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Abstract: - The increased area occupied by interconnections between blocks (buses) on a chip has become serious due to the explosion in transmitted data. Buses and drivers must therefore have low power consumption, high speed, and small area. Indeed, each requirement can be satisfied independently, but it is difficult to satisfy all of them simultaneously. This paper investigates using the Spread-Spectrum technique to satisfy these requirements [1]. We examined how to reduce systems to a single-line Bus by multiplexing the transmitted data without decreasing its rate. A transmitter using a D/A converter for multiplexing and a switched capacitor circuit in a receiver were proposed. We evaluated the wired CDMA interface with a single-line Bus by simulation. This circuit achieved a 1-Mbit/s data transfer rate and reduced the Bus area by more than 85% with a 16-bit Bus. The area was estimated to be reduced 90% or 99% compared with a 128-bit Bus.
Key-Words: - Wired CDMA, Direct-sequence spread spectrum, D/A converter, Bus, Maximal length sequence
1   Introduction

The rapid and widespread diffusion of the Internet in recent years has drastically increased the amount of transmitted data, and data transfer rates within and among chips have become the bottleneck. This problem is usually solved by utilizing a multi-bit-line Bus or increasing the transfer clock rate. However, these solutions simultaneously increase the chip area and power consumption. Direct-Sequence Code Division Multiple Access (DS-CDMA) technology, which is becoming popular in mobile communications, is therefore often adopted as a new interface technology [1]. It enables sharing a one-bit-line Bus by multiplexing transmitted data and reduces both area and power consumption. In this paper, we propose a transmitter using D/A Converter, which enables accurate data output and good drive performance. Since autocorrelation value is high, a receiver would not be required accuracy at the same level of a transmitter. So, a receiver using switched capacitor circuit, which is simpler than A/D converter, is also proposed. We evaluated the wired CDMA interface with a single-line Bus by simulation. This circuit achieved a 1Mbit/s data transfer rate and reduced the Bus area by more than 85% with a 16-bit Bus. The area was estimated to be declined 90% or 99% compared with a 128-bit Bus.

     Section 2 describes a conventional bus. The proposed system and precise circuits are presented in the section 3 and 4, respectively. Section 5 shows simulation results of the proposed system, and section 6 concludes with a summary of the paper.

2   Conventional Bus
The conventional Bus [2] shown in Fig. 1 is realized by n-bit conductors, placed horizontally at regular intervals with an upper metal layer (a), at even intervals using multi-layer conductors (b), or in a staggered arrangement using multi-layer conductors (c).
 Structure (a) provides the lowest parasitic capacitance but requires a large area. The area can be reduced by utilizing multi-layer metal in structure (b), but large parasitic capacitances are created among the conductors. Structure (c) has a moderate area and parasitic capacitance, but is complex. 
In a wired CDMA interface system, structure (d) is chosen. It is a same type of structure (a), but by multiplexing data, this system can utilize only a single-line bus.
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(a) Bus at regular horizontal intervals with one layer
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(b) Bus at regular horizontal intervals
with multiple layers
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(c) Staggered arrangement with multiple layers
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(d) Bus using in a wired CDMA interface system
Fig. 1  Conventional Bus structure

3   Wired CDMA interface system
Figure 2 illustrates the complete design of a wired CDMA interface system, consisting of three blocks (transmitter, Bus, and receiver [3]).
     In the transmitter, m-sets of n-bit parallel data are converted to serial data. The data is then spread with a specific spreading code described in section 3.1. The m-sets of the spread data are multiplexed and transmitted to a Bus. They propagate from the transmitter to the receiver through the Bus. In the receiver, the original serial data are acquired by de-spreading the received data with the previous spreading code. Finally, the original parallel data sets are obtained by converting the serial data.
[image: image11.wmf]Bus


Fig. 2  Complete system
3.1
Spread-Spectrum system
In Spread-Spectrum systems, input data are multiplied by Spreading codes with a frequency exceeding that of the data, thus expanding the bandwidth of the transmitted data. This system multiplexes data in order to share the same bandwidth. A Pseudorandom Noise (PN) code is used as a spreading code. Spreading in the transmitter is described by the following expression.


TD(t) = Data × PN(t)


(1)
Here, TD is transmitted data, Data is input data, and PN means PN code.
     In a receiver, TD is received as received data (RD) and is de-spread using the same PN Code as used for spreading.
In expression (2), RecData is reconstructed data. The PN codes take values of ±1, so if PN codes (PN′) are synchronized with corresponding PN codes (PN) of the transmitter, PN 2 equals 1. The original data is thus recovered at the receiver.
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3.2
Theoretical correlation operation

In this system, M-sequence codes (described in Section 4.1.1) are used as PN codes, because an M-sequence code achieves low correlation values with a time-delayed version of itself and with other M-sequence codes. Here, data is spread in the transmitter, and the received data is de-spread in the receiver with the same M-sequence code.
M-sequence codes take binary (i.e., {LOW, HIGH}) logical values. To calculate the correlation, PN codes are converted from M-sequence codes with the following equation.


PNi (t)=2Mi (t)–1 


(3)



 Mi (t) ({ 0, 1}: i-th M-sequence



PNi (t)({–1,1}: i-th PN code




from i-th M-sequence
The following sequence is adopted as the first M-sequence code in this calculation.
Table 1 First M-sequence code
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The first PN code is obtained from above M-sequence by converting value of ‘0’ to ‘–1’. The first and tenth PN codes are described below.
Table 2 First and tenth PN codes
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Correlation values between these codes are shown in following table.
Table 3 Correlation values
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     We describe only the correlation values between the first PN code and the tenth PN code, but from the property of M-sequences, the auto-correlation of a PN code with a synchronized code is 1 and the cross-correlation is –1/15.
     Next, we spread the i-th data by i-th M-sequence code as follows:
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(4)




 Di ({0,1}: i-th data



sDi({0,1}: spread i-th data
sD10 takes such a value if D10=1
Table 4 Spread tenth data
[image: image17.emf]–1 –1 –1 1 –1 –1 1 1 –1 1 –1 1 1 1 1

PN

10

0 0 0 1 0 0 1 1 0 1 0 1 1 1 1

sD

10

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Chip-clock

period

–1 –1 –1 1 –1 –1 1 1 –1 1 –1 1 1 1 1

PN

10

0 0 0 1 0 0 1 1 0 1 0 1 1 1 1

sD

10

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Chip-clock

period


     The data transmitted to the bus is described by the expression below.
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Data(t): transmitted data




(received data)

     After integrating received data multiplied by the first M-sequence, the correlation can be expressed as shown in expression (6).
     The correlation calculated using expression (6) is uniquely determined by data (D1). Therefore, the original input data is reconstructed by using this value in the receiver.
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R: correlation value


4   Proposed Circuit
The proposed wired CDMA bus interface system is depicted in Fig. 2. Specific circuits are described in the following sections.
4.1
Transmitter
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Fig. 3  Transmitter
A transmitter can be divided into three stages. The first stage is a parallel-serial converter, the second stage is for data spreading, and the last stage is the data multiplexer.
The transmitter operates as follows.
     Fifteen sets of 16-bit data are input to the parallel-serial converters. The serialized data are spread by multiplying each M-sequence. The spread data are then multiplexed with a D/A converter, and the multiplexed data stream is transmitted to the bus.
     The parallel-serial converter employs conventional circuits, so spreading and multiplexing circuits only are described in the following sections.
4.1.1   Data-spreading circuit
In this circuit, a generated 15-length standard M-sequence (Mref ) is input through the preset circuit to a shift register consisting of 15 D Flip-Flops (D-FFs). After the D-FFs are preset, the 15-length M-sequence codes are circulated in the shift register by each clock (CLK). These codes (Mout1 to Mout15) are shifted with a 1 chip-clock period. The 15 input data streams are spread by multiplying each corresponding M-sequence code.
     The 15-length standard M-sequence generator is shown in Fig. 5. This generator adopts a linear feedback shift register (LFSR) structure. The output of exclusive-OR (XOR) operation between tap1 and tap4 is fed back to D-FF1 input (tap0).
     If proper feedback taps have been chosen, an LFSR of any given size m (number of registers) is capable of producing every possible state during the period N=2m−1. Such a sequence is called a maximal length sequence. It is often abbreviated as M-sequence. M-sequences are referred to as a pseudorandom sequences, due to their optimal noise-like characteristics.
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Fig. 4  Data-Spreading Circuit
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Fig. 5  Standard M-sequence Generator
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Fig. 6  Shift register preset circuit
     Figure 6 shows a shift register preset circuit consisting of three NAND circuits and one inverter circuit. When the LOAD signal is OFF, the circulation data of a shift register (Mout15) is used as input data (Min). When the LOAD signal is ON, a standard M-sequence is set into a shift register.
4.1.2   Spread data multiplexing circuit
A spread data multiplexing circuit is realized by utilizing a current D/A Converter. Each output of a spreading circuit (sD1 to sD15) switches the current (IDA) injected into either DA+ or DA−
     Here, these outputs are divided into differential signals. A transmission gate and an inverter are inserted into this divider so that propagation delays of each path to current cell switches become equal. This will minimize generation of glitch noise.
     A current flowing to each output is converted into voltage with a resister. Output voltages (VBus) are calculated as the number (n) of current switches that are turned ON multiplied by the unit current (IDA) and resistance (RDA) [4].


VBus = n × IDA × RDA


(7)
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Fig. 7  Spread data multiplexing circuit
4.2
Bus
A single upper layer metal is used to reduce parasitic capacitance between bulk and conductor.

4.3   Receiver
A receiver consists of a buffer, an integrator along with an M-sequence generator, a Sample-and-Hold (S/H) circuit, and a comparator.
     First, the data from the Bus is received with a PMOS source-follower buffer.
     Second, the integrator accumulates buffered data according to the corresponding M-sequence codes. Data are de-spread during this procedure.
     Third, the final data (i.e., one-cycle integrated data,) is held in the S/H circuit during the next cycle. The held data is compared with the reference value (Vref). Finally, the receiver can acquire the original input data from the received data.
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Fig. 8  Receiver





4.3.1   Data-buffering circuit

The standard PMOS source-follower buffer circuit shown in Fig. 9 is used to prevent the received data from being exposed to the high-impedance Bus.
4.3.2   Integrator Circuit
Figure 10 illustrates the integrator circuit.
     De-spreading is performed by the following procedure.
     The buffered data is carried to the integrator input according to the corresponding M-sequence codes every chip-clock period. The carried data is compared with the voltage (Vdc) of a charged dummy capacitor. Mirror current (Imirror) charges dummy capacitor and the integral current (IINT) charges the integral capacitor until node Vdc is equal to the charge of the received data [5].
     The dummy capacitor is reset every chip-clock period and continues to accumulate charge for 15 chip-clock periods. The voltage of the integral capacitor thus corresponds to the integrated received data for every bit-clock period. The integral capacitor is reset every bit-clock period. The integrated data is propagated to the S/H circuit.
[image: image26.wmf]VDD

BIAS

VSS

Buffered

    data

 Source

Follower

Received

    data


Fig. 9  Standard PMOS source-follower buffer circuit
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Fig. 10  Integrator circuit




4.3.3   Sample-and-Hold Circuit and Comparator
In this stage, the input data is discriminated with a S/H circuit and a comparator. A S/H circuit is used in order to hold the integrated data that is carried as a result of the previous section during one bit-clock period. To recover the original transmitted data, the holding data is compared with a reference voltage by a comparator. The following two inverters buffer the small-swing output from the full-swing signal. Finally, the original transmitted data is acquired.
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Fig. 11  S/H Circuit and Comparator
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Fig. 12  Transmitter output voltages on the Bus
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Fig. 13  System input and output voltage waveforms
5   Simulation Result
In this paper, we proposed a wired CDMA interface system that utilizes a D/A converter in a transmitter and a switched-capacitor circuit in a receiver. We evaluated the wired CDMA interface with a single-line Bus by simulation. Figure 12 shows an example of output data from transmitter. Figure 13 depicts input and output waveforms of a wired CDMA interface system. This circuit achieved a 1-Mbit/s data transfer rate and reduced the bus area by more than 85% with a 16-bit bus. The area was estimated to be reduced by 90% or 99% compared with a 128-bit bus. As a future project, we plan to improve the system speed, reduce power consumption, etc.

6   Conclusion

We proposed a transmitter using D/A Converter, which enabled accurate data output and good drive performance. Since autocorrelation value is high, a receiver would not be required accuracy at the same level of a transmitter. So, a receiver using switched capacitor circuit, which was simpler than A/D converter, was also proposed. And operation of a system was checked as a whole. As a future subject, improvement in the speed of a system, low power consumption, etc. are mentioned.
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