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Abstract A novel technique for a self-equalized distributed amplifier is presented by showing the
analogy between transversal filters and distributed amplifier topologies. The appropriate delay and
gain coefficients of amplifier circuit are obtained by a Fourier expansion of the raised cosine
spectrum in the frequency range of 0-40GHz.
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1. INTRODUCTION

Conventional optical-fiber receiver design requires
a front-end preamplifier followed by an equalizer
circuit which is a pulse shaping filter improving
the overall frequency performance and minimizing
intersymbole interference. This arrangement adds
complexity to the design of receiver and increases
production and packing cost. An alternative
method is to tailor the preamplifier response so that
it matches the response of the required filtering
transfer function. In this method, pulse
shaping/filtering is embedded in the preamplifier
itself, which consequently reduces the number of
circuit interconnections and improves circuit and
system reliability [1]. Jutzi was the first to
demonstrate the use of distributed amplifier as an
active transversal filter for low microwave
frequencies [2]. Although the concept of
distributed amplifier is rather old but its
application for high-speed data is nowadays
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increasing [3-4]. Recently, a distributed amplifier
has been conceptually demonstrated as an active
pulse-shaping network by setting different stage
gains while equalizing the differential delays of all
amplifier stages. In this method, a desired transfer
function response was obtained by means of
additional delay line in the gate artificial
transmission line [5].

In this paper a design technique is presented for
a distributed amplifier using a 40GHz P-HEMT
coplanar waveguide configuration with 100% raised
cosine shape.

2. AMPLIFIER DESIGN

Conventional distributed amplifiers for optical
transceiver applications consist of symmetrical
input and output artificial lines constructed by
microstrip or coplanar waveguide and the parasitic

Vol. 17, No. 3, September 2004 - 263



Laf2 La Lafz Lyf2

A
ngﬁ

—
[X]

Input vy ' aaa

iy Le

La2 Lasz Laf2

Figure 1. A distributed amplifier circuit diagram.

Figure 2. A generalized transversal-filter block diagram.

capacitances of the transistor [6]. Figure 1 depicts
a schematic diagram of a distributed amplifier. For
a transistor with small parasitic capacitance, the
cutoff frequencies of artificial transmission lines
are very high, so distributed amplifiers constructed
with these lines have inherent broadband
characteristics. As in this paper, the interest lies in
amplifiers with signal shaping characteristic, we
introduce the analogy between generalized
distributed amplifiers and transversal filters.
Figure 2 illustrates a generalized transversal filter
block diagram. The filter consists delay lines,
which are equivalent to the transmission lines
presented by inductors in Figure 1. As can be seen

264 - Vol. 17, No. 3, September 2004

from Figure 2, the sampled outputs are multiplied
by the coefficients G, G,, ..., Gy, and summed
to form the final output. The more general form of
a distributed amplifier that is equivalent to Figure 2
can be shown as in Figure 3. In this figure, the
input and output transmission lines are modeled as

delay lines and coefficients G;, G,, ..., Gy

have been represented by transistor gains. For the
Figure 3, the output signal is [5]

Vout(t) = i Gk Vin [t_k (Tg _Td)_N (Tg +Td)]
(1)

IJE Transactions A: Basics



T, @ T, @ T, D > v, (t)
.......... EEEEEEEEEEEEEEEDR GN
NG, A G,
vin (t) —’L Tg Tg Tg

Figure 3. Distributed amplifier with transversal filter topology.

with corresponding signal spectrum

V(D)= DG,V (e 0 )
out “ k Vin
(2)

where V,,(f) and V,, (f) are Fourier transforms
of v, (t) and v;, (t) respectively. From the above
equation, the amplifier transfer function is

H(f) _[ iG e—jank(rg—rd)]e—jZchN(rg+rd)
- k
k=-N

3)

This is the same transfer function for Figure 2
with equivalent tap delays of T = (T, —74).

The appropriate delay and gain coefficients can
be obtained by a Fourier expansion of the raised

cosine spectrum in the frequency range of O-
40GHz as will be discussed below.

3. DESIGN EXAMPLE

) . —j2nfN .
It is obvious that the term ¢ /27  N(Te®Ta) 4

Equation 3 has no effect in the amplitude of the
H(f) and it only changes the phase and so it is not
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important in the calculations of the gains. The
terms in the bracket in Equation 3 are the same as
those of FIR filter which has been sampled at the

rate of f, = %T 1) in the output. As the range
g 4

of raise cosine is limited to 40 GHz, the sampling
frequency should be at least twice of this frequency,

s, f,= 80 GHz and T=1 T, :%;OGHZ: 12.5

ps.

The impulse response of raise cosine is a
function valued from —oo to + oo (in time domain)
so its sampled values (with sampling rate of f)

should be close to an impulse response of an IIR.
For these two functions to be as close as possible,
we should minimize the difference between
sampled raise cosine in frequency domain and H(f)
(minimizing the energy functions difference). For
this minimization, we will define an error function
as

e= §|hr(kr) ~h(kt)’ (4)
k=—o0

where h(t) is our function and h (t) is impulse

response of FIR (sampled raise cosine) filter. If in
Figure 3 we take N = 2 (5 stage amplifier), then
h(k 1) has only five terms from k = -2 to k = 2. So
error function is minimized when these five values
of the h (kt) are equal to five values of h,(kt) in
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Figure 4. Single section of distributed amplifier with added

delay line, L in gate transmission line.

gd>

their order. For raise cosine we have

_ cos2mft sin(mr,t)
1-4B%t% Tt

h, (1) )

and h(t) is inverse Fourier transform of Equation 3
which is

h(t) = inﬁ(t ~kt—N(T, +Ty)) (6)
k=-2

where 1, +B=40 GHz and t=12.5ps . From

Equations 4, 5 and 6, it is obvious that,
h,(kt) = G, so gain of kth stage amplifier is

cos2nBkt sin(mr kt)
G, = 7
T4 mmke ™

Substituting k from -2 to 2 and t=12.5ps into
Equation 7, we can calculate G_, to G, as
follows:

G_zz G22016 G_1: G1:O71 GO = 1
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It should be noted that the above values are
normalized values of each active device gain,
so to design an amplifier with gain of A, all the
above gain values should be multiplied by A.
This renormalization is based on the following
equation

Zmk — Gk ( 8)
max(gn,) max(Gy)

where max(G,)=G, =1 and g, is kth stage
transconductance of the amplifier.
For a HEMT transistor the gate-source

capacitance, C,g, is much higher than its drain-

source capacitance, Cy , so, for a given impedance

(given \/%), the delay inherent in the gate

artificial transmission line (which is equal to
JLeCps ) is higher than that of drain line (both

Cy and L, are higher than Cy and Ly

since the characteristic impedances of gate
and drain line are equal). To realize this
delay difference, which in our case is
T=1,—-T, =125ps, we should place a
delay lines in series with gate inductors. This
has the advantage of reducing the circuit size.
Figure 4 depicts a single section of distributed
amplifier in which delay lines placed in series
with gate line. The size of each transistor is
selected proportional to the gain values G’s.
The delay element shown in Figure 4 as line
Lgyg, is designed to have an effective delay AT

given by

AT=0.5[t—(T, - T,)] ©)

where T=125ps and T,=, L, C, and

T, =, L,C, are gate line and drain line delays
respectively. As an example, for a typical MESFET
having C, =0.27pF and C, =0.11pF and

transmission line characteristic impedance of 50¢,

L,=0.675nH and L,=0.275 nH (note that

IJE Transactions A: Basics



10 1
m 87
o
c 6
‘©
o 4/
2 .
0 T T T T 1
0 10 20 30 40 50 60
Frequency, GH:
(a)
60
50 A
2 40 1
=
=
< 30 |
="
=
4
O 20 A
10 -
0 T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50

Frequency, GHz

(b)

Figure 5. (a) Gain characteristic of designed distributed amplifier; (b) Group delay characteristic of designed distributed amplifier.

L L
—& = =4 —509 ). For this transistor, we
Cgs Cds

have T, =13.5 ps and T, =5.5 ps, then, from

Equation 9 the delay element should provide a
delay of 4ps to maintain the delay difference of
T=12.5 ps between gate and drain lines.
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4. RESULTS

From the above design procedure, a five stage
distributed amplifier was designed.

Figure 5 shows the simulated delay and
gain characteristics of the designed amplifier
using ADS (Advanced Design System) software
and HEMT model introduced in the software
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library. It is clear from this figure that desired
delay characteristic is obtained to the highest
frequencies of interest.

5. CONCLUSION

A novel method for designing a self-equalized
distributed amplifier has been presented and
discussed. The method is based on analogy
between transversal filter and distributed
amplifier topologies. From the described
method, we obtained gain of each transistor
and delay lines element to be added to each
gate transmission line to achieve the required
response. Simulated results show the practicability
of the proposed technique and its application
in optical transceivers where pulse shaping
is required to minimize the intersymbole
interference.
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