a.first sequence of -discret and. Q sanples
repr esent thgyPRB QHDFW@dsh%%ﬁche 8Lk peqisten 5ﬂ9r°fp‘lh8c‘é%'9 Epgé'ﬁ)ﬁ%@ Puleub
frequency subsystem_to first sset. of analog i and q gnal s, said 1Q port
al so connéﬁﬁ%‘ﬁ“#‘@@&ﬂf@%"bbé'@ﬁé' 8%5, fﬁﬂ’“‘“’@h’ a'll'a#ttﬂ:}“lewar'ihe §RES@ignal from
the radl o frequency subsystem and confi gured t

, 550 is random blt streams, . and the PLL reglster 520 is a 21 bit regrster Whlch

provrdes a 21 blt senal PLL slgnal 555 used in a phase lock loop circuit of the RF
5 -_”'_subsystem uhder test 25 The PRBS slgnal 550 and PLL slgnal 555 are auxlllary' | |
o d|g|tal SIQI‘IalS 560 provuded to the RF subsystem under test 25, _ | _
" The DACs 530 535 540 545 provide auxmary baseband analog slgnals 565 ..
| The auxlllary baseband analog slgnals 565 and the auxmary dlgltal slgnals 560 form
| .the auxlllary sugnals- 170 shown in FlG 3. Illustratlvely, the DAC 530 provrdes a o
.' 10 ) power amplifier lPA) sngnal 570 whlch ccntrols the amplltude and slope of a pulse '
used as a control slgnal for a power ampllfler of the RF subsystem under test 25. The |
: DAC 535 prOV|des an AGC sr_gn_al 675 used in an automatlc gain co_ntrol cnrcmt _of the
RF subsystem md;; test 25. The DAC 540 provides an AFC signal 580 used in an-
' ,automatlc frequency control cnrcunt of the RF subsystem under test 25 The DAC 540
: l5 s a 'spare to be used for provrdmg addmonal signals as needed
o ‘The GPI_O port 120 may also eontam addltlona_l_ elements_, such as ntonitor ports
. and interfaces for synthesizers. For: exarnple, the GPI'O port 120 may have an S;bit '
monitor port whlch Iatches dlgltal status slgnals cutputted from the RF subsystem |
o under test 25 The monitor port is synchronlzed to the rnaster "lock so that its status -

20 -may be reported _at_ a deslre_d.basls. '



.2

convert said. recelved second set of analog i and g S|gnals to a second

"sequence of discrete | and Q- sanples in respahﬁelsttbeaepllaeamenbslmf sai d

«plural cl ocks generat ed by -sai d ti m ng control port, and a general pur pose - -
i nput output port connected to.receiv Fa& one - plural
cl ocks generat ed by said tim ng and c¢ roI ? rl.%ed to receive:

to pI’OVI de auxiliary anal 09 Si gnal s to t he radl o] frequency subsystem

10

15

20

FlG 9 shows an'i or q analog srgnal 600 whrch represents the recerved

baseband analog recewe srgnals igor qR 65, 70 of FIGs 3 and 7. In the recelve mode,

o sampled slgnal 610 represents the sequences of dlscrete ] or Q symbols 150 155 of

FIG 7. Each sample isa dlgltal value and is stored ina partrcular address ofa memory

. (such as the IQ RAM 405 of FIG 7) For example, the flrst sample 620 has a value
' Of 1 Th|s value may be represented by a3 blt digital word wherem the most -
: srgnlflcant bit is a srgn bit wherein a 1’ mdlcates a negatlve number. Using this

_|llustrat|ve example, the value -1 of the flrst sample 620 is represented by 101 and

is stored address O of the IQ RAM 405 (FIG 7). Alternatlvely, rnstead of usmg bits

to represent slgns and magmtudes, two's compllment notatlon may by used.

The second sample 625 has a value of 1 represented by the digital word 001 ,

whlch rs stored in address 1 of the Q RAM 405 The thlrd fourth and flfth samples
630, 635, 640, have_ a value_ of 2, represented by the dlgltal word 010 which are

stored in"addre'sses 2 3 and 4 In a similar fashion, digital wcrds or symbols

representlng the value of the sampled sugnal 610 are stored m partlcular address
. |oca_trons of the 1Q RAM 405. The stored dat, rather than representing compressed

~ versions of th'e received baseband analog receive signls.i',,' or q‘., 65, 70, represent full

resolutlon verslons of the recelved baseband analog receive slgnals iror qg 65 70.

" The stored data |s routed to the PC 30 through the PCIF card 35 for analysrs to

o7 _d_e_termme_.the__ proper o.peratron of the RF _subsvst_em under test 25 (see_FlG 1).

__23"-

| the ADCs 160, 165 sample the analog S|gnal 600 to form a sampled sngnal 61 0 The o



2. The baseband sinul ati on subsystem of claim 1 wherein said timng and
control port:-conprises a tinmng and control prrigrighnebépagsementsheay whi ch
.is.capabl e of generating - 'said plural clocks fromdigital data, and a -
“timng and control nenory connected to_said ti m ng and control Jprogrammabl e

gate array, said timng and .control 520 rrerm estorl '?lﬁslgﬁl gital data.
3. The ‘baseband si nul ation subsyst emof claiml Wne 1Q port

conprises an | Q progranmmabl e gate array which is capabl e of generating sai d

first sequence THe fvafsectpratich dcoUrBaRThS Sradthitidda, ivvhéraradlia pére 110
receiving said second sequence of 10 " said discrete | .and Q sanples, and

2’?0|r ?n”ems%dﬁeﬁ'ﬂ%?kﬁcsubgvs&&h%d@r Qé&%@Wﬁhbih% daldy ﬁéﬁshllt fﬁt%réii é.@naﬁrror y
. g said first sequence of discrete | d Q sanpl-es.
-and G 55 80 shown in FIGs 2,3, and 7. The prestored discrete | and Q samples
_.130 135 stored in the lQ RAM 405 contaln full resolutlon versrons (rather than
-5 ._compressed verslonsl of dlgltal samples of arbltrary baseband analog sugnals, such as
| the anal_og _sig_nal 600 _shown in FIG 9 There is an analog waveform that corresponds
to a particula‘r set of sam’ples These analog waveforms can vary from one
' '.communrcatron system to another. For mstance, the analog waveforms can be
gaussaan waveforms, rarsed cosme waveforms, etc. The PC 30 lFlG 1 computes the _
10 sequences of dlscrete l and Q samples 130 135 representmg these analog. .
| ;wavef_orms, and stores them in the _IQ_ RAM 405. _The samples of_ each waveform are
illustratively stored in oonsecutive"addresses so that they can be easily :r_etrie_ved by
.the 1Q FPGA 400 shown in FIG 7, on a sample by sample basrs _ |
“The analog transmlt flltered slgnals i and Qe 55 60 lshown ln Fle 2, 3, and. |
_'1.5 -7) are generated frorn the full resolutlon dlscrete sequence of samples prestored in the |
iQ RAM 405. Each prestored sample is represented by a dlgltal word For example,' -
_ the dlgltal word 101 represents a pulse havrng a value of -1. Th_us, retrle_vmg the
| '_drgrtal word 101 from addr_ess‘ 0 of_the IQ__ RAM 405 produces a pu_lse havino a value
of -1." Similarly, a digital word 001 retrisved from address 1 of the 1Q RAM 405
20 cau'ses generation 'of a _puls_e' .havin-g.'a_nj amp_litude of 1. Retrieving the p'resto'red 'd_igital
. samples reconstructs the digitiz_ed or sampled signal 610. The'raafe;, the DACs 140, |

~ 145 (shown in FiGs 3 and 7) conv’ert the'sampled signal 610 to the analog_s_i_gnal



4, The baseband S|nulat|on subsystenlof cla|n11 wherein said general
~purpose input output port conprises: 15° an i nput out put

. 'progranmabl e gate -array which is capable of- nhgv,gqhageguggmlamshdtgl taI .
signals, a digital to analog converter connected to convert said aUX|I|ary

‘digital signals to said auxiliary anaRdg signals provided to theradio” =~
'- LL?Sﬂ?”E%ZFZﬁ%ZLF? sare 30 ™array ™ EmhSC AR s d e
_'6_60; | . |

Thrs rnventron has many advantages The mventlve baseband srmulatlon__
subsystem allows testrng an RF subsystem wrthout the need for |ts complementary |
o l:baseband subsystem Thrs allows developlng the RF subsystem mdependent from its _-

5 complementary baseband subsystem Thus, the development of the RF subsystem

- is not hrndered by the unavallabllrty of its complementary baseband subsystem
| In addrtron, the |nvent|ve baseband slmulatron subsystem extenslvely tests the
-RF subsystem under normal operatmg oondrtuons, and aIIows troubleshootrng and

debuggrng rather than limited pass farl testlng Th|s allows refrnement of the RF

._ 16 subsystem whlch may result in refmement of the baseband subsystem desrgn

- Refrnrng the desrgn ofa baseband subsystem is more cost effectlve than refrnmg an. o

: already realrzed and constructed baseband subsystem
Furthermore, the mventlon allows valldatron of an RF subsystem whlch in turn '
| 'can be used to validate a baseband subsystem Havmg a valrdated RF subsystem,
| 15 which is tested to functron properly by the rnventuve baseband slmulatlon subsystem '_ _
| reduces valldatlon time for an actual baseband subsystem under test, slnce any faults -
can- be attrlbuted to the baseband subsystem under test rather than to the RF
: subsystem. Thus, the task of debuggrng and prototyprng are made easier and less
costly | | | |
20 - The above descﬂbed embodiments of the invention are mtended to be |l|ustra-'
tive only Numerous alternatrve embodrrnents may be devrsed by those skllled in the

~art v_vrthout departlng from the_ splrrt and scope of the followrng _c_lalms. _



- 24 5. A baseband sinmul ati on subsystem for. sinulating a. baseband -subsystem

of a communication transceiver. to test. ‘a radi o frequency subsystemof the

, communi cat ion transceiver conprisi ng: atim nm.grgjtmmpnaﬂenmntghw :
generating plural different clocks in response 5. . to a master clock, and

an 1 Q port connected to receive-at |eas2 one .of sai d plural clocks.
~generated by said'timng and control  port,- arlaa@e)nflgured to convert each _
discrete | and Q sarrpl e,..of afi rst. sequence ‘of discrete | and - Q sanples

representl ng a o - . CLBIM§ _ 3 APR 1995
" The claimed invention is: -

| j5 - 1 _ A baseband stmulatron subsystem for slmulatnng a baseband subsystem.of a
| | commumcatlon transcelver to test aradio frequency subsystem of the commumcatron
~ transceiver compnsmg | | '
a tlmlng and control port for generatlng plural clocks |n response to a
- master clock and o
_ _10' . - o an Q port connected to recelve at least one’ of said plural clocks
| generated by sald tlmlng and control port, and conflgured to convert each dlscrete |
| and Q sample, of a first sequence of discrete I and Q samples representmg a
o snmulated message outputted for processnng by the radlo frequency subsystem, to
“ first set of analog i and q slgnals, sald IQ port also connected to recelve a second set
- _1_5' of analog i and q srgnals -from the radlo frequency subsystem and conflgured to
onvert said recelved second set of analog i and q signals to a second sequence of' _
.' drscrete | and Q samples in response to at Ieast one of said plural clocks generated by
sald tlmmg control port, and | | |
| a general purpose mput output port connected to recelve at Ieast one of sa:d
20 plural clocks generated by sard trmlng and control port, and connected to receive to

' pr_owde auxlllary analog slgn_als to the radio f_requency subsystem.

Ll



‘SI nmul at ed nmessage outputted for processr ng by . the radr o frequency -
subsystem to 10 first set of analog i and ¢ r@l%ﬁtﬁ]esrepmmerﬂspeat al so
.connected to receive a second set of. analog i and q signals fromthe radio

frequency subsystem and configured to convert bd recg Kﬁg ohd set of .
analog i- and g signals. to a second seq@énce of |scret @%} sanpl es in

- response to at -l east one of said plural.clocks generated by said timng.

‘control popf. Ifheébasebahd simitaticn aubsybtes of claim il wiidrein saithtiming st corganer al
purpose input output port connected to-provide auxiliary anal og signals to

the radio Bb&%&iﬁ&ke&t&)wﬁﬁ@%d7oontroT?EogwhWegth aﬁhwvm-Eh tsrr:h.bwe of
conprrsrng a menory for storing said first _

generatlng sard plural clocks frorn dlgttal data, and a tlmtng and control memory
o connected to satd tlmlng and control programmable gate array, sard tlmmg and control

5 memor_y storlng sald dl_gltal da_ta. . o

| 3. The baseband slmulatron subsystem of clalm 1 whereln sald IQ port comprrses _
anlQ programmable gate array whrch is capable of generatlng sard frrst sequence of
'dlscrete ] and Q samples and which is capable of recelvmg sard second sequence of 5 '
10 | sald dls_cret_e | and Q samples, a_nd aniQ memory connected to said IQ pro_g_ramrnable_ o

gate array, said |Q memory storing said first sequence of discrete. | and Q samples.

4, The baseband simulation_subsystem of clairn 1 wner_ein said_:.g.eneral purpose
mput output port comprrses | | | | |
15 ~an mput output programmable gate array whtch is capable of provrdlng auxrhary
digital slgnals, |
a dlgltal to analog converter connected to convert sard auxrllary digital slgnals _
| to sard auxlllary analog sugnals provrded to the radlo frequency subsystem, and o |

' an lnput output mernory connected to said |nput output programmable gate'

20 array.

DR R



20 sequence of discrete I and Q sanpl es. 25 8. A baseband

simul ation
~¢transceiver
transceiver

discrete sanples | and Q of 5 basebaatld anal o]

.the radi-o f

system for simulating a baseband sysﬂ"bmlefthar@plamméﬂaéﬁm
to test a radio frequency .subsystem of the conmunication
conpri-sing: a conputer..connected to; C&Jrrpute sequences- of

t.pert 3 AER r]Qg@nd [ err]

r_equency_'subsy-st.em .'

. 5 . A baseband snmulatlon subsystem for slmulatmg a baseband subsystem of a

' o commumcatlon transcelver to test a radlo frequency subsystem of the communlcatlon

_ transcelver comprlslng

a tlmlng and control port for generatlng plural dlfferent clocks in response

toa master clock and

-an 1Q port connected to recelve at least one of sald plural clocks'

_generated by sald tlmlng and control port and conflgured to convert each drscrete .

- and Q sample, of a flrst sequence of drscrete I and Q. samples representlng a

10

slmulated message outputted for processlng by the radio frequency subsvstem, to

'flrst set of analog i and q slgnals, sald lQ port also connected to recelve a second set

-of analog i and q srgnals from the radlo frequency subsystem and conflgured to

-convert saud recelved second set of analog i and q slgnals to a seccnd sequence of

- dlscrete | and Q samples in. response to at least one of said plural clocks generated by

15

120

sald timing control port.

6. The subsystem of_ claim 5 fu’rther comprising a general purpose in_put 'outpujt .

port "con'nec_te'd to provide auxi_liary analog signals to the radio frequency subsystem.

7. The subsystem of clalm 5 further compnslng a memory for storing sald first

sequence of dlscrete { and Q samples

AR



a baseband subsystem havi.ng a rrerrbry and being c necé é@ rece';nv
~sequences of discrete sanples | and Q wherein s 8'§ & ﬁge'B? cﬁ ete
.sanples | and Q are stored in said nenory, said. baseband subsystem bei ng .

connected to generate, fromthe sequ es of di Spa@g:e sa and Q- . -
stored in said nenory, the 10 - base_B_%nd anal og out put‘s%pégﬁ]lggﬁd [err] toﬁ, '

the radi o frequency subsystem: and bei ng connected ta receive baseband
anal og inputs. [err] ‘and [err] fromthe radi o frequency subsystem and an:
interface card connected between the conputer and the baseband subsystem

her ot o TR YdeBnd UiMuldloR L8R 6/ "R TIaERAy o CBRRE RASSRAGH 4

subsyst e

: communlcetlon transcelver to testa radro frequency subsystem of the communlcatlon '
.' _ .transcerver comprlsmg |
a computer connected to compute sequences of dlscrete samples | and Q of ,
5 -lbaseband anelog outputs iy and qT to the radlo frequency subsystem,
a baseband subsystem havrng a memory and bemg connected to receive sald _, _. |
. sequences of dlscr_ete semples land Q, whereln said sequence_s of drscrete samp_les
| and Q are stored in s_aid' me_rnory, said basebend subsystem '_beinglco-nnected to
3 gene‘rate,"fr'om the s'equences of 'discrete ..s'a_m,bles _l- and Q stored i.n said m'emo_ry,' the
10 -. 'besheband.analog 'outputs_ i,- end'o{ to, the redio fre_quency subsystem, and being
: connected to receive basebend a.na'tog inputs. ig and qgg from the._rad_io' fre’quency'
- subsystem, and | | | | o
_an mterface card connected between the computer and the baseband .
subsystem, wherein the lnterface card mterfaces between sard computer baseband

15 subs_ystem.

LI



26 -9._- The baseband sinul ation sys‘tem'of claim
~ sinmul ation subsystem conprises: a timng and congpﬁl'gdﬁé?eétg&'ﬁenerat| ng
~plural clocks in response to a master clock, and 5 - - an 1Q port

-connected to receive at |east one of said pI ural. t@lt@cks 4 t by sai d
timng and control _port, and conflgur eg._to convert sal d seqdﬁgﬁcg}gs

9 The baseband simulation system of clalm 8 wherenn the baseband slmulatlon h |
o _subsystem compnses | | |
a tlmtng and control port for generatmg plural clocks in response to a'
.master clock and _ |
.5 | . an IQ port connected to receive at least one’ of sald plural clocks'_
| -generated by sard timing and control port, and confi gured to convert sald sequences
| of dlscrete samples I and Q to sald baseband analog outputs ir and qT, and connected
" to recelve sald baseband analog mputs l,. and qg, and | |
a general purpose input output port connected to receive at Ieast one of said
10 | plural clocks generated by said tlmmg and control port, and c_onnected to provude

" auxiliary analog signals to the ra_dlo frequency subsystem.’

10. :.'l'he suosyStem of claim. 9 further comprisin_g"a low pass filter for _filtering said
baseband analogoutputs ir and Gy. B |
15 | |
11.  The subsystem of cl.a_im 9 further compri'si.ng' alow pass filter for filtering said

baseband analog inputs in and qg.

1 2. A process for testlng a radlo frequency subsystem of a commumcatlon'
| 20 transceiver compnslng the steps of
in response to a master clock generatlng plural dlfferent clocks from a tlmmg

' and control port of a baseband slmulatuon subsystem, and

e e L M8



. of discrete sanples | and Qto said baseband anal og outputs [err] and

[err],

Jerr],

| east one of said 10 -

port,

and connected to receive said baseband angliog tHEPrHptadeRidnlt sRB6
and a general purpose input output port connected to. receive at

plural clocks generated by sai d g,.and control
and connect ed to provi de auxili a_g;a boTPR S

anal og B#lghal S di o

}‘ requencyf S:JbsyS]E em : 10. The subsyzt emof claim9 further conprising a
t
DR L edrBbabh b S IekPr 36b Bt BARGHARL BRA SAp ALY shELEtirRehd

FLItering o p%?e %gaogn.%sabyogn l&%‘ék%# Shd Lase%anb s.ml,.at.on subsystom each.

10

15

20

‘a srmulated message outputted for processxng by the radro frequency subsystem, to

~a first set of analog i and q slgnals,

recewmg by sard IQ port a second set of i and q analog sngnals from the radlo'

. f_requency subsystem, _and _

- 'converting' said received second set of analog' i and q 'signals to a second

err].
for

_ dlscrete 1 and Q sample, of a fll'st sequence of dlscrete l and Q samples representlng '

sequence ‘of dlscrete |l and Q symbols in response to at least one of said plural clocks'

generated by sald tlmlng control pert

| transcelver comprlslng the steps of

rn response toa master clock generatmg plural dlfferent clocks from a trmmg
and control port of a baseband -slrnulatlon subsystem, and
' |n response to at least one of sard plural clocks generated by said timing and

control port, generatlng by an IQ port of sald baseband snmulatlon subsystem an

13. | A' process for testing a radio frequency subsystern of a communication _

analog i and q signal from dlscrete | and Q samples prestored ina memory of sard a _

port, and

provrdmg said generated analog i and q slgnal to the radlo frequency

- 'subsystem

(AR AT



" 12, A process for testing a radio frequency subsystem of a comunication
20 transceiver conprising the steps of: in_response to a naster clock,
. generating plural different clocks froma tim'Alp Erihcepiaremephshott; o

- baseband simul ati on subsystem and . 27 in response to at. |east one of L
said plural clocks generated by said timn ng-at -ONntroh ptmecCONverting by
an | Q port of said baseband sinul ation. subsys!tme%%&ce)acﬁ é Mﬁm - o

-
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di screte | and Q sanple, of a first'sequence of discrete | and Q sanples
_representing. a sinulated nmessage outputted for processing by the radi o

~ frequency ‘subsystem to 5 a first set of an and q-signal |
receiving by said 1Q port a second set-of i an3+wg§ﬁ ék%ﬂé% éﬁﬂﬂnthe
radi o-frequency’ subsystem and convertlng sai d recelvedasxéﬁnd set of

analog i and q signals to a second s of ghamer efell synbolé in
~ response to at |east one of said pIu ocks 10 generated by said -

- timng control port 13. A process fo testing a radlo frequency subsystem.
. of a connunlcatlon transcelver conpri sing the st eps of ' :
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“in response to. a master clock, generating pl ural different clocks froma
timng 15 and control port of a baseband simul ation subsystem and in

. response to at | east .one of said plural clocks: @mamewptapemnmhm ng and -

control port, generating by an IQ port of said baseband si mul ation
subsystem an analog i and.q-signal from di scret . and, 3&5@% prestored

_|namem)ry of said IQ port, ag/(? o |ng rated.
~analog i ‘and q si gnal to the r requency subsystem . _
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| This is the rep\acemem_shgo'f _.

A 'BASEBAND SIMULATOR ARCHITECTURE FOR TESTING A EADIO I‘REQJ_ENCY
\ SECTION OF A MOBILE COMMUNICATIONS TRANSCEIVER '

st

A computer is connscted to an lnterface (PCIC) for a bassband-'

sxmulatlon subsystem. A timing and control (TAC) port receives a

_master clpck-signal_from the PCIF and generates clocks. IQ and

general purpose I/0 (GPIb) porté'raéeive at least one such cldék
In transmit mode, the IQ port retrieves prestored dlscrete I and Q
samples and reconstructs arbltrary transmit analog i and ¢ signals

for the RF subsystem under tast.' In a recaive mode, the IQ port

-recexves analog 1 and q signals £rom the RF subsystem. The IQ port

converts the analog i and q sxgnals to dlscrete I and Q sambles _

':Thsse I and Q samples are transferred to the PC for analyzing the

subsystem’s ablllty to modulate the transmit analog i and q 51gnals-

'on RF carrler slgnals and demodulate the RF carrler szgnals to

output the receivs analog i and g s;gnals.

Figure 2



