APPARATUS FCR DI SPENSI NG FLU D I N AN ARRAY PATTERN 5 10 Field of the

I nvention This invention relates to a dispenser used for exanple, in th
mangf act ure of 15 el ectroni c packaging for Integrated Grcuits (1Cs)
general, and nore particularly to a dispenser used for di spensing fluid
an array pattern. The di spenser nmay be
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5 A BASEBAND SIMULATOR ARCHITECTURE FOR TESTING A RADIO
' FREQUENCY SECTION OF A MOBILE COMMUNICATIONS TRANSCEIVER

10
15
20
Field of the Invention
The pfesent'in.ve_ntion relates to a system for testing a radio frequency (RF)
subsys_t'em of a transmitter/receiver device such as a mobile communications
25 transmitter/receiver. The present invention also relates to a system and method for

generating an arbitrary analog waveform. The present invention also relates to a

system and method for generating a set of clock signals.
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useﬁ as a shower head to di spense epoxy or to pick up and pl ace sol der
bal Il s. Background of the Invention 20 : An integrated circuit or chip
must have input/output (1/0O connections in order to function as an
electronic circuit. Mny of these chips require nore than 200 I/0O
connect i k n ) t chips, it has been shown advantageous to
bring out the 1/0O connections to land sites arranged in an array pattern
on t he bott omFi&t schematicallpsiustrates aotarmmunitations devicea cTteidevice lHésef FIG
| and sites. These
1 is a transceiver (i.e., a transmitter and a receiver) which forms part of a cellular
phone, cordless phone or personal digital assistant (PDA). The device 10 of FIG 1
b 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 modulates these symbols onto one or more RF carrier signals for remote
transmission.

in the receiving mode, the RF subsystem 14, receives one or more RF carrier
signals and demodulates from the received RF carrier signals a sequence of | and Q
symbols. The | and Q symbols are delivered to the baseband subsystem 12 which

15 decodes these | and Q symbols to regenerate source data.

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

20 desirable to.test the RF subsystem before the baseband subsystem is available.

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

the RF subsystem separately so that faults in the RF subsystem can be more easily
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2 sol der

balls, in turn, provide the 1/0O connections external to the chip.

(I C packages utilizing such solder balls are described in the
above-identified related application.) A technique in which the sol der

balls ar
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e placed on the land sites is well
located and identified.

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 present invention. According to one
embodiment, a baseband simulation subsystem is provided for testing an RF
subsystem of a communication device, such as a cellular telephone, cordless
telephone, etc. lllustratively, the inventive baseband simulation subsystem is
connected, via an interface card, such as a Personal computer interface card (PCIF),
to a computer system, such as an IBM™ PC compatible computer system. The
baseband simulation subsystem is also connected to the RF subsystem under test.

The baseband simulation subsystem receives discrete samples from a source,
such as the PC via fch'e PCIF. The baseband simulation subsystem stores the received
samples in a memory., Iﬁ a transmit mode, the baseband simulation su_bsystem
retrieves these prestored samples and generates therefrom analog baseband signals
using digital to analog conversion. The baseband signals simulate inputs to the RF
subsystem under test. In response to these simulated analog baseband signals
inputted into the RF subsystem under test, the RF subsystem under test outputs RF
band signals. In a receive mode, the RF subsystem receives RF band signals and
demodulates these signals to generate analog basebaﬁd signals which ére supplied to

the baseband simulation subsystem. The baseband simulation subsystem converts
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known in the art. Fig. 1 shows a schematic cross sectional view of one such
prior 5 art apparatus. Only the dispensing portion 10 of the apparatus
i's shown. As shown, the dispensing portion 10 has a smal |l chanber 14 which

i 113" 8 "aSNafCaN dlpp Bhosniiy Bibnals 1 tibcroft shARES. o i aifirerd SHpitieS pee

to be applied to chanber 14. The lower wall 15 has an array of outlet ports
16 bor ed stRegcdimthr grempry of ghe baseband simulatinnsubsystem and/qr-supplied to the
cross sectional view of the dispenser portion

PC for analysis.

lllustratively, the baseband simulation subsystém includes three ports: a timing
5 and control (TAC) port, an |Q port, and general purpose input output (GPIO) port. The
TAC port includes a TAC FPGA (Field Programmable Gate Array) and a TAC memory.
The TAC port receives a master clock signal from an external source and generates
plural timing and control signéls (i.e., plural clocks) therefrom. |

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

10 address input of the TAC memory. The counter and memory of the TAC port
cooperate to generate the plural clocks. The plural clocks ére synchronized to the
master clock. The TAC counter cycles through its count state. For each count cycle,
the TAC counter retrieves from the TAC memory, plural prestored signal levels,
including one sign‘ai level fo_r each clock to be generated. The TAC port outputs the

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

The 1Q port includes an 1Q FPGA and an 1Q memory. The 1Q port receives at
least one of these plural clocks. In the transmit mode, in response to one or more of
the clocks generated by the TAC port, the IQ port retrieves from its {Q memory

20 prestored discrete | and Q samples. lllustratively, a counter responsive to a clock
signal Qenerated by the TAC port counts through a sequence of states. Each state

forms an address in the IQ memory used to retrieve one sample. The retrieved

il \Ill\\ 1
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10 “al ong line 2-2 shown in Fig. 1, the lower wall 15 has a 1 5x1 5 array
pattern of 15 rows and 15 colums of outlet ports, or a total of 225 outl et
ports. In operation, the dispensing portion 10 is placed into a source of

o1 csour calecTetactaid B smpih Eprigent F ity foecsiil 1olpe FranaiigR Y B

vacuum wi t hin the chanber 14 and suction forces at the outlet ports 16 Due
to the s§ubpYstem T testae Theal@spertollustistivelya alse: W?'Hgﬁﬁeql'ﬂgg' ito analog

outlet ports 1 6. In the i deal situation, one
converters (DACs) which reconstructs transmit analog i and q slgnals from the

retrieved diécrete | and 'Q samples. The transmit analog i and q signals are then

5 outputted from the 1Q port to the RF subsystem. |
In the receive mode, the 1Q port receives analog i and q signals from the RF
subsystem. The |Q portillustratively alsd includes analog to digital converters (ADCs)
which, in response to one or more clocks generated by the TAC port, sample the
received analog i and q signals and convert them to receive discrete | and Q samples.
10 These receive discrete | and Q samples may be stored in the IQ memory.
Alternatively, the receive discrete | and Q samples may be transferred from the 1Q
memory to the PC via the PCIF for analyzing the ability of the RF subsystem under
test to demodulate the RF carrier signals to output the-receive analog i and q signalis.
The GPIO p;ort includes a GPIO FPGA. The GPIO port exchanges auxiliary
15 discrete data with the PC. The GPIO port also exchanges auxiliary digital and analog
signals with the RF subsystem under test. In addition, the GPIO port includes DACs.
The GPIO DACs convert particular auxiliary digital data to auxiliary analog signals.
. The auxfliary-analog signais are, for example, control signals for various circuits in the
RF subsystem, such as a power amplifier, an automatic gain control, and an automatic

20 frequency control.
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sol der ball should be attached to every outlet port 16 w thout being janmed

into the ports 1 6. 20 The di spensing portion 10 is then pl aced
i pedi atel y above and aligned with the land sites of the substrate. A
posi ti \ridk Pe ofithal ingP! i ed at inlet port 12, thereby releasing
t he sol romtine outlret ports and depositing them

FIG 1 depicts a conventional communications system;
_FIG 2 depicts the interconnection of a baseband simulation subsystem
" 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;
FIGS5 depiéts the timing and control port of FIG 4 in greater detail;
FIG 6 depicts plural clocks generated by the TAC port according to the present
invention; |
10 FIG 7 depicts a block diagram of the 1Q port of FIG 3;
FIG 8 depicts a block diagram of the GPIO port of FIG 3; and

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

- Detailed Descrigti;m of Preferred Embodiments
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 computer) 30,
a PCIF (PC interface) card 35 and a BB (baseband) simulation subsystem 40. The BB
20 simulat_ion subsystem 40 is connectéd to the RF subsystem under test 25. The BB
simulation subsystem 40, iﬁ conjunction with the PC 30 and the PCIF 35, tésts the

RF subsystem 25.
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3 onto the land sites. Again in the ideal situation, one solder ball should
be rel eased fromeach outlet port 16. The di spensing portion 10, however,
has. several shortcom ngs. The flow of air in the chanber 14 is not uniform

during either_transient or steady state periods 5 el Iq?ressur_e.
appl i cati ons Ahergampytes;system op PGH0; may e anolBMe BG eemratible opraputer ¢

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 simulation
subsystem 40. In addition, the PC 30 illustratively analyzes data received from the

5 BB simulation subsystem 40. More than one cémputer system or PC may be
connected to the PC bus 45 to perform these functions.

The PCIF card.35 is connected to the BB simulation subsystem 40 via an
interface bus 50. The PCIF card 35 interfaces between the PC 30 and the BB
simulation subsystem 40. The PCIF card 35 is designed to route and convert data

10 and control signals to compatibl_e formats between the PC 30 and the BB simulation
subsystem 40. Thus, the PCIF card 35 allows data and control signals to be
exchanged between the PC 30 and the BB simulation subsystem 40. lllustratively,

~ digital data and control signals are exchanged between the PCIF card 35 and the BB
simulation subsys';em 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 BB sifnulation subsystem 40 provides analog baseband
transmit filtered signals i¢ (in-phase) and g, (quadrature) 55, 60 to the RF subsystem
‘under test 25. 'fhe analog transmit filtered signals i and g 55, 60 are generated from
sequences of discrete | and Q samples stored in a memory of the BB simulation

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

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

————
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flow in the chanber 14, where nore air tends to pass at |ocations near the
inlet port 12 and | ess air passes-at locations renote fromthe inlet port
12.. In fact, if one was to exam ne the pressure within the chanber 14, it
woul d be seen tha gradi ent exists across the | oper

t he chaniiarsions ot ]&al?éﬁzssiur tednMassagas < represent full eanolutiens ﬁlnlﬁ‘é?aﬂ%;@
outlet ports 16 |ocated adjacent to the inlet port 12. The pressure
magni t udemessqgesaferytransmissjiombyothe Rb\subsystemdinder test 125. Jdve BBigimulation
| ocated furthest away fromthe inlet port.
subsystem 40 retrieves the prestored discrete | and Q samples from its memory and
converts them to analog transmit filtered signals i and - 55, 60. The RF subsystem
5 under test 25 modulates the analog transmit filtered signals i and .qF 55, 60 onto one
or more RF carrier signals.

In a receive mode of the baseband simulation system 20, the RF subsystem
under test 26 demodulates one or more RF signals which carry baseband analog
signals iy and qg 65, 70 modulated on RF carriers. The demodulation of the RF signals

10 produces the baséband analbg signals iy and qi 65, 70 which are supplied to the BB
simulation subsystem 40. The BB simulation subsystem 40 converts the baseband
analog receive signals iz and q, 65, 70 to sequences of receive discrete samples. The
sequences of received discrete samples are provided to the PC 30 (vfa the interface
bus 50, the PCIF card 35, and the PC bus 45) for analysis. The sequences of

15 received discrete samples may also be stored in the memory of the BB simulation
subsystem 40. The PC 30 analyzes this digital data to debug and validate the RF
subsystem under test 25.

FIG 3 shows the BB simulation subsystem 40 in greater detail. The BB
simulation subsystem 40 includes a timing and control (TAC) port 100, an 1Q port 110

20 and, a GPIO port 120, where GPIO is General Purpose Input/Output. These three
ports, (the TAC, IQ 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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Furftherrmre, the air flow velocity is at a maxi numthrough the outlet ports
16 adjacent to the inlet port 12 and at a m ninmmthrough the outlet ports

16 15

pressure
During t
port 12,

renotely located fromthe inlet port 12. Due to the aforenentioned
L6 FhEBln ko HAERIAS o ERERAL S B2 MR, b

the vacuum created wthin the renote outlet ports nay be too weak

to pick upastes clogki220igiad3 M‘_Hzt plocksignalyacuum pressure is increased,

10

15

20

In response to the master clock, the TAC port 100 generates all of the timing
signals for the RF subsystem under test 25; and for the BB_simulation subsystem 40,
i.e., for the 1Q port 110, and for the GPIO port 120. The timing signals, also referred
to as‘ plural clocks, are provided on a timing signal line 125. lllustratively, 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 IQ 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
an analog simulated message to be transmitted by the RF subsystem under test 25.
The retrieved seqt;ences of discrete | and Q samples 130, 135 are outputted from the
1Q port 110 to digital to analog converters (DACs) 140, 145, respectively. The DACs
140, 145 convert the discrete | {in-phase) and Q (quadrature) samples 130, 135 to
the analog transrﬁit filtered signals i and q; 55, 60 (also shown in FIG 2). The analog
transmit filtered signals i; and q; 55, 60 are then outputted to the RF subsystem under
test 25.

in the receive mode, the 1Q port 110 receives the baseband ahalog receive
signals iz and q 65, 70 (also shown in FIG 2) from the RF §ubsystem under test 25.

The received baseband analog receive signals i; and g, 65, 70 are converted from
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20" the solder balls at the adj acent outlet ports nmay becone jammed
within the outlet ports. This, in turn, creates difficulties during the
solder ball release cycle. What has been described thus far is the

e o S e 6 BRIt o iR RSB aPohtd 1801 5y aSSlotcigikal

~ converters (ADCs) 160, 165, respectively. The discrete samples are then stored in

a memory forming part of the 1Q port. Alternatively, the discrete samples are
transmitted from the |Q memory to the PC 30 via the PCIF 35.

5 The GPIO port 120,.in addition to receiving the digital data and control signals
via the interface bus 50 from the PCIF card 35, also supports the transmission 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 as a power
amplifier, an automatic gain control, and an automatic frequency control. The GPIO
port 120 may also contain additional eleménts, such aé monitor ports and interfaces
for synthesizers. ‘

156 The TAC port 100 generates plural clocks which are synchronized to the master
clock that is supplied by the external source 562. The plural clocks are generated in
cooperation with counters and a memory which has _prestbred discrete signal levels

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

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

addition, each FPGA of the TAC and 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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to fuse t he di spensing portion 10 as an epoxy dispenser for attaching a die
to a substrate and it has been used as such. In the latter case, epoxy
fluidis 5 transmtted into the chanber 14 by way of the inlet port 12

323&33: oghﬁ?ﬂ@t@ﬁgg?ﬁe&@%mﬁgﬁ%éﬁgwgﬁfﬁ%f ;tﬁaéégﬁ ilpi‘"\r?n:%‘liﬁl)é’g?t-t 0 air
floww thin chanber 14 are al so applicable when the device is used as an
epoxy di spens&lG 4 shows a block diagram of the TAC port 100. The TAC port 100
comprises a TAC FPGA 200 connected to a TAC memory 210. llustratively, the_
RAM 210 is configured from three 256k x 4bit SRAMs. This effectively forms a 256k
5 x 12 bit SRAM. The TAC FPGA 200 receives the master clock 220 supplied by the
external source 52 (FIG 3). In response to the master clock 220, the TAC FPGA 200
retrieves discrete data prestores in the TAC memory 210 and generates plural clocks
230. The TAC FPGA 200 provid_es one or more of the plural clocks 230 to the 1Q
port 110, the GPIO port 120, and the RF subsystem under test 25 on the timing
10 signal libe 125 (FiG 3).
FIG 5 shows the TAC FPGA 200 in greatér detail. The TAC FPGA 200
comprises TAC controller 305, a PCIF {Personal Computer Interface) controller 310,
a transmit counter 325, a receive counter 330, a MUX (multiplexer) 345, and a clock
generator 365. lll‘ustratively, the TAC controlier 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. lllustratively, the
TAC controller 305 provides the timing control signals 320 to the transmit counter
325 and the receive counter 330. lIlustratiQely, the transmit and receive counters
325, 330 are 18-bit coﬁnters. In response to the timing control signals 320, the
20 transmit and receive counters 325, 330 génerate address signals 335, 340 for the
timing operations during the transmit and receive modes of the ;I'AC port 100. The

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

11
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10" It is, therefore, an object of the present invention to overcone
t he di sadvantages and limtations of prior apparatus by providing a new and
i nproved di spenser. Anot her object of this invention is to provide an

apparatus for _upniformy picking up and depositing so r balls by
el i ni nat %‘ﬁ'ﬁﬁbﬁdﬁé!’&&'ﬁm%fﬁ%ﬂ/&? theclAG memayr2¥8i | of the chanber.

Yet anot her object of this invention is to provide an apparatus for
uni formy The address outputs 335, 340 of the transmit and receive counters 325, 330

are provided to the MUX 346. The PCIF controller 310 provides a control signal 347
wﬁich enables/disables the operation of the TAC controller 305. The control signal
5 347 is also provided to the transmit and receive counters 325, 330. In response to
the control signal 347, the TAC controller 305 generates a select signal 350 which
is provided to the MUX 345. In response to the select signal 350, the MUX 3456
outputs one of the address signails 335, 340 to the TAC memory 210 of the TAC port
100. This causes either the transmit counter 325 or the receive coﬁnter 330 to
10 access the TAC memory 210. The reason for having two counters 325, 330 is such
that the timing signals for the receive operation of the RF subsystem under test 25
can be easily offset against the timing signals for the transmit.operation, without

having to re-download the TAC memory 210.
Output and' input latches (nbt shown) comprising an array of D-flip flops, for
15 example, may also be used. Illustratively, an input latch may be located between
input signals and the PCIF controller 310. In addition, an output latch may be located
between output signals and the TAC controller 305. The output latch may be used
to 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 registeré and circuitry to allow the PCIF port card 35 (FIG 2) to read and write
data to and from tﬁe_TAC RAM 210. lllustratively, the TAC port 100 has eight 8-bit

registers.

12
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depositi ng epoxy onto a substrate. Summary of the Invention 20 In
an illustrative enbodi nent of the invention, a dispenser contains a chanber
encl osed by an upper wall and a lower wall. The walls are oriented par aI | el

to each ot her er wall has a vertically bored inlet port and th
'FAEprPort 100 generates the plural c%cks 230 from thg master clock 220

and provides the |Q and GPIO ports 110, 120 with one or more of the generated
plural clocks 230 on the timing signél 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 master clock 220 and data 370 retrieved from the TAC RAM 210. The clock '
generator 365 also performs a deglitching function, wherein glitches, such as noise
10 spikes, are removed from the clock signals. In one illustrative embodiment, each
signal level or bit of a aata word prestored in the TAC RAM 210 is used to generate
one cycle of one of the plural clocks 230. That is, the p|urél clocks 230 are the
parallel output of the signal levels or bits retrieved from the TAC RAM 210. For -
example, if a four-bit data word is prestored in the TAC RAM 210, then four clocks
15 230 are generated by the clock generator 365. For a four bit data word bsbzb,b, the
first bit b, of the prestored data word b,bsb,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; 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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5 l'ower wal | has a plurality of vertically bored outlet ports for providing
access to the chanber. The outlet ports are geonetrically arranged in an
array pattern characterized by equidistantly spaced rows and col ums of .

D01 . W Hskad P e b, BBt P PR, HRE S Sh B e
separat egig”f?cn;n% CI‘P, \?v r|1§1r is a{'einotrt{ig Q:ta%g, thén the values of the second cycle #2 of
clocks 1, 3 are hi'gh and that of clocks 2, 4 are low. Similarly, for a prestored four
bit third data word of 0100, then the values of the third cycle #3 of clocks 1, 2, 4 are
5 low and the value of the third cyﬁle #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 blural clocks 230 generated,
the 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
the timing signal line 125. FIG 7 shows the 1Q port 110 in greater detail. The 1Q port
110 domprises anl—lQ FPGA 400 and an Id memory 405. In addition, the two DACs
15 140, 145 and the two ADCs 160, 165 (also shown in FIG 3) provide an interface
between the RF subsystem under test 25 and the BB simulation subsystem 40 (FIG
3) containing the 1Q port 110. .
Nustratively, the IQ memory 405 is configured from three 256k x 4bit RAMs
to effectively form a 256k x 12 bit'RAM. The 1Q port 110 is configured to generate

20 and/or receive analog d_ata_ on the | and Q channels.

14
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parallel to and spatially separated fromthe upper and lower walls. The
baffl e plates have a plurality of. vertically bored holes for providing
access between the inlet port and the outlet ports, whereby the dispenser
is effective jin prOV|d|n8 honpgenequs flow of fluid

o

ports.

h th |
To' b i he B08Cs! 1400145 Yome ks 401 BifsDACH Heod 10 HENSENE loerd. Grdasa.

sectional view of the dispenser portion of a

10

15
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respectively, to the RF subsystem under test 25. The ADCs 160, 165 may be 10 bit
ADCs which receive | and Q data, respectively, from the RF subsystem under test 25.
Mustratively, the DACs 140, 145 and ADCs 160, 165 support 10-bit resolution with
conversion time of less than 450 ns overa voltage range of 5 volts. LPFs {Low Pass
Filters) 410, 415 are connected between the DACs 140, 145 and the RF subsystem
under test 25. In addition, LPFs 450, 455 are connected 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.

The IQ FPGA 400 receives timing signals on the timing signal line 125 and the
master clock 220. The timing signals on the timing sigﬁal line 125 may be one or
more of the plural clocks 230 (FIGs 5, 6) generated by the TAC port 100.

In the transmit mode, in response to one or moré of the clocks 230 (received
on the iiming sigﬁal line 125) generated by the TAC port 100, the IQ port 110,
retrieves the prestored discrete | and Q samplés from its IQ RAM 405. lllustratively,
a counter of the 1Q FPGA 400, responsive to one or more of the plural clocks 230,
counts through a sequence of states. Each state forms an address in the IQ memory
_405 used to re_trieve one sample. The prestored discrete | and Q samples retrieved
from the 1Q memory 405, rather than representing compressed versions of analog
signals, represent full resolution versions of the analog signals for transmission by the
RF subsystem under test 2-5. lustratively, the prestored discrete | and Q samples

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

15
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prior apparatus for dispensing fluid in an array pattern; Figure 2 is a
cross sectional view of the dispenser portion along line 2-2 of 15
Figure 1 showing a typical array pattern of bores; Figure 3 is a schematic
cross seg‘;dh\/yp&lmylm of the dispenser portion of an apparatus formng the
basi s of is invention; Figure 4 is a cross sectional view of the

di spenser por %n‘i‘ur?&?oﬁ 'With*tre BACS 9146, 345, the 10 port 110 converts each

retrieved discrete | and Q samples to the analog transmit signals i; and q; 430, 440.
lMustratively, latches (not shown) receive the discrete | and Q samples retrieved from
5 the 1Q memory 405 in sequence. These latches output the retrieved discrete | and Q
samples simultaneously to the DACs 140, 145. The DACs 140, 145 reconstructs the
analog transmit signals i; and q; 430, 440 from the retrieved samples which are the
full resolution representation of analog signals.
The analog transmit signals iy and gq; 430, 440 are outputted from the DACs
10 " 140, 145, to the LPFs 410, 415 for filtering. The LPFs 410, 415 output the analog
transmit filtered signals iz and g 55, 60 (see also FIGs 2 and 3). The analog transmit
filtered signals i; and q- 65, 60 are then outputted to the RF subsystem under test 25.
The low pass filters 410, 415, which filter the analog trapsmit signals iy and g; 430,
440, filter out noi;e and high frequencies from the analog transmit signals i; and q;
156 430, 440. This smoothens the analog transmit signals iT. and g; 430, 440 and
provides the analog transmit filtered signals i and g 55, 60.
In the receive mode, the LPFs 450, 455 of the 1Q port 110 receive baseband
analog receive signals 460, 465, réspectively, from the RF subsystem under test 25.
The LPFs 450, 455 output filtered baseband analog receive signals ig and gz 65, 70
20 (also shown in FIGs 2 and 3), respectively. The low pass filters 450, 455 filter out
noise and high frequencies from the analog receive signals 460, 465, respectively.

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

16
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Figure 5 is a cross sectional view of the dispenser portion

along line 5-5 of Figure 3; 6 Figure 6 is a cross sectional view of the
di spenser portion along line 6-6 of

10

15

20

baseband analog signals i; and g, 65, 70. The ADCs 160, 165 of the 1Q port 110
receive the baseband analdg receive signals i and qr 65, 70, respectively, from the
LPFs 450, 455.

In response to one or more of the clocks 230 (received on the timing signal line
125 and) generated by the TAC port 100, the ADCs 160, 165 of the 1Q port 110
convert the received baseband analog signals iz and qz 65, 70 to the sequence of
discrete | symbols 150 and the sequence of discrete Q symbols 155, respectively
(also shown in FIG 3). The sequences of discrete | and Q symbols 150, 155 may be
stored in the |IQ memory 405. Alternatively, these sequences of discrete | and Q
symbols 150, 155 may illustratively be transferred to the PC 30 (FIG 2) from the Id
memory 405 via the PCIF card 35 for analyzing thé ability of the RF subsystem under
test 25 to receive one or more carrier signals and to demodulate | and Q analog
signals therefrom.

FIG 8 shows a block diagram of the GPIO port 150. 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 GPIC port 120 also
comprises a plurality of DACs. llustratively, four DACs 530, 535, 540 and 545 are
provided. The GPIO FPGA 500 receives the master clock 220 supplied by the external
source 52 (FIG 3). In response to one or more of the plural clocks 230 (shown in FIG
5 and generated by the TAC port 100), réceived on the timing signal line 125, and the
master clock 220, the GPIO FPGA 500 provides digital signals to the DACs 530, 535,

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

17
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Figure 3; Figure 7 is a cross sectional view of the dispenser portion al ong
line 7-7 of Figure 3; 5 Figure 8 is an isonetric pictorial
illustrating the geomatrl cal relationship anpbngst the many bores shown in

FILOUT e el PRHE et ST OB PEL Toolshér"58b ot 12 BRISHAGR 56D BELRSL

a PRBS signal 550 and a PLL signal 555, respective_ly. Ilustratively, the PRBS signal

550 is random bit streams, and the PLL register 520 is a 21 bit regi#ter which

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

5 subsysteh'\ under test 26. The PRBS signal 5560 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
the auxiliary signals 170 shown in FIG 3. Iliustratively, the DAC 530 provides a

10 power amplifier (PA) signal 570 which controls the amplitude and slope of a pulse
used as a control signal for a power amplifier of the RF subsystem under test 25. The
DAC 535 provides an AGC signél 575 used in an automatic gain control circuit of the
RF subsystem under tést 25. The DAC 540 provides an AFC signal 580 used in an
automatic frequenc-:y control circuit of the RF subsystem under test 25. The DAC 540
15 is a spare to be used for providing additional signals as needed.

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

20 may be reported at a desired basis.

18
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Figure 10 is a schematic di agram of the di spenser portion showi ng two 10
different paths of fluid flow Detailed Description of the Drawings Figs. 1
and 2 have been described in the background section of this application. 15
Referring no i there i s shown.a a enser

Fi.g. , f
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I nvention. The
baseband analog receive signals iz or qz 65, 70 of FIGs 3 and 7. In the receive mode,

the ADCs 160, 165 sample the analog signal 600 to form a sampled signal 610. The

sampled 'signal 610 represents the sequences of discrete | or Q symbols 150, 155 of

5 FIG 7. Ea.ch sample is a digital value and is stored in a particular address of a memory

(such as the IQ RAM 405 of FIG 7). For example, the first sample 620 has a value

of -1. This value may be represented by a 3 bit digital word, wherein the most

significant bit is a sign bit wherein a ‘1’ indicates a negative number. Using this

illustrative example, the value -1 of the first sample 620 is represented by 101 and

10 is stored address O of the 1Q RAM 405 (FIG 7). Alternatively, instead of using bits
to represent signs and magnitudes, two’s complirrient notation may by used.

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

which is stored in address 1 of the IQ RAM 405. The third, fourth and fifth samples

630, 635, 640, ha\—le a value of 2, represented by the digital word 010 which are

15 stored in addresses 2, 3 and 4. In a similar fashion, digital words or symbols

representing the value of the sampled signal 610 are stored in particular address

locations of the |Q RAM 405. The stored data, rather than representing compressed

versions of the received baseband analog receive signals i or qg 65, 70, represent full

resolution versions of the received baseband analog receive signals i; or gz 65, 70.

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

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

19
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di spenser portion 30 includes an enclosed chanber 32, which is forned by an
upper horizontal wall 34, .a | ower horizontal wall 38 and sidewalls 36. The
upper wall 34 is parallel to the |lower wall 38. The upper wall 34 has bored

ot o of Sy S ghabeResiod ool SRR SAgRS e 08 0
central lgudp?'%zsittﬁcej ﬁﬁsugsysqt%ﬂ? er test 25 w%h the analog transmit filtered signals i;
and g, 55, 60 shown in FIGs 2, 3, and 7. The prestored discrete | and Q samples
130, 135 stored in the IQ RAM 405 contain full resolution versions (rather than
5 compressed versions) of dig.ital samples of arbitrary baseband analog signals, 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 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
10 sequences of discrete | and Q samples 130, 135, (epresenting these analog
waveforms, and stores them in the IQ RAM 405. The samples of each waveform are
illustratively stored in consecutive addresseé so that they can be easily retrieveq by

the 1Q FPGA 400, shown in FIG 7, on a sample by sar;lple basis.
The analog 't—ransmit filtered signals i and q; 55, 60 (shown in FIGs 2, 3, and
15 7) are generated from the full resolution discrete éequence of samples prestored in the
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 IQ RAM 405 produces a pulse having a value
-of -1. Similarly, a digital word 001 retrieved from address 1 of the IQ RAM 405
20 causes generation of a pulse having an amplitude of 1. Retrieving the prestored digital
| samples reconstructs the digitized or sampled signal 610. Thereafter, the DACs 140,

145 (shown in FIGs 3 and 7) convert the sampled signal 610 to the anélog signal

20
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7 lower wall 38 has bored therethrough multiple outlet ports 42 to provide
access into the ower portion of the chanber 32. It wll be understood that
the outlet ports 42 are arranged in an array pattern simlar to that shown
in Fig %Od | lustratively, there is a 16 x 16 array as shown in 5 Fig. 2.

10

15

- 20

This invention has many advantages. The inventive baseband simulation
subsystem allows testing an RF subsYstem without the need for its complementary
baseband subsystem. This allows developing the RF subsystem independent from its
complementary baseband subsystem. Thus, the development of the RF subsystem
is not hindered by the unavailability of its complementary baseband subsystem.

In addition, the inventive baseband simulation subsystem extensively tests the
RF subsystem under normal operating conditions, and allows troubleshoo_ting and
debugging rather than limited pass fail testing. This allows refinement of the RF
subsystem which may iesult in refinement of the baseband subsystem design.
Refining the design of a baseband subsystem is more cost effective than refining an
already rsalized and constructed baseband subsystem.

| Furthermore, the invention allows validation of an RF subsystem which in turn
can be used to vali;iate a baseband subsystem. Having a validated RF subsystem, |
which is tested to function properly by the inventive baseband simulation subsystem
reduces validation time for an actual baseband subsystem under test, since any faults
can be attributed to the baseband subsystem under test rather than to the RF
subsystem. Thus, the task of debugging and prototyping are made easier and less
costly.

The above described embodiments of the invention are intended to be illustra-
tive only. Numerous aiternative embodiments may be devised by those skilled in the

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

21
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| nt'er posed between the upper wall 34 and the lower wall 38 are three baffle
plates; a first baffle plate 44, a second baffle plate 46 and a third
baffle plate 48. As will be explained later, the baffle plates—are

effective in controlling fluid flow w hamber 32 The baffle pl at es
are spaced apart from each other and f t he hegt/Hag Bekn [Replseed
wall 38 by vertical spacers 37. In this manner, the baffle

effectively maintained in spatial planes which are parall el

and to the upper and | oyer walls.
The claimed invention is:

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

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

10 an 1Q port connected to receive at least one of said plural clocks
generated by said timing and control port, and configured to convert each discrete |
and Q sample, of a first sequence of discrete | and Q samples representing a
_ simulafed message outputted for processing by the radio frequency subsystem, to
first set of analog | and q signals, said |Q port also connected to receive a second set
15 of analog i and q signals from the radio frequency subsystem and configured to
convert said received second set of analog i and q signals to a second sequence of
discrete | anc_i Q samples in response to at least one of said plural clocks generated by

said timing control port, and
a general purpose input output port connected to receive at least one of said
20 plural clocks generated by said timing and cqntrol port, and connected t6 receive to

provide auxiliary analog signals to the radio frequency subsystem.

22
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Referring next to Figs. 4, 5 and 6, there are shown the first baffle plate
44, the second baffle plate 46 and the third baffle plate 48, respectively.
As can be 15 seen, the first baffle plate 44 has an 8x8 array of hol es
50 which are each bored vertically therethrough. Sim|arl t he second
baffl e2pl at d Mdowanﬁeslmaupmaﬁgs\@tpm%cmHaweaew'éitmygcﬁrld@mrebl
hol es 52 and a 2x2 array of vertical holes 54, respectively. The array

pat t er pertacontprisest a itiming dahd <orithal ﬁtiagfarriméﬂlbegqfeaawaylmvhinh isncapablg of

consisting of 8 rows and 8 colums of holes, or a total of 64 hol es.
generating said plural clocks from digital data, and a timing and control memory
connected to said timing and control programmable gate array, said timing and control

5 membry stbring said digital data.

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

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

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

an input output memory connected to said input output programmable gate

20 array.
23
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The second baffle plate 46 has an array of 4 rows and 4 col ums of

holes for a total of 16 holes and, finally, the third baffle plate 48 has
an array of 2 rows and 2 colums of holes for a total of 4 holes. Since a
Cross segtlon is shown in Fi

10

15

20

A baseband smulaiJ og’subsygtem for simulating a baseband subsystem of a
communication transceiver to test a radio frequency subsystem of the communication
transceiver comprising:

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

an 1Q port connected to receive at least one of said. plural clocks
generated by said timing and control port, and configured to convert each discrete |
and .Q sample, of a first sequeﬁce of discrete | and Q samples representing a
simulated message outputted for processing by the radio frequency subsystem, to
first set of analog i and q signals, said {Q port also connected to receive a second set
of analog i and q signals from the radi§ frequency subsystem and configured to
convert said received second set of analog i and q signals to a second sequence of
discrete | and Q samples in response to at least one of said plural clocks generated by

said timing control port.

6. The subsystem of claim 5 further comprising a general purpose input output

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

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

sequence of discrete | and Q samples.
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the first baffle plate 44 will be seen to have 8 holes, the second baffle
plate 46 is shown with 4 holes and the third baffle plate 48 is shown wth
2 holes. The dinensions of the holes will now be explained. It will be
understood that the outlet ports 42 each have a bore dianeter size that is
sui t abl& f orAt hasekand csimudation systenyfforhsimulatings @ tasebandn system t of pa ck
up and place solder balls, the bore dianeter of each port 42 nust be

sl i ght | goramunicatidgrhtransteiver tortdstra ratlia frequenciesubsystenVbEthesErimmication

epoxy di spenser, the bore diameter may be different. The
transceiver comprising:
a computer connected to compute sequences of discrete samples | and Q of -
5 baseband analog outputs i; and q; to- the radio frequency subsystem,

a baseband sqbsystem having a memory and being connected to receive said
sequences of discrete samples | and Q, wherein said sequences of discrete samples
| and Q are stored in said memory, said baseband subsystem being connected to
generate, from the sequences of discrete samples | and Q stored in said memory, the

10 baseband analog outputs i; and gy to the radio frequency subsystem, and being
connected to receive baseband analog inputs iz and gz from the radio frequency
subsystem, and

an interface card connected between the .co-mputer and the baseband

subsystem, wherein the interface card interfaces between said computer baseband

| 15 subsystem.
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desi gned size will, of course, vary with the viscosity and ot her
characteristics of the epoxy fluid. The table bel ow shows typical dianeter
sizes for outlet ports 42. 10 After the dianmeter of outlet ports 42
has been sel ected, the bore diameters of holes 50, holes 52 and hol es 54
my be d8¢er nThedaspbandsimulationosystermof claim Bovbereinjthedbaseband simulation
progressively larger, as the baffle plate is placed further away from
outl et psubsystém domprisesd es 50 spatially | ocated i nmedi ately above the
outlet ports may be nmade slightly larger in dianeter than the di aneter of
outlet a timing and control port for generating plural clocks in response to a
master clock, and
5 an 1Q port connected to receive at least one of said plural clocks
generated by said timing and control port, and configured to convert said sequences
of discrete sampleé | and Q to said baseband analog outputs i; and gy, and connected
to receive said baseband analog inputs i and qg, and
a general purpose input output port connected to receive at least one of said
10 plural clocks generated by said timing and control port, and connected to provide

auxiliary analog signals to the radio frequency subsystem.

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

baseband analog outputs i; and q,.

16
11. The subsystem of claim 9 further comprising a low pass filter for filtering said
baseband analog inputs i; and qg.
12. A process for testing a radio frequency subsystem of a communication
20 transceiver comprising the steps of:

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

and control port of a baseband simulation subsystem, and

. 26
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15" ports 42. In turn, holes 52, being | ocated above holes 50 and further
fromthe outlet ports, nay be made slightly larger in dianmeter than that of
hol es 50. Finally, holes 54, which are furthest away, may be nade slightly

Lg{'gsv_r than iﬂor'e%Bo?aée tgyaqilggét gl% %fdsia?&T%‘uerral %iozc?(% gaerneergpeod\@yi sqaié rH?mlnagbzl:lr?d
control port, converting by an 1Q port of said baseband simulation subsystem each
discrete | and Q sample, of a first sequence of discrete | and Q samples representing
a simulated message outputted for p_i'ocessing by the radio frequency subsysfem, to

5 a first set of analog i and q signals,
receiving by said 1Q port a second set of i and q analog signals from the radio
frequency subsystem, and |
converting said received second set of analog i and g signals to a second

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

10 generated by said timing control port.

13. A process for testing a radio frequency subsystem of a communication
transceiver comprising the steps of: |
in response tc-> a master clock, generating plural different clocks from a timing
;. 16 and control port of a baseband simulation subsystem, and
in response to at least one of said plural clocks generated by said timing and
control port, generating by an 1Q port of said baseband simulation subsystem an
analog i and q signal from discrete | and Q samples prestored in a memory of said 1Q
port, and
20 - providing said generated analog i and q signal to the radio frequency

subsystem.

————
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9 Typical Bore Dianeter (mm Qutlet Ports 42: 0.4 First Baffle

Pl ate Hol es 50: 0.4 Second Baffle Plate Holes 52: 1.0 5 Third
Baf_f | e Pl ate Hol es 54: 2.0 Inlet Port 40: ' 2.0
| Abstract

10

15

20

A baseband simulation system is disclosed for testing an RF subsystem of a
comm‘unicafion 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 outpuf (GPIO) port. The TAC port receives a master clock
signal from an external source and generates plural clocks therefrom. The 1Q and
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 transmit 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. 'i'he IQ port, in res_pbnse to one or more clocks generated by
the 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 inpu&ed
transmit analog i and q signals on one or more RF carrier signals and to demodulate
the RF carrier signals to oufput the receive analog i and q signals. The GPIO port
exchanges auxiliary discrete data with the PC and auxiliary analog signals with the RF

subsystem under test.

28
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The upper and lower walls 34 and 38 are 40 nm x 40 nm and have a thickness
of 4 mm Each baffle 44, 46, 48 is 40 nmx 40 mm and has a 10 t hi ckness
of 1 mm The separation distance between baffl es between upper baffle 48
and upper wall 34 is 3 mm The separation distance between the |ower baffle
44 and |lower wall 38 is 3 mMm |l's and baffles are fornmed from

al um num The arrangenent of th res will now be explained by reference
to Fig. 8. 1In the explanation that foll ows "bores"” are referred generically
to holes in surfaces
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15" that are baffle plates or inlet and outlet ports in the upper and

| omwer wall surfaces, respectively. In general, each.bore in a surface
positi oned above a | ower surface is symetrically placed with respect to
four adjacent bores that have geonetrigally fornmed a square on the | ower
surface. Thus, the inlet port 40, 2& S bored through the center of the
upper wall 34, is also positioned y above the 20 center of a
square 58 formed by four adjacent holes 54 in the baffle plate 48.
Simlarly, each one of the four holes 54 is positioned directly above the
centers of
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f our squares 60 forned by the sixteen holes 52. 10 Continuing in this
manner, each one of the sixteen holes 52 is positioned directly above the
centers of the sixteen squares (not shown) formed by the sixty

3/ 9

2\0

TAC
FPeA

20 200 ;2)30

Fl6 4

e
e e
e

as Been Reraced

" AT



four holes 50 in baffle plate 44. Finally, each one of the sixty four holes
50 is positioned directly above the centers of the sixty four squares (not

shown) forned 5 by 256 outlet ports 42. In the enbodi ment shown in Fig.

3, there is an even nunber of rows agd gorms of outlet ports, forming a 1
x1 6 array pattern. Consequently, 64 s can be formed fromthe 1 6x16

array to determne the |ocation of the 64 holes in baffle plate 44, Next,

16 squares can be fornmed with the 64 hol es of - the first
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10° baffle plate to determ ne the |ocation of the 16 holes in the second
baffle plate. Finally, four squares can be forged with the 16 holes of the
second baffle plate to determ ne the Iocat:ﬁ'fE the four holes in the
third baffle plate. Wen there is an odd n er =of rows and col utms of
outlet ports desired, for exanple a 1 5x1 5 array, as shown in Fig. 2, the

desi gn sequence for the bore 15 arrangenents nay nevert hel ess, proceed
in the manner descri bed above by addl a ph ow and a phantom col um
of outlet ports. In other words, the&% é \k s 6
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desi gner may assune that there is 16 rows and 16 col uims of bores in the
array pattern, wherein 15 rows and 15 colums contain real bores but one
end row and one end col um contai n phantom bores. Fig. 9 shows an array
pattern having 16 20 rows and 16 gol s of bores which conprises 15 rows
and 15 colums of real bores and 1¢£ g?rom168 and colum 68 of phantom

bores. Wth this procedure of
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arrangenent shown in Fig. 3. described the arrangenent of the bores,
the inproved air (or other f{uyd) ow in chanmber 32 will now be descri bed.
5 As shown in Fig. 3,/the inlet port 40 is renovably coupl ed by way

of a conduit 70 to a source of fluid 72, such as a conpressed air container
or an epoxy

aading phant om bores, the three é?le pl ates woul d appear simlar to the
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'6bntaﬁﬁ%F% Controls 74 are also provided at the container site to regulate
the pressure of the fluid. Wien a positive pressur.e is applied by the
controls 74, fluid will flow fromthe container 72 into chanber 32 by way

of the inlet port 40. 10 When a negative pressure is applied, fluid wll
flow in the opposite direction, nanely, out of the chanber 32 and into the
container 72. By varying the a nt positive or negative pressure, the

fluid velocity may be increased &rfda@reased. This, in turn, regul ates the
fluid velocity at outlet ports 42.

Fi6 9

is. Sheet Has Been Reilaced

TN




A-s_‘-:hen-t.-i oned earlier, it is desirable that no pressure gradient exists
acr.oss .15 the lower wall 38 of the chanber n, own in
Fig.. 3, honogeneous pressure i s achi eved acrossTtthg |s|tg§é§8@§gﬁtgﬁﬂ§?§ge 38
and, consequently; fluid velocity in everyone of the nunerous outlet ports
42 is the sane. Thus, the.dispenser 30 |sleffectoaw- e gl gpRengdgg equal

‘anmounts of fluid through outlet ports 42.7720 o When used as-a'tool to- |
pi ck and pl ace sol der balls, the . .dispenser 30 '
5 A BASEBAND SIMULATOR ARCHITECTURE FOR TESTING A RADIO

FREQUENOY SECTION OF A MOBILE COMMUNICATIONS TRANSCEIVER

10

15

20 -

. Field of Inv
The present invention_' relétes to a.systém for testing a radio frequency (RF)_
subsystem of a'. transmitter]receiver_ deyice such as a mobile 'communica_tions '-
25 t_ransmittetlfeceive_r. The present id\'(ention also relates to a system and method for
_generat'ing_ an arbitrary analog v_va:\'('ef_orm. | The .present i'nv'er_\tion' also ré_lateé to a ,

* system and method for gedgratiné a set of clock signals.
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efféctive in picking up and depositing sol der bal I's of equal. size at every -
outlet port 42. This is due to the uniform positi VEhigis maémé/ "ﬂé’{
| tishpet,

_'pressure that is created - 12 across the.lower wall 38 of
:SI nce the pressure is _.UI’II form _t._he. o, " Date: - 8 APR 1995_
ackground of the Inventio

FIG1 schematically illustrates a communications de'v'ice.‘_ The device 10 of FIG |
| lisa transceiver (i.e., a_'.'_transmitt_e.r and a feeeiver)' wbieh forms._pa.rt_' of a c_ellulai _
| phone, ceidless pb_'one or'per_sensl digital assistant (PDA). The device 16_ef FIG 1 )
5 ~ may be viewed__as_compr.i_sing_a'.beseba'nd subsysfem 12 and an RF (radi_e frequency)
's.ubsystem 14. - B
: In the trsnsmitting mode, the Ibes.ebend subsystem 12 receives data frem a
- source and codes the data ina Sequence of in-.p'hase' (I_)I and a seque'uce of quadfature_
(Q) channel symbols. The | and Q channel symbols are then fed to the RF sub_system -
10 14 which modulates these symbols onto one or more RF carrier signals for femote'
transmlsslon | |
In the receiving mode, the RF subsystem 14, recelves one or more RF carrier
sigﬁals and demodulates from the recelved RF carrier sngnals a sequence of land Q
symbols The | and Q symbols are deltvered to the baseband subsystem 12 Whlch |
15 decodes these ] and Q symbols to regenerete source data.

" Fora variety of reasons it may be desirable to provide the capabi_lity for testing' |
the RF subsystem of a communications deyiee without the baseband subsystem. For
example, during the design of a'me_bile communicetion device, the basebend and RF
subsystems_ may be designed._sepera.tely.' Under such circumstances, it may be

.20. " desirable to test the RF _'sub‘system be_fere the'besebend subsystem is evailab'le.'
| Alternatively, eyeri_ if the besebend 'subs_y_s_tem is availebie, it may be_desirable te test

th_e" RF_ subs_ystem separate_,_l_y;_sg_ that faults in the _RF'sub_system can be more easily



anount of pressure can be effectively controlled until the desired sol der
ball size is uniformy picked up and uniformyry gf}@g?hted The uniformty. of
pressure results fromthe baffle plates 44, 46, %\M’Pécememtmfﬁw 3.
Each baffle pl ate redirects the fluid flow between the inlet. port 40 and

outl et ports 42. Furthernore, by having: geaorretlaateal | y..@régﬁg baffl e hol es
50,7 52, 54 in the marner ‘described earliel, the paths ta the fluid:
are equal in length. This is shovvn schenatlcally in Fig. 10 W|thtwo paths _

of fluid flow Wile
loca_ted and identified.

Accordrngly, rt is an ob;ect of the present inventlon to provrde a system Whlch |

srmulates a baseband subsystem ina commumcatlons transcerver '

5 Su £ th 1 on
This'?and other objects ere'aehieved by the present in.\l/'e.n_tion. According to one .'
~ embodiment, a baseband simuletion' subsystem is provided for testing.' an R.F'
subsystem of a communlcatlon devrce, such as a cellular telephone, cordless
telephone,. etc. lllustratlvely, the mventive baseband simulation subsystem is
10 connected, via _n mterface card, such as a Personal computer interface card _(PCIF),_
to a computer system, such as an lBM"‘ PC sompatible computer system." The
' baseband slmulation subsystem is also connected to the RF subsystem under test.
The baseband slmulation subsystem recewes discrete samples frcm a source,
such as the PC via the PCIF. The baseband srmulatlon subsystem stores the received |
15 samples in a memory. ln a transmit mode. the baseband simulation subsystem
| retrieve's these_ prestored sarnples‘ and generates therefrom analog baseband srgnals_
using'digital to analog conversion. The baseband signals 'simulate inputs to the RF
subsystem under test;. ln response to these simulated analog baseband signals
__ mputted into the RF subsystem under test, the RF subsystem under test outputs RF
20 band_ slgn_els na receive mode, the RF subsystem receives RF band slgnals and
demodulete_s t_hese_slgn_als to g_enerete analog b_eseband signals which are supplied to

_the baseband simulation'sub_sy_stem. The baseband simulation subsystem converts



man aths exist, only path 62 and path 64 are #$ Still
refgrlrol ng to Fig. 10, assune that a positive pre@sﬁgéhe ?eFl'EF(fﬁ"be’Hﬁ‘eﬁben
applied to the inlet port 40. Fluid enters the chanber 32 in a . .
substantial |y downward direction .toward the outDais: po;_tgm g§$ third -
baffle plate 48 modifies the path of fluiddflow by redi rl ‘he flow’
t hrough the four holes 54. Since the distance between the inlet port 40 to -

each hol e 53 b%@&lue& andlB§ bakESaHY ,f.slg% dikcrete saHglééesnré diséfete E'Qlﬁslei”arét

the same instant I'n time. The resu pressures
stored in the memory of the baseband simulation subsystem and/or supplred to the

. PC for analysrs
lllustratlvely, the beseband snmulatlon subsystem includes three ports a tlmmg
5 'and control {TAC) port an 1Q port, and general purpose rnput output (GPIO) port. The
TAC port mcludes a TAC FPGA (Fleld‘ Progr_ammable Gate Array) and a TAC mem_ory.
| The TAC port receives a master clock signal from an external source and generates '
plural tlmrng and control signals (l e., plural clocks) therefrorn
The TAC port also mcludes at least one oounter which is connected to an
10 address rnput of the TAC memory The counter and memory of the TAC port |
_ cooperate to generate the plural clocks The plurel clocks are synchromzed to the
master clock. The TAC counter cycles through lts count state. For each count cycle, |
'the TAC counter retrleves from the TAC memory, plural prestored srgnal levels, |
mcludlng one slgnal level for each clock to be generated The TAC port outputs the .'
15 retneved signal levels, in parallel. These plural sl_gnal levels form th_e plurai g_enerated '
clocks. _ | | | |
The 1 port includes an 1Q FPGA and an 1Q memory. The 1Q port receives at -
le_ast” one of these plural clo_cks.. In the transmit mode, lnrespo‘nse to one or more of |
the 'clocks generated by '_the TAC" .por't, the 1Q port retrieves from 'its o] memory
20 prestored discrete i and.Q samples lllustratlvely, a counter responsive to a clook o
slgnal generated by the TAC port counts through a sequence of states Each state

forms an address in the lQ memory used to retrleve one 'sample. The retneved



hol es ‘54 are therefore equal -and, consequently, the f|UId veIOC|ty through
each hole 54 is also equal. The fluid continues fJown ough
holes 54 and is met by the second baffle plate 46Nl I"lfﬁp qeg'egéﬁh
redirected through the holes 52. ‘As 20 before, the fluid velocity

through each hole 52 is the same as the fbuid velpgpty L ot her
hol'e 52. Next, the fluid is redirected tArough the hol eshgmgﬁ first

baffle plate- 44, Again, the fluid velocities through the holes 50 are
equal . - discrete { and Q samples represent a snmulated message to be transmitted by the RF

'subsystem under test. The 1Q port lllustratrvely also includes dlgltal to analog
.conyerters {DACs) which recon"stru‘cts transmit analog i and q s'ignals from' the
retrieved discrete | and Q _samples. The transmit'a'na'logi and q signals a_re".the:n-
5  outputted from the lQ port to the RF SUbsystem. | | o
In the reeeive mode, the 1Q port receives analog i and q signals .from.th'l_e' RF
subsystem. The IQ port illustratively also includes analog to digital converters (ADCs)
“which, in resp'onse to one or more olocks generated by the TAC port, .sample.th'e
_ ecelved analog iand g slgnals and convert them to receive drscrete | and Q samples.
10 These receive discrete | and Q samples may be stored in the lQ memory
. Alternatively, the receive dlscrete land Q samples may be transferred from the 1Q
| memory to the PC via the PCIF for analyzmg the ablllty of the RF subsystem under
test to demodulate the RF carrler srgnals to output the receive analog i and q srgnals
The GPIO port mcludes a GPIO FPGA. The GPIO port exchanges auxrllary
15 -dlserete data wrth the PC. The GPIO port also exchanges auxiliary digital and analog
' srgnals ‘with the RF su_b_system under test. in addltlon, the GPIO port rnoludes DACs.
The GPlb DACs convert particular auxiliary digital data to auxiliary analog signals
: The auxiliary analog slgnals are, for example, control srgnals for various circuits in the
-_ RF subsystem, such as a power ampllfler, an automatrc gam control and an automatrc. '

20  frequency control.



13 The fluid finally exits the outlet ports 42 having a honpgeneous
pressure distribution and a constant vel ocity. Novxlrtl:hm d’leh@ ﬁlﬂ’\SISB?bf
the invention have been expl ai ned rtowi be :

s Dae -8 ARGE
Brief Descri Dra
| 'FIG'_l deplc,ts.a conventionel communlca_tions system; |
FIG | 2 depicts the interconnection of a _bas'eband simulation subsystem
| eccording to an embodiment of the present invention to an RF subsystem under test; | |
5 ' FIG3 deplcts the erchrtecture of the baseband srmuletron subsystem of FIG 2; |
'FIG 4 depicts a block dragram of the- trmrng and control port of FIG 3;
FIG 5 depicts the tlmmg and control port of FIG 4in greater detail;
FlG 6 deplcts plural clocks generated by the TAC port accordmg to the present
mventnon, : | |
10. ' "FIG 7 deplcts a block dlagram of the 1Q port of FlG 3
o FIG 8 depicts a blocl_: diagram of the GPIO port' of FIG 3; and

- FIG 9 depicts illustrative di'git_al and anelog' I or Q waveforms.

15 o FIG 2is an 'illustr'ative:embodiment of a simulation system 20 according to the
present invention.' The simulation system' 20 is used for testing an RF subsystem 25
ofa commumcatron device, such asa cellular telephone, cordless telephone, etc. The
simulation system 20 comprises a computer system or PC (personal computerl 30, B
' | a PCIF (_PC lnterfecel card 35 and a BB _lbasebandl srmulatron subsystem 40. The BB
20 simulation subsystem 40 is' connected to the RF subsystem under test 25. The BB |
| srmulatron subsystem 40 in conjunctron wrth the PC 30 and the PCIF 35, tests the

RF subsystem 25



understood t hat. many nodifications may be made For exanpl e, chanber 32 is
5 shown as a rectangul ar parall el opi ped struct Ui dsuhelreplnagmbet shamibe,
a ¢ylinder or even a cone in shape (inlet port 40 woul'd be at the apex of

the cone and outl et ports 42 woul d- be at the base t he e spacers
37 are shown as separate nenbers whi ch aré det achﬁ)ﬁt?f rmuﬁt ggkoﬁgg :

shorter sides of each baffle plate. They are al so shown as havi ng 10 the-:
same hei ght to provi de equal separatlon di stance anongst t he three baffle

| The computer system or PC 30 may be an IBM““ PC compatible computer

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

"c°"_‘ma-nd srgnals_on a PC bus 45 that control _op_er_atron of the BB srmulatr_o_n
subsystem 40. ln'addition, the PC 30 _lllustrat_ively analyies data received from the |

5 _BB simulation- subsystem 40.. More .tha'n one cor_nputer system or PC may.'be
conneete‘d to the PC bus 45'to 'perl’orm th'ese tunctlons |

The PCIF card 36 is connected to the BB simulation subsystem 40 via an

rnterface bus 50. The PCIF card 35 interfaces between the PC 30 and the’ BB

_ srmulatron subsystem 40. The PCIF card 35 is desrgned to route and convert data |

10 and control signals to compatrble formats between the PC 30 and the BB srmulatron

_ subsystem 40 Thus, the PCIF card 35 allows data and control srgnals to be
-'exchanged between the PC 30 and the BB simulation subsystem 40. lllustrat_rvely, _

: digital data and control signals ar_e_exchanged between the PCIF card 36 and the B8

“simulation subsystem 40 via the'in._t:erface bus 50. The BB simulation _sub_s_yst.e'm 40

16 . also receiyes a master clock 220 from an external source 52. | o

| ina transmlt mode, the BB simulation subsystem 40 provides analog baseband

transmit filtered sidn'als ie (in-phassl and qe {(quadrature) 55, 60 to the RF subsystem

under test 25. The analog transmrt filtered srgnals irand q¢ 55 60 are generated from

sequences of dlscrete i and Q samples stored in a memory of the BB simulation

.20 ‘subsystem 40. The_ prestored sequences of drscrete I and Q samples represent

simulated messages for transmission by' the_ RF subsysteml under test 25.. The_

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



pl ates 44, 46, 48, the upper wall 34 and lower wall 38. It will be
understood t hat spacers 37 may be nmade integral "i‘ﬁist@%@?édla@rﬁemtﬁﬁofr‘l
46, 48, or integral to the chanber 32. They al'so may be made of different.
hei ghts with the constrai nt that the baffle pl ates 44, 46, t-he ‘upper.

chamber wal l

34 and |ower chanber wall 158 38 Batespace ﬂHRaBBGI to each

other. Finally, the above described enmbodinents. of the present inventi on
are intended to be il ustratlve only. For exarrpl e, the nunber of- baffle
pl. at es nmay vary '

10

versions ‘of analog srmulated messages, represent full resolutlons of the analog

_ messages for transmlsslon by the RF subsystem under test 25. The BB slmulatlon

subsystem 40 retrleves the prestored dlscret_e land Q sample_s from its memory and
converts them to analog transmit filtered signals i; and g, 55, 60. The RF subsystem
under test 25 moduiat'es _the. analog transmit T‘ilt‘ered: stgnals i and q; _55, 66"onto one
or more EF carrier signals. | | |

ln a reoeive ‘mode of.the baseban'd. simUIation system 20 -the .RF su‘bSystem
under test 25 demodulates one or more RF sngnals whlch carry baseband analog

slgnals in and Qs 65 70 modulated on RF carners. The demodulatron of the RF signals

._produces the baseband analog signals i, and qa 65, 70 which are supph_ed to the BB

simulation subsystem 40. The BB simulation s0bsystem 40 converts the baseband

: analog recerve slgnals in and q,,l 65 70 to sequences of receive discrete samples. The

15

20

sequences of recelved dlscrete samp!es are provuded to the PC 30 (via the interface

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

received drscrete samples may also be stored in the memory of the BB slmulatuon

' subsystem 40. The PC 30 analyzes this dlgrtal data to debug and vahdate the RF

subsystem under test 25.

FIG 3 shows the BB snmulatron subsystem 40 in greater detarl The BB
srmulation subsystem 40 mcludes a trmmg and control (TAC) port 100, an lQ port 1 10
and, a GPIO port 120, where GPIO i is General Purpose lnput/Output. These three
ports, (the TAC, 1Q and GPIO ports 100, 1'1(.),.1'2_0) receive_ digital data .and control

signa_l_s via the interfaee bus 50 from _the' PCIF card 35. In ad_dition; t’he_se three por_ts'



from one enbodi ment to another. In the enbodl d rgmpaffle
pl ates- were shown, since a 1 6x 16 array (or a 3§?ﬁégéﬁray '\kA‘/as desirabl e
aned the 20 - chanber had one inlet port. It w II be understood that if the
chanber had 4 inlet ports, only two baffle pl abgsewoul ngr‘gQ%n red for an
enbodi ment having a 1 6x1 6 array of outlfets On the ot h hand, if a 32x32
array of outlets weré required for '

' also receive the master clock 220 from the external source 52 Illustratively, the
master clock 220is a 13 MHz clock srgnal |
| In response to the master clock the TAC port 100 generates all of the timmg
o -srgnals for the RF subsystem under test 25 and for the B8 simulation subsystem 40
5 '_ i.e., for the IQ port 110, and for the GPIO port 120. The timing signals, also referred
o to as plural clocks, are provrded ona timmg signal lme 125 lllustr_atively, the TAC
port 100 generates 16 fully programmable timing _signals, _8 for trensmitfu_nctidns_ and
8 for receive functions. | |
In the transmit mode, in response to one or more of the timing signals present
10 - on the timlng slgnel line 125, the lQ port 110 retrieves sequences of prestored N
discrete | and Q samples 130 135 from |ts memory. The retrieved sequences of
B dlscrete 1 and Q samples 130, 135 represent, |llustratively, full resolutlon vers:ons of
an analog simulated message to be transmitted by the RF subsystem under test 25
The retrieved sequence_s of discrete_ [ _and Q samples 130, 135 are outputted from the
15 Qport 110 to digitel to analog eonv_erte‘rs (DACs) 140, 145, respectively't The DACs
| 140, 145 .convert the disc_rete [ lin—phase)-a‘nd Q (quadra.ture) semples i30, 135 to
the analog transmit filtered signals i and g 55, 60 (also shown in FIG 2). The anaiog
transmit filtered signals ix and q, 55, 60 are then outputted to the RF subsystem under
test 25. . |
20 In the receive mode, the 1Q port 110 receives the base_band analog receive
| signa_l.s in and qgq '.65. 70_lalso shoWn in FIG 2) from the RF subsystem under test 25.

The received baseband analog receive signals iy and qq 65, 70 are converted from



14 an enbodi ment having one inlet port, four baffle plates woul d be
necessary. Thus, numerous alternative struct uré’i\lsahdlhoﬂﬁgmﬁwssw be
devi sed by those skilled in the art W|thout departing fromthe spirit and

scope of thefollowlng clalms o 10 __DatO- ..BAPnggB

- analog formtoa sequenca of digital o_r discrete sa'rnbles 150, 155 by_ analog to digital
'com)e_rters (ADCsl 16_0, 16_5, resbectiv_ely. l’he discrete samples: _a_re't.hen stored m
a' memory forming part of the 1Q -port'._ Alternatiyely, the discrete samcles' are
transmitted from the 1Q memory to the PC 30 via -_t'he PClF. 3. o
5 The GPIO p_ort 120, in addition t§ receiving t_he digital data and control signals |
" via the interface bus_ 50 from the PCIF card 35, also supports the transmission of
| auxillary digital and baseband anelo.g slgnal's 170 to the RF subSyste’m 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 slgnals to auxlllary srgnals 1 70 |
10 for transmlsslon to the RF subsystem 25 lllustratlvely, the auxiliary signals 170 are
_ control signals for various clrcults ln the RF subsystem under test 25 such asa power
amphfler, an automatlc gain control, a_nd an automatic frequency control. The GPIO
port 120 may also contain additional elements, such as monitor ports and mterfaces
for synthesizers |
15 ' The TAC port 100 generates plural clocks whrch are synchromzad to the master
clock that_ is s_upplled by the ex_ternal source 52. The plural clocks are generated in
cooperation with counters and a memory which has prestored discrete signal_levels
as explalned below. | |
| Hlustratively, the TAC, 1Q and GPlO ports 100, 110, 120 are each |mplemented
20 usmg a Fseld Prcgrammable Gate Arrav (FPGA) made by Xilinx™, model XC31 g5,
addmon, each FPGA of the TAC and IQ ports 100, 1 10 has the following penpheral '

| components: 3 Mbits of external SRAM (Statlc Random Access Memoryl. 128 kbits



15 —CLAI M5 1. A di spenser conprising: 5 | _a chamber encl osed by an
upper wall and a |lower wall; said upper wall or T8ist isdhpaeplabemetbsisestd
| ower wall, said upper wall haV|ng a vertlcally bored:inlet port and said

I_.(_)_.v_ve-r wal_l __haYi- ng | . . _ - 11 ~ Date: 8 APR 1998

—

SEROM (Static Progra'mmable Read Only Nlemoryl, and .a PC 'inter'fa'ce port.
FIG 4 shows a block dlagram of the TAC port 100 The TAC port 100
compnses a TAC FPGA 200 connected to a TAC memory 210. lll_ustratrvely, the
| 'RAM 210 lshconfl_gured from three 256k x 4b_|t SRAMs. Thls effectlvelr/ forms a 256k _. |
5 x 12 bit SRAM. The TAC FPGA 200 receives the master clock 220 supplied by the
external source 52 (FIG 3). In response to the master clock 220, the TAC FPGA 200
retrieves oiscr'ete_'_'data prestores in the TAC memor_y 21.0 ano_ generates plural clocks
230 The TAC FPGA 200 'provicles one o.r more of the plurat clocke 230 to the lQ
port 110, the GPIO port 120, and the RF subsystem under test 25 on the trmmg
10 srgnal line 125 (FIG 3). | |
| FIG 6 shows the TAC FPGA 200 in greater detail. The TAC FPGA 200
'compns_es TAC contr_oller 305, a PClF (Personal Computer lnterface) co’ntroller 310,
‘a tranamit cou.nte_r 3_25, a receive cou'nter.330,. a MUX (mdltiplexer_) 346, _ano'a clock_ |
generator 365. lllustrati'vely; the. TAC cont'r'oller 305 and a PCIF controller 310 are_'
15 autonomous finite state machlnes The TAC controller 305 recerves the master clock
| 220. The TAC controiler 305 generates timing control a|gnals 320 lllustratlvely, the |
- .TAC controlier 305 provrdes the tlmrng control slgnals 320 to the transmlt counter
325 and the receive counter 330 Illustratlvely, the transmlt and recerve counters
325, 330 are 18-bit counters. In r_as.oonse' to the timing control signals 320, the
20 transmit and receive counters 325, 330 generate address'sign_ala 335, 340 _for the'. B
| timin_g-operatl’ons _durlng :the'tr'_ansm'it and rec_e_i\_f'e lmodea of the'TAC port 100. The

'addre_ss signals 336, 340 may also be used during a non-timing mode, when the 'PC_



a plurality of vertically bored outlet ports for providing access to said
chanber, said outlet ports.geonetrically arranged in a first array pattern
characterized by rows 10 -and col ums of bor baf f|-e

pl ates interposed between said upper wall- and gg?dgltgﬁé&\%\g‘%%e %{Te&tbaffle
plates spatially separated from each ot hgp and oriented_paral lel to and
spatially separated from said upper and Fewer Rata:s, an8 Aéﬁ

haV|ng a plurality of vertlcally bor ed holes for prOV|d|ng

30 (FIG 2) is readmglwntmg from/to the TAC memory 210.
The address outputs 335, 340 of the transmut and receive counters 325 330
~ are provrded to the MUX_3_45.' The PCIF controller 310 provides a contr__‘ol signal 347.
vyhich'enablesldisables the oper_etion of the TAC controller 305. The con'trol signal
5 347 is also proyided to the transmit'and' receive counters 325, 330. In response to
the control signal 347 the TAC controller 305 generates a select srgnal 350 which
is provrded to the MUX 345 In response to the select signal 350, the MUX 345
outputs one of the address s_ignals 335. 340 to the TAC memory 210 of the TAC port
_ 100. "lhis caus_es either the transmit counter 325 or the receive counter 330 to
10 access the TAC memory 210. The.reaso'n tor_ having two col.mters 325, 330is suc_h -
that- the _timing sig'nals for _the receiye ope_ration of the RF subsystem ‘under test 25
can be easi_ly of_fset against ,the timing signals for the transmit operation,. without
| having' to re-download the TAC memoryl2'10 o
Output and mput latches (not shownl comprising an array of D-fllp flops, for
15 example, may also be used lllustratlvely, an mput latch may be located between
mput slgnals and the PCIF controller 31 0. In addnuon, an output latch may be located
between output slgnals and the TAC controllsr 305. The output latch may be used
to remove glltches from outputted slgnals and the lnput latch may be used to
synchromze all mput slgnals to the master clock 220. The TAC port 100 mey also
20 include reglsters and circuitry to allow the PCIF port card 35 (FIG 2) to read and wnte .. o
| data to and from the TAC RAM 210. lllustratwely, the TAC port 100 has erght 8-bit -

reglsters

ffle plates._



15 access between sai'd inlet port and said outlet ports, whereby said
di spenser. is effective in providing hom)'geneousrf.l,ow of fluid through said
outlet ports. 2.  The dispenser of claimi, .V\he'V%fSnfh;@anealacemnaaﬂem urmms
of "bores are 20 equi di stantly spaced. .3 B ¢ Y -

. ‘fh'e TAC p_drt 100 ggderateé f.he plqrél clocks 230 from the master clock 220
and provides the iQ and .GPllO p_or_té _11.'0, 120_With one or. more 'of._the genefa’géd _
~ plural clocks 230 on the ﬁminQ_signal line 125 (FIG 3). In addition, other 'f_uncfion_s
 of the TAC .po.rt __100 include inteffa‘cing td_ the PC_IF'card' 35, alloWing thé PC 3;0 (FIG
5 2to fe_adlllwrit_e 'dat_a.'f_ro.mlto_ TAC R_AM"_2'10 in non-timing mode, and reading data -
“from the TAC RAM 210. AR -

. Tﬁe plural ._clocks 236 are generatet__i from a'cloél-c' Qene.rator 3_6.5 in respbnse to
the master clock-220 and data 370 retrié.ve'd. from the TAC RAM 210. The clock
generator 365 also performs a deglitching function_, Wherein 'glitghes, such as noise

10  spikes, are removed from the clack signals. In one illustrative eﬁjbodirﬁeﬁt, each
| signal level bl_’ bit of a data w)érd prestored in the TAC RAM 210 is used_ to generate
 one cycle of one of the _pmrai clocks 230. That is, the plural clocks 230 are the
parallel output of the signal '__|eveq§ or bits r'e.tfieved'from.th'_a TAC RAM 210. For
example, if a four_-bit data word is prestored in 'tlh_e TAC RAM 210, then four clocks
15 230 afe_generated by the clock Qéhefa‘tor 365. For a four bit data word b,bsb,b, the
first bit by of fhg prestored data w'o_rd b.bsb,b, corresponds to the first cycle of the
first.'clock; the second bit b, corfe_s_ponds to the first cycle of the éecond clock; tﬁe
third bit by correspor_tds to .the'.fi'rs_t éyél,e of the third .cldck;' and the fourth bit ba
,éorresp_onds to the first cycle of the foprth éloék. | | |
20' : ~ As an illustrativq exam_pie, FIG 6 shows four_clocks 230 geﬁeréted 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 cyéie #1 of fh'e'f'our clocks 1, 2, 3, 4, arelow. For



16 3. The di spenser of claim1, wherein said plurality of vertically
bored hol es of each one of said baffle plates is offset fromsaid plurality
of. vertically bored hol es of each other: ones qlmssgl baf{le plates. 5 4.
The di spenser of .claim1, wherein a first of sald b PfrPQaﬁPﬁlﬁétshut
-p05|t|oned I medi ately above said | ower vl |, said f|r t f;)Raffle pI ate

haV| ng first holes arranged - . T Date: A

a prestore_(l four bit s‘econd data w_or'd- of 0101, Where the frrst blt _ns‘ the least
_ significant bit, which le "1” in this case, then the values of the second cycle #2 of
elocks 1,3 are hiQh and that of clocks_'"z, 4 are low. Sin'lilarl'_\r, _for' a pr—'estored four - -
bit third 'data V\rord 'of 0100, then the velues of the third cycle #3 of .cl_ocks 1 ' 2,4 are‘"
5 low and the value of the thlrd cycle #3 of clock 3 i is high. In this fashion, the plural
clocks 230 are outputted in parallel wherem one cvcle of ell the plural clocks 230 ._
o oorresponds to _one data word_ pre_stored_ in the TAC RAM 210.
| After the 'desired,.dat'a wo_rele are retrieved and'the: plural clocks 230 generated,
.the procese is repeated. Thus, the plural clocks._230 repe_a't 'aft_er a desire_c_l nomber of '
10 . cycles. In the.ill_ustra'tive example 'shoslvn__ .i_n FlG 6, the'plyr'al__cloc':k.s 230 repeat after
| 6 cyeles B o _ |
At least one of these plural clocks 230 i is provrded to the lQ port 110 through '
the tlmmg slgnal line 125. FlG 7 shows the Q port 1 10 in greater detarl The a port
110 eompnses an IQ FPGA 400 ancl an IQ_memory 405. In addition, the two DACs
18 14o, 145 and the two ADCs 160, 165 (aleo shown in 'F_lG 3) pro\ricle’arl interface B
. between the RF subsYstem under teet 25 ancl the EB s_lr'nul_ation eubsyetem 40 (FIG
3) containing the 1Q port 110. o
lilustratively, the ld memdry 405 is'confiéured fr'om three 256k x 4bit RAMs
to effectrvely forma 256k x 12 blt RAM. The lQ port 1 10is conflgured to generate

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



in a second array pattern formed by the placenment of each one of said first

hol es i mredi atel y above a center of a square formed by each of four _

adj acent outlet ports. 10-5.. The ‘di spenser %'szsaihmrép;adgﬁ{é,{n- a second of
i ?Sgﬁtle plate, -

said baffle plates is positioned irmmedi ately above 'said firs
sai d second -baffle plate having second habes EJ;_angeai-ApR 'alggé‘ni rd array

pattern formed by the placenent of each one of said

The DACs 140, 145 may be 10 bit DACs used to transmit | and .Q 'aat'_a,'
| respectively, to thé RF _s'\jb.system under fesf__ 25 _Th’aADCs’ 160, 165_ niéy be 10 bft '
ADCs which receive | and Q data, -re.__spectiv'ely, from the RF subsysterﬁ und_;er i‘est 25.
flustratively, the DACs 140, 145 and ADCs 160, 165 support 10-bit resolution 'wiih'
5 conversion timé of Ieés than 450 né over a'vdltage range of 5 volts. LPFs (Low Pass =
o Filters) 410, 415 are conn_eéted b'et'weeﬁ fl.'\e.D_A'Cs i40, 145 and tﬁe_ RF suﬁs\)sfem
under tést 25. In addition; LPFs.,450, 455 are connected between the ADCs 160, |
165 and the RF subsystem under test 26. Each LPF 410, 415, 450, 456 may be a
'2-pole' linear phase low'pass filter wit_h a cut-bff freduancy of 200 KHz.
10 The IQ FPGA 400 receives timing signals on the timing signal line 125 and the
“master clock 220. The timing .szi'gnals on fhe_ tﬁning signal ﬁne 125 may be one or
| rh_ore of the plurél clogké 230 (FIGs 5.,. 6) genetatgd by the TAC porf 100.
n the'transmit mode_, in resbdnse__ to_éne or more of ihe clocks 230 (received"
on the tirh_ing s_igr.'\al line 1_25)'genefated by the TAC port 100, th_e' Q port. 1 10,
15  retrieves the prestored disc're't_e' land Q éamples from its iIQ RAM 405. Illustra'tively.,
a counter of the IQ FPGA 400, responsive to one or more of the plural clocks_230,
counts ihrough a sequence of states. Each state forms an addres's in the 1Q memofy |
405 used to retrisve oqé sample. The pfestq.;red disc__:reté.l and Q samples retrieved
fro’_m the 1Q memory 408, l;'ather than répr‘esénting cotr.ipr;essed"version.s_ Of_ analﬁg | |
_ 2_O | signals, represent full resolutiori y_ersions of the analog signals fo; transmiséion‘ by the
RF 'subsystém udder test 25 i_!lustra_tii:e’ly, the prestéred'disc_:rete | Qnd Q '_sa'mp_l'es

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



second hol es I medi ately above a center of a square fornmed by each of four
15 adj acent first holes. 6. The di spenser of claimb5, wherein a third

of vsaid baffle plates is positioned inmediately BhOVEHR} er K
plate, said third baffle plate having third hol es- arrang%’ﬁ%ﬁmgﬁﬂ ' -'

array pattern formed by the placenent of _éﬁch one of 200 . .said third holes
i mredi atel y above a center of a square f or med bpﬂﬁch ofg fm 1§§§ acent

second holes
waveforms, etc

In con]unctlon with the DACs 140, 145 the lQ port 1 10 converts each
| _retrleved discrete | and_ Q samples to the an_alog transmlt slgnals ir and dr 430, 440.
_ Hiustratively, latches (not shown) receive the discrete l and Q sample's retrieved from -
.5 the iQ memory 405 in sequence. These latches output the retrleved dlSCl’Bte | and Q
| samples slmultaneously to the DACs 140 145 The DACs 140 145 reconstructs the
| analog transmit srgnals 11- and q,- 430 440 from the retneved samples whlch are the _
full res_olutron repres_entatlonl of analog srgnals. | | | | .
L The analog transmit"signals 'r and qr 430, 440 are _outputte_o f_rom the DACs | _
10 140, 145, to the LPFs 410, 415 for fi_lt.ering.. The LPFs 41o, 415 output the .analog
.trans'rnit filtered signals ic and q¢ 55, 60 (see also FiGs 2 and 3). The analog transmit
" flltereo signals ic and g, 55, 60 are then outputted to the _'RF subsystem under test 25.
.'l'he' low pass filters 410, 41 5,'whieh_ filter the analog transmit signals ir and gy 430.
440, filter out noise and hlgh f'r'eguencies' from the anlog transm'i_t 'signals [ and qr
16 430, 440._ This smooth_ens _th_'e analog transmit signals ir and gy 430, 44o and
-_provides the analog transmit filtered signals i and g 55, 60. | |
in the roeive mod'e,' the' LPFs 460, 455 Af the IQ port 11'0 receive baseband
analog receive srgnals 460, 465 respeotlvely, from the RF subsystem under test 25
The LPFs 450 455 output filtered baseband analog receive signals iy and qg 65, 70
20 lalso shown in Fle 2 and 3), respectwely The low pass filters 450, 455 fllter out
| : norse and high frequencles from the analog recewe slgnals 460 465 respectwely _'

: Thls_ smoothens the analog receive signals 460, 465, and provides the ﬂl_tered receive



.17 7. The di spenser of claim®6, wherein said inlet port is positioned
| mredi atel y above and centered about sai.d th

I .. 8 Th
dI spenser of claim?7, vvherel n sal d out I et por % 'ﬁ%g 'QP%PE@E%?WM- ©
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bassband analog signals iy snd qg 65, 70. The ADCs 160, 165 of the iQ port 110
| rece_ive.the ba_eebahd analog rece'ive'si_gn.al's in and'qa'ezs, 7_0,_ re_epecfi\)ely, frorh .th'e'
LPFs 450, 456. i o o

ln response to one or more of the clocks 230 (recenved on the tlmmg slgnal fine
5 125 and) generated by the TAC port 100, the ADCs 160, 166 of the 1Q port 1 10

'convert the received baseband_ anelog signals iy and qR 65, 70_ to _the seqqence of

discrete | symbols 150 and the sequence of disere_te"Q symbols _155, res_'pecti\)ely

(also shewn in FIG 3),.. '_I'he sequ'enbes of discrete | and’ Q'symbols 150, 155 may be

stored in the IQ inemofy 465. Allte,rnativ'ely,. these s_eQUences of disc-rete i end Q

10 symbols 150, 155 may illustratively be transferred to tﬁe PC 30 (FIG 2) from the 1Q

| 'memory 405 via the PCIF card 35 for ahalyzing the.ability of the RF subsystem 'under

test 25 to receive one or more ca_fri.er_ signals and to derﬁodelate_'.l aed Q ehalog

- signals fhefefrom. o . | |

| FIG 8 shows a block diagram of the GPIO port 120. fhe GPIO port 120
15 'compnses a GPIO FPGA 500 whlch has a pseudo -random bit sequence (PRBS) _
| generator 510, and a Phase Lock Loop (PLL) register 520 The GPIO port 120 also

comprises a plut_allty of D_ACs. Hlustratively, fom DACs 530, 535, 5:1-_0 and 545 are

provided. The GPIO FPGA 500 re_ceive"s the master clock 220 supplied by the external

- source '.52' (FIG3). In respense to one er niore of the .plural clocke 230 (shoWn iﬁ FIG

- 20  5and generated by the TAC port 100), recelved on the timmg sxgnal lme 125 and the

| master clock 220, the GPIO FPGA 500 provides dlgltal slgnals to the DACs 530, 535

540, 545. The master clock 2_2_0 and one or more of the plural clo_eks 230 also cause



~said thi rdheaPRﬁ

-
.o di aneter size, o

said firs
*than said predeternined di ametetlolseiehaw ng a_di arreter

size slightly lar sai dThis Si ze |ilt|y | a
ger tha dertbe Feiase ol
‘third holes having a di anrre: Qre S: ;‘reTEtS|elr si ze of sai s rngq,'] a di aneter

"of said second holes. 10 . The . ﬁts:ogr‘#?gg dﬁ‘;@f‘\%‘)' es, and said

first arra di anet
y pattern er size
said second arr {0n5| Sts Of 16 rows and 16 of claim8, wherein said

até§{] 81 g %??L‘?? ??frzs:mﬁgﬁgﬁjﬁugpﬁ ﬁﬁg@gﬁd’?ﬁ St mhﬁ es
- a PRBS sugnal 550 and a PLL srgnal 555, respectwely |||ustrat|vely, the PRBS signal ’
550 is random blt streams and the PLL regrster 520 is a 21 bit regnster ‘which.
provides a 21 blt gerial PLL srgnai 555 used in a phase |ock Ioop circuit of the RF
5 | ubsystem under test 25 ~The PRBS srgnal 550 and PLL sugnal 555 are auxiliary :
: digital signals 560 provrded to the RF subsystem under test 25 -
| The DACs 530, 535 540, 545 provrde auxtllary baseband analog srgnals 565 _'
The auxrlrary baseband analog signals 565 and the auxlllary dlgltal signals 560 form
_.the auxrhary signals 170 shown. in FlG 3. lllustratl_vely, the DAC 530 provudes a
10 power amplifier (PA) signal 570 which controls the amplitude and slope of a pulse
used as a control slgnal for a power ‘amplifier of the. RF subsystem under test 25. The
.D"AC'5'35 provides an AGC slgnal 575 used in an automatic gain control circuit of the
RF subsystem under test 25. The DAC 540 provrdes an AFC srgnal 580 used in an
_automatlc frequency control circuit of the RF subsystem under test 25.. The DAC 540
15 isa spare to be used for provrdmg addltronal srgnals as needed.
The GPIO port 1 20 may also contam addmonaf eiements, such as monitor ports
'and interfaces for synthesizers For example the GP|O port 120 may have an 8-bit
monitor port yvhich latches dlgltal status sngnals outputted from the RF subsystem |

under test 25. The monitor port is synchronlzed to the master f~|ock so that its status

20  may be reported at a desired basis.



e _
col ums of second holes, and said fourth array pattern consists of 2 rows

and 2 colums of third holes. .15 10. -The di spelairisahe ¢bflataMent\sieti N
SQId first array pattern consists-of 16 rows and 16 colums-of outlet ports

characterized by 15 rows and 15 colums of real . outlet gorts and a |ast row

and a last colum of phanfom outlet portkd - sai D0 AP&/]Q%ttern
'conS|sts of 8 rows and 8 colunns of flrst holes _sald third

FIG 9 shows aniorq analog slgnal 600 which represents the recelved
.baseband analog reoelva slgnals iqor qR 65 70 of FIGs 3and 7. In the recelve mode,
the ADCs_ 160, 165 sample the analog sl_gnal. 600 to for_m a sampled srgnal 610. The_ -
: sampl_e_d' aignal 610 rébresbnts the saque'nces of discrete | or Q symbols 1 50, 155 of
.5 FIG 7.' Each sample is a dl_gital val'u‘_a and is stored ln a'partlcular address of a rnemory -
~ (such as the 1Q _RAM 405 of FIG 7). For exarnpla;'the first sample 620 has a_valr’.le
| of 1. This value may'be_'repres.e'nted by a 3 bit digital word, wherein the most
- significant bit is a sign bit'wharein a'_'1"_ indioaf_es a negative number. Using this
_illustrative.axample, rha value -1 of the first .samp.'le 620 is represented byr 101 and
10 s stored address O.o.f_lthe _ld RAM 405 (FIG 7). Altarna_tiValy, instead of using bits
to represent signs and"r'nagnitudes, __two’s complirnant notation may by used. |
The aocond' sa_rnple '6_25'has avalue of 1, ropresented by tha_ digital word 001
which is stored in __a_ddres's 1 of the IQ RAM 405. The third, fourth and fifth samplea
630, 635, 640’_, have . value of 2, repreSented by the digital word 010 which are
15 = stored in addre_a_ses 2, 3and 4. In a si'milar fashion, digital words or symbols
representing the value of the'sar_npl'ad signal 610 are stored in partio.ular addressﬁl
locations of th_o iQ RAM 405. The stored data, r"ath.er'than representing compressed
~ versions of the received basaband analog receive slgnals l,,"or aR 65, 70, reprasent full
resolution versions of the raoelvad baseband analog reoelve signals i or Qa 65 70
20 . The stored data is routed to the PC 30 through the PCIF card 35 for analysls to

d_e_tarmlne the proper operatron of the RF subsyst_em_ under test 25 (_see_ FIG 1).



20 array pattern'consists of 4 rows and 4 colums of second hol es, and

said fourth array pattern consists of 2 rows angni ,gqhyrmgagémgm gh:bdnol es.
18. 11. A dispenser for pi ck up and deposit of sol der -ball's conpri. si ng:

10

15

20
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_The reverse operation occurs in the transmit mode, where the IQ port 110

B _s_upplies'the' RF subsystem under test 25 with the analog transmit filtered signals i |
‘and q; 55, 80 shown in FiGs 2, 3, and 7. The prestored discrete | and Q samples

.130 135 stored in the lQ RAM 405 contarn full resolutron versuons (rather than

compressed versions) of dlgltal samples of arbltrary baseband analog srgnals, such as
the analog signal 600 shown in F_IG 9. Thereis an analog_waveform that corresponds

to a particular set of samples. These analog waveforms can vary from one

communication system to another. For instance, the analog waveforms can be

' gaussiah waveforms, raised cosine waveforms. etc. The PC 30 (FIG 1) computes the

sequences of dlscrete l and Q samples 130 1 35 representmg these analog' '

-waveforms, and stores them in the lQ RAM 405 The samples of each waveform are

rllustratlvely stored in consecutrve addresses so that they can be easily retneved by

.the 1Q FPGA 400 shown in FlG 7,0ona sample by sample basis.

The analog transmlt filtered signals ig and qr 55 60 (shown in FIGs 2 3 and

-7) are gene’ra_ted from the full resolution di_sc_rete sequence of samples __pres'tored in the
| i1Q 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, retrievihg the

_digital word 101 from address O of the lQ RAM 405 produces a pulse having a value _
of 51 . Slrmlarlv, a digital word 001 retrreved from address 1 of the IQ RAM 405
causes generatlon of apulse havmg an amplitude of 1 Retnevmg the prestored dlgltal

.samples reconstructs the digitized or sampled signal 610, Thereafter, the DACs 1 40,

145 (shown in FiGs 3 and 7) convert the sample_d sighal 610 to the ahalog_ signal



.a', chanber encl osed by an upper wall. and a | ower wall, said upper wal |

oriented parallel to said |ower wall, said upper wal | having.a vertically
bored inlet port and said [ower wall -having 5 r b éé cally
bored outlet ports for providing access-to sai 'so e '%bséﬁgg et‘d ports

geonetrical ly arranged in a first array2gattern, a controlled source of “air

coupled to said inlét port for directing air flDatein direction.
inside said. chanber during positive pressure control ?}dﬂy‘ﬂw

- 600.
This invention has many advan_t_ages. '_ fh_e inventive baseband | sim'ul'a'tio.n
: subs’ys’tem allows_ testing an RF sub_system v_Vithout the need for its cbmple'mentary
baseband _s'ub:system'.'_ This allows developing _tne RF subsyste'm indep_endent from its
5 comptement_ary baseband .s'ubsystern.' Thus, tn"e developr‘nent ot.the RF subsystem
is not hindered by the unavailability of its eomplementary beseband subsystem.
In addition, _the inventive' basebsn'd_ simulation subsystem extensively tests the
RF subsystem under normal eperating 'conditie'ns,-an'd alloyvs '.troublesheoting and
debugging 'ra'ther_ than limited pass fail testing.  This allows refinement et the RF
| 10 subsystem which 'ma_y '_result_ in refinement '.ef the baseband' subsyste_m .desig_n.
Refining the design of a baseband subsystem is more cost effective than_ refining an
: already reallzed and constructed baseband subsystem. |
Furthermore, the invention allows valldatlon of an RF subsystem whrch in turn '
| .can be used to validate a baseband. subsystem. Havrn_g a yalrdated RF subsystem,_'
15 which is tested to function' properly by'the inventiye baseband simulation 'subsystem
| reduces yalidation time for an actual baseband subsystem under_test, since any _faults '
can be attributed to the baseband subsystem under test rather than to the RF
subs‘ystem-. Thus, the task ot' debugging and'_p_r'ototyping are made easier and less
costly | | | .
20 | . The above described embodiments of the mventlon are intended to be ||Iustra-.
‘tive only.. Numerous elternatrve embodlments may be devused by those skilled in the

art without departlng from the spmt and scope of the followmg clarms



-uf)ward direction inside said chanber 'duri ng negative pressure control, 10
‘a plurality of baffle plates interposed between said upper wall and . said

-l ower wal |,

said baffle plates spatially separ at-mg g‘sr H‘rﬁgﬁee ﬂ@?hmd

‘oriented paraIIeI to and spatially separated from sai

ower

walls, and each of said baffle plates haviig a plurality of vertically:
bored hol es geonetrically arranged in an-array fateern for. nodifying the
~direction of said fluid 15 flow between said inlet port ‘and sald outlet

ports,

10

15

20
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" The claimed invention is:

1. A'b_aseband'simulatio_n'subsystem for simulating a baseband subsystem of a

communication transceiver to test a radio frequency subsystem of the communication

transceiver compr lsmg

a tlmlng and control port for generatmg plural clocks in response to a
master clock and |

an 1Q port connected to recelve at least one of said plural clocks
generated by said tlming and control port, and conflgured to convert each dlscrete l

and Q sample, of a flrst sequence of dlscrete land Q samples representmg a

- stmulated message outputted for processmg by the radio frequency subsystem, to

' first set of analog i and q slgnals, sald ia port also connected to receive a second set |
of analog iand q sugnals from the rad_lo frequency subsystem and configured to L
conv'ert said reoelved second set of analog i and q signals to a second_ seduence of

discrete I'and Q samplas in respons_e to at least one of said 'plural clocks generated by

said timing control port,' and
a g_ener_al_ purpose input output port connected to receive at least one of said -

plural clocks generated by said timing and control port, and conneoted't_o receive to

" provide auxiliary analog signals to the radio ffequen_cy subsystem.

: ', ||II|I|| llllll IIIII l|||| | IIII



V\/nereby said dispenser is effective in providing uni form negative pressure
at said outlet ports during pick up of solder baltisisthe repidconiBnpap t‘Ve
pressure at said outlet ports durr ng deposrt of ‘said sol der balls. 2 o

23 ‘Date: -8 APR 1998

2. The baseband srmulatron subsystem of clarrn 1 wherein said trmlng and control '
port compnses a_ trmrng and_control programmable gate array _whrch is capsble of
_generating .said plural clocks from digital dsta; snd a timing._a_nd c_ont'rol me'mbry
| connected to s'aid trmin_g_ and contrcI crogrammacle_ gate a'rr'ay,, seid timing and ccntrol

| 5 memory storing said_di_gital data_._ B

3. The baseband srmulatron subsystem of clarm 1 wherein serd 1Q port comprrses _
~anlQ programmable gate array whnch rs capable of generatmg said flrst sequence of'
‘discrete | and Q samples and which is c_apable of receiving sard second sequence of _
10 .-said discrete | and Q.samp_le_s, a_nd anlQ memory connected to said tQ pr_ogrammable,

' gate_array, s_a_id IQ memory storing said first sequence' of discrete | and Q samples.

4.  The baseband sirnulation s'u_bsyster_n of cla_im_ 1 wherein sa.id:ge'nelral' purpose
input output port comprises: | o
15 .an_ineu't output programmable gate arrey whichis capable of prcv_iding auxiliary
digital signals, |
a digital to analog converter ccnnected to c'onvert' said euxiliery digital signals _.
| to said euxrlrary analog signals provrded to the radio frequency subsystem, and _
an input output’ memory connected to said rnput output programmable gate

20 array.

) HlllII\ I I||\\ \ll\l | \lI\



19 12. The di spenser of claim 11, wherein said first array pattern is

characterized by equidistantly spaced rows and colrhigng thé r g%eﬁ‘agp:ﬁ a
first baffle plate positioned i nmedi ately above said | ovver@e\]/al |, sard first

baffl e plate having first holes arranged in a sec&nd array pattern forned
by ‘the placenent of each one of 5 - sai @4fi rst h gles | FTBdA pRe'Qgsabove a
_center of a square formed by each of four‘*ddj acent outlet ports

: 5 '. A baseband simulation subsystem for simulating a baseband subsystem'of a
_ communicatiOn transceive_r to tes't a.radio_'fre_quency subsystem o_f the communicalion
| transcelvsr compnsrng “ | S |
| a tlmlng and control port for generatrng plural dlffsrent clocksin response
5 to a master clock and |
an lQ port connecterl '.t'o ' r_eceilre at l_east one of sald plural clocks
gen'erater_l by said timing and control port', and oon‘figured to convert each discrete | |
and Q sample,' of a _:'first' secluence .of discr_ete | and :Q samples representing a-
simulated message outputted for processing _by the radlo frequency subsystem_, to
10 first set.o.f analog iandq signals, saiq lQ port also connected to receive a second set |
of analog i and q signals from the radio frequency subsYstem and configured to
convert said received second set of analog i and q slgnals to a second sequence of
' drscrete l and Q samples in response to at least one of said plural clocks generated by
sard timing control port.
6..' T,hel subsystem of_ claim 5 l_‘u'rther comprislng a general purpose input output .

port conneoteo to provide auxiliary a'nalog slgnals to the radio frequency subsystem.

7. The subsystem of clarm 5 further comprising a memory for storing sard first

20 sequence of dlscrete | and O samples

Hllllll Il lllll Hlll H llll



13. - The di spénser of claim12, wherei n a second of_said baffle plates is
positioned i mediately above said first baffle platl®is Baihg reptasamentshoet
plate having 10 ~ second holes arranged in a third array pattern formed by .
.the placenent -of each one of said second holes i gl el y above a center
of-a square formed by each of four adjagént first holes. 44 APME3QE spenser
of claim 13, wherein a third of said baffle plates is positioned 15 - o
I mmedi atel y above said second baffle plate, said third baffle plate having .~
third- : ' ' ' g o
' 8. A paéeband_ simulatién Systein for Simulétipg a baseband systerh of a
- communication _trahs‘ceiver totesta radio frequency subéystem of the comniunication
" transceiver comprising:
~ a computer connécted to compute sequences of discrete samples | and Q éf
5 baseband analog outputs iy a_nd ay to the radio frequen_c_:y subéyst_e’r_n,
a baseband subsystem having a memory and bé__ing" C6nnectéd_to receive 'sa'id. _
sequences of discr_eté'samples tand Q, wher_ein said sequences of d_iscr'e_té samples
| and Q are stored in said memory, said_baseband subsystem being cénnected to
gene_rate,’ﬂ from the sequences of discrete samples __l and Q stored in said memory, the
10 baseband analog outputs'i,-- and gy to the rédio fréquenc_y subSysiém, and being
~ connected to receive baseband analog inputs ig and g from the radio frequency
- subsystem, and
~an interface card conhectéd between the computer and the baseband
subsystem, wherein the interface card interfaces befw_een _s_aid computer baseband

15 'su.bsy_stem..

MW



hol es a_franged ina fourth array pattern fornmed by the place -nt, of % ;
one of said third holes i medi ately above a center Thys eﬁp@&u’gg@*mﬁ%g -
eaeh of four adjacent second holes. 20 . 15. The di-spenser of claim 14, :
wherein said inlet port is positioned i mediately e angd geqdenggh about
said third baffle plate. =~ - 2. a@g% - @ﬂp!?@éﬁ -

10

15

20

9.  The baseband simulation system of claim 8 wherein the baseband simulation

.-.sub"systam qo__mprises_: |

a timing and control port for generating plural é_loéks in response to a-
ma_stér c_:lo_ck., and_ _ | |
: an. IQ pé;t' coﬁnected to receive at Ie_a.st.one' of .'said pl.ural clocks
generated by said timing _and_control_.port; and conﬁgured to hconvert said sequences

of discrete samples | and Q td said base_bahd analog outputs i; and df, and connected

" to recéi\)e said baseband analog inputs |,. and g, and

a gener'al,purpos_e input output port connected to receive at least one of said

plural clocks generated by said timing and control port, and connected to provide

"auxiliary analog signals to the radio frequency subsystem.

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

baseband analog outputs iT_and Gr

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

baseband analog inputs iy and qg.

12. A process for testing a radio fréquencv-_ subsystem of a éommunication

transceiver comprising the éfeps of:

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

~ and control port of a basebé'nd éiimjlatibri sdbsvstém, and _ |

. T+ e oL oM os o



20 16. The dispenser of claim 15, wherein said outlet pdrts have a

predeterm ned di aneter size, said first holes havi
slightly larger than said predeternined.di aneter spglesa'sgg?msélgcﬁz%ﬁgﬁﬁ%ﬁ‘?s!

havi ng a di-aneter size slightly |arger than the di aneter sigze of said first
holes, and said third holes having a 5 27 di anet eDasa:ze SI gﬂrﬁ )lQElﬁarger s
t'han the dianeter size of said second holes

" in response to at least one of sald plural clocks generated by said tlmmg and

- control port, convertlng by an 1Q port of said baseband slmulatlon subsystem each
dlscrete 1 and Q sample, of a first sequence of discrete | and Q samples representmg '

.' a slmulated message outputted for processmg by the radio frequency subsystem, to

5  afirst set of analog i i and q signals,
recewrng by sasd IQ porta second setofiand q analog slgnals from the radro
_frequency subsystem, and
convertmg said received second set of analog i and q slgnals to a seccnd
sequence of discrete | and Q symbols in response to at least one of said plural clocks_'

- 10 generated by said timing control port_.

13 A process for testing a radio frequency subsys_tem of a communication
| transcelver compnsmg the steps of | |
|n response to a master clock generatmg plural dlfferent clocks from a tlmmg
15 and control port of a baseband slmulatlon subsystem, and
in response to at least one of said plural clocks generated by said tummg and
control port, generating by an |Q port of said baseband srmulatlon subsystem an
analog i and q signal from dlscrete l and Q samples prestored ina memory of sald i
port, and | |
20 ' prowdlng sald generated analog i and q slgnal to the radro frequency

subsystam.

|||Il||| |||Ill |l||l llIII || |Ill
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. 17.  The dispenser of claim 16, wherein said first array pattern consi sts
.of 16 rows and 16 colums of outlet ports, said secqQnd, ditishaén. ,
consists of 8 rows and 8 colums of first. hol edhis ésaﬁl? Ee%Hr ‘array pattern .
. consists of 4 rows and 4 10.  colums of second holes, and said fourth
array pattern consists of 2 rows and 2 col umspgfe:thi g eQdnl8. The,
di spenser of claim 16, wherein said first array pattergJ ?ggsrsts of 16 rows
- and 1 6 colums of outlet ports _char€?§ri zed by 15 rows and ‘15 col ums of ' .

P FI6 1 Peier Ar




15 real outlet ports and a last row and a | ast col um of phantorh out | et
ports, said second array pattern consists of 8 rows. and 8 colums of first
holes, said third array pattern consists of 4 roys. and 4 col.ums of second
hol es, and said fourth array pattern consists of'_\l@'sr'év%gee{ﬁalaﬁe@@fmmt_of

third holes. 20 ' ' _ S ' ] ' -

9 /8’  Dare: = B APR 1896

wo
'_) 0 ”“gs 10 -
8 | _P-og_f 1 @ |
3} %0 s |
119> o
Eé...‘ 3 . Porr - :l
o Py
: {70
v T
- .
| Tﬂ.fﬂNG. )
11 ORT Ihs| RF
100 A ORT | Mg |
PCTF okl RF
BS S W - 'S Y STEM
o -f:agn |5 aﬂo Suesys‘:;:rﬁ_r:o o :g:.le_e
35 40 - _137

 Fle 2



e ———

— 21 19. A dispenser conprising: a chanmber enclosed by an upper wall and a
* lower wall, said upper wall oriented paraIIeI to said Io J_)
~upper wall having a vertically bored inlet port Thisds 43¢ & 593}36 ?‘T%ak‘law ng
-5 a plurality of vertlcally bor ed outlet ports for providing access-to

* sai d chanber, said - Date - § APR \

3/?




outlet ports geometrically arranged in a first array pattern characteri zed
by equi distantly spaced rows and colums of bores, a controlled source of
fluid coupled to said inlet port for directing fIuwﬁmnsuhesepwommanb§mﬂﬂlo'
a plurality of baffle plates interposed between said upper wall and sai d
| ower wall, .said baffle plates spatially separated from each. other and"

oriented parallel to and spat. | ally sepa@%?f r om SHY u‘p@m%@gﬁ)wer o
wal I's, and - _
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said baffle plates having a plurality of vertically bored holes for -

modi fying said fluid flow between said inlet port and smuiiglisOthel RplatBirent shoet
wher eby said dispenser is effective in providing honogeneous flow of fluid

t hrough. sai'd outlet ports. 20.. The dispenser -of claiml19, wheLes fihdest
baffl e plate is positioned i mediatel'y above said | oneDatai | sgq EAF?R -r]%qﬁz_o
baffle plate having first holes arranged in a second array pattern formed

by the - R . 5_/2

. '
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pl acenment of éach one of said first holes i mediately above a center of a :
square fornmed by each of four adjacent outlet ports, Thi¥isdtheaeplademont sSheet '
baffle plates is positioned i mediately above said first o - L

 Dae- 8 AR

v

e
Sﬁbs ¢lim

Wandev |-
Test

25




baffle plate, said second baffle plate having second hol es arranged in a
third array pattern fornmed by the placenent of each one, of.said secon '
hokes .i nmedi atel y above a center of a square forned b;rh@a'éHth'aP‘éG?mem ghoet
adj acent- first holes, and 5 athird of .said baffle plates. is '

posi.tioned i mredi at e_I y above said second, bagff pl atepagfi d thir g fle -
t \rray patterrrfao t he.
d

pl-ate having third hol es arranged in a'Z)
pl acenment of each one of said.third hol irately above a center of a -
cond holes

square formed by each of four adjacent. .
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- 10 21. The dispenser of claim 20, wherein said outlet ports have a
predeterm ned di aneter size, said first holes havi nil a dianmeter size o
slightly larger than said predeternined dianeter si78is i§dh@ replaghmentphaet

" having ‘a dianeter size slightly larger than the diameter size of said first.
hol es, and said third holes having a dianeter size ﬁdf&:ht -y8! APR€GJg han the
di ameter size of said second holes. 15 22. The dispenser of claim?21, :

. Wherein said.first array pattern consists of 16 ' :

%




rows and 16 col ums of outl et pdrts sai d ‘second array paitern consi sts of
'8 rows and 8 colums of first hol es, vggiig thereplacament ! ern consists of 4
.-.rows and 4 columms of second holes, and said fourth array pattern consi sts.
__of 2 rows and 2°20 colunns of - thrrc;n;r.o_les8 APR‘EHG .

A BASEBAND SIMULATOR ARCHITECTURE EDR TESTING A RADIO LBEQUENCY
= SECTION OFZ\NEBILE(INMUNHﬂﬂEONS TRN%IEIVER

© ABSTRACT
A ccmputar is qdnnacted-to_an'intaffage.(PCIC)Rfot a baseband
simulation aubsi?sﬁem. ‘A timing and. control (TAC) port 'raqeivas a
master clock signal £rom the'PélF and generates clocks. -IQ and
general purpose I/o (GPIb) portaffééeive'at leasc one such clock.
In transmit mode, the IQ port retrieves prestored dlscrete I and Q
samplea and reconatructs arbltrary transmit analog i and g signals
for the RF sqbsys;em under test. 1In a recaive mode, the IQ port
receives'analog'i7and q signala'from thé RF subsystem. The IQ port
converts the analog i and q l:.gnals t:o discrete 1 and Q samples
: These I and Q samples are transferred to the PC for analyzing the
subsystem's abillty to modulate ;he traasmit analog“i and_q s;gna;s-
" en arléarrief signals an&'demoéulate_the RF carrier sigmals to

output the receive analog i'and_q signala;"

Figure 2



