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Abstract: This paper presents the design and implementation of code division multiple access (CDMA) system
in FPGA (field programmable gate array) technology. A CDMA system uses direct sequences as spreading
codes to encode each user’s message. The same code is used for decoding the message. The goal of the project
is to design a base station and a user mobile.  CDMA air interface design strategies are adopted  in  protocol
(IS-95), frame design as well as data processing design. The communication system designed is capable of
multiple user communication with some CDMA characteristics.   Then gate level design equivalent will be
synthesized targeting FPGA Device. The real physical design will be laid by place and route method.
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INTRODUCTION done using the specialized chip (ASIC) or using DSP. The

Over the past five to ten years, communication following Characteristics: Speed, Area, Accuracy and
systems have been developing rapidly especially in the Power. FPGA finds better application in overall
wireless and cellular network arena [1]. As user demand performance. For the third generation mobile radio
grows, conventional communication systems such as communication system (known as 3G), code division
time-division multiple-access (TDMA), frequency- multiple access (CDMA) has become the mainstream air
division-multiple-access (FDMA) and space-division- interface. The design is a simplified CDMA
multiple-access (SDMA) are becoming inadequate for communication system, focusing on the most prominent
some application in today’s communication requirements. feature of a CDMA mobile system-spread spectrum
Consequently, a new system called code-division- communication.
multiple-access (CDMA) is proposed to replace the
aforementioned systems. This new system utilizes the Background Theory of CDMA: In a direct sequence
spread spectrum technique where the message signals scheme, the original message symbol (+1 or -1) is
can occupy both the time and frequency domains multiplied by sequence of codes. These are referred to as
simultaneously, thus the system capacity is significantly the spreading codes. Depending on the type of
increased.  CDMA  system  also  offers mitigation to modulation method, different types of spreading codes
multi-path  fading,   reduction    infrequency   planning are used. Next, all user encoded messages sn(t) are
and  signal   quality  sharing  between  users,  [1,  2]. summed up as s(t) and transmitted through the channel.
FPGA (field programmable gate arrays) nowadays offer Once the corrupted composite signal x(t) has reached the
fast code evaluation speed over a PC-based environment. receiver, the receiver decodes the signal into binary

This allows the generation of BER results in a fast sequences.
and efficient way. Also, it allows the prototyping of a
realistic CDMA system. The BER results of the hardware System Layout: The input interfaces will be responsible
are compared against the ones obtained from software for communicating with peripheral components that the
simulation and the theory. The objective in this project is user can interact with. The serial communication interface
to firstly develop a transceiver structure for the CDMA will be responsible for transport of data between the two
system based on direct sequence spread spectrum in UP1 boards. The transmitter will be responsible of
FPGA. In recent days, CDMA mobile communication is spreading the signal before the data is sent. The receiver

Designs in this way lack the performance in one of the
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Fig. 1: System Layout

will be responsible for frame synchronization and will also appear chaotic. The chaotic encoding scheme
dispreading the signal before data is received. The timing provides a safer way of information transfer in a CDMA
controller—Clock Master as in our design, will co- system compared with Walsh functions [2, 4]. There are
ordinate the timing relationship with other parts of the different multiple access schemes for spreading the user
system to initialize, to maintain, and to terminate the data. In our design we use the direct sequence spreading
communication between users and base station. The (DS-CDMA). In DS-CDMA [1, 2], the data signal is
frame builder and frame analyzer are responsible for directly multiplied by a digital code signal.
assembling the data frame and disassemble the frame.

Transmitter: In CDMA each user is assigned a unique distributed system. Components communicate by using
code sequence (spreading code) it uses to encode its handshake signals. The advantage of distributed control
information -bearing signal [1]. The receiver, knowing the includes: The timing inside and between components is
code sequences of the user, decodes a received signal simple and controlled by a group of handshake signals.
after reception and recovers the original data. The spectral And the circuits can operate continuously. But the
spreading of the  transmitted   signal  gives  to  CDMA  its disadvantages of distributed control are System
multiple access capability. In the CPSK scheme, the complexity is high. Every components must have a
spreading sequences are chaotic, noise-like and non- handshake scheme, thus it has to keep track of current
periodic [3]. Subsequently, the modulated message signal work  state.  Control  units  and   control   signals  must be

Clock Master: The first attempt of our design is a
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Fig. 2: Transmitter Block

Fig. 3: Frame Format

Fig. 4: Frame Structure

dedicated for handshaking, thus increase the number of
logic blocks in design substantially. More efforts are
needed to keep the speed of the individual components.
Hard to test individual components.

The main concern of our design is limited resource.
Thus in the current design, we  use  centralized   control.
In this scheme, most of the processes are triggered by two
deployments centers. All the data flows are controlled by
the deployment center as well. The centralized control
scheme decreased the system requirements of logic block
tremendously. When the control processes are integrated
into one or two components, many resources can be
shared. It also simplifies the design of timing for each
component. Furthermore, the system is easy to test.
Because almost all the timing relationships inside the chip
are integrated into two components, it is easy to simulate,
modified and debug the system. Total logic cells needed
by the clock master for sending frame are 40; the maximum
clock frequency is 50.5Mhz. Total logic cells needed by
the clock master for receiving frame are 33; the maximum
clock frequency is 46.29 MHz.

Data Frame Format: We design our interface functions
into protocol layers similar to the air interface protocol in
IS-95. The layered structure of CDMA air interface is as
follows:

The sync code will be 8 bits   long  and  will be
defined as 0x72 . The channel header will be 4 bits long
and will have the following types of values. They are as
follows

Random Access Request 0011
Acknowledge 1100
Communication Send Mobile User 0101
Close Frame 0111

The data section of this frame will be used in order to
exchange data between users and base station. The Data
User 1 and Data User 2 section will each be 4 bits long
and will contain 1 function bit and 3 data bits sent from
the different users. The function bit is used to indicate if
the user is communicating or terminating connection to
base station. The content of the 3-bit data portion is
related to the 8 keys on the keypad designated to the
specific user. In total the entire communication frame will
be 20 bits long. In the Physical Layer, spreading will occur
after the synchronization code to the end of the frame.

Synchronization Code Allocation: We use 1 don’t care bit
plus  a  7-bit  Bark  Code  as our synchronization code.
The 7-bit Bark Code used for our design is {1, 1, 1, 0, 0, 1,
0}. The 1 don’t care bit plus the Bark code translates into
0x72 for our synchronization code. This Bark code has a
sharp auto-correlation function. If we use a Bark Code
correlator as our synchronization code detector, the
probability of false synchronization or missing one frame
is small. This Bark code is not sensitive to the phase shift,
so it is suitable for use in synchronization.
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Fig. 5: Bark Code Detector

Fig. 6: Signal before Spreading

Fig. 7: Signal after Spreading

Fig. 8: Received Signal

Spreading Algorithm: In CDMA each user is assigned a
unique code sequence (spreading code) it uses to encode
its information -bearing signal [1]. The receiver, knowing
the code sequences of the user, decodes a received signal
after reception and recovers the original data. The spectral
spreading of the transmitted signal gives to CDMA its
multiple access capability. The benefits of the spreading
the signals are:

Multiple access capability: the receiver can recover
a user’s data if each user has a unique code from a code
family that has a low cross-correlation; Protection against
multi-path interference;
Privacy: the transmitted signal can only be de-spread if
the code is known to the receiver;

Interference rejection: background noise power is
reduced after de-spreading.

There are different multiple access schemes for
spreading the user data. In our design we use the direct
sequence spreading (DS-CDMA). In DS-CDMA [1, 2], the
data signal is directly multiplied by a digital code signal.

The basic properties of spreading codes are that they
have low cross-correlation between the desired and
interfering users, and good auto correlation properties to
separate the multi-path

Components [5-8]. The auto correlation and cross-
correlation are connected in a way that it is not possible
to achieve good auto correlation and cross-correlation
simultaneously.

A spreading code can be short or long. Path delay,
the number of users, cell size, etc. are all factors that
influence the selection of short or long code. In our
system, we have small number of users, short delay path,
so short spreading code is used. When the number of
users is small, and the codes are very short, we focus
more on the maximum correlation property when choosing
the spreading code to minimize the maximum peak even
cross-correlation. Orthogonal codes like Walsh codes are
used in our design.

At Transmitter the Signals Are as Follows
At Receiver the Signals Are as Follows
Walsh Code: Walsh codes do not have the properties of
m-sequences regarding cross correlation. IS-95 uses 64
Walsh codes and these allow the creation of 64 channels
from the base station. In other words, a base station can
talk to a maximum of 64 (this number is actually only 54
because some codes are used for pilot and synch
channels) mobiles at the same time. CDMA 2000 used 256
of these codes. Walsh codes are created out of
Haddamard matrices and Transform. Haddamard is the
matrix type from which Walsh created these codes. Walsh
codes have just one outstanding quality. In a family of
Walsh codes, all codes are orthogonal to each other and
are used to create channelization within the 1.25 MHz
band. Here are first four Hadamard matrices. The code
length is the size of the matrix. Each row is one Walsh
code of size N. The first matrix gives us two codes; 00, 01.
The second matrix gives: 0000, 0101, and 0011, 0110 and
so on. Walsh codes can be constructed according to the
equation given below.
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Fig.  9:

Fig. 10: Tree Diagram complete binary symbol is received [12]. To look at the

Fig 11: Receiver Block compares the input digital data with the preset

where Hn-1 is inverse of Hn-1 contains:

Eqn 1: Walsh Code: Their main purpose of Walsh codes A shift register that converts the serial input bits into
in CDMA is to provide orthogonality among all the users parallel data
in a cell. Each user traffic channel is assigned a different Synchronization code (reference pattern) register that
Walsh code by the base station. IS-95 has capability to stores the synchronization code
use 64 codes, whereas CDMA 2000 can use up to 256 Correlation unit that correlates the received data with
such codes. Walsh code 0 (which is itself all 0s) is the reference pattern, output a weight vector
reserved for pilot channels, 1 to 7 for synch and paging Summing network that finds the distance of the input
channels and rest for traffic channels [9]. They are also data and the reference code
used to create an orthogonal modulation on the forward Decision device that makes the decision of which
link and are used for modulation and spreading on the logic data have been received according to the result
reverse channel. Orthogonal means that cross correlation of the summing network.
between Walsh codes is zero when aligned. However, the
auto-correlation of Walsh-Hadamard code words does not The bottleneck of the design for this synchronizer is
have good characteristics. It can have more than one peak the summing network, which finds the number of '1's in
and this makes it difficult for the receiver to detect the the weight vector. The original design is to use the ‘+’
beginning of the codeword without an external operation in VHDL, i.e. use LPM adders for the
synchronization [10]. The partial sequence cross summation. In a for loop, every bit of the weight vector is
correlation can also be non-zero and un-synchronized summed. The total number of logic cells used for this
users can interfere with each other particularly as the design scheme is 183 and the minimum clock period is 76.6

multipath environment will differentially delay the
sequences [11]. This is why Walsh-Hadamard codes are
only used in synchronous CDMA and only by the base
station which can maintain orthogonality between signals
for its users. In our design, SF= 8 is used. The spreading
code for current design with one channel is W1
={1,1,1,1,0,0,0,0}.

Receiver: At the receiver, the corrupted composite signal
s(t) is multiplied by the exact spreading code generated at
the transmitter. The product of this produces the decoded
signal. By the aforementioned autocorrelation principle,
the product is a maximum only when the original chaotic
sequence is multiplied with itself. Thus, the original user
messages could be recovered. In a physical sense, a

demodulation mechanism from another perspective, we
are essentially calculating the energy of a bit. When the
accumulator has finished collecting all the intermediate
products together, the energy for a binary symbol is
received. The energy of that binary symbol is then
compared with a predetermined threshold value, in our
case, zero. The received header is compared with the
predefined 32 bit synchronization bit. If the header bit
gets matched then the data is despreaded.

Synchronizer: The synchronizer used in our system for
frame synchronization is a binary pattern correlator, which

synchronization code (binary pattern). The correlator
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Fig 12: Transmitter

ns, which is much longer  than  the  system  clock period lower bits of x and y sum like a conventional 2-bit ripple
at  40  ns.  To  be  able  to communicate with other carry adder, and the carry of the 3-bit incomplete adder is
modules correctly and keep the timing of the system zero. When x  y  = “01” or “10”, value 4 is summed with a
consistent,  the  synchronizer  must  be able to operation vector that is less than 4, so the output carry of the adder
at  25  MHz. We notice that the function can be is zero, the most significant of the sum part is ‘1’, and the
implemented   by    several    stages    of   adder  banks. lower bits of the sum part is just the addend that is not
The first  stages  a  half-adder bank of 16 half-adders. four. When x  y  = “11”, all other bits of x and y must be
Then eight 2-bit adders can be used to sum the adjacent zeros, so the output is eight. The speed for this design
output of the half-adder bank. A 24-bit vector is the scheme (without pipeline registers) is 46.6 ns as the
output of the 2-bit adder bank, if we stack the output of minimum clock period. To meet the speed requirement of
every adder. the system, four pipeline stages are used, each after the

Similarly, the third stage adder bank  can  be  built adder bank stage. The maximum clock frequency using
from four 3-bit adders, and the fourth stage is composed incomplete  adders  and  pipeline  stages is 59.92 MHz.
of two 4-bit adders, then the last stage is a 5-bit adder. The logic blocks required for the summing network are 155
The  output  of  the  summing  network is a 6-bit vector. logic cells. In the frame synchronizer, using the constant
By building the adder banks, we are able   to  insert value for the synchronization code, instead of
pipeline registers after each stage to speed up the synchronization code register, can further reduce the
summation. The design can be further simplified because resource required. The logic blocks required at the top
only part of the inputs combinations are possible at each level synchronizer is 64. Notice that we cannot use one
adder. We denote the new adder structure as the LPM adder with pipelines to implement the summing
incomplete adder. An example for the 3-bitincomplete network. After the half-adder bank, we need to add sixteen
adder  is  shown  below. Suppose the input addends to a 2-bit addends, instead of two 16-bit addends. In this  case,
3-bit incomplete adders are {x  x x } and {y y y }. the benefit  of  using  pipelined  LPM  adders  comes  only2 1 0 2 1 0

{x  x x } are the outputs from a 2-bit incomplete adder from the fact it can speed up the summing at each stage.2 1 0

of the previous stage. x  is the carry and x x are the sum. The trade off is that LPM adder banks consume much2 1 0

They show how many ones are in the 4-bit section of the more resources. What is more, as discussed earlier in this
weight vector. Thus, the possible combination of {x  x x } section, it is a waste of resources to use conventional2 1 0

are X”0” to X”4”. We can use the MSB of vectors x and adders because of the characteristics of the inputs to the
y as the selector of the multiplexer. When x2 y  = “00”, adders.2

2 2

2 2
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Fig 13: Receiver

VII Parameters
Name Typical Value Customization
Number of users 2 More provided more keypads

and peripheral processor
User data length 3 Changeable with small

modification of the timing
controller and core processor

Frame length 12 Changeable with small
modification of the core
processors

Synchronization code 8 Changeable with small
modification of synchronizer
and timing controller

Scrambling code 8 Changeable with small
modification of the timing
controller and spreader/despreader

VIII Performance
Speed Max.

Imple mentation (clock) Achievable Speed Logic Cells EABs
Mobile User Chip 25 MHz 27.39 MHz 56% 0
Base Station Chip 25 MHz 48.78 MHz 25% 0

RESULTS AND CONCLUSION

The system designed can fully function at the
maximum  clock  frequency  p rovided by the hardware.
The  maximum  possible  speed for the mobile user board
is 27.39MHz and 48.78MHz for the base station board.
The resource requirement for the Mobile user board is

648/1152 logic cells (56%), and 296/1152 (25%) for the
base station chip. Thus another contribution of the
current design is that it has enough resources to upgrade
the system and to accommodate multiple users [13-16].
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