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MULTI PLE CLOCK GENERATI ON I N A BASEBAND SI MULATOR F@ TEST| NG

MULTIPLE CLOCK GENERATION IN A BASEBAND SIMULATOR FOR TESTING

A RADIO FREQUENCY SECTION OF A MOBILE COMMUNICATIONS TRANSCEIVER

Field of the Invention

The present invention relates to a system for testing a radio frequency (RF)
subsystem of a transmitter/receiver device such as a mobile communications
transmitter/receiver. The present invention also relates to a system and method for

generating an arbitrary analog waveform. The present invention also relates to a
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15 20 Field of the Invention The present
Lnvention relates to a systemfor testing a radio frequency (RF)

subsystem of a transmitter/receiver device such as a nobile communications
Background of the Invention

FIG 1 schematically illustrates a communications device. The device 10 of FIG
1 is a transceiver (i.e.f 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 sequence of quadrature
(Q) channel symbols. The | and Q channel symbols are then fed to the RF subsystem
10 14 which modﬁlates 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 demo&ulatés from the received RF carrier signals a seque'nce of fand Q
15 symbols. The | and. Q symbols are delivered to the baseband.subsystem 12 which
decodes these | and Q symbols to regenerate source data.

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

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

Altérnatively, even if the baseband subsystem is available, it may be desirable to test
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25 transmtter/receiver. The present invention also relates to a system

and net hod for generati ng an arbitrary anal og waveform The present
i nvention also rel ates t hod f
of cl ockheREsybsystem separately so that Fhutts h the an3 sut())systgrr'n 28R Betord e%s'?et

Background of the Invention FIG 1 schematically illustrates a
‘conmmuni todated andeideotifiedhe device 10 of FIG 1 is a transceiver
(i.e., atransmtter and a receiver) which fornms part of a cellular

Accordingly, it is an object of the present invention to provide a system which

simulates a baseband subsystem in a communications transceiver.

Summary of the Invention

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

ernbodiment, a baseband simulatir)n subsystem is provided for testing an RF
subsystem of a commqnication device, such as a cellular telephone, cordless

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

The basebar\d simulation subsystem receives discrete samples from a source,

16  such as the PC via the PCIF. The baseband simulation subsystem stores the received
samples in a memory. In a transmit mode, the baseband simulation subsystem

| retrieves these prestored samples and generates therefrom analog baseband signals

using digital to analog conversion. The baseband signals simulate inputs to the RF
subsystem under test. In résponse to these simulated analog baseband signals

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

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

-
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phone, cordl ess phone or personal digital assistant (PDA). The device 10 of
FIG1 5 may be viewed as conprising a baseband subsystem 12 and an RF
(radi o frequency) subsystem 14. In the transmtting
nmode, . tthe hasebamddsiouiatien subsystent.ciThesbasebard simulation subsystam eonvedts
codes the data in a sequence of in-phase (1) and a sequence of quadrature

(Q Chaawéeﬂecéwwéﬁal mgfbasbband sigdisno discretdsampies: Thendisécrdtd samiplesbre

subsystem 10 i ch nodul ates these synbols onto one or nore RF

carrier ta'&i'ﬂk thé ?\léel&é??h? the base?aﬁ&%m&ﬁrpgubsystem and/or supplieB tohthe

recei ving no subsystem recelves one or nore carrier
IS| gﬂgl Sé’enfgr »gslils| at es from the received RF carrier si gnal s a sequence of
| 5 lllustratively, the baseband simulation subsystem includes three ports: a timing
and control {TAC) port, an |1Q port, and general purpose input output (GP10O) 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., plural clocks) therefrom.

10 The TAC port also includes at least one counter which is connected to an
address input of the TAC memory. The counter and memory of the TAC port
cooperate to generate the plural clocks. The plural clocks are synchronized to the
master c_lock. The TAC gounter cycles through its counf state. For each countcycle,
the TAC counter -r'etrieves f.rom the TAC memory, plural prestored signal levels,

15 | including one signal level for each clock to be generated. The TAC port outputs the

retrieved signal levels, in parallel. These plural signal levels form the plural generated
clocks.
The 1Q port includes an |Q FPGA and an IQ memory. The 1Q port receives at
least one of these plural clocks.- In t_hé transmit mode, in response to one or more of
20 the clocks generated by the TAC port, the IQ port retrieves from its 1Q memory
prestored discrete | and Q samples. lllustratively, a counter responsive to a clock

signal generated by the TAC port counts through a sequence of states. Each state
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15 . synbols. The | and Q synbols are delivered to the baseband subsystem
12 which decodes these | and Q synbols to regenerate source data.
For a variety of reasons it may be desirable to provide the capability for

testi ndorms an addressRlin thiesi tmemoiy aussd ol Nietidéve dhedsampte. W Tie setridved
baseband subsystem For exanpl e, during the design of a nobile

conmmuni fjgdredd | dRW @ Baniplés P@ﬁ%&éﬁﬂa%uﬁied?rﬂessagwmsé Ttﬁh’ﬁ"sd?i%éd?BY {Re iRFed

separately. Under- such circunmstances, it my be desirable to test

' GBSl 6 e AP BBRRI Mg R bl g oo

desi rabcloe_nvtecl)'tetr(saS{DACs) which reconstructs transmit analog i apd q signals from the

5 retrieved discrete | and Q samples. The transmit analog i and q signals are then
outputted from the_IQ port to the RF subsystem.

In the receive mode, the IQ port receives analog i and q signals from the RF
subsystem. The IQ portillustratively also includes analog to digital converters (ADCs) -
which, in response to one or more clocks generated by the TAC port, sample the

10 received analog i and q signals and convert them to receive discrete | and Q samples.
These receive discrete | andl Q samples may be stored in the 1Q memory.
Alternatively, the receive discrete | and Q samples may be fransferred from the IQ
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.

156 The GPIO port includes a GPIO FPGA. The GPIO port exchanges auxiliary
discrete data with the PC. The GPIO port also exchanges auxiliary digital and analdg

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 auxiliary analqg signals are, for example, control signals for various circuits. in the

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

frequency control.
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3 the RF subsystem separately so that faults in the RF subsystem

can be nore eaS| |y | ocated and identified.

Accordi ngly, is an object of the present invention to provide a system
whi ch wmwci subsystemin a communi cations

transcei ver. 5 Summary of the Invention This and

ot her obj ect FiGiredepitteacsbriventibhap conmnunications isystemgcor di ng t o one
‘enbodi nent, a baseband sinul ati on subsystemis provided for testing an RF
'subsyst em of g5 COTHEPICES ! tHe iNfR¥ESinectitil! 6F & BaRebdna' sinfliafbANSubspsteness
according to an embodiment of the present invention to an RF subsystem _under test;
5 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 diégram of the 1Q port of FIG 3;
FIG 8 depicts a block diagram of the GPIO port of FIG 3; and

~ FIG 9 depicts illuétrative digital and analog | or Q waveforms.

Detailed Descrigti;n of Preferred Embodiments
156 _ 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 compﬁter) 30,
a PCIF (PC interface) card 35 and a BB (baseband) simulation subsystem 40. The BB
20 simulation subsystem 40 is connected to the RF subsystem under test 25. The BB

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

RF subsystem 25.
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10 telephone, etc. Illustratively, the inventive baseband sinul ation
subsystemis connected, via an interface card, such as a Personal
conputer interface card (PCF), to a conputer system such as an
| BM PC conjThei ¢draputempsystens ostRE130,hmay be an IBMT¢ PO dosipatibde icomputer
subsystemis al so connected to the RF subsystem under test. '

The baggb@id. THEPCI3O s Somtectbd To thePCIFScAHdSIS £ The POIEHroVidss datddhde,

15 such as the PC via the PCIF. The baseband simul ati on subsystem stores
the recggj . I N2 y ] t ,rin nd
si mul an' ?ﬁrﬁgﬂ s‘?g{\glr% of"d PC PQFr‘i‘gS{eﬁsytt ﬁ%é{ekgr@;e?gﬁ% %anﬂ?egéaﬁiﬁ %QR

gener ates t heref,rom anal base sjgnal s usi,ng digital to apal og
donver SHBRYSIPAE 40a. b At 156 S SRNIEEBafely. analyzss gtk eckived from the
subsystem under test. In response to these sinul ated anal og baseband

sBgnal 8B sinulatiepusubaystem 4 Moreuthaniane gomputer stysteme orFPG umaysbem
under test outputs RF

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 route and convert data

10 and control signals to compatible formats between the PC 30 and thé 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 signhals are exchanged between the PCIF éard 35 and the BB
simulation subsyste}n 40 via the interface bus 50. The BB simulation subsystem 40

15 also receives a master clock 220 from an external source 52.

In a transmit mode, the Bé simulation subsystem 40 provides énalog baseband
transmit filtered signals i; (in-phase) and q; (quadrature) 565, 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

20 subsystem 40. The presfor_ed sequences of discrete | and Q samples represent
simulated messages for transmission by the RF subsystem under test 25. The
.prestored sequences of discrete | and Q samples, rather than representing compressed

'\ 4
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band signals. In a receive.node, the RF subsystemreceives RF band signals

and denodul ates these signals to generate anal og baseband signal s
whi ch are supplied to 4

t he basghsiofssofmanalog simulatydt messdges,beeprbsent fulinresolutionsubf theeanalog
converts t he recei ved anal og baseband signals to discrete sanples.

I SESEA) indtgion by te"AE Bl ok BTy 2 | W0 g
subsystem 40 retrieves the prestored discrete | and Q samples from its memory and
converts them to analog transmit filtered signals i¢ and qg 55, 60. The RF subsystem

5 under test 25 modulates the analog transrﬁit filtered signals iz and g 55, 60 onto one
or more RF carrier signals.

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

10 produces the baseband 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 i and q, 65, 70 to sequences of receive discrete samples. The
sequences of received discrete samples are provided to 'the PC 30 (via the interface
bus 50, the PCIF.-card 35, and the PC bus 45) for ahalysis. The séquences of

15 received discrete samples may also be stored in the memory of the BB simulation.

subsystem 40. The PC 30 analyzes this digital data to debug and validate the RF
subsystem under test 25.

FIG 3 shows the BB simulation subsystem 40 in greater detail. The BB
simulation subsystem 40 includes a timing and control (TAC) port 100, an IQ 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

—_—
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Illustratively, the baseband sinul ation subsystem incl udes
ports: a timng and control (TAC) port, an |1 Q port, and

general purpose input output (GPIO port. The TAC port includes

TAC FPéiso( frceive Hhe dnastentieciG20 myheaeﬂemdmuremﬁ&

port receives a master clock signal froman external source and generate
pl ur al mastenglotkd220ms a0l 3Mblzadieck isighal. pl ural clocks) therefrom 10
The TAC port also includes at |east one counter which is connected to an

address inp
cooperate tgﬂgenperat ewﬁ] |ural CI-SP E%w%epg u?a dggﬁgestaérlgog%ﬁﬁgﬁ?

to the
st at e.

sw'%gwhth&%ﬁﬁﬁéi%m {Rr tSst 44, ifdoaﬁﬁﬁf% e HiBpelibaiBiih 4

menory, plural pr estored signal |ev i ncl udi ng one signal |evel

f & eadg-closthed@ prrtddyandter th'ﬁ@ﬂiﬁkp%rl%utwmtmngas'gnals. also referred

10

15

20

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.

In the transmit mode, in response to one or more of the timing signals present
on the timing signal line 125, the 1Q port 110 retrieves sequences of prestored
discrete | and Q samples 130, 135 from its memory. The retrieved sequences of

discrete | and Q samples 130, 135 represent, illustratively, full resolution versions of

a

tllustrativelyhgha AC

S

zed

'TAC

an analog simulated message to be transmitted by the RF subsystem under test 25.

The retrieved sequencés of discrete | and Q samples 130, 135 are outputted from the
o] pbrt 110to d'igital to analog converters (DACs) 140, 145, respectively. The DACs
140, 145 convel_'t the discrete | {in-phase) and Q {quadrature) samples 130, 135 to
the analog transmit filtered signals i and q; 55, 60 (also shown in FIG 2). The analog

transmit filtered signals i and g 55, 60 are then outputted to the RF subsystem under

‘test 25.

In the receive mode, the IQ port 110 receives the baseband analog receive
signals iz and qi 65, 70 (also shown in FIG 2) from the RF subsystem under test 25.

The received baseband analog receive signals iy and qz 65, 70 are converted from
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retrieved signal levels, in parallel. These plural signal |levels formthe

pl ural generated cl ocks. The 1Q port includes an 1 Q
FPGA and an | Q nenory. The I%p_ort recei ves at | east one of these
pl ural ahalogformrtotsheequennenot digitabor discretesamples d 56 d &% byanalag to digital

the clocks generated by the TAC port, the IQ port retrieves fromits 1Q
Menory convertersofADCSY ¢60¢i1885, aespéctively Q Tiretiseretel samplesadreviblen, stared in

counter responsive to a clock ~ signal generated by the TAC port
counts BNy frRAHG "B artObt tha! RE -pdreCNAMertatively, the discrete samples are
transmitted from the |1Q memory to the PC 30 via the PCIF 35.

5 The GPIO port 120, in addition to receiving the digital data and cohtrol signals
via the interface bus 50 from the PCIF card 35, also supports the transmissioh of
auxiliary digital 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 signals 170

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

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

lllustratively, the TAC, 1Q and GPIO ports 100, 110, 120 are each implemeﬁted

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

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

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

10

-
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forns an address in the IQ nmenory used to retrieve one sanple. The

retrieved discrete | and Q sanples represent a sinulated nessage to
be transmitted by the RF subsystem under test. The |1Q port

i || ust SRROM |(Btatics ProgranmablelRgad OnlydVanwiryly and a PC interfemne: podt. ( DACs)
whi ch reconstructs transmt-analog i and q signals fromthe 5

retrieved drfyreishows il bﬁcﬁ@fﬂi’éqﬁm ofetid RO porrNfOO0Y ThHRNTAT Pareaieoare
t hen outputted fromthe TQ port to the RF subsystem

bR 08 et R BB S e 4 A
O o R B8 onlot hror 2Bk X ot BrARIBCIH b ol e 246
SI5gnal i 1a2n %itcgg»\{\ﬁ/ﬁ.t -_Ighr;e{_nAtCngg%eizgg rgi:gi%rsgttte\elmggtder %Iggk IZ%Ss'upplie'd 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 provides one or more of the plural clocks 230 fo the 1Q
port 110, the GPIO psrt 120, and the RF subsystem under test 25 on the timing
10 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) cohtroiler 310,
a transmit counter 325, a receive sounter 330, a MUX (muitiplexer) 345, and a clock
generator 365. lllustratively, the TAC controller 305 and a PCIF controller 310 are |
15 autonomous finite state machines. The TAC_ controller 305 receives the master clock
| 220. The TAC controller 305 generates timing control signals 320. lHlustratively, the
TAC controller 305 provides the timing control signals 320 to the transmit counter
325 and the receive counter 330. lllustratively, the transmit and receive counters
325, 330 are 18-bit counters. In response to the timing control signals 320, the
20 transmit and receive counters 325, 330 generate address signals 335, 340 for the |

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

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

11
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These receive discrete | and Q sanples may be stored in the | Q nenory.
Alternatively, the receive discrete | and Q sanples may be transferred from

the 1Q menory to the PC via the PCIF for analyzing the ability of
the RF S80biFGt2niswredding/writing froav/to tthe JohCduemoey t260.RF carrier signals to
output the receive analog i and q signals. 15 The GPI O port

i ncl udes a Gihe adifréss butpiid 3350310t @aRsMitdnd Pdceive counterdi3Z2B,e330
data with the PC. The GPI O port al so exchanges auxiliary digital and ‘anal og

o s MK S Ehond MO APl i 2
et 10 |l Bt ot o FAG B L BT SHRY el e

SUBoiat A7 ie sibo providaguienthp Ganeme and recsive counters 325, 330, In'reSponss to

the control signal 347, the TAC cont_roller 305 generates a select signal 350 which

is provided to the MUX 345. In response to thé select signal 350, the MUX 345

outputs one of the address signals 33.5, 340 to the TAC memory 210 of the TAC port

100. This causes either the transmit coﬁnter 325 or the receive counter 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 thé transmit operation, without

having to re-download the TAC memory 210.

Output and -inp,ut latches (not shown) comprising an array of D-flip flops, for

15 example, may also be used. lliustratively, an input latch may be located between

input signals and the PCIF controllér 310. In addiﬁon, an output latch may be located

.between output 'signals and the TAC controller 305. The output latch may be used

to remove glitches from outputted signals and the input latch may be used to

synchronize all input signals to the master clock 220. The TAC port.100 may also

20 include registers and circuitry to allow the PCIF port card 35 (FIG 2) to read and write

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

registers.

12
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6 Brief Description of the Draw ng FIG 1 depicts a
conventional comruni cations system FIG 2 depicts the

i Nt er connec and sinul ati stem accord to_an
embodi nent h"heﬁig: 3%1%)9?\0@'#@%#1? ?‘Hﬁfﬂgcl(ﬁt%%gf’&'ﬁ' Ghﬁé?aﬁtéﬁﬂoc 220
FIG 3 depicts the arch| tecture of the baseband sinul ati on subsystem of FIG
2; and provides theslQ angiGRIO pottsot k04128 withobneer maremf thelgepatated

port of FIG 3;
plural clocks 230 on the timing 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/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
the rhaster clock 220 and data 370 retrieved from the TAC RAM 210. The clock
generator 365 also pérfor,ms a deglitching function, wherein glitches, such as noise
10 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 i;s used to generate
one cycle of one of the plural clocks 230. That is, the plural clocks 230 are _the
parallel output of the signal levels or bits retrieved from the TAC RAM 210. For
example, if a four b-it data word is prestored in the TAC RAM 210, then four clocks
15  230are generated by the clock generator 365. For a four bit data word b,b;b,b, the
first bit b, of the prestored data word b“b:,,b'.‘,b1 corresponds to the_ first cycle of the
first clock; the second bit b, corresponds to the first cycle of the second clock; the
third bit b, corresponds to the first cycle of the third clock; and the fourth bit b,
corresponds to the first cycle of the fourth clock. |
20 | As an illustrative example, FIG 6 shows four clocks 230 generated from four

~ bit data words stored in the TAC RAM 210. For a prestored four bit first data word

being 0000, the values of the first cycle #1 of the four clocks 1, 2, 3, 4, are low. For

13
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FIG 5 depicts the timng and control port of FIG4 in greater detail;
FI G 6 depicts plural clocks generat ed by the TAC port according to the

priesent i nventjon; IEI cts a bl ock di agram of
t he 1Q pdrestared| four: bit second data werdsof %Q%tvs erepthe ifirgt it dgnt gP lepst
GPI O port of FIG 3; and FIG 9 depicts illustrative digital
and anasiggificamt hIt,vM\ideimﬁ' in this case, fhmithe valescof theé sacond Ryele #2:0f
Enbodi nents 15 FIG2 is an illustrative enbodi mrent of a

si mul at b%k§¥ﬂ%\v8%§t€ﬁﬁﬂ%6& of &1641& 2, 4 are loW. e%ﬂaﬂvvmﬁa Wesﬂih@d four
simulation system 20 1s used for testi ng an RF subsystem 2

communi g3LLAR iy i G5 T08S orF il Jhidks LFYER BIRF oy 6 45 67 FSIdRAE D R are

etc.

5 low and the value of the third cycle #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,
thé process is repeated. Thus, the plural clocks 230 repeat after a desired number of
10 cycles. In 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 port 110 through

15 the timing signal. line 125. FIG 7 shows the 1Q port 110 in greater detail. The |Q port
110 comprises an |Q FPGA 400 and an IQ memory 405. In addition, the two DACs

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. |

20 |IIustrativ§|y, the IQ memory 405 is configured from three 256k X 4bit RAMs
to effectively form a 256k x 12 bit RAM. The IQ port 110 is confiéured to generate

and/or receive analog data on the | and Q channels.

14
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sinmul ati on system 20 conprises a conputer system or PC (personal conputer)
30, a PCOF (PCinterface) card 35 and a BB (baseband) simnulation

subsystem 40. The BB .20 si mul ati on subsystem 40 is connected tQo the RF
subsyst em uRberDAGR 145, 148 may be 10 bit HAGs atsesnta Jeanpswierh and Grdata,

conjunction with the PC 30 and the PCIF 35, tests the RF subsystem
25. respectively, to the RF subsystem under test 25. The ADCs 160, 165 may be 10 bit
The conputer systemor PC 30, nay be an IBMerr] PC conpati bl e conputer
' ADCs which receive | and Q data, respectively, from the RF subsystem under test 25.
llustratively, the DACs 140, 145 and ADCs 160, 165 support 10-bit resolution with
b conversion time of less than 450 ns over a 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 between 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 signal line 125 may be one or

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

In the transrf;it mode, in response to one or more of the clocks 230 (received

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

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

counts through a sequence of stateé. Each state forms an address in the 1Q memory

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

20 from the Id memory 405, _rather than representing coﬁpfessed versions of analog
signals, represent full resolution versions of the analog signals for transmission by the

RF subsystem under test 25. lilustratively, the prestored discrete | and Q samples

| 15
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system The PC 30 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
simul ati on subsystem 40. In addition, the PC 30 illustratjvely .
‘anal yze<ogeasponddte; analog wavefeems syich agaussian yyaveformss faised cogine\py; gine

't han one conputer systemor PC nmay be connected to the PC bus 45 to
-per f or mwaesformspetc.ons. The PCIF card 35 is connected to the
BB simul ati on subsystem 40 via an i nterface bus 50. The PCIF card

35 inter f acegnbgsnjanBtibRewith e ADACN9403 145, the K iporat1 1D cotwayts @acho.

'Sl'ihSnZCISF. ;r:ftr d 35 L;é de|f5| gned t,f] r out ent a%&on\éeréﬁat%?ﬁég. Séﬁaigghp%t;:l
thgﬁgﬁ;gr%] m& fhgﬂ%?%gﬁ%% e'#l visg%a%a ana cont r(lirl Si gFlaI s'to Ob'e
L1 1Rist r alﬁp%pyyeeiy, aténes (nots own Fec%ll%les Jchr{auclji%a}e A Isélﬁ%sdsstaﬁmlég retrieved from
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 q; 430, 440 from the retrieved samples which are the
full resolution representation of analog signals.
10 The analog transmit éignals iy and gy 430, 440 are outputted from the DACs
140, 145, to the LPFs 410, 415 for filtering. The LPFs 410, 415 output the analog
transmii filtered signals i and g; 55, 60 (see also FIGs 2 and 3). 'Thé analog traqsmit
filtered signals i and q; 55, 60 are then outputted to the RF subsyétem under test 25.
The low pass filter—s 410, 415, which filter the analog transmit signals i; and g; 430,
15 440, filter out noise and high frequencies from the analog transmit signals iy and q;
430, 440. This smoothens the analog transmit signals iy and q; 430, 440 and
provides the analog transmit filtered signals iz and q; 55, 60.
In the receive mode, the LPFs 450, 455 of the 1Q port 110 receive baseband
analog receive signals 460, 465, respectively, from the RF subsystem under test 25. |
20 The LPFs 450, 455 output filtered baseband analog receive signals iz and qg 65, 70
{also shown in FIGs 2 and 3), respectively. The low pass filters 450, 455 filter out

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

16
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digital data and control signals are.exchanged between the PCIF card 35 and
the BB simul ati on subsystem 40 via the interface bus 50. The BB
situl ati on subsystem 40 15 al so receives a naster clock 220 from an

ext er ndhisgmpethens the analog receive signals #6Qn 465, andprpvides the filtered seceive
subsystem 40 provi des anal og baseband transmt filtered signals

i [ err] basebarichanplomsignats iy arid)qg @51 70.e)THe ADTs 160, M6 5of thbsdspern 110
under test 25. The analog transmt filtered signals i[err] and qg[err] 55,

60 ar e rgsdifs hé baseBihd _analo% r%’%%@falé’f she ﬁégﬂi 70,@%@p9cti§é\¥?£§ﬁn ther ed

in a menory of the BB sinulalion sd‘bsyst 0. The prest
sequen o) i ete | and Q sanpl es represent si nul at ed nessages
for trgﬁgﬁil{éss(?’oiégy t he RF subsystem under test 25. The prest ored

sequences of discrete | and sampl es, rather_ than_representing conpressed
5q - Inresponse to one or r?‘IOrergf) the clocks 230 (receivec)o on the tlmlgg sngr;\pal line

125 and) Qenerated by the TAC port 100, the ADCs 160, 165 of the IQ port 110
convert the received baseband analog signals iy and gz 65, 70 to the sequence of
discrete | sy;mbols 150 and the sequence of discrete Q symbols 155, respectively
{also shown in FIG 3). The sequences of discrete | and Q symbols 150, 155 may be

10 stored in the 1Q memory 405; Alternatively, these sequences of .discrete l 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 the ability of the RF subsystem under
test 25 to receive one or more carrier signals and to demodulate | and Q analog
sighals therefrom. -

156 T ;=IG 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 GPIO port 120 also
comprises a plurality of DACs. lllustratively, four DACs 530, 535, 540 and 545 are

. provided. The GPIO FPGA 500.receives the master clock 220 sﬁpplied by the external |

20 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,

17
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8 versi ons of anal og sinul ated nessages, represent full
resol utions of the anal og nmessages for transm ssion by the RF

he. pr coASh &fty; 165 snaster slapk 220 aprane dimere of taapliyelalacks 230 dlsp savep: <

themto analog transmt filtered signals i[err] and err] 55, 60. The RF

subsyst ahe PRBS genatater 634 and the Rlilaregisten&24haf ﬂgp RIRsHPE A 500 ocautput

signals i[err] and g[err] 55, 60 onto one nore RF carrier

si gnal s.a PRBS signal 650 and.a PLL signal 655, respectively. lllustratlvely, the PRBS signal
5560 is random bit streams, and the PLL -register 520 is a 21 bit register which

5 provides a 21 bit serial PLL signal 555 used in a phase lock loop circuit of the RF

subsystem under test 25. The PRBS signal 550 and PLL signal 555 are auxiliary
digital signals 560 provided to the RF subsystem under test 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

10 the auxiliar\'f signals 170 shown in FIG 3. [Mllustratively, the DAC 530 pro{/ides a
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 signal 575 used in an automatic gain control circuit of the
RF subsystem under test 25. The DAC 540 provides an AFC signal 580 used in an

15 automatic frequency control circuit of the RF subsystem under test 25. The DAC 540
is a spare to be used for providing additional signals as needed.

The GPIO port 120 may also contain additional elements, such as monitor ports
and interfaces for synthesizers. For example, the GPIO port 120 may have an 8-bit
monitor port which latches digital status signals dutputted from the RF subsystem

20 under test 25. The monitor port is synchronized to the master clock so that its status

may-be reported at a desired basis.

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

18
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In a receive node of the baseband sinulation system 20, the RF subsystem
under test 25 denodul ates one or nore RF signal.s which carry baseband
anal o signals i[err] and q[err]_65, 70 nodul ated on RF carriers.
The dgvmhaad analeg recivesigrialsminior 4x105, 70 of FiGs &sandid. UndheLraeiveamode,
signals i[err] and qg[err] 65,- 70 which are supplied to the BB

si mul atheoADSsHEGG ‘IaGS&Gmﬁléehé%BnalngtighEDGOGltbeyﬂhearsdlﬁpmﬂwignaIs6tl Be The
baseband anal og receive signals i[err] and g[err] 65 70 to

sequenghapleld dighall 6F0 fésresBhts Bl Beqifencliof discrete l%?@'%?ﬁfb’%l@fl SOGQ‘EE’GP'
d| screte sarrpl es are provided to the PC 30 (via the interface

S0 g oY i e B G Ay
iéﬁ‘d'gaéfwaﬂva.a thelQ Ffﬁﬁ@ 435°5F ﬁ% il AR AR ?gé%‘éée% §bhas'a valde
of -1. This \(_alue 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 1Q RAM 4056 (FIG 7). Alternatively, instead of using bits
10 to represent signs and magnitudes, two’s compliment notation may by used.

The second sample 625 has a value of 1, represented by the digital word 001
which'is storéd in address 1 of the IQ 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 _addresseé 2, 3 and 4. In a similar fashion, digital words or symbols
15 represenﬁng the value of the sampled signal 610 are stored in particular address
| locations of the 1Q RAM 405. The stored data, rather than representing compressed
versions of the received baseband analog receive signals iz or q; 65, 70, represent full
resolutaon versions of the received baseband analog receive signals iz or gz 65, 70.
The stored data is routed to the PC 30 through the PCIF card 35 for analysis to

20 determme the proper operaﬂon of the RF subsystem under test 25 (see FIG 1).
The reverse operatlon occurs in the transmit mode, where the 1Q port 110

‘supplies the RF subsystem under test 25 with the analog transmit flltered signals i

19
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FIG 3 shows the BB sinulation subsystem 40 in greater detail. The BB

sinmul ati on subsystem 40 includes a timng and control (TAC) port 100, an I1Q
port 1 10 20 GPl O port 120, where GPIO i s, General Purpqse
put / G 55n800shaaan FIGs 2, 3, ok £ [heprestored dareteshROAHD, samelos,

110, 120) receive digital data and control signals via the
i nt er f ad80yu350storednin hePlQ AN 40S5contain dullt resolutidne versione drather than
9 ~also receive the naster clock 220 fromthe external source 52.
|11 ust r onstexsed Wersions) of digital samples of arbitrary baseband analog signals, such as
the analog signal 600 shown in FIG 9. There is an analog waveform that corresponds
5 to a particular set of samples. These analog waveforms can vary from one
communication system to another. For instance, the analog waveforms can be
gaussian waveforms, raised cosine waveforms, etc. The PC 30 (FIG 1) computes the
seduences of discrete | and Q samples 130, 135, representing these analog
waveforms, and stores them in the IQ RAM 405. The samples of each waveform are

10 illustrativ_ely stored in consecutive addresses so that they can be easily retrieved by

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

B The analog -:transmit filtereci signals i and gz 55, 60 (shown in FIGs 2, 3, and

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

the digital word 101 represents a pulse having a value of -1. Thus, retrieving the

digital word 101 from address O of- the 1Q RAM 405 produces a pulse having a value

of -1._ Siniilarly, a digital word 001 retrieved from address 1 of the IQ RAM 4'05

20 causss generation of a pulse having an amplitude of 1. Retrieving the prestored digital
sambles reconstructs the digitized or sampled signal 610. Thereafter, the DACs 140,

‘i45'-(shown in FIGs 3 and 7) cénvert the sampled signal 610 to the analog signal
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master clock 220 is a 13 Mz cl ock signal. In response to
the master clock, the TAC port 100 generates all of the timng

signals for the RF subsystem under test 25, and for the BB sinulation
subsystsém-40, 5 i.e., for the 1Q port 110, and for the GPIQ port 120.
The timng signals, also referred to as plural clocks, are provided
on a tini ng Thigrinvention has many weivantages.y, ThédnVestive basebapdr simylation
generates 16 fully progranmable timng signals; 8 for transmt functions

and - subsysten AlloWerRisting’ a RF Sisystem without the neled foldts complérnentty,
In response to one or nore of the timng signals present 10 on the

L 0o BB Sy i AR by S BRSSO EREE0G
O compliEh? bt AR, 1 FhusL 3o HE0REHRRIt bf 1P RFUBiS ot
is not hindered by the unavailability of its complementary baseband subsystem.
In addition, the inventive baseband simulation subsystem extensively tests the
RF subsysterﬁ under normal operating conditions, and allows troubleshooting and
debugging rather than limited pass fail testing. This allows refinement of the RF
| 10 subsystem which may result in refinement of the baseband subsystem design.'

Refining the design of a baseband subsystem is more cost effective than refining an

already realized and constructed baseband subsystem.

Furthermore,—the invention allows validation of an RF subsystem which in turn
15 caﬁ be used to validate a baséband subsystem. Having a validated RF subsystem,
which is tested to function properly by the inventive baseband simulation subsystem
red;Jces validation ti_me for an actual baseband subsystem under test, since any faults
can be attributed to the baseband subsystem under test rather than to the RF
subsystem. Thus, the task of debugging and prototyping are made easier and less

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

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

21
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an anal og sinul ated nmessage to be transmtted by the RF subsystem under
test 25. The retrieved sequences of discrete | and Q sanples 130,

135 are outpytted, fromthe JQ part 1 10, t.0 digital to.anal og
convertél’%"‘JCO RE§)d°P$(5t,'“Q§5‘?mr1tZ‘§p%EW §B$ﬁ°°ﬁ?e°bﬁl%?°'ﬁ’w'“9 claimg; 145
convert the discrete I (in-phase) and Q (quadrature) sanples 130, 135 to
the analog transmt filtered signals i[err] and g[err] 55, 60 (al so shown
in FIG 2). The anal og transmt filtered signals i[err] and q[err]
55, 60 are then outputted to the RF subsystem under test 25. 20
In the receive node, the 1Q port 110 receives the baseband anal og receive
signals i[err] and g[err] 655 70 (also showmn in FIG2) fromthe RF
subsyst em under test 25. .The recei ved baseband anal og receive
signals i[err] and qg[err] 65, 70 are converted from

22
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10 analog formto a sequence of digital or—discrete sanples 150,

155 by analog to digital converters (ADCs) 1 “ m“‘vel y.
The di screte sanples are then stored_in ' ﬁ'&“iﬂﬂ mg t

the 1Q port. Alternatively, the di S&Marrpl es are Lt thansmitted
fromthe 1Q nmenory to the PC 30 via the PClF 35. The GPI O
port 120, in addition to receiving the digital data and control signals
via the interface bus 50 fromthe PCIF card 35, al so supports the

t r ansnThe icldinfld invention ist/xi liary digital and baseband anal og signals 170

to the RF subsystem under test 25.

5 1. A timing and control port for a baseband simulation subsystem for testing a
radio frequency subsystem of a communication transceiver comprisiag:

a timing and control controller configured to generate plural clocks in response
to a master clock,

an interface controller configured to generate a select signal in response to

10 control signals from a computer, |

a transrait counter configured to generate a first address sequence in response
to said plural cloqks,

a receive counter configured to generate a second address sequence in
response to said plt.;ral clocks,

15 a multiplexer configured to receive said first and second address sequences.and
to generate a selected addresa sequence in response to said select signal, said -
selected address sequence béing one of said first and second address sequences, and

a memory for storing prestored data words, said memory receiving said selected
address sequence and outputting a data word,

20 _ wherein each of said data words includes at each bit position, a level for one

of the plural clocks.

23
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DACs (not shown) may be connected between the GPI ﬂm ll " |Lu
subsystem under test 25. These DACs convert digit iliary

signals 170 10 for transm ssion to the RF subsy stem 25. Il lustratively,
the ai i £ pragessdos genperating plural clock signals ﬂ%@"gﬁfsl sym&mma## d08 vasteli t s
in the RF subsystem under test 25, such as a power anpifier, an

‘aut omadlock gamprising theé stepsiofn aut omatic frequency control. The. GPI 0
port 120 may al so contain additional elenents, such as nonitor ports and

interfaces in rebponse 16 l3aRd ARister clbek, generating a'¥qleRcEf addiesses,
generates plural clocks which are synchronized to the naster cl ock

that i's supplieggp aansdaﬁg.ngk SRS g@zret?_g%r@é‘,\g g P8 Korh FndiBRRY, 2!

in coopera ers an as prestore

:dl s eeta%hsclaigggllld data" words mcludlngsat egch bit posl%on, a signal level for one of the

plural clocks.
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Illustratively, the TAC, 1Q and GPIO ports 100, 1 10, 120 are each
i npl emented 20 using a Field Programmable Gate Array (FPGA) nade by
Xilinx[err], nodel XC3195. In addi tion, each FPGA of the TAC and

| Q ports 100 110 has the follow ngéi&-l’#ﬂeral conponents: 3 Mits

of external SRAM (Static Random Access Menory), 128 kbits

SPROM ( St at Acb@#sahanshsinmulation systmyisiscloged fandestlrig:annBErswsvsm tof a
FI G 4 shows a bl ock diagram of the TAC port 100. The TAC port 100

10

15

20

communication device, such as a cellular telephone, cordless telephone, etc. A

preferred embodiment has a computer connected to an interface card which in turn
is connected to a baseband simulation 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 1Q port, and
general purpose input outbut (GPIO) port. The TAC port receives a master clock
signal from an external source and generates plural clocks therefrom. The IQ ahd

GPIO ports receives at least one of these plural clocks. In a transmit mode, in

response to one or 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 tfansmit analog i and q signals which are provided to the RF
subsystem under te:st. In a receive mode, the 1Q port receives analog i and q signals
from the RF subsystem. The IQ port, in response to one or more clocks generated by
th_e TAC port, converts the received analog i and q signals receive discrete | and Q
samples._. These receive discrete | and Q samples are transferred via the PCIF to the
PC for analyzing the ability of the RF. subsystem under test to modulate the inputted
transmit analog i and q signals on one.o.r more RF carrier signals and to demodulate
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.
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conprises a TAC FPGA 200 connected to a TAC nenory 210. Illustratively, the
RAM 210 is configured fromthree 256k x 4bit SRAMs. This effectively forns
a 256k 5 x 12 bit SRAM The JAC FPGA 200 receives the master clock 220
supplied by the externdSA; rce 52 (FIG3). In response to the

mast er cl ock 220, the TAC FPGA retrieves discrete data
prestores in the TAC nenory. 210 and generates plural clocks 230.
The TAC FPGA 200 provides one or nore of the plural clocks 230 to the IQ
port 110, the GPIO port 120, and the RF subsystem under test 25 on the
timng 10 signal line 125 (FIG 3). FIG 5 shows the TAC
FPGA 200 in greater detail. The TAC FPGA 200 conpri ses TAC
controller 305, a PCIF (Personal Conputer Interface) controller 310,

a transmt coun -+ a receive counter 33Qr—a—Mb%—( nul tipl exer) 345, and

:a clock. Ekugba ltl:'
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generator 365. Illustratively, the TAC controller. 305 and a PCIF controller

310 are 15  autononous finite state machines. The TAC controller 305
recei ves the master clock : 220. The TAC controller 305 generates
timng control signals 320. Illuglgéggbely, t he TAC control | er 305
provi des the timng control sign O to the transmt counter . 325
and the receive counter 330. Illustratively, the transmt and receive
counters 325, 330 are 18-bit counters. In response to the timng
control signals 320, the 20 transmt and receive counters 325, 330

gener ate address signals 335, 340 for the , ti mng operations during
the transmt and ireceive nodes of the TAC port 100. The addr ess

signals 335, 340 may al so be used during a non-tim ngOmde, when the PC
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12 30 (FIG2) is reading/wwitfng fromto the TAC nenory 210.
The address outputs 335, 340 of the transmt and receive counters 325, 330
are provided to the MJUX 345. The PCIF controller 310 provides a control

si gnal 347 whi ch enabl es/ di sabl es the operation of the TAC
controller 305. The control signal 347 is also provided to the
transmt and receive counters 3252301 n response to the control

signal 347, the TAC controller 30 enerates a sel ect signal 350 which

is provided to tthe MJUX 345. In response to the select signal 350, the MJX
345 out puts one of the address signals 335, 340 to the TAC nmenory
210 of the TAC port 100. This causes either the transmt counter
325 or the receive counter 330 to

L, 3\0

TAC
FPGA

JT—
20 200 930
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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

t he RF subsystem under test 25 : _'gn be easily offset against the
él'd/l

timng signals for the transmt op , W t hout having to
re-downl oad the TAC nenory 210. Qut put and input |atches (not
shown) conprising an array of D-flip flops, for 15 exanpl e, may al so be
used. Illustratively, an input latch may be | ocated between I nput
signals and the PCIF controller 310. In addition, an output |atch may be

| ocat ed bet ween output signals and the TAC controller 305. The

out put latch nmay be used to renove glitches from out putted SHQE?CF
and the input latch may be used to synchroni ze all input sig to

the master clock 220. The TAC port 100 may also 20 i ncl ude registery and
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data to and fromthe TAC RAM 210. Il lustrativel

y, the TAC port 100 has

ei ght 8-bit registers. 5/8 '

13- The TAC port 100 generat t plural clocks 230 from

the master clock 220 and provides the 1Q and GPI O ports 110, 120

w th one or nore of the generated plural clocks 230 on the timng
isignal line 125 (FIG 3). In addition,yother fanctigns of the TAC

port 100 include interfacing to the F caﬁ?S, g]I ogj\gg tthC 3@ (FIG
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5 '2) to read/wite data fromto TAC RAM 210 in non-tim ng node,

and
readi ng data fromthe TAC RAM,210. The plural clocks
230 are generated froma clock ge 365 in response to t he
mast er cl ock 220 and data 370 ret

fromthe TAC RAM 210. The cl ock
generator 365 also perforns a deglitching function, wherein glitches, such

as noise 10 spi kes, are renoved fromthe clock signals. In one
illustrative enbodi ment, 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

paral l el output of the signal levels or bits retrieved fromthe TAC RAM
210. For exanpl €, if a four bit data word is prestored in the TAC
RAM 210, then.iour.alncg 230 are generated by the clock generator
365. For 3 four bit dat mord blerr]b[err]b[err]b[err] the
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first bit b[err] of the prestOpye dagb word b[err]b[err]b[err]b[err]
caorresponds to the first cycl t first clock; the second bit
b[err] corresponds to the firstfcycle of the second cl ock; the

third bit b3 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 first data word bei ng 0000, the values of the

first cycle #1 of the four clocks 1, 2, 3, 4, are |ow For
14 -
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a prestored four bit second data word of 0101, where the first bit is the
| east significant bit, whichis '"1" in this case, then the val ues
of the second cycle #2 of clocks 1, 3 are high and that of clocks
2, 4 are low. Simlarly, for a prestored four bit third data word
of 0100, then the val ues of t thprgd cycle #3 of clocks 1, 2, 4 are 5

| ow and the val ue of the thirggi%Pf #3 of clock 3 is high. In this

fashi on, the plural cl oclfs O 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 is
repeated. Thus, the plural clocks 230 repeat after a desired number of 10
cycles. In the illustrative exanple shown in FIG 6, the plural clocks 230

repeat after | 630 635

0 410
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6 cyeles” - At | east one of these plural clocks 230 is
provided to the 1.Q port’ 110through 1 5 ~the timng signal line 125. FIG -
7 %hows. the 1Q port 110 in greater detait. The | Q port 110. '

conprises an 1 Q FPGA 400 and an | Q nenory. 405. -1 n addition, “the two DACs
140, 145 and the two- ADCs 160, 165 (al so shown in FIG 3) provide an

interface ' bet ween the RF subsystem under test 25 and the BB :
simul ation subsystem40 (FIG .- .. 3) containing the IQport 110. . 20
Il | ustr ag i vel yMULTIPLEXCUOCK GENERATION d0ifA BASEBAND)SIMULAFOREQR TESTHNG
RANB Amﬂjlbemﬁwmcvcsaomum wosura comummnawa'ﬂmmwsa

conf I gur ed tO_g'Eth!l are

10 REFLACEMENT SHEETS .. SG
niion : paged J..to pagedl}.
2y - :pagedel m_rng:d 24
w) paged ..
i pc.gu, 5&., {0
D&YE GF ‘%’ECELFI‘
15
_ 20.
Fleld of the |nve o
| The present mventlon relates to a system for testmg a radlo frequency (RF)
sub'system of a -transmltterlrecewer device such as a moblle communications |
25 transmitter/receiver. The present mventlon 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 slgnals.
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and/or rece| ve. anal og data on the | and Q channel s.

15", - .- The DACs 140, 145 nmay -bg 10 bit DACs used to transmit | .
and Q dat a, - respectively, to theZRF subsystem under test . 25. The

ADCs 160, 165 may be 10 bit " ADCs which:receive | and Q data, :
respectively, fromthe RF subsystem under test 25. . I lustrativel y,

the DACs 140, 145 and ADCs 160, 165 support 10-bit resol ution with 5
conversion time of less than 450 ns over a voltage range of 5 volts. LPFs
(Low Pass - E Filters) 410, 415 are connect ed between the DACs 140 145
and the RF SM@Q of me Inventign :

FIG 1 schematlcally |llustrates a commumcatlons devnce The devnce 10 of FIG
Tisa _transt_:elver_ (|._e., a trsnsmltter and a _re.ce.l__ver) which ’for,ms part of a cellular
phone, cordleSS phone or eersonaj digital assistaht (PDA)_. ' The..'_devic'e. 10 of FlG 1
5 .m_ay be viewed as' .comp_'ri,sih_g_'a baseband subsystem 12 and a_'_n..RF '('radio frequeney)_ |
. sutesystem 14 | | o |
In .the .tran.smitting' mode, the besebend subsystem 12 'receives' data from a
source and codes the datain a sequence of m-phase (I) and a sequence of quadrature_ |
(Q) channel symbols Thel and Q channel symbols are then fed to the RF subsystem
10 14 whlch modulates these symbols onto one or more RF carrier s|gnals for remote .,

tr ansmtss_lon .

" In the feeeivind mode, tﬁe RF subsystem 14, receives "epe or more RF carrier
signals and demoeulate's from the fee'eived RF carrier'signals a sequence of | an_d Q
1 5 - .symbols. The | and Q symbo_ls a;é delfvered to t’ﬁe t.}a_sebahdISUbsystem 12 which |
decodes these | and Q symbols to .re'generat'e_ seurce data. | o
_Fdr‘ a variety of reasons it may be t_:les"irab.le' to provide the cepability for testing
_'th_e RF'subs_ystem ofa communica’tior_\_s' dev_i.ce- withou't-the bsseb_and subsystem. For |
example, during the d‘es_i'gn- of a.'mob_il_e eommuﬁiCation device, the baseband anc_'i-RF
20  subsystems may be designed separately. Uhdei_ _sueh_ circumstances, it may be
| | _c_lesir'a'ble_to test the RF subsystem | before.the ba,seband. subsystem is available.

Alternatively, even if the baseband subsystem is available, it may be desirabie_ to test

This is the replaeemeni sheet -
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under__tést 25. In addition, LPFs 450, 455 are connected between the ADCs

160, - 3 165 and the RF subsyst'em unger test 25. Each LPF 410, 415,

450 455 may be ‘a- ' 2polellnear—p-haseIowpassfrlterW|tha : '
cut - off frequency of 200 KHz. 10 - The 1Q FPGA 400 receives timn ng
signals on the tining si gnal line 125 and the - .~ master ¢l ock 220. The
timng signal's on the tinmng nal 1ine-125 be one or - nore of"
the plural - ghe&iEssubsystem wasaegrsgmrfay@a"bshet%smsﬁmcawv more easrly

In the transmt node, in response -to-one'or nore of the clocks 230 ‘
(received lecated andtidentifieg: ng signal line 125) generated by the TAC port
100, the I Q port 110, _ retrieves the prestored discrete | and Q
sanples fromit SNOQDWMOSIS an objectrofithe present invention to pravidea smtetrtwhic@
FPGA 400, responsive to one or noreé-of the plural clocks 230, = -

' srmulates a baseband subsystem in'a communrcatlons transceiver.

. 's .mm'a of the Inve ticn' "

This and other objects are achi’eved Iby the present inventlon' Accordino to one
embodlment, a baseband slmulatlon subsystem |s provrded for testrng an RF
subsystem of a communlcatlon devrce, .such as a cellular telephone, cordless

._ 10 telephone, etc. lllustratlvely, the rnventrve baseband srmulatron subsystem rs_ _
| , connected via an mterface card such as a Personal computer interface card (PCIF),
to a computer system, such as an IBM™ PC compatrble computer system The
baseband slmulatlon subsystem is also connected to the RF subsystem under test.

The baseband srmulatlon subsystem receives drscrete samples from a source,

15 such as the PC via the PCIF. The baseband slmulatron subsystem stores the received

| samples ina memory. In a transmlt mode. the baseband srmulatron subsystem
retrieves these prestored samples and generates therefrom analog baseband srgnals |

. using digital to analog conversron The baseband signals simulate inputs to the RF

subsystem under test. ln re_sp_onse to these stmulated analo_g baseband srgnals

20  inputted into the RF subsystem under test, the RF subsystem under test outputs RF

_ band' s_ignals. in a receive _mo..de-.,. the" RF su_bsys_tern reoeives RF band signals and

- demodulate_s th_ese signals 'to gener_ate analo'g baseband signals which are supplied to

P o ool
'\'hv~ is the replaoement eh ot



3

counts through a sequence of states. Each state forms an address in the 1Q
menory . 405 used to retrieve one -ganple. The prestored discrete | .
and Q sanpl es retrieved. 20  from.the +€ nmenory 405, rather than
representing conpressed versions.of. anal og - signals, repr esent ful I
resol ution versions of the anal og S|gnals for transm ssion by the : .
RF subsyst em under test 25. Illustrativel y, t he pr estored discrete | and Q
sarrpl es o _ L _ - .16 '

' o ‘the bas‘eband simulation subsystem' 'l'he ba‘seband 'simulation subsystem cony'erts |
the recelved analog baseband slgnals to dlscrete samples The dlscrete samples are |
stored in the memory of the baseband simulation subsystem and/or supplled to the
-PC for analysls | |

5  lllustratively, the baSehand_slmulatlon subsystem includes'three ports: a timing
and control (TAC) port, an iQ port, and general purpose input output (GPIO) port. Th.e |
- TAC port includes a TAC FPGA lF_ieId Progr_ammable Gate Arrayl and a TAC mernory. |
The TAC port receiyes a mast'er clock signal frorn' an external source and generates
plural timing and control signals (i. e., plural clocks) therefrom .

'. 0 The TAC port also mcludes at least one counter which is connected to an
address |nput of the TAC memory. The counter and memory of the TAC port
cooperate to generete the plural clocks. The plural clocks are synchronized 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 srgnal Ievels,
15 ] mcludrng one slgnal Ievel for each clock to be.generated. The TA.C port outputs the_
retrieved signal levels, in parallel. These plural signal levels form the plural generated
| clocks. . | | |
The IQ .port includes an 1Q FPGA and an 1Q memory. The IQ port receives at
least one of these plurel 'clocks... 'ln_ the transmit :mode', in _res.ponse' to one or more -'of
- 20 _the clocks genera'ted by the TAC port, the' 1Q port retrie_ves from'its 1Q memory
| prestored discrete | and o] samples lllustratively, a count'er‘re'sponsive to a t:lock _

slgnal generated by the TAC port counts through a sequence of states Each state

Tms is the repl.cement sheet
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correspond to anal og wavef or ns such as gaussran wavef ornms, raised cosine or -
sine . - waveforns, etc. 5 In conjuncti-on with the DACs .

140, 145, the I Q port 110 converts each — retrieved discrete | and Q .

sarrpl es to the analog transmt si gnal s i[err] and qlerr] 430, 440. 5.
IIIustratrver, | at ches  (not shown) .receive the discrete |- and Q sanpl es.

retrieved from . the 1Q menmory 405 in sequence. These. | atches output -
the retrieved discrete | and Q ~ ~ sanpl es sinul taneously to. the DACS o
140, 145. The DACs 140, 145 reconstructs the .. analog transmt i
signal s i [ efdrins®l ddlifdss]in4hB. I} Henidrgudedetd %ﬁ.bw%esmrss Y‘l?é GBtridU6d t he
full resolution representation of analog signals. . The anal og :
transmit sig ) bid d sathslesliépred .&%Os.m%%e@hs é’t&b@%héﬁﬁté&" tdRF

140, 145, togt e2BII_PFS 410, 415é:i¥ore I't ering. 'Is'gbﬁ LPFs 410, 415 gyut put the

anal og subsystem under test. ‘The IQ port |llustrat|vely also mcludes drgltal to analog

converte'rs (DACsl whlch reconstructs transmlt analog i and q srgnals from the_'
5 | retrieved discrete | and Q samples The transmrt analog i and q srgnals are then L |
| _outputted from the 1Q port to the' RF subsystem
ln the receive mode, the lQ port receives analog i and q 'signals 'from the FlF
subsystem The iQ port |IIustratwely also mcludes analog to dlgltal converters (ADCs)
whlch in response to one er more clocks generated by the TAC port, sample the
10 recelved analog i and q slgnals and convert them to recelve dlscrete {and Q samples.
These receive drscrete I and Q samples may be stored in the Q memory
Alternatlvely, the recelve drscrete | and Q samples may be transferred from the lQ_ _'
_ memory to the PC via the PCIF for an_alyzrng the ablhty of the RF_ subsystem under
test to demodulate the RF carrie'r signals to outp_ut the receive analog i.__and q signals.
156 | . The GPIO port includes a GPIO l'-'_PGA_. The GPIO port.exc_hanges auxiliary
-.disor.ete data with the PC. The Gl’lO port- a_Iso exchanges auxiliary digital and analo'g
_signals with the RF subsystem'under test. In addition, the GPlO port inclu_des' DACs.
The GPIO DACs convert particular -auxiliary di_gital data to auxiliary analog signals.
. The auxiliary 'an'alog signals are, for example. control signals for various ci'rcu.its in the
20 " RF subsystem, suchasa power ampllfler, an automatlc gam control, and an automatic

frequency control
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transmt filtered S|gnals i[err] and g[err] 55, 60 (see also FIGs 2 and 3).
The analog transmt - filtered signals i[err] and glerr] 55, 60 are
then outputted to the RF subsystem under test 25. - - The | ow pass .
filters 410, 415, which filter the analo%transmt 'signal s i[err] and
qlerr] 430, 15 - 440, filter out noi se—and hi gh frequencies fromthe
anal og transmt signals iferr] and g[err] " 430, 440. This snoot hens.
the analog transmt. signals i[err] and g[err] 430, 440 and

provi des the%@‘;m}%m%d signals i[err] and q[err]. 55 60.
I'n -the recei 55 of the 1Q port 110 receive baseband

~anal ecei ve’ .RF subsyst d

foat s %50 G fiedelh g Onuark AR CHERIeanbhO B T S PRSP ATE"
. P 5

o= 1) ke ad ey B s Beeliem,

er o and .

ow pass ers
high f requen&éc%%d.fnfg%mam?nmg& $138 o¥Gseit WVhiod 0 an HPunbFRBR UndsP er;
_ 5 B ‘FIG 3 deplcts the_archlte_cture of th_e ba_seband srmul_atron ___subsystem of FIG 2;

FIG 4 depicts a block diagram of the timing and control port of FIG 3
FIG 5 deplcts the trmmg and control port of FlG 4in greater detarl |
FIG 6 deprcts plural clocks generated by the TAC port accordmg to the present
' rnventlon, |
10 : FIG 7 deprcts a block dlagram of the iQ port of FIG 3; _
FIG 8 deplcts a block dragram of the GPIO port of FIG 3; and

FIG 9 deprcts lllu_strat_rve drgrtal and analog | or Q waveforms.

Detaiieg Desgrigﬂon of E. referred Embodimeng_s
15 FIG .2.i._s' an iltustrative_ embodiment of a sirnh]ati’on system 20 ac_c_ording to the.
. present inv_ention;_ "_l'he_ simuiation systern 20 is used for testing an RF subsystem 25
._j of a communication d_evioe, suchasa cell_u_lar telephone, cordless telephone, etc. The
'simulation. system 20 comprises_a comput_er system or PC (pers_onal computer) 30, |
a PCIF (PC interface) cara 36and a BB (ba'seband) simulation subsystem 40. The BBE
'2_0 | slmulatron subsystem 401 rs connected to the RF subsystem under test 25 ‘The BB R

srmulatron subsystem 40 in oonjunctron wrth the PC 30 and the PCIF 35, tests the

RF subsystem 25
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17 Thi s snnothens the anal.og receive signals 460, 465, and

of

proyi des the filtered receive" ~ baseband anal og signals i[err] and
gqlerr] 65, 70. The ADCs 160, 165 of the | Q port - 110 _ receive the
baseband anal og recei ve signals |[err] andzg[err] 65, 70, respectively,
fromthe ' . LPFs 450, 455. 5 — . In response to-one or. nore
the cl ocks 230 (received on the timng signal - 1ine- . 125 and)

generat ed by the TAC port 100, the ADCs 160, 165 of the IQ port 110

" The computer system or PC 30 may be an IBM"" PC compatible computer '
- s_ysmm' The PC 39 is connecte_d to the PCIF_ card 3_5. The PC_3O prowdes data and _
| ¢ommand signais on a PC bus 45 that.controlop_e'ration _ot the BB simulation
| ‘'subsystem 40. In additio.n,. the PC 30 illustrati.velhy'anal'y.zes. data recsived from the

5 BB simulation'subsystem 40. More than one comput_er system or PC 'may_ be

connected to the PC bus 45 to 'perform_th,ese functions.

The PCiF card 3-5. _'is_"connect_ed to the BB 'simulation" subsystem 40 via an'

i‘nt_'e'_rface.bus '50. The PCIF card 35 interfaces between the PC 30 and the BB

simulation subsystem 40. _The PCIF card 35 is designed to route and convert data

10 and control signals to compa_tible'formats between the PC 30 and the BB.simulat_ion'

'sUbsystem”40. Thus, the PClF car_d:35 allows data and control signais to be

exchanged between th'e"PC 30 and the BB simulation subsyst'em 40. lllustratively,

- dlgrtal data and control slgnals are exchanged between the PCIF card 35 and the 88
sumulatlcn subsystem 40 via the mterface bus 50 The BB s|mulat|on subsystem 40

15 ' -also recelves 'a master clock 220 from an external source 52.

In a transmit mode, the BB samulatnon subsystem 40 provrdes analog baseband

~ transmit fultered sugnals ip (ln-phase) and q; (quadrature) 55 60 to the RF subsystem :

- under test 25. The ana_log transmit frltered slgnals ig and g 55, 60 are generated from'

sequences of discrete | and Q ‘samples stored in a memory of the BB simuiation

- 20 - subsystem 40. The prestored sequences of dlscrete 1 and Q samples represent'

_slmulated messages for transmussnon by the RF subsystem under test 25 The

presto_red sequences of dlscrete land Q samples, rather than representing compressed_'

This is the repiacement sheet
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convert the.received baseband analog signals if[err] and g[err] 65, 70 to
t he sequence of di screte | synbols 150 and the sequence of

di screte Q symbol s. 155, respectively . ' (also shown in FI'G 3). The
sequences of discrete | and Q synbols 150,8 155 may. be 10 stored i'n-the
| Q menory 405. Alternatlvely, t hese sequerrces of discrete | and Q o
synbol s 150, 155 may illustratively be transferred to the PC 30 (FI'G 2)
fromthe IQ ' menory . 405 via the PClF card 35 for anal yzing the
ab|I|ty of the RF subsystem under . “test 25-to receive one or nore

carrier si gneérs.oaeobft analegosimihited Imessdgé} areprex@nt full resolutibs @f the analog
therefrom 15 FIG 8 shows a bl ock diagramof the GPI O port 120.

The GPI.O por ineéddles for transmissiger by etse RFGBbS/&E\GAuEdHD tebt 25. e BB simulation
pseudo-random bit sequence ( PRBS) - generator 510, and a Phase Lock
Loop (PL L) rﬁgbs%felm %G’etr'ﬂ%s Gﬁl Qd@ﬂdrbd H?ébr&bfl @nd Q samples from its memory and
o ‘converts. them to analog transmlt filtered signals i |F and qr 55 60 The RF subsystem
| 5 | under test 25 modulates the analog transmit flltered slgnals ir and Qe 55 60 onto one
| | or more RF carrier stgnals | |
In a recelve mode of the baseband slmulatlon system 20 the RF subsystem
' under test 25 demodula_t_es one or more RF srgnals which carry baseband_ analogf
 signals i-R and qg 6_5, 70 mbdu_la_ted on RF carriers. The demodulation of the RF slgnals_
' -‘I.O produces the base_ban_d analog signals ia and'q,, 65, 70 -w_hieh are supplied to th.e BB :-
o simulat_ion sub's'ys_'tern 40. The B8 slmulation su..bs'yst'em 40 converts the baseband
analog receive signals in and as 65, 70to sequences o.f"'r'eceive discrete samples. The
- sequenoes of received discrete samples are provided to_the PC 30 (via the_interfaoe |
| bus 50, the PCIF card 35, and the PC bus 4_5_)_'for analysis. The sequences of
- 18 r'eceiyed discrete sampl'es may also be stored in the memory of the BB simulation
subsystem 40. The PC 30"analyze_s thi_s_ '_digi.tal "'d_ata'to debug and validate the RF
subsystem under tost 25 _ | | |
FIG 3 shows the BB'simulatio_n ‘subsystem 40 in greater detail. 'The_'lBB
simulation subsystem 40 ineludes a tirni‘ng and control (TAC) port 106 anlQ port 110
'20 and, a GPIO port 120, where GPIO is General Purpose lnputIOutput These three
| ‘ports, (the TAC IQ and GPIO ports 100 110 120) receive dlgltal data and control

: sr_gnals via the mterfaee bus 50 f_r_om the_PCIF_ e_ard_35. In addition, these_ three ports
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corrprl ses a pl urallty of DACs. Illustratively, four. DACs 530, 535, 540 and

545, are . = provi ded. The GPIO FPGA 500 receives the master -clock 220 -
supplied by the external - 20  source 52 (FIG3). In response to one or _
nore of the plural clocks 230 (shown in FI%G .- 5 and generat ed by t he

TAC port 100), received on the timng sigmal’ tine 125, ‘and the
master cl ock 220, the GPl O FPGA 500 pI’OVI des di gltal signals to the DACs

530, 535, ' - 18 '
540 545. The :master clock 220 and one or npre of t he plur al clocks 230 also
cause also receive the master clock 220 from the external source 52. ll!ustratrvely, the

-_ maste_r_clock 220is a 13 MHz clock signal.
In response to the master clock, t_heTAC_ port '1-00 ,Qenef_ate’s'all_ of th_’é tilini'ng |
sighafs_ for the RF subsystem under ta;st:25, and fdr_'the' BB simulation sutésyétem 40,
5 i.e., for the 1Q port 110, and for the Gélo port 120. The timing signals, also referred
- to as plural clocks, are provrded ona tlmlng Slgnal line 125 IIIustrativer, the TAC -.
| port 100 generates 16 fully programmable tlmmg sugnals, 8 for transmit functlons and
8. for recewe functlons
In the transmlt m_ode,_ in respdnse_ to on.e. bf _n'_to_r'e_ of the timing _signa]s_ preseht '
10' ~on the .'tir.n,ing signal line 125, tﬁe 1Q port 1 1_0 fefriigv’es sequenéeé_ of pre_sfor_éd
| c_ljécreté ! énd_ Q 'sém.ﬁl'e.s 130, 135 from its_m§h16w. The réi_:rieved s-eque"n.ces'o_f_
discrete | _ar_nd Q_sa_rribles' 130, 135 represéﬁt, iilu:strati\;ély;_ full resolution versions of
an ahalog s‘i.mullate'a.'fnessage to be tranémitfed by the .RF subsystem under iest 25,
‘.rlhe' retri_evéd éequeﬁ_ées_bf di_scréte' | én_d Q sémhles 1l30, .1'35"_are outpUtted frorﬁ the
15 IQport 1 0 0 digital to analog converters (DACs) 140, 145, respectively. The DACs |
| '140, 145 convert the diécréte | (in-phase) énd Q (qqadrature) "samples 130, 135 to '
the analog transmit filtered signals i; and g; 55_, 60 (also shown in FIG 2). The anal__;;g
| tran'slhit fil_tered sighal§ i'F_'an_d ar 5'5., 6_6 are fhén_outpﬁttéd to the RF sqbsyéte_rn unde_f
‘test 25. . | |
20 °  Inthe r'ec:eive modé, thé IQ port 110 reéeives thelﬁaseband analog rgc-eivé '
| signals i,; and' Qs 65, 70. (also éﬁéwn in FIG 2) from the RF subsystem u_nc_lér test 25.

The receiVed_ba’Se__b*q_rid 'aﬁalog réceiﬁie signals 'i,,"and_q,, 65, 70 are converted from °

hel rw‘mm.n{ .h“t '
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the . PRBS generator. 510 and the PLL register 520 of the GPI O FPGA 500 to

out put : a PRBS signal 550 and a PLL signal 555, respectively.

Il lustratively, the PRBS signal ~ 550 is random bit streans; -and the
PLL register 520 is a 21 bit register whigh 5 - provides a 21 b|t serlal‘
PLL .signal 555 used in a phase | ock | oop etrcuit: of the RF
subsysten1under test 25. The PRBS signal 550 and :PLL S|gnal 555 are"

auxiliary: . - digital signals 560 provided to’ the RF subsystem uhder _
test 25. The DACs 530, 535, 540, 545 prayi gﬁ %ux ilia '
baseband anaPBﬂ"Sf‘gHM%a 5wence° d'gltamreﬂ'afemq $aarxglesa59b 8 Xﬁ&ﬁ@g tg.dg;prfaﬂs

565 and the auleari/ -digital gna s-560 form 10 - the auxiliary signals
170 shown i ncemyerters (ADPGS) 169, ?f@ »y"esP?Fé“‘BAC Eﬁﬁ)dlﬁcfﬂﬂpéég‘p&es are then sipsgd in
anpl.ifier (PA). signal 570 which controls the anplitude and slope of a pul se
used as a_coAtmemosy daemingopark qfother l%raMfu@termtwq% the & mtw peare
test: 25 The

transmitted from the 1Q | memorv to the PC 30 via the PCIF 35.

. - The GPIO port 120 in addztron to recervmg the dlgltal data and contro! srgnals _
| via the mterfa_ce bus 50 from the PCIF card 35, alse supports the trehsmlsslon_ of
auxtlia_ry digital and baseband analog signals 170 to.the RF .'sub_sv'sterh luhder test 25.
: DACs (not shown) may be con'n"ected hetween the GPIOI port 120 and .the‘ RF
| subsystem under test 25 These DACs convert dlg:tal srgnals to auxlluary srgnals 170
10 'for transmission to the RF subsystem 25. Illestratlvely, the auxnllary signals 1_70 are
. control signals for verlous ctrcults in the RF su_l_:s__ystem under test 25, suchas a p"c\'./ver'
'arnplifi,er,_ an eutornetic_ gain con:trol; and an autorr\at'ic frequehcy control. The GPIO
port 120 may also contain additional elements,_ such as monitor perts and interfaces
for syntheslzers | |
16 - The TAC port 100 generates plural clocks whlch are synchromzed to the master :
' : clock thet is su_pplned bvlthe external seurce 52. The plural clocks are g_enerated in
..co'operation with counters and a ._rhemc'r'y' which has prestcred discrete sigh‘al levels
as explained belowt | . N -_
lllustratively, the TAC, IQ and GPIO ports 100, 110, 1 20 are eech implemented R
20 using a Field Programmahle Gate Arrey (FPGA) made hy' Xilinx™, model X'C'::31 96. In
addition, each FPGA of the TAC and 10 ports 100, 110 has the following peripheral

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

Th|s is the replacsment lhoet
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DAC 535 provides an AGC signal 575 used in an automatic gain control

cirguit of ‘the ' RF subsystem under test. 25. The DAC 540 provides an . -

AFC signal 580 used inan- 15 ~ automatic’ frequency control “circuit of the
RF subsystem under test 25. The DAC 540 13. . is a spare.to. be used for
providing. additional signals as needed. ~— . . . The GPIO port 120" may
al so contain additional elements, such as nonitor ports - - -~ and

0 o) RIS e B ardRpor B BledDaliec 7y
Lt b o™ o ¥R i P lgbiath, e BRG0P Ple TAG, port 1001 o0
a;“ 2hdre:|p: ggg%%zllsgs,é 'F%QGFP\% 200 connecte% ?cp gV\FAé memory glgna“l ratlv%?e}lthgoq |
‘RAM 210is conflgured from three 256k X 4b|t SRAMs Thns effeotlvely forms a 256k. _
‘5 x_ 1_2_ bit SRAM. The TAC FPGA .200 recelves the master clock 220 s_uppl_ned by the |
,.e'xternal soqrce 52 (FIG 3). In re_sp'onse','to the 'rnaster clock 2_20, the.‘l'AC FP'GA 200-
. retr_ieyes disorete' data pr_estores in th_e 'l'AC memo'ry 210 and generates plura_l clooks |
230. The TAC FPGA 200 p'ro.vide.s.j one or more of the plural clocks 230 to the 1Q
_ port 116, the GPIO port 120, and the RF subsystem ehder test 25 -en the timing
10 signalline 125 (FIG3). | S
FIG 5 shows the TAC FPGA 2oo in greater detail. The TAC FPGA 200
comprises TAC _controller 305, a _PCIF (Pe'rso'naI:Conlout.er Interface) controller 310;
" a transmit counter 325, a receive counter 330, a Ml.lx lmUltipl_exer) _345, and a olock
generator 385. mu's'trstwy, the .TAC controller 305 and a PClF' controller 310 are
15 autonomous finite state machines. The TAC controller 305 receives the master clock
220. The TAC controller 305 generates ttmrng control signals 320 lllustratlvely, the
TAC controller 305 provrdes the tlmlng control S|gnals 320 to the transmit counter
325 and the receive counter 330. ustratively, the transmrt and recelve counters
| ‘325, 330 are 18-bit counters. In resoonse' 'to the. timing control' signals 320- the '
20 transmit and receive counters 325, 330 generate address stgnals 335 340 for the
| .tlmlng operatlons durlng the transmrt and recelve modes of the TAC port 100 The

address s_lgnals _33_5, 340 may also be used during a.non-trmr_ng mode, when the PC _

~This is the,replace.ment thee
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19 . baseband analog recei ve S|gnals i[err] or g[err] 65, 70 of
FIGs-3 and 7. In the receive node, = "t he ADCs -160, 165 sanmpl e the
analog signal 600 to form a sanpled signal 610. The- - sanpl ed signal
610 represents the sequences of discrete 12 or Q synbols 150, 155 of

FIG 7. Each sanple is adigital value and™ts stored in a partlcul ar . addr ess.

of a menory 5 (such as the | Q RAM 405 of FI G.7). For exanple, t-he
first sanple 620 has a va Thi s value may be represented

by a 3 bit @OgFIGR ﬁ)ﬁfd'ﬂ%‘e'f'gl‘ﬂ f!qﬂ%/t'?r(%? TAC memory 2épgn| ficant bit is a

slgn bit wherein a '1' indicates a negative nunber. Usi ng this
The address outputs 335, 340 of the transm|t and receive counters 325 330

.are provided to the MUX 345 The PCIF controller 310 provrdes a control slgnal 347 _'
which enables/dlsables the operatlon of the TAC controller 305. The oontrol srgnal_ ”
| 5 347 is also provrded to the transmut and recerve counters 325, 330 In response to
| the control srgnel 347 the TAC controller 305 generates a select srgnal 350 whrch
is provrded to the MUX 345. ln response to the seleot slgnal 350 the MUX 345-
out‘puts one of the address signals 335, 340 to the TAC memory 210 of the TAC port .
100 Thls causes elther the transmat counter 325 or the receive counter 330 to
10 _ access the TAC memory 210. The reason for havmg two counters 325, 330 is such
that the tlmmg signals f_or the receive ope_ratlon of the RF subs_ystem under test’ 25
can be e.'asily' offset against:th‘e timing signals for the transmit operation, without
having to re-download the TAC memory 210,
"0utput:_a_nd'..i_nput la.tches.(not shown) comp_rising an array of D-flip flops, for
15  example, may also be used. llustratively, an.i.n.'put latch may be located between '
| input signals and the PCIF controller 310. In addltion, an output latch .may be located
hetwe'en output 'siénals and the TAC controller 305. The output latch may-be used
" to remove glrtohes from outputted slgnals and the mput latch may be used to
synchronrze all mput s|gnals to the master. olock 220. The TAC port 100 may also
20 include regr_sters and circuitry to allow _the PC_IF port.card. 35 (FIG 2) to r_ead and wrlte |
data to._ and from the TAC RAM 210. '_Il_lu_stratively, .th_e TAC port 100 has eight 8-bit

registers.

ﬂ’lls is the replacemont ehoet _
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|IIustrat|ve exarrple the value -1 of the first sanple 620 is represented

by 101 and - . is.stored address 0 of the 1Q RAM 405 (FIG 7).
AIternatlver, i nstead of using bits 10 . to represent Si gns and
magni t udes, two's conplinent notation nmay3py used. - - The

-second sanple 625 has a value of 1; represented by the dlgltal word 001

which is stored i.n address. 1 of: t he | Q RAM 405. " The third, fourth and fifth .

sanples - 630 635, 640, have a value of 2, represented by the
digital word 010 d| gl taPB& 10 generatessthﬁrpﬁﬁ'al élo@l@ﬁ@@%%?n the masitl cfock! 2268

si.m | ar fashion, representing. the val ue of

.f)][‘et ﬁg”ﬁbed {,loggglv.%%efre ShP o] &rgtta?]gpcgzerwﬁﬂ%’nsss more of the GeREAIIPNS

store an repr esent i ng conpr esse

ggr SI78nSr g;r@hg“f Fch{svz%% Pr?ﬁf‘éja%rggag{\aqwree% \MGS3H9"Rl sdidd, rd:h&rfuﬂtﬁaﬁa

utiron versions. of the received

..baseband_ anajp t(l’\erT%(? bé& ﬁ&ﬂé‘uﬁe uLtFeWal:m%rtocthg rP‘le Qérd 38 allowmg the PC 30 (FlG
| 5 2) to read/wrlte data fromlto TAC RAM 210.in non-tlmrng mode, and readlng data _
 from the TAC RAM 210 | |
The plural clocks 230 are generated from a clock generator 365in response to
the master clock 220 and data 370 retneved from the TAC RAM 210. The clock |
generator 365 also performs a deglrtchrng function, wherern glltches, such as noise
10 splkes, are removed from the clock slgnals |n one |llustrat|ve embodrment, each '
sugnal level or bit of a data word prestored in the TAC RAM 210is used to generate
‘one cycle of one of the plural clocks 230 That ls, the plural clocks 230 are the
parallel output of the srgnal levels or blts retrleved from the TAC RAM 210. For
example, |f a four blt data word is prestored in the TAC RAM 210 then four clocks
| _ 16 = 230 are generated by the clock generator 365 For a four bit data word b4b3b2b, the
first bit b, of_the_ prestored da_t_a word bb,b,b, corresponds to the first cycle of the
._ first clock; the second bit b, corresponds to the .first cycle of the second clock; the
third bit b_-, corr'espon'd's'to the first cycle of the thlrd ‘clock; and the fourth bit b,
B corresponds to the frrst cycle of the fourth’ clock | | |
20 As an lllustratlve example, FIG 6 shows four clocks 230 generated from four
'blt data words stored in the TAC RAM 210. For a prestored four b|t flrst data word

- bemg OOOO the values of the flrst cycle #1 of the four clocks 1,2, 3 4 are low. For

Thrs rs the replacement lhoot
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The stored data is routed to the PC 30 through the PCIF card 35 for
analysi.s to 20 determ ne the proper operation of the RF subsystem under
test 25 (see FIG 1). ‘The reverse. operatlon occurs in the |
transmt node, where the I-Q port 1. 10 14 -supplies the RF subsystem
under test 25 with the analog transmit filTered srgnals |[err}

20. -+ -and q[err] 55, 60 shown in FIGs 2,-3, and 7. The prestored _
discrete | and Qsanples 130, 135 stored in the 1 QRAM 405 contain
ful | resol ut mpres@orgdoﬂoyr (l}rtasemnd; :lata word of 0101, where the- first bit is the least

' srgmflcant bit, whrch is '1' in thrs case, then the values of the second cycle #2 of

. clocks 1,3 are high and that of clocks 2, 4 are |ow . Similarly, for a prestored four

. bit thrrd data word of 01 00, then the values of the third cycle #3 of clocks 1 2, 4 are - |

5 - low and the value of the thlrd cycle #3 of clock 3 is hrgh In thls fashlon, the plural
clocks 230 are outputted in parallel whereln one cycle of all the plural clocks 230
corresponds to one data w_ord prestored_ in the TAC-RAM 210.

After the desired data words are r'etrieved a'nd the plural clocks 230 generated
the process is repeated Thus, the pIuraI clocks 230 repeat after adesired number of
10  cycles. Inthe rllustratrv_e example shown in FIG 6, the plural clocks 230 repeat after -

6 cycles.

At least one of these plural clocks 230is provrded to the Q port 1 10 through
15 .. the trmrng srgnal line 125. FIG 7 shows the IQ port 1 10 in greater detail. The IQ port
| 110 comprrses an {Q FPGA 400 and an lQ. memory 405 ln addition, the two DACs |
140, 145 and the two -ADCsl 160, _165__(also shown in FIG 3) provide an interface |
‘between the RF subsystem under test 25 and the BB simula_tion subsystem 40 (FIG
3) contarmng the I1Q port 110. o | | - | .l
20 lllustratrvelv, the {o] memory 405 is conflgured from three 256k x 4b|t RAMs
. to effectlvely form a 256k X 12 bit RAM The IQ port 110 is confrgured to generate__

and/or receive analog data on the I and Q channels.

Thrs 18 the reptacement sheet
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conpressed ver5|ons) of digital sanples of arbitrary baseband “anal og -
sigpals, such as : . the anal og S|gnal 600 shown.in FIG 9. There is an
anal og wavef orm't hat - corresponds 5 ‘to a particular set of sanples.
These anal og wavef orns can. vary from one. 15 . . .conmmuni cation systemto
anot her. For instance; the anal og waveforns can be : ‘gaussti.an

o eneas. of "y STHERIRGE 4B 8 v, 6851 PR 0RCa Qed LS fanaf R 9595«3%@9
are. 10 i FrpSRRAY. A ek ?%@Sr#@aﬁ’?%”efa%?@é“e PR0Ea 3800 B ra KavicLah
be easily retrieved: by the | Q FPGA: 400, shown_in FIG 7, on a sanple
by s arrpl e b AQGﬁ which receive | and Q data, respectlvely, from the RF subsystem under test 25
| lllustratrvely, the DACs 140 145 and ADCs 160, 165 support 10-b|t resolutron wrth
5§ converslon time of Iess than 450 ns over a 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 .a_.ddition, LPFs 450, 455 are connected between the ADCs 160,
165 and the'RF subsystem under'test 25. Each LPF 410 4;l5' 450, 455'._may bea
2-pole linear phase low pass fllter wrth a cut-off frequency of 200 KHz _ | |
10 o - ThelQ FPGA 400 receives tlmlng sngnals on the tlmmg signal llne 125 and thel '

| master, clock 2_20_. The trmmg srgnals on the timing slgnal llne_ 1 25 may be one or

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

| n the transmlt mode, i in response to one or more of the clocks 230 (recerved

- 15 on the tlmmg signal I|ne 125) generated by the TAC port 100 the 1Q port 110

| - retrieves the prestored dlscrete land Q samples from lts Q RAM 405 Illustratlvely,

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

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

'405 used to retrleve one sample The prestored dlscrete l and Q samples retneved

20 from the 1Q memorv 405 rather than representlng compressed versrons of analog |

o srgnals, represent full resolutxon verslons of the analog slgnals for transmlsslon by the' :

RF-subsystem und_er test_ 25. lllustratlvely, the prestored dlscrete | and Q samples_ |

'T'nis-is' the re‘placsment sheat
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The anal og transmt flltered signals-i[err] and g[err] 55, 60 (shown in .

FIG 2, 3, and 15. 7) are generatedfromthefull resol ution discrete
sequence of sanples prestored in the . 1 Q RAM 405. Each pr.estored
sanple is represented by a digital word. Eer exanple, . the di gl_tal

word 101 represents a pul se having a val ue of -1. Thus, retri eving the
digital word 101 from address 0 of the | Q RAM 405 produces a pulse having a.

val ue - of -1. Similarly, a.digital word 001 retrieved from-address 1 o

of the 1Q RAM 405 20 causes generation of a pul se having an anplitude
of 1. Retrieving the prestored digital =~  sanples reconstructs the

digitized or é&?@spﬁﬂd&bﬁﬁélogaﬂ«gveforhﬁs SaéH 85 galdtfarPRavefbiMs, raised cosing’sr sine -
( shovvn in FIGs 3 and 7) convert t he sarrpl ed si gnal 610 to the anal og signal "
waveforms. etc. _ |
In conlunctlon W|th the DACs 140 145 the lQ port 1 10 converts each '
retrieved dtsorete | and Q samples to the analog transmrt slgnals ir and Gr 430, 440

5 Illustratrvely, latches (not _sho_wn) receive the drscrete land Q sarnples_ retneved from
the IQ memory_ 405 rn sedu_enee,_ These latches output the lretr_ieved dis_crete I'and Q B
samples simultaneously to 't'h'e DACs 1 40 "1 45, The DACs 140, 145 reoonstruots the
analog transrnlt slgnals ir and gy 430, 440 from the retrleved samples whlch are the
full resolutlon representatlon of analog srgnals |

1'0' _ | The analog transmlt srgnals ir and qT 430 440' are outputted' from th'e DACs

: 140 145 to the LPFs 410 415 for frlterrng The LPFs 410, 41 5 output the analog
| transmrt flltered srgnals |F and ql= 55 60 (see also Fle 2 and 3). The analog transmrt '

frltered srgnals i and qF 55, _60 are then outputted to th_e RF subsystem_under test 25.

Th_e low pass _f'ilters.l_4j-1 O; 41 5, which filter the -an‘al'og. transmit si.gnals. i; and g, 430,

15 440, filter out noise and' high frequencies frorn the analog transmit' signals i and ar |
430, 440. Thls smoothens the analog transmlt slgnals ir and gy 430, 440 and
provrdes the analog transmlt flltered signals ig and Qe 55 60.

In the recetve mode, the LPFs 450 455 of the o] port 110 receive baseband' i

analog receive slgnals 460 465 respectlvely, from the RF subsystem under test 25.
20  The LPFs 450 455 output f|ltered baseband analog recelve slgnals in and qs 65, 70
h (also shown in Fle 2 and 3), respectlvely The low pass fslters 450 455 frlter out

" noise and high frequencres from the analog receive slgnals 460 465, respeotlvely

This -'i's__.th'e-' 're'plaoemen't. shect
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21 - . 600. This invention has many advant ages. The
inventive baseband sinul ati on .. . subsystemall ows testing an RF. '
subsystem wi t hout the need for its conpl ement ary L baseband o
subsystem This allows devel opi-ng the RF Hubsyst em i ndependent fromits . 5

conpl enent ary baseband subsystem - Thus, the devel opment of the RF subsystem_.-

I S. not hlndered by the unavailability of its conpl ementary baseband
subsystem In addition, the inventive baseband sinul ation

sub syst em exhig Qr%'o\éﬂ'léhsttﬁg tal$laltog(?ecerve signals 460, 465 and provrdes the filtered recelve

'baseband analog srgnals in and qR 65 70 The ADCs 160 165 of the IQ port 110
_ _recelve the baseband analog receive signals | lR and qR 65, 70 respectlvely, from the |
LPFs 450, 455. |
5 ° . In response .to one or more of the clocks 230 (recerved on the tlmlng srgnal Irne B
.'125 and) generated by the TAC port 100 the ADCs 160 165 of the IQ port 110
convert the received baseha_nd analog srgnals iq and q,,_'65, '_IO to the sequence of '.
.discrete | syrnbols 150-and the seouence' of discrete Q 'symbo'ls 155 respectively
(also shown in FIG 3). The sequences of discrete 1 and Q symbols 150 155 may be
10 stored in the 1Q memory 405 Alternatlvely, these sequences of dlscrete land Q
'symbols 150, 155 mav |Ilustrat|vely be transferred to the PC 30 (FIG 2) from the IQ
memory 405 via the PCIF card 35 for analyzmg the ablllty of the RF subsystem under
test 25 to receive one or more. carner srgnals and to demodulate I and Q analog |
.srgnals therefrom. _' o _ |
15 - FIG 8 shows a block disgram of the GPIO port 120, The GPIO port 120
 comprises a GPl_O.. FPGA §00 which has a pseudo-random bit sequence (PRBS)
generator 510,‘ and a Phase'Locl_c. Loop l.PLLl register' 520. The GPIO port 120 also'
| comprises a plurality of DACs. Hlustratively, four DACs 530, 535, 540 and 545 are
pro_vided; The GPIO FPGA 500 rsceives the master clock 220 supplied by the external
E '20' “ '_ _ sourc.e 52 (FIG 3l. In response to one or more of the plural clocks 2'30'(sho'wn. in FIG |
5 and_generated by the TAC port 160),_received on the tirnin'g signal line 125, and the

" master _cloclc 220, the GPIO_FPGA 500 provides digital -sipnals to the DACs 530, _535,_

This is the _r_eplacement sheet
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RF. subsyst em under nor.nmal operating conditions, and allows troubl eshooti ng.
and, - debuggi ng -rather than |lim ted pass fail testing. This allows .
refinement of the RF 10 subsystem which may result in refinenent of the
baseband subsystem design. . © . Refiningthe design’ ‘of a baseband-
subsystemis nore cost effective than: refl-rrrng an .. - already reallzed
and constructed baseband subsystem _ . Furtherm)re t he

i nvention all ows validation of an RF subsystem whi chinturn . .can be

used to val i dBf@ %%azeemﬂ;tw&%%mnchaw Apmare ef thealuil ﬁPCSﬁ B§9§lserqause
which is tested to function properl the inventive. baseband sinul ation
subsyst em - the PRBS generater. 1Qlatl¢ cshe f{hﬁesl_eter é'?#Oen;fttmellesE_B%@%wsgmm
under test, since any faults = = can be attributed to the baseband-
subsyst em undg;PRB&grgnaiﬁﬁQramm&. gagnpleSH; respectively. lllustratively, the PRBS signal | '
- 580 is random brt streams, and the PLL regrster 520 is a 21 brt reglster Wthh
5 provides a 21 bit serial PLL srgnal 555 used |n_ a phase lock loop circuit of the RF
subsystem under __test 26. The PRBS signal 550 and PLL signal 655 are auxiliary
' digital'signals 560 provlded to the RF subsfstem :under test .25'. |
The bACs 530, 535 540, 545 provide auxiliary baseband an'alog'si"gnals'565
~ The auxlhary baseband analog signals 565 and the auxrlrary dlgltal srgnals 560 form '_
10 ..the auxiliary slgnals 170 shown in FIG 3. Illustratrvely, the DAC 530 provndes a
. '_' power amplifier (PA) srgnal_ 570 whlch :contrl'ols' the amplitude and slope ofa pu_ls'e‘
‘usedas a contro_l signal for a po\lver_ amplifier ot the RF subsystem under test 25§_ The
DAC 535 prouides an AGC si'gnl.al 575 used in an automatic ga.i.n' control clrcuit of the
" RF subsystem under test .25, The DAC 640 provides.an_AFC sion_al 58’0 used in an-
15 | automatic fre'ouency control circuit of the RF subsy_stem under.test 25; The .DA'C 540 l
isa spare to be used for providing additional slgnals as needed | -
" The GPIO port 120 may also contain addltlonal elements, such as monitor ports
and mterfaces for syntheslzers For example, the GPlO port 120 may have an 8 blt' .
' momtor port whlch latches dlgltal status sugnals outputted from the RF subsystem o
20 under test 25 The momtor port is synchromzed to the master clock so that its status

B _ may be reported ata deslred basrs

FIG 9 shows an n or q analog srgnal 600 whrch represents the recelved

This is the_raplacement sheet
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subsystem Thus, the task of debugg| ng and pr ot ot ypi ng are nmade easi er and
l'ess 20 - costly - The above descri bed -enbodi nent s of the
i nvention are intended to be illustra-- -~ . tive.only. Nunerous

alternative errbodl rrents may- be devi sed ble hose Skl | I ed in the
22 o o

o baseband analog receive slgnals ir or q,, 65 70 of Fle 3 and 7 ln the receive mode, '
; the ADCs 160 165 sample the analog srgnal 600 to form a sampled signal 610 The
sampled srgnal 61 0 represents the sequences o_f drscre_t_e .l or _Q symb_ols 150, 155 of
FIG 7. .'Ea.ch_ sample is a dig_ltal value and is stored in a par_ticUIar address of a memory
& (such as the IQ RAM 405 of FIG 7 sor example, the fir'st. sample 620 has a vallis
| of -1. This value may be represented by a 3 blt drgrtal word, whereln the most
'slgmflcant blt is a ~sign bit wherem a‘tl’ mdlcates a negative number “Using this .
|llustrat|ve example_, the value -1 of the first sample 620 is represented by 1_'01" and
is stored address 0 of the 1Q RAM 405 lFlG 7. Alternatlvely, instead of using bits
10 . to represent slgns and magmtudes, two's complrment notatlon may by used
The second sample 625 has ai value of 1. represented by the drgltal word 001
- whrch is stored i in address 1 of the |Q RAM 405. The thlrd fourth and frfth samples
_ 630, 635 640, have a value of 2, represented by the dlgrtal word 010 whrch are
: stored in addresses 2, 3 and 4. In a srmllar fashron, digital words or symbols
1'5. representing the value of the sampled signal 610 are stored in partlcular address
| - locations of the 1Q RAM 405. The stored data, rather_ than repres_entrng compressed
versions of the reoeived baseband analog receiVe signals igOr Qg 65 70, represent full .'
resolution versions of the received baseband analog receive signals i Or g 65 70.
The stored data is routed to the PC 30 through the PClF card 35 for analysrs to
. 20 .determine the proper operatron of the RF subsystem under test 25 lsee FIG 1).
The reverse operation oocu_rs |_n the tr_ans_mrt _mode,_ where the 1Q port 110

supplies the _RF_subsystem under test 25 with the anal__og transmit filtered signals i

- This is.the replacernent'eh'eet
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art W|thout departing fromthe sp|r|t and scope of the foIIovm ng clalms
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The clalned |nvent|on i S:

20

—

.. -and qg 55; 60 shown m FIGs 2 3, and 7. The prestored dlscrete land Q samples |

130, 135 stored in the lQ RAM 405 contaln full resolutron versions (rather than

- compressed verslonsl of dlgl_tal samples of arbltrary baseband analog sng_nals, sUch as

the analog signal 600 shown in FIG 9. There is an analog waveform that corresponds
to a particular set of samples. These analog 'wavefor_ms can ,var\j'from one
communication system to anothe_r;' _For"in'stance,' the analog waveforms can be

gaussian waveforms, raised co_sine waveform_s, etc. The PC 30 (FIG 1) computes the

sequences of discrets | and Q samples 130, 135, representing these analog

‘waveforms, and stores them in the 1Q RAM 405. "The sampl'es"o'f each waveform are )

lllustratrvelv stored in consecutlve addresses so that they can be easllv retneved by

- the lQ FPGA 400 shown in FIG 7 on a sample by sample basis.

The analog transmit flltered signals i |,= and Qe 55 60 (shown in Fle 2,3, and
7) are generated from the full resolution discrete sequence of samples prestored inthe

IQ RAM 405. Each prestored sample is represented by a digital word For example,

_ the digital word 101 'represents' a pulse having a value of -1. Thus, retnevmg the

digital word 101 from address 0 of the IQ RAM 405 produces a pulse havrng a value
of -1. Slmllarly, a dlgltal word 001 retrieved from address 1 of the iQ RAM 405
causes generatlon of a pulse havrng an amphtude of 1 Retrle\nng the prestored dlgltal:
samples reconstructs the dlgrtlzed or sampled slgnal 610. Thereafter, the DACs 140

145 (shown in FIGs 3 and 7) convert the sampl.ed srgnal 610 to the analog slgnal '

This is the repla_oomont sheet
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5 1. A tini ng and control -port for a baseband sinul ati on subsystem for

testing a = radi o frequency subsystem of. . a communi.cation transceiver
conprising: .. ' - .a tinming-and control controller conflgured to
generate plural clocks in response . 21to a master clock,- -
an interface control lFer configured to gererate a select signal in response
to 10 control signals froma conputer,. © atransmt '
counter conflgured to generate a first address sequence in response :
to said plural clocks, . : -a recelve counter configured to
generate a s8@@nd address sequence in . ‘response to said plural
clocks, 15 . a multiplexer: configured to receive said first and

second addr ess se'ﬂ'u% m@t«gndhas many advantages The inventive baseband srmulatron
o subsystem allows testrng an RF subsystem wrthout the need for |ts complementary
_ baseband subsystem. Th|s allows developlng the RF subsystem mdependent from its
5 complementary baseband subsystem Thus, the development of the RF subsystem
is not hlndered by the unavallabllrty of its complementary baseband subsystem
In addrtlon, the mventrve baseband slmulatron subsystem extensrvely tests the :
RF subsystem under normal operatlng condrtrons, and allows troubleshootrng and
debuggmg rather than limited pass fall testing. This allows reflnement of the RF
| 10 '_subsystem whlch may result in refrnement of the baseband subsystem desrg_n._
_ Reflning_ the design.' of a ba'seb.a_nd subsystem is more'.cost' etfective than reflninp' an

already re'a_lized and constructed baseband subsystem.

. '_FUrth_ermore; the .inventi.on allows _validation of _an_RF subsystem w'hi'oh_ in _'_turn '
1 5 c.'an be used to valldate_ a baseband _subsystem. Having a validated RF subsyStem, _

which is tested to funetion 'properly by the inventive baseband simulation subsystem'

reduces validation tlme for an actual baseband subsystem .under'test 'since any taults _
- can be attnbuted to the baseband subsystem under test rather than to the RF
ubsystem Thus, he task of debugglng and prototypmg are made easler and less

20- costly. |

| The above descrrbed embodrments of the rnventron are mtended to be illustra-

tive only. Nume_rous alt_ernatlve embodrme_nts m‘ay _be,devrsed by those skll_led_ |n the
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to generate a sel ected address sequence in response to said select signal,
‘sai d sel ect ed addr ess sequence being one of said first and second
addr ess. sequences, and . - a menory for storing prestored data -
words, said nmenory receiving Sald sel ect : .. address sequence and .
outputting a data word, 20 - . . whé&fein each of said data words
i ncl udes -at each bit- p05|t|on a level for one .- = of the plural:
clocks o e L _ 24

art wjithou_f departi_ng"from the-ébirit and scope of thé following claims.
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2. A process for generatlng plural clock signals that are synchronized to
a master. cl-ock conprising the steps of: - - I n

response to said mast er cl ock, generating a sequence of addressess— -

for each address in said sequence, retrieyjng a data vvo menory, -
each of said data words incl udi ng”at each-bi t p05|t|on ’m‘ﬂﬁm&ﬂ"”ﬂm”mor

one of the - . pIuraI clocks

| _cL-AIMs |

‘The claimed lnvention' is:
5 '1_.'. A t|m|ng and control port for a baseband srmulatlon subsystem for testmg a

' radlo frequency subsystem of a commumcatlon transcelver comprusrng
a tlmlng and control controller conflgured to generate plural clocks in response
to a master clock |
| an rnterface controller confngured to generate a select srgnal in response to_-
10._ _ control srgnals from a computer, .'
a transmlt counter conflgured to generate a flrst address sequence in response _
to sald pIural clocks, |
a receive counter confrgured to generate a second address sequence in
response to s_al_d_ plural clocks, | | | |
1 5 ' - a multiplexer conf_igured to receive said first and second address sequences and
'to genera'te:a selected address sequence in 'response to said select-signal 'sa:id
selected address sequence berng one of sard frrst and second address sequences, and |
a memory for stonng prestored data words, sald memory recelvmg sard selected
address sequence and outputtmg a data word |
20 ._ ~ wherein each of sard data words mcludes at each b|t posntlon, a level for one"

- of the plural clocks.
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2. A.pr'ocess for Qenerating' plural clock sign_als that_are syachroni_zed toa master
' clock comprising the steps of | | | |
in response to said master clock generatlng a sequence of addresses,.
for each address in sald sequence, retrieving a data word from amemory,
each of sald data words including at each bit position, a signal level for ene of the.

- plural clecks._ _ _'

This, |s the replacoment shee!

%/”r &S

Date: |

%



[\ 3

5

—

MULTIPLE CDOCK GENERATION IN A BASEBAND SIMULATOR FOR TESTING A RADIO
_ FREQUENCY SECTION OF A‘MOBILE OGMMUNICATIONS TRANSCEIVER

| 'Assmg" o
A computer is connected to. an lnterface (PCIC) fd:Ia baéeband

slmnlatlon subsystem A tlming_and cogtrol (TAC) pé;; receiveéia
- mastex clock signgl from_:he_PCIF #nd generéﬁes clqcks; 'IQIénd
general purpose I/O (GPIO);por;s;rgceivé a£ least one such cloék,
In tranémit'mode,_the IQ port retrievéé presto;ed diséreté I and Q
samples and.recoﬁstruéts arbitrary-tfanémit analdg i and ¢ signals
~ for the RF subsystem under test. In a recelve mode, Ehe IQ.poft
_ recelves analog i and q signals from the RF subsystem.' The :Q-ﬁort _
converts the anang i and q-sxgnals to discrete I and Q-samples.
These I and Q éampieé éré trénsferred tb’thélpé fcr.aaalyzing thé
subsyéﬁem's ability to modulaté the'tranémit énaiog.i-and'q signals
on RF carrler s;gnals and demodulate the RF carrler 51gnals to

output the receive analog i and a s:.gne.ls.

B Figure.z
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