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Overview

The COM-1418 ComBlock Module comprises two
pieces of software:

VHDL code to run within the FPGA for all
signal processing functions.

C/Assembly code running within the Atmel
AT90S8515 or ATMega8515L
microprocessor for non application-specific
monitoring and control functions.

The VHDL code interfaces to the monitoring and
control functions by exchanging byte-wide registers
on the Atmel microcontroller 8-bit data bus. The
control and monitoring registers are defined in the
specifications [1].

The Atmel microprocessor code is generic (i.e. non
application specific), not user-programmable and
functionally transparent to the user. It is thus no
described here.

The COM-1418 VHDL code runs on the generic
COM-1400 hardware platform. The schematics [2]
for this platform are available in this CD.

Reference documents

[1] specifications: com1418.pdf
[2] hardware schematics: com_1400schematics.pdf

[3] VHDL source code in directory
com-1418rev\src

[4] Xilinx ISE project files
com-1418revicom1418 ISE82.npl
com-1418revicom1418 ISE91.npl

[5] .ucf constraint file
com-1418rev\src\com1418.ucf

[6] .mcs FPGA bit files
com-1418rev\icoml1418Arev.mcs

com-1418rev\com1418Brev.mcs
com-1418rev\icom1418Drev.mcs
com-1418rev\com1418Erev.mcs

whererev is the current revision number.

Configuration Management
The current software revisioryv is 0.

Configuration Options

In order to provide configuration flexibility withua
unduly increasing the hardware complexity, some
features require generating different firmware
versions. In particular, the channel filter (roaised
cosine square root) rolloff can take four distinct
values: 20%, 25%, 35% and 40%.

Four versions of theaised_cos4xoot raised filters
are included in the source code .src directory. To
change the filter:

(a) change the OPTION constant in the
com1418.vhdile so that the resulting bit
file can later be correctly identified.

(b) Change the RAISED_COS4x statements in
three places within theemod.vhdile:
declaration and two instantiations.

VHDL development environment

The VHDL software was developed with Xilinx
ISE 10.1 with XST as synthesis tool.

Target FPGA

The modem code is written in generic VHDL so
that it can be ported to a variety of FPGAs. The
modem code was developed on a Xilinx Spartan-3
XC3S400-4FT256 FPGA.
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The demodulator throughput is related primarily to
the target FPGA technology. The VHDL code is
designed for a maximum chip rate of % of the
FPGA processing clock CLK_P. In other words,
the processing is performed with 4 samples per
chip. In practice, CLK_P is limited to about 90
MHz for a Xilinx Spartan-3 or 140 MHz for a
Xilinx Virtex-4 (mostly because of the hardware
multiplier latency). The CLK_P frequency is user-
selectable through a digital clock manager.

At the demodulator periphery, two interface
components are hardware-specific: the USB and
D/A converter interface. These drivers are written
for specific external integrated circuits:

- usb20.vhdinterfaces with an external USB 2.0
PHY over a standard UTMI interface. (for
example, the SMSC USB3250 IC).

- dac.vhd Analog Devices AD5611D/A
converter

Xilinx-specific code
The VHDL source code is written in generic VHDL
with few Xilinx primitives. No Xilinx CORE is
used. The Xilinx primitives are:
- IBUF
- IBUFG
- BUFG (global clocks)
- DCM (digital clock management, DLL)
- Various RAM block components
(RAMB16_S16_S16, RAMB16_S9,
RAMB16_S9_S9, RAMB4_S8_S8, etc.)

Clock / Timing

The software uses three different clocks:

- external clock CLK_IN which serves
synchronous clock for the input data
stream.

- aprocessing clock CLK_P used for most of
the digital signal processing. This
processing clock is generated by a DCM
locked onto a 60 MHz reference from the
external USB PHY (USB_CLK60G).

- A 40 MHz output clock CLK_OUTG, also
generated by a DCM locked onto a 60 MHz
reference from the external USB PHY.

60 MHz
low-jitter clock
from USB PHY

FPGA DLL

x3/2

CLK_P
digital signal
processing clock

¢ > "
90 MHz CLK_OUTG* (40 MH:

> SAMPLE_CLK_OUT
1> DATA_x_OUT

CLK_IN *
SAMPLE_CLK_IN
DATA_X_IN

(*) denotes edge-trigger signal

DESPREAD_CLK<—

CLK_P<—
DESPREAD_x_OUT<—

Block Diagram

The hierarchical nature of the VHDL code reflects
the block diagram below:

- com1418.vhas the root program which
includes the demodulatdsss_demaqdhe
USB 2.0 driverusb2Q the gain control
DAC driverdacand ancillary functions
such as monitoring and control functions
(interface with microprocessor) and
comscopeo capture and display internal
signals.

- theusb20.vhdiriver allows one to connect
the demodulator output to an external PC
over a high-speed USB 2.0 link. An
external USB PHY with standard UTMI-
compliant interface is required.

- the main Direct-Sequence Spread-Spectrum
functions are encapsulated within
dsss_demaqdncluding agc, channel
filtering, despreading, carrier acquisition
and tracking, code acquisition and tracking.

- the first processing step is removing any
unwanted bias from the input signal in
bias_removal

- acglO0Aprevents saturation at the external
A/D converter.

- entity codegerimplements all spreading
codes.

- the frequency translation is implemented
within digital_dc2 The frequency
translation is realized in the form of a
complex vector rotation, using sine/cosine



lookup tablesgigned_sin_cos_tbjaand
hardware multipliers.

noise rejection (channel filtering) is
implemented by two root raised cosine
filters raised_cos4xone for each complex
axis.

a conventional early-late gate delay lock
loop is implemented inode_trackingThis
entity includes only the error computation
and the loop gain settings. Currently, a
first-order loop is implemented. Thé&"2
order is commented out. The NCO and
integrate & dump functions are part of the
dsss_demodntity.

Block Diagram
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VHDL software hierarchy

| = =] com-1418_ISER2
; [=] srehCOM1407 bt
| B £ »c3:400-4f256
= [ COb 1413 - Behavioral [src/com418 vhd)
Inet_com1400_1 - com1400_1 - BEHAVIORAL [zrc/com 4001 vhd]
Ihgt_com1400_2 - com1400_2 - BEHAVIORAL [zre/coml 4002 vhd)
= DERMOD_007 - D555_DEMOD - behavioral [gre/D555_DEMOD /dzsz_demod.vhd)
= .-“-‘-.GE'I 04_0071 - AGCI0A - behavioral [2re/D555_DERMOD AGCT 04, vhd)
[+ POLAR_0M - POLARS - Behavior [sre/DS55_DEMODPOLAR S vhd)
Bl&S_REMOWAL_001 - BIAS_REMOWVAL - behavioral [sro/DSS5_DEMOD bias_removal vhd)
= DIGITAL_DCZ 001 - DIGITAL_DCZ - DIGITAL_DC_ARCH [2rc/DSS5_DEMOD Adigital_dc2 vhd)
[+ SIM_COS5001 - SIGMED_SIN_COS_TELZ - BEHAVIOR [2re/DS55_DEMOD fzigned_zin_coz thl2 vhd)
CCF_MCO_00 - WCO32 - behavioral [2re/D555_DEMOD/MCO32 vhd)
= RESAMPLING_001 - RESAMPLIMNGZ - behavioral [sre/D555_DEMOD frezampling2. whd)
MLILT'IB><1BSII3NED_EIEI‘I - MULT1E1851GMED - BEHAVIOR [2rc/DSS5_DEMOD /mult]8x1 Bzigned. vhd)
MLILT1B><'IBSIGNED_EIEIE - MULT1E1851GMED - BEHAVIOR [2rc/DSS5_DEMOD /mult]8x1 Bzigned. vhd)
MLILT1B><'IBSIGNED_EIEIS - MULT1E1851GMED - BEHAVIOR [2rc/DSS5_DEMOD /mult]8x1 Bzigned. vhd)
MLILT18><'IESIGNED_EIEI¢1 -MULT1E=1851GMED - BEHAVIOR [2re/DSS5_DEMOD /multl 8x1 Bzigned. vhd)
RAISED_COS5_0071 - RAISED_COS4C - RAISED_COS_arch (src/DS55_DEMOD fraised_cosde. vhd)
RAISED_COS5_002 - RAISED_COS4C - RAISED_COS_arch [zre/DS55_DEMOD fraized_cosde. vhd)
CODE_REPLICA_GEM_001 - CODEGEM - behavior [2rc/D555_DEMOD /codegen. vhd)
= .-’-'-.GES_EIEH -AGC3 - AGCI ARCH [2re/DS55_DEMOD/age3d. vhd)
= RULTON - SIGNED_MULT1243 105 - BEHAVIOR [2re/D555_DEMOD fzigned_multl 22310z vhd)
[+ UNSIGNED_MLILT - M17RBU_A - BEHAVIOR [2rc/DSS5_DEMOD A m11=80_a vhd)
[+ POLAR_00 - POLAR - Behavior [sre/DS55_DEMOD/POLAR 3 vhd)
CARRIER_TRACKING_00Z - CARRIER_TRACKIMG - behavioral [zre/DS55_DEMOD Acamier_tracking. vhd)
CTL_001 - CODE_TRACKING - CODE_TRACKIMNG_ARCH [sre/DS55_DEMOD /code_tracking. vhd)
D JSB20 001 - USEZ0
DAC_002 - DAL - behavioral [sro/DALC. vhd]
= COMSCOPE_0M - COMSCOPE - behavioral [sre/COMSCOPE WHD)
[+ TRACE_1_CAPTURE_S BIT_“wWORDS_001 - CAPTURE_2 BIT_W0ORDS - behavioral [zre/capture_8_bit_words. whd)
[+ TRACE_Z CAPTURE_S BIT_“wWORDS_001 - CAPTURE_2 BIT_W0ORDS - behavioral [zre/capture_8_bit_words. whd)
E COMT4718 ucf [2re/COMI418.ucf)

The code is stored with one, and only one, engtyfile as shown above.
The root program (highlighted) eom1418.vhd

VHDL Simulation
Representative simulation screens for salientiaiesignals are captured and discussed below.

Signal Processing

In this section, we capture the key signals duxhtipL simulation and plot them. The simulation ig fiack-
to-back modulator-demodulator in ideal conditionsigeless, no frequency offset, stable gain). Toes pefer
to the internal VHDL signal names. The internalc&las set at 100 MHz for simplicity (actual clock90
MHz).

For this simulation, the DSSS modulator and denatdus are configured as 22 Mchips/s, Barker coode ¢
length 13, PRBS-11 internal data source, BPSK natdalul, noiseless, maximum amplitude, no frequency
offset.
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NCO_CHIP_RATE := x"3E93E93E”"
SPREADING_FACTOR := x"000D"
CODE_SEL :="011"
NCO_CENTER_FREQUENCY := x"00000000"
SIGNAL_SCALING :="011111111"
AWGN_SCALING :="000000000"
MOD_CONTROL := x"0C93"
DEMOD_CONTROL := x"2000"

Input baseband samples DSSS_DEMOD/DATA_x_IN
Sampling rate: CLK_P

3000 -

2000 -

1000 |

l-channkl (offset by +11000)

-1000 - E

-2000
Q-channel {offset by -1000)

1 1 1 1 1 1
547 5475 548 5485 549 5495
5 10°

Baseband samples DSSS_DEMOD/DATA3_x after bias vamérequency translation to baseband, x2
interpolation, decimation to 4 samples / chip ananmel filtering in root raised cosine filter:

1500 f
1000
B0 -
or DATAZ | (offizet by +1000) 1
-500 | .

1000 st e s - ——r

DATAS Q (offset by -1000)
-1500 F .

-2000 & L L L I -
7.02 7.025 7.03 7.035 7.04

10

Baseband samples after phase/frequency compensatmmaised cosine filtering. The sampling ratd i
samples / chip. Once the code tracking loop isddckhe amplitude at the center of chip is congtmmiplitude
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+500 or -500 approximately) as the combined tratismsiive filters do not theoretically cause artgligymbol
interference. This is a plot of DEMOD/DATAS_| below

600 -
400 -

200 f

-200

-400

-600 l

1 1 1 1
BB5 687 B75 88 88 B89 B89 9 905
x 107

After despreading with the code replica (centerlyetate):

1500
1000

500
o+ despread by center code: DATATD | (offset by + 1000} p

-500 -
-1000 R
-1800 R
000k despread by 172 chip early code: DATATT | (offset by - 1000)
-2a00 -
-3000 R

-3E00 - B
" despread by § S chip late' code: DATA]Z | (offspt by - 3Q00Y |
763 YEB4 Fh45 FHES TEBARE YEBE YEBS VE7 VBT

100

The despread signal is then subjected to low-plisarig by an integrate and dump circuit syncheeswi with
the symbol clock. The result is DEMOD/DATAL10_|_ID:



1500 E

1000

500

ok despread DATAI0 | (offset by + 1000} 4

-500 -

-1000 -

-1600

. desplread, af;ler | &[IJ DAT#MD | IDI (scale::l 1732, Ioﬁset b;y - 1DDDI)

782 7h4 TEE FAE TB VB2 FB4 TEBE YES V7

¥ 10°

The demodulated signal is then normalized in tvepst

(a) a first coarse gain adjustment based on theadprg factor (by shifting DATA10_ID n times to the
right, where 2-1 is the code length).

(b) the resulting DATA13_x complex sample is thesnwerted to a phase DATA15_P by thelar3
component which performs a simple cartesian to rpoterdinates conversion. The resulting phase
DATA15_P is used for extracting the demodulatechgtite quality of the demodulated data (i.e. the
distance to the nearest ideal phase constellator)@and the phase error for carrier tracking psgs.

Alternatively (both codes are included) DATA13 xdengoes fine gain adjustment through the AGC3
module. The 4-bit soft quantized output is namedI'BA._|. The information bit is the most significant
bit of DATA6_I. The lower three bits indicate thigigal quality. Thus “0000” indicates a strong zero,
“1111” a strong one, “0111" a weak zero, etc

Sighnal

DATAS I
DATAL0_I
DATALOD I_ID

DATALO_I_SHI

DATAL3 T

Walue

—-4z0

-218

28454
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\ 3224IDDnS \ 3225IDDns \ 3226IDDnS \ 322'?IDDns , SZZBIDDnS \ 3229IDDnS \ 3230|DDns \ 3231IDDnS \
i =pe i the b e o i = 1 T e e e e e e e e e B e e e e e e i e e e e T e = e e e e e e e e i e e e e el e z
————————— o e = e e s e e e e e e N U e e e e e e e
-Z22454 -422334
—-1404 —2 5= —-1396 2115
680 =70z
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Below is an example of DATA13_x in the case of QR8&dulation and noiseless channel:



Code Acquisition

The code acquisition algorithm is a text-book sedjaé search: the code replica CODE3_D2 is shiftethe
right by steps of ¥z chip every N symbol periodserehthe dwell time N is specified in control regist
REG18(6:4). This simulation specified a dwell tiofeB symbols.

During the dwell time, the input signal DATA3_I éespread by the code replica CODE3_D2, resulting in
DATA10_I. The despread signal is subsequently suilfj@ an integrate and dump low-pass filter. Th®I&
output is DATA10_|_ID.

The salient signals are shown below while the destadr is in code acquisition mode:

Code acquisition signals. Acquisition mode



Code acquisition signals. At the time of acquisitio
The last code replica phase adjustment (SKIP_CHIK) @esults in a near-perfect alignment of the code
replica (CODE3_D2) and the received signal DATAD2 spreading code. The despread signal DATAL10 | is
no longer noise-like. Consequently, the energh@@ATAL10_|_ID_ABS received signal after
dispreading/integrate & dump/ absolute value igignethan the noise-based variable threshold
1.25*DATA14 | ID_ABS. This difference is integrateder the 8-bit integration period before confirgin
code lock (reason: the algorithm has to be sturgyésence of noise).

Carrier Acquisition & Tracking

When the input signal is despread with the cortede replica (correct epoch), the resulting sidolddws a
simple BPSK or QPSK constellation. Tpelar3 component performs a Cartesian to polar coordinate
conversion. The output DATA15_P is the detectedie@aphase for each symbol. Tharrier_tracking
component then computes the carrier NCO controladibased on a second order Costas loop (whennggck
or an AFC loop (during carrier acquisition).

The demodulator response to a 45 deg initial pbéset between the modulator and demodulator isvsho
below. Displayed is CCF_PHASE, the phase correatdhedigital_dc2frequency translator component.



The carrier lock status is determined after conmguthe standard deviation of the phase error. Whemms
phase error, averaged over a window of 512 symimless than 25 deg, the demodulator is deemgddk the
carrier and the CARRIER_LOCK flag is set.

Quality

For each demodulated symbol one computes the godlihe demodulated information. For BPSK or QPSK,
the quality is tied to the distance (phase errat i) between the demodulated symbol and the sieaoeninal
symbol in the PSK constellation.

The symbol quality is appended to each demodulafedmation bit to form a 4-bit soft quantized outp

FPGA Occupancy

Design Summary

Logic Utilization:

Number of Slice Flip Flops: 3,973 out of 7,168 55%
Number of 4 input LUTSs: 4,680 out of 7,168 65%
Logic Distribution:

Number of occupied Slices: 3,582 out of 3,584 99%
Number of Slices containing only related logic: 3,561 out of 3,582 99%
Number of Slices containing unrelated logic: 21 outof 3,582 1%

*See NOTES below for an explanation of the ef fects of unrelated logic
Total Number 4 input LUTS: 5,089 out of 7,168 70%

Number used as logic: 4,680

Number used as a route-thru: 343

Number used as Shift registers: 66

Number of bonded 10Bs: 157 out of 173 90%

I0B Flip Flops: 49
IOB Latches: 7

Number of Block RAMSs: 10 out of 16 62%

Number of MULT18X18s: 9 out of 16 56%

Number of GCLKs: 6 out of 8 75%

Number of DCMs: 2 out of 4 50%

Total equivalent gate count for design: 782,097
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Facsimile: (240) 631-1676
E-mail: info@comblock.com
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