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Abstract

The surface acoustic wave has a definite advantage in the Fourier transform for distribute of

OFDM that is converted into the OFDM signal and received in power consumption and has a
super-high-speed operation. The operation speed of the SAW Chirp-Z transform processor
composed of SAW Down Chirp Filter of bandwidth 100MHz and N=2,048 becomes
5.5GFLOPS. The condition that the temperature coefficient of the delay time of SAW Down
Chirp Filter becomes zero was shown, and the OFDM system for 5GHz band high-speed
wireless LAN that used optimization SAW Chirp-Z transform that had the positive
reverse-Fourier transform function as an application example was examined. The SAW
Chirp-Z transform is the only method by which a long-lived handset can be achieved.
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1. Introduction

Table 1 shows historical details of OFDM. Four aspect
phase modulation systems that was able to be
multiplexed was introduced as a military shortwave
wireless at telephone call road intervals when it was
suitable not to use channel filter for the transmission
from a Collins wireless company in 1957's OFDM has
been researched as a multi-channel data transmission
in Bell Laboratory in 1966 afterwards. It was the about
same and fast Fourier transform (FFT) algorithm that is
enhancing the algorithm of Yates known by statistics
well advocated by the Lincoln laboratory. It came to be
able to achieve FFT in a hard target by VLSI
technology, and OFDM saw real development in the
1990's.[1]

The signal processing system that had used the
Chirp-Z transform in the 1980's was examined
domestically.[2], [3] Surface acoustic wave has a
definite advantage in the Fourier transform for distribute
of OFDM that is converted into the OFDM signal and
received in power consumption and has a
super-high-speed operation n processing performance.
The operation speed of the SAW Chirp-Z transform
processor composed of SAW Down Chirp Filter of

Orthogonal Frequency Division Multiplexing, 802.11n High-Speed Wireless, 5.5GFLOPS, SAW
Chirp-Z transform, SAW Down Chirp Filter

bandwidth 100MHz and N=2,048 becomes processor
composed of SAW Down Chirp Filter of bandwidth
100MHz and N=2,048 becomes 5.5GFLOPS. The
condition that the temperature coefficient of the delay
time of SAW Down Chirp Filter becomes zero is shown,
802.11n high-speed, wireless LAN in Japan that shows
in Figure 1 as an application example allocates the
band of 20MHz in 5GHz band, and 4 pieces and each 5
bands of 11 pieces and 40MHz is allocated newly with
8 pieces. In this report, the OFDM system for 5GHz
band high-speed, wireless LAN that uses optimization
SAW Chirp transform that has the positive
reverse-Fourier transform function is described. The
condition that the temperature coefficient of the delay
time of SAW Down Chirp Filter becomes zero is shown,
802.11n high-speed, wireless LAN in Japan that shows
in Figure 1 as an application example allocates the
band of 20MHz in 5GHz band, and 4 pieces and each 5
bands of 11 pieces and 40MHz is allocated newly with
8 pieces. [4] In this paper, the OFDM system for 5GHz
band high-speed, wireless LAN that uses optimization
SAW Chirp transform that has the positive
reverse-Fourier transform function is described.
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Figure 1. Wireless LAN frequency arrangement
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Figure 2. OFDM system that used SAW Chirp-Z transform

2. Application of SAW Chirp-Z transform to OFDM

Figure 2 is OFDM system that used the SAW Chirp-Z
transform. The feature of this system does the SAW
Chirp-Z transform circuit and fast Fourier transform
(IFFT) and FFT are done by using together sending
and receiving. Nyquist Filter has been installed in the
sending and receiving antenna. The high-speed data is
divided into the parallel signal of N piece and the
OFDM signal is transmitted with low speed modulation
FDM (Frequency Division Multiplex) channel. The
influence of the delay decentralization caused by
dividing the transmission line into a lot of narrowband
channels on the multiple propagation paths can be
decreased. Concretely, division into the FDM channel
processes the signal by FFT by IFFT by the SAW
Chirp-Z transform on the receiving side at the
transmitting end. This system solves the problem
though the amount of the operation is a huge thing in
one difficult point of the digital signal processing of the
past. 802.11n high-speed, wireless LAN in Japan
allocates the band of 20MHz in 5GHz band and 4
pieces and each 5 bands of 11 pieces and 40MHz is
allocated newly with 8 pieces. The communication
network for 5GHz band high-speed, wireless LAN in
Table 2 is examined here.

RF bandwidth 5.15~5.35(GHz)
Allocation bandwidth 200(MHz)

Use wireless bandwidth 20(MHz)
g)i;;ation T of transmission 20(us)
Number N of FDM channels 400

Table 2. 5GHz band high-speed, wireless LAN
specification
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The maximum of bandwidth B is from 150us to 200us it
and BT=10"in about 1GHz in BT product of the SAW
processor at the continuance time.

The circuit of Figure 3(a) is shown with dual form like
the circuit of Figure 3(b). In a current digital method,
FFT uses FFT in 2,048 points. The speed of the
transmission sign is times of 1/T = 50,000
cycle/second. The operation speed necessary for FFT
at this time becomes

N-log(N) /T = 2,048 x 11 % 50,000 = 1.1264(GFLOPS)

This multiplication is multiplication by the complex
number. The number of real multiplication is the four
times, and it becomes 4.5056GFLOPS amount of the
operation and achievement is difficult in the portable
terminal. The amount of a necessary operation can
be decreased sharply by using the SAW Chirp-Z
transform processor as the solution. The amount of a
necessary operation can be decreased sharply by
using the SAW Chirp-Z transform processor as the
solution. There is a feature that the SAW processor
does not need power consumption with an analog
device, be able to more batch form the SAW device
pattern on a piezoelectric wafer by the photolithography
technology just like LSI, and the cost can be supplied
dramatically and more low-cost than LSI. Bi;;GeOyq
RAC type SAW Chirp Filter does not depend from the
specification on the frequency band that selects it, and
the physical size of chip width is several mm, and if it is
18mm, the size of the long direction is enough.

3. Digital processing by SAW processor

In the BT product of the SAW processor, the
continuance time is 150us - 200us, the maximum of
bandwidth B is BT, = 10* in about 1GHz. The circuit
of Figure 3(a) is shown with the circuit of dual form like
the circuit of Figure 3(b). The input signal must have



bandwidth E; and continuance time T;. As for the
signal, if this is sent to Chirp Filter (bandwidth
Ef =B, + B, and delay time Ti), this T is shown to
the spectrum analysis time in Figure 3(c) for the input
chip that comes one after another because it appears in
the output of Filter by finishing passing in time.
Because the FFT algorithm can be used at digital
processing, and the complex number butterfly circuit
process times of (N/2log;N (It is assumed that ten
is basic operated by the butterfly of one time), the
floating point arithmetic becomes an operation of times
oNlogzN. If this is matched to N =E.T;, the sound
equivalence operation speed becomes SBglug:{Bngj.

Figure 4 shows the computational speed of the SAW
processor by the parameter of bandwidth and M. The

operation speed of E,=100MHz and N =2,048
becomes 5.5GFLOPS.
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Figure 3. Digital processing by SAW processor
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4 . Temperature characteristic of delay time of SAW
Chirp Filter

The temperature property of RAC type SAW Chirp
filter is examined.
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Figure 5. Structure of RAC type SAW Down Chirp
Filter




The temperature is indicated 7;,and the frequency f,

and delay time of 7, are indicated as follows.

\4
fo=—F (1)
0 do
L
7, —V—° (2)
0

Here, d, and L, are the electrode finger cycles and

the spread distances.
In general, the frequency f at an arbitrary

temperature is shown by the next expression,
considering the temperature coefficients up to the third.

f= 3 = f, {1 i(Tl‘”) —Tv(”))AT"}

=f, {1 ZTC(”)AT”}

©)

However, it is TC™ =TI —Tv™ . Here, TI™

and Tv™ n are the following linear coefficient of
expansions, and coefficients of the SAW speed
temperature. Similarly, delay time 7 at an arbitrary
temperature is shown as follows.

L 3
r=Z=r, {l-n-Z(Tl(”’ —Tv")AT"
14

o

The frequency decentralization characteristic of the
decentralized delay line is put as follows at reference

temperature 7},

(4)

n-1

3
=17, {1 — > TC™AT"

7, =G(f,)

The distributed property at the arbitrary temperature is
as follows from expression (3) and (4).

(- iTc“”AT") _G(f(1+ ZS]TC(”)AT" )

r~(1+ ZTC(")AT YG(f(1+ ZTC(’”AT” ))

~(1+ ZTC(”)AT”)[G( )+ fG( f)ZTC(”)AT”}

therefore,

£~ G(N+[GUN+ G (NIETC AT

n=l1

(%)
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It is shown like this. Therefore, the temperature
coefficient of delay time in the reference temperature

T}, can be requested as follows.

— o _ gy O
However, it is Cp =TC =TI"" =Tv :
1ot _GUN+fG () o)
T 0T G(f)
In addition, it obtains from expression (3) as follows.
1
19 _ ¢, (7)
for

Temperature coefficient C, and distributed property
G(f) of the substrate take part in the temperature

coefficient of delay time. As for the distributed property
of linear down chirp filter, delay time decreases
monotonously as the frequency increases. The case

where the T, + AT temperature changes from Figure
6 into reference temperature 7, like clearness is

shown in the short dashed line.
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Figure 6. F-7 temperature property of SAW Down
Chirp Filter

It approximates by the linear expression in reference
temperature 7|, atdelaytime 7.

T, =af, +b (8)
The delay time T is shown from the expression (5) by
the next expression at arbitrary temperature 7.

r=af +b+(2af +b)S.TC"AT" (9)
n=l1



In addition, the temperature coefficient of the frequency
is shown by expression (6) and (7) at delay time.

107 _2af +b

~ = (10)
tdT  af +b '
%j_f;:_ , (11)

When expression (10) is transformed, it becomes (12).

1o _2/7/=1 ICT (12)

tol  flf,—1
Figure 7 is a relation of the expression (12). The
molecule is in f, and the temperature coefficient of
almost zero and zero, in a word, delay time is and there
are zero and a frequency that vanishes almost. By the
way, the electrode is usually used as for the
temperature coefficient of the metal film that composes
the substrate and the reflecting grating. As for the
speed of the surface wave of Bi1,GeO,, the length of
the substrate of SAW Chirp Filter becomes below the
half of LiINbO3;, and becomes upper big advantage to
design the device below the half of LiNbOj;. The
temperature characteristic of the delay time of this
Bi;,GeO, substrate is a monotone increasing. The
temperature characteristic of the electrode delay time is
a monotone decreasing on the other hand, and the
temperature inclination at delay time is brought close
by the film thickness and the value the electrode is
used for the reflecting grating by finishing changeability
can be unlimitedly brought close to zero.
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Figure 7. Temperature property of SAW Chirp-Z
transform processor

5. Principle of Chirp-Z transform

Figure 8 explains the principle of the Chirp-Z
transform. Because the characteristic of the delay time
of the chirp signal becomes A in figure when the Chirp
signal of frequency f5 is impressed directly to Down
Chirp SAW decentralized delay line for the convolution,
the position of the compression pulse becomes P point
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on the axis of time. It is an output signal that this
corresponds to frequency f,. The becoming it input

signal is mixed, and next, center frequency f, of the
chirp signal shifts f, + f; and f, . f, and the
characteristic of the delay time of the Chirp signal for
that changes into frequency fs with B and C in figure,
too, when impressing it to Down Chirp SAW
decentralized delay line for the convolution the change
in a similar chirp signal. Time that the compression
pulse appears becomes f, +fs Qf, - f, R. The distance
of this compression pulse becomes possible for
spectrum to observe with the time axis on the axis of
time because it is equivalent to g of the input signal it.

When f, = fo /2 is impressed to Down Chirp SAW
decentralized delay line of center frequency f, as Chirp
signal, spectrum obtains it on the axis of the time of
input signal fs.

characteristic of delay time
of delay line for convolution

Frequency

characteristic of delay time
of delay line for
f.+ f B chirp generation
a s
A
fa C
fa— fs
Delay time
Compression Q P
pulse
Time axis
Figure 8. Principle of Chirp-Z transform
6 . Summary

The OFDM technology is applied widely to not only
VDSL but also ADSL of the cable system, ground wave
digital, Television Broadcasting, wireless LAN, and the
mobile communication, etc. , and is becoming the core
technologies of the next generation broadband wireless
telecommunications methods such as WiMAX and LTE.
It had a definite advantage in transform into the OFDM
signal and the Fourier transform for amount of wave in
power consumption and SAW Chirp-Z transform OFDM
system that had a super-high-speed operation
processing performance was examined. It has been
understood to be able to show the condition that the
temperature coefficient of the delay time of SAW Down
Chirp Filter becomes zero, and to achieve the OFDM
system for 5GHz band high-speed, wireless LAN that
uses optimization SAW Chirp-Z transform that has the
positive reverse-Fourier transform function as an
application example with the SAW Chirp-Z transform
processor with a definite advantage in power
consumption.
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