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= Xilinx Spartan 3A 700,000
Gate EPGA
4 push-buttons

8 LEDS
50 MHz oscillator
133 MHz oscillator
= External oscillator input
= Two 16 Mbit serial FLASH
57 Vibit parallel' ELASH
= Stereo audio; eutpub
"N Roetary knob/push-button
= 4-channel D/A converter

OHF‘HS

2-channel ND converter
2-line x 16-character LCD
Analog amplifiers

4 switches

Ethernet port

PS/2 keyboard connector
VVGA connector

TWe RS-232.poerts
100=pin expansion
connector

2X6-pIin expansion
connectors




FPGAs — a 2-second introduction

1 Fleld Progrannmable Gaie Array

1/0 Block

X20Ig O/I
20|19 O/I

1/0 Block

General structure of an FPGA
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Design Entry

~ Design entry is done using Verilog HDL, thus allowing for
large-scale circuit design

module example (input a, input b, Puertas
input c, output y);

wire a, b, c, y; a —

Sintesis
assigh vy = (a & b) | c; b
SR

- endmodule; ——— Dﬁ
R - . C

E——
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Card'is a commercial ERGA card that costs under $200
Availlable werldwide

Same card can be used for courses in digital logic,
microprocessors, networking, FPGA design, etc.

Indeed, the card has been used for this purpose by the

author at UPB Bucaramanga FPGA course

Audio output allows oscilloscope and spectrum
measurements to be done using PC, with freeware
pregams

—n ihus; incremental.cost,of the laboraienRycan approach SO
= [dealifordevelopingcountries
"= SIimple yet robust laboratory that is also useful for research
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Transmitter

ChannellEmulation  (AWGN);
slow fading also supportea

Receiver
Modulations (currently

supported, more on the way!):

BPSK

QPSK (=4-QAM)
8-PSK

16-PSK

D-BPSK

D-QPSK
D-8-PSK
D-16-PSK
QAM-16

Coding: differential and-gray.
coding

Recelver:

— Coherent

— Differential
Control loops:

— Carrier PLL

— Symbol PLL

— 2 AGC loops
Carrier lock detector
Symol lock detector

RealFtime SNR measurements

(tWo methods)

Real-time BER measurements

Pseudo-random bit streams or
user supplied data transmission

QAM-64

QAM-256

PI/4-QPSK, pi/8-8PSK,
PI/4-DOQPSK, pi/8-D8PSK




Audio output-fer interface to PC-based oscilloscope and
spectrum analyzer software

4 DAC outputs for oscilloscope use
2 ADC Inputs

Can be used for interface to RF components, however
channel emulation makes this unneccesary

= |nterface via keyboard and VGA
LEpterface via hyperterminal and RS-232

i

sAllfol the aboye arewern/simplesteraerin developing
eountres; andalso Is useful for developed countries for
students to buy their own laboratory

= |n a unified curriculum, students can buy card and use It for
several courses







And now for some nice
pictures!!!
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MEASURE |
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BPSK — In recelver after matched
filter — After clowrszaurpling to 1L
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BPSK — In receiver after matched
fllter — After dowrnszaurnpling to 1C
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BPSK- after demodulation and
SEUfQ mJ it | SEl
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\VVGA Terminal, BPSK, Differential
codllrg,

S3A TxsRx Lab
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Version 1.0

Modulation: BPSK S3a Lab Terminal Control

H-Hrite
R-Read
I-Test RS232
H-Help

>

Carrier Lock: ¥
Symbol Lock: Y

. 2 B E B NN N

CORRELATION : ZE
CORR LOCK: ¥

BER : 0058410000
SHR: +02.250

-¥-5-3-2-3-R-B-R-B B B




&dog 1 qu oWwn
rox jumps over

quick FRoun fox

1 T
sghazy dog The
e he y dog The&juick

ri v Jumps ovendthe lazy dog Tl
icl jumps over the lazy dog The qwéck brown fox jumps over the lazy
diii The’Buick brown fox jumps over the9-azy dog The quick brown fox =(mps over t
he lazypdogic B quick broii fox jumps ofifir the |8zy dog The quick brown fox jump
s over the lazy dog The quick brown fox ‘iunh):-; over the lazyh®og The quick brown
fox jump@®over the lazy dog The quick brow?lfox jumps a-er the lazy dog Ihe 3"'['
k broun fox jumps U-er the lazy dog The O=ick brown fox jumps over the Ia-:'_j“l:fll
”'fi quick broun fox jumps over the lazy utg The quick broun fox JThps 07 f('m-
az9%dog The quick brdn fox jumps over the lazy dog The quick {ilown fox JUAPT =
eri‘he lazy dog The quick brow! aox Bjumps over the lazy dog The quick hmm:-k .
Jumps oB&r the lazy’=ée The quick brouwn fox jiimps over the lazy dog The .ql:(“'-”".
oun fox jumps over the lazy dog O7e quick brown f6U jumps ofrr the Ia'{!igl--f_-’i —
quick brown fox jumps over the lazuh- og The quick brown fox jumps ovel ,.-"uw.tr..
‘11“:'-1 The quick br@jn fox-rumps oveifthe lazy dog The quick broun fox JuAre

brown fox

].'f?'” d“”,"“"’ quick b-Jun Gax jumps over the 1
over the é8zy dog The

azY dog The l;lli(:]( hl'rilﬁ:'_:‘"f‘._:"””'
qfi®ck brown fox jumps over the lazy dog The quic®




Version 1.0
Modulation: BPSK

Carrier Lock: ¥
Symbol Lock: N

CORRELATION: 27
CORR LOCK: Y

BER : 0240810000
SHR : 02 .000

S3A Tx/Rx Lab
nnnmmnnnnnnunnnﬂmmnununnm:unun:tnnu
Nl Control Terminal
# S3a Lab Terminal Control
n
# H-Hrite
# R-Read
# T-Test RS232
t H-Help
n
n >
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QPSK — In recelver after matched
fllter — After dowrnszaurnpling to 1C

SAMPIES/SYMBOI=TEMBISE
lelk o L IrI';I’I:IqIIIr M Fos: LLULLS LIsHLAY

Persist
1+ + Off
.hq'h_-l-l-i—lﬂ-l—l-'ll I-I.I'|--|-l-|—llll-|l-l

Farrnat

e

Contrast
M Increase
¥

Contrast
Oecrease

~H1 S00my  CHZ S00m% M 1.00ms CHT 7 21.2mW
a—5ep—03 0316 158.078Hz



QPSK — In recelver after matched
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| We presented a Iaboratory that COSi5 Iess tharT'$2UO“
Based on a commercial unmodified FPGA board

If the same card Is used for other courses in digital logic,
microprocessors, networking, etc., the incremental cost of
the laboratory can approach $0

Can be used with PC-based spectrum analyzers and
oscilloscopes

= _Jdealfier developing, countries

i

i

=ldeal Tor take-homelabsifor studenisinrdeveloped and
NEEeVveloping countries

= Robust enough to allow serious academic research
= | ots and lots of fun!




Questions? Comments?

—yaininn@gmaiicem
=http://yairlinn.googlepages.com
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