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Abstract—The use of a distributed-amplifier-based transversal active devices [3] and, therefore, offer a very attractive option
filter as a signal processor for high-rate pulse shapingffiltering is for such systems. Jutzi was the first to demonstrate the use of
discussed. By showing the analogy between transversal filters and yistripyted amplifier as an active transversal filter for low mi-
distributed-amplifier topolqgles, scheme_s demonstrating practical crowave frequencies [4]. Recently, using a novel technique, a
approaches for the design of such filters are explored. The ~ - o : ! '
practicability of one of the different schemes is illustrated via an  distributed amplifier was conceptually demonstrated to behave
implemented design. A four-stage 40-Gb/s distributed-amplifier as an active pulse shaping/filtering network [5] by effectively
monolithic microwave integrated circuit (MMIC) is constructed  constructing it as a transversal filter. This was achieved by
using one of the developed schemes and its behavior is dlscussedsetting different stage gains while equalizing the differential

Index Terms—Distributed amplifiers, filters, MMIC amplifiers,  delays of all amplifier stages by means of additional delay
optical receivers, transversal filters. lines in the gate artificial transmission line, so that a desired
target response was obtained.

In this paper, an extension of the work in [5] and detailed
) ] ) ) . treatment of the work in [6] are presented. Two topolo-

RADITIONALLY, optical-fiber receiver design requires gies demonstrating practical approaches to the design of the
1 afront-end preamplifier to be followed by a pulse shapinggiripyted-amplifier-based transversal filters are considered.
filter to improve the overall performance and minimize theye yesigns techniques developed are illustrated by means of a
error rate. Such an implementation adds complexity o the, qical post-detection filter example aimed at designing a 40-
design of the receiver. An alternative method is to tailqgp/s amplifier with embedded 100% raised cosine (RC) shape
the preamplifier response so that it matches the responsg,ahq a 40-GHz high electron-mobility transistor (HEMT)
the required filtering transfer function. In this method, the,sanar-waveguide monolithic-microwave integrated-circuit
pulse shaping/filtering is embedded in the preamplifier itse MIC) process. The predicted performance is detailed and
which is desirable since it minimizes the number of SySteEbmpared to the prespecified target performance.
components, which consequently reduces the number of circUitrne structure of this paper is as follows. Section Il de-
interconnections. This can be translated into a reduction Yfiines the analysis of the distributed-based transversal-filter
production and packaging costs and improved circuit angho|ogies. Section Il lists the possible circuit configurations
system reliability [2]. o _ _ based on the distinguished topologies. Section IV lays out the

High-speed optical communication systems require Widgasign procedure of these amplifiers with embedded signal
band amplifiers capable of handling pulses with widths iga5ing. Finally, based on the treatment illustrated in this

the region of tens of picoseconds. Optimum performanggner ‘Section V is devoted to the performance of a fabricated
of such systems is obtained if these pulses satisfy specgﬁp using a 40-GHz MMIC process.

time/frequency-domain characteristics. Inherently, distributed
amplifiers can operate up to frequencies closg-toof their

I. INTRODUCTION
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Fig. 1. A conventional distributed-amplifier circuit diagram. T, Outeut 7

ar_ld transversa_l filters. Two topologies are d|st|ngwshed—qulg 2. A generalized transversal-flter block diagram.
with four possible schemes.

A generalized transversal structure normally used for low-
frequency signal processing applications, is illustrated in
Fig. 2. The filter consists of a delay line with maximum
delay Zf\;ln and N + 1 taps, where/V is the number of
delay-line sections and; is the delay of theith section. A
signal travelling along the delay lines is sampled at each
tap output. The sampled outputs are multiplied by the gain
coefficientsGG1, Ga, - - -, Gy41 and summed to form the final
output. Hence, the time-domain output response of such a
structure is given by

N1 k—1
xoutTF(t) = Z GiZin <t - Z Ti> Q)
k=1 1=0

wherer, = 0 and the subscripl’F signifies transversal filter.
The frequency-domain transfer function can be obtained byThe signal at the output of the general distributed amplifier

Fig. 3. Two distributed-based transversal-filter topologies.

applying Fourier transform to (1) giving based on the second topology [shown in Fig. 3(b)] in the time
N+1 k=1 domain is given by
Hrp(w) = Z G} exp <—ijTi>- (2 N41 k—1
k=1 =0 xoutDA(t) = Z kain <t - Z(Tgi + Tdi)) (7)
Possible implementations of the structure shown in Fig. 2 k=1 i=0

for mi_cr_owave-frequenci_es_operation is rather complicg\t%ereTg — 74, = 0. Its transfer function is given by
and difficult to produce in integrated form. Two alternative °

generalized transversal filters based on a distributed structure iy it

are illustrated in the block diagrams shown in Fig. 3. In this Hpa(w) = Z G exp <_sz(% +Tdi)>- (8)
figure, Gy is the gain of staget and 7, and 7y are the k=1 =0

respective interstage delays of the gate and drain artificBY equating (2) and (8) we get

transmission lines. The signal at the output of the general

k—1 k—1
distributed amplifier based on the first topology shown in Z” = Z(Tgi + 7a;) 9)
Fig. 3(a) in the time domain is given by s e
N+1 k—1 N which yields
TowDA(L) = Grri | t— Ty: — Td; 3
tDA( ) ; k ; gq Jzzk d] ( ) TR = Tgk +7_dk- (10)
where 7, = 0 and DA signifies distributed amplifier. Its Therefo_re, the stage delay of the trgnsversal filter is_ fupction—
transfer function is given by ally equivalent to the stage differential delay of the distributed
) amplifier based on the topology shown in Fig. 3(a) and to
N+1 -1 N . P o
. the stage additive delay of the distributed amplifier based on
Hpa(w) = Z Grexp| —jw ZTgi + ZTdﬂ' - () the topology shown in Fig. 3(b). For MMIC implementation,
k=1 =0 =k the gain coefficients are determined by the transconductances
By equating (2) and (4), we get of the common-source FET's and the equivalent tap delay
k1 k1 N lines are essentially determined by the delays of the gate and
Z T = Z Ty + Z Taj- (5) drain transmission lines [5]. The transconductances are set by
= = =k controlling both the effective FET areas and the bias current.

A transversal filter based on distributed structure suitable for
MMIC implementation is illustrated in Fig. 4. The rectangular
boxes shown in this figure represent inductors implemented as
Tk = Tgj, — Tdk- (6) short-length transmission lines.

By expanding (5) for values ot from 1 to N + 1, we get
(N + 1) equations inr's whose solutions are given by
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Fig. 4. A distributed-amplifier circuit diagram.
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Distributed amplifiers are traditionally used for providing a
flat gain response. In such a case, all the active devices are
of the same size and a capacitance parallel with the drain-to-
source capacitanagy;, or alternatively, a transmission line in _
series with the drain line is used to equalize the drain and gate -°2 o
artificial line delays (zero differential delay between the drain Time
and the gate lines). When signal shaping is required (whetig. 5. Delay determination for a five-sta@e\ based on case 3.
the differential delay is not zero) this constraint is removed,
allowing a simplified distributed-amplifier implementation. Fig. 2, we add the input/output signal shapes. The signal

Since two main variables control the performance of tighapes considered here are assumed to be a square nonreturn
transversal filter based on Fig. 2, namely, gaihsand delays to zero (NRZ) input and a 100% RC output. The method is
T, four distributed-amplifier implementations of transversdilot restricted to a particular input/output shape and could be

filters can be identified. These are: applied to a variety of signals suitable for optical or wide-
« case 1: equat; and unequalFy; band microwave systems. The main steps to be followed when
« case 2: equat, and equalGy; designing distributed amplifiers based on case 3 are outlined
 case 3: unequat; and equalGy; below.
e case 4: unequat, and unequal7y. 1) Since the gains are equal, only the delays should be
Case 1 corresponds to the conventional transversal filter. This ~ calculated. This is done graphically by superimposing a
case was dealt with in detail in [5] by Moreiet al. in the pulse with duratior{” then shifting it to the right in such

context of optical receiver preamplifiers with embedded signal @ Way that more shifts are made where the curvature of
shaping where the number of gain elements, representing the the output pulse is not linear, as illustrated in Fig. 5.
stage amplifiers and the gain values, were determined from a Although the obtained values of the delayswill not
target time-domain response by uniform sampling. Due to the ~ be exact for the final distributed-amplifier design, they
symmetry of the impulse response, this number was chosen Serve as a good estimate for starting values in the design
to be odd. Although good results were reported using this  Process.

approach, the wide transmission lines required to extend the?) The values of inductors of the drain and the gate
interstage delays may result in implementation difficulties. ~ transmission lines are calculated using values,dfom
Case 2 is the case of a simple low-pass filter where the stage Step 1, (6) forDA topologies based on Fig. 3(a) or (10)
delays are equal and the stage gains are equal. Here, a very for those based on Fig. 3(b) and using the fact that the
high frequency low-pass filter with gain can be implemented.  delay of anL-section network consisting of an inductor
The cutoff frequency of such a filter is governed by the cutoff L and a capacitanc€ is equal tov/LC. Equivalent
frequency of the gate and drain transmission lines. Although  transmission-line lengths are obtained to replace the
this approach is simple, it has few degrees of freedom to inductors, for high-frequency designs.

control the out-of-band frequency response. Case 3 is the cas8) Circuit simulation and layout tuning is then carried out
of the transversal filter where all stage gains are equal and 1o correct for nonidealities (losses, device parasitics, and
stage delays are different. Case 4 is the most general case the degeneracies of the MMIC process used).

where both the gains and the stage delays are different. Caibe same steps are followed when designing distributed am-
4 allows maximum flexibility and has the highest numbeplifiers based on case 4 except in (1) the pulses are multiplied
of degrees of freedom among all the cases. The resultshyfappropriate factors and then shifted to fit the output pulse.
one approach (case 3) for the topology of Fig. 3(a) will bHere, the factors7; are related to the transconductances of

discussed in this paper. the FET’s by the following relation:
Imi _ Gk (11)
IV. DESIGN PROCEDURE max(gpmy)  max(Gp)’

In this section, a step-by-step method is described fbiote that for this case, if FET's are to be biased, separately
designing distributed amplifiers based on cases 3 and 4.blecking capacitors have to be inserted in the gate of each
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Fig. 7. Circuit response (solid line) and target response (dashed—dot line)
for the fabricatedDA.

Fig. 8. Eye diagram for the fabricated four-stdge. based on case 3.
FET of Fig. 4, otherwise FET's of different sizes should be
used [8]. a relatively wide ground plane exists between two adjacent
transmission lines, coupling problems are reduced resulting
V. ResuLTs in potentially more compact designs. In this case, once the
Based on the topology shown in Fig. 3(a), the new schemgige of the active devices is selected, only the lengths of the
(cases 3 and 4) have recently been applied [6] to the des@fie and drain transmission lines are calculated as mentioned
of a five-stage 40-Gb/s distributed amplifiers with an RGbove in the design procedure. Fourufn x 25 ym 0.3-
output function for an ideal rectangular pulse input. In thism enhancement HEMT’s are used. The photomicrograph
section, we will make use of the analysis presented abogk this DA is shown in Fig. 6 and its size is gm x
to design a practical distributed-based transversal filter baske8 ;m. Notice that the transmission lines are meandered
on the topology shown in Fig. 3(a). It should be noted th& make the chip more compact. The four-stage distributed
in the design of distributed-based transversal filters where theplifier based on case 3 was built and optimized, using the
interstage delays result into very long impractical transmissismart libraries available for the MMIC process, taking into
lines, the second topology is favored as the total delay will Becount the effect of bends, double bends, and air bridges.
the addition of the gate and drain stage delays [see (10)].The optimum circuit response of this distributed amplifier
10-GHz DA design based on this topology has recently beavas achieved by comparing thg; response to the target
reported by the authors [8] and, hence, will not be addresse$ponse and is shown in Fig. 7 contrasted to the target
in this paper. response. The target response is a function of the output signal
Based on case 3 for the first topology [see Fig. 3(ajhape. For the design discussed, the required output signal is
and using a 40-GHz HEMT-MMIC process, we design a 100% RC and optimization was carried out to a frequency
four-stage distributed-based transversal filter. In this proces$,35 GHz. The RC target has a zero at 40 GHz which is
transmission lines are implemented in coplanar waveguidet possible to realize using a pole-only distributed-amplifier
technology. Coplanar waveguides offer two main advantagascuit; hence, the discrepancy between the target and circuit
over miscrostrip lines in the design of distributed amplifiersesponses at frequencies above 35 GHz. The simulated eye
source grounding of the active devices is done easily withadibgram obtained for this MMIC from frequency-domain data
the use of via holes (as in the case of microstrip [5]), and fiér 27 — 1 pseudo-random binary sequence (PRBS) NRZ input
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data is shown in Fig. 8. The RC shape and the low inter symbk~! Paulo P. Monteiro received the Diploma degree in
interference (ISI), evident in the figure, clearly illustrate the electronics and telecommunications from the Uni-

di between the target and circuit responses versity of Aveiro, Aveiro, Portugal, in 1988, and
S21 |scr_epancy € g ) p > the M.Sc. (Eng.) degree from the University of
frequencies beyond 35 GHz have little effect on the time Wales-Bangor, U.K., in 1990. He is currently work-
domain behavior of the amplifier, indicating the efficacy ¢ ing toward the Ph.D. degree at the University of
the signal shaping using the third scheme.

Aveiro.

He is a Assistant Lecturer at the University of
Aveiro. His main research interests includes high-
speed synchronization and signal processing for

g e gigabit-per-second optical communications systems.
The analogy between the distributed ampllfler and th—?e is also involved in projects under the framework of European program

transversal filter has been further developed. Based on tw#anced Communications Technologies & Services (ACTS), namely ex-
different topologies, two possible schemes representingplgitation of soliton transmission highways for European ring (ESTHER),
practical approach to the construction of such amplifiers ha ‘gg;%ﬁ“’;% E{g?]h&tt‘_’gf:'{éggf’nielf;g’ggg"gf?anl‘znucri%g;gr:tz‘t';ﬂ;?'Ssif]'golg_
been explored. Based on one of the developed schemes @aBgk fiber network (UPGRADE).

using a 40-GHz HEMT-MMIC process, a chip was produced

with results reported showing the efficacy of the new schemes

for signal shaping and filtering at microwave frequencies.

VI. CONCLUSION

J. J. O'Reilly, for a photograph and biography, see this issue, p. 1402.
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