Simulating the wireless channel: The transmission and reception of
the compressed bands through a CDMA wireless channel is
depicted in Fig. 1. The actual simulation was carried out using
Cadence’s signal processing software SPW. Unlike the TDMA
technique, CDMA technology allows for the transmission of all
coded bands at the same time. However, to avoid complexity of
the diagram, the transmission of only one band is shown in
Fig. 1. But during actual simulation of the channel, two coded
bands were transmitted simultaneously. Walsh codes 1 to 4 have
been used to separate data of one band from the other band.

Once the image has been compressed by the image coder, it is
error-protected by using a convolutional code (2, 1, 5), n = 2, k =
1; m = S. Furthermore, to combat the burst errors associated with
a fading channel, the error-protected data are interleaved. Inter-
leaving spreads out the data in time so that burst errors are spread
out to appear independent making a bursty channel similar to an
AWGN channel. The interleaved data are modulated using a
QPSK modulator and the in-phase and quadrature components of
the output are spread by PN sequences. The spreading factor is
128 as specified by the IS-95A standard with bit rates of 9600 bit/s
and a chip rate of 1.2288Mchip/s. Walsh functions from 1 to 4 are
used for the four bands. A square root raised cosine filter with a
roll-off factor of 0.35 is used for pulse shaping and the data are
fed through a frequency selective multipath-fading channel. White
noise corresponding to 18dB channel SNR is added to the output
of the fading channel. At the receiver end, the data are again fil-
tered by the same filter used for pulse shaping. Despreading takes
place and the despread data are demodulated. The deinterleaver is
used to reorder the data back to their original sequence. After
passing through a convolutional decoder, the data are sent to the
image decoder for reconstruction of an approximation of the orig-
inal frames.

a b

Fig. 2 Two original consecutive frames of Miss America sequence
a Frame 5
b Frame 6

The tests were performed on a grey-scale sequence of Miss
America having 288 x 360 pixels per frame at a rate of 30 frame/s
Two frames with distinct motion in the eyes and lips area were
chosen as data for channel simulation. The original frames, frames
5 and 6, are shown in Fig. 2 for comparison. In the absence of
channel errors, the only information loss in the reconstructed
frames is due to the compression involved. It is seen that the cod-
ing scheme produces results comparable to the original data with
very slight deterioration around the edges and in the motion infor-
mation. The PSNR of the reconstructed frames is 36.51 and
36.52dB, respectively, at 0.25bit/pixel.

Fig. 3 Reconstructed frames at 0.25bit/pixel and vehicle speed of
65mph with channel SNR 18dB

a Frame 5
b Frame 6

Fading errors are introduced in the IS-95 channel by increasing
the vehicle speed to 65mph, which is a typical highway speed, and
with a channel SNR of 18dB. The corrupted frames are

reconstructed and shown in Fig. 3. The PSNR of the recon-
structed frames, after the introduction of fading errors, reduces to
27.26 and 27.21dB, respectively. The major contributor to the
overall degradation in these frames is the baseband. Any burst
errors in the lower levels of the pyramid have less effect on the pic-
ture quality.
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Broadband lumped HBT amplifiers

S. Krishnan, D. Mensa, J. Guthrie, S. Jaganathan,
T. Mathew, R. Girish, Y. Wei and M.J.W. Rodwell

The authors report the realisation of wideband amplifiers using
AllnAs/GalnAs transferred-substrate  heterojunction  bipolar
transistors (HBTs). The first amplifier is in the f; doubler
configuration with an input emitter follower while the second is a
Darlington stage designed for high gain. The former had a low
frequency gain of 8.2dB and a 3dB bandwidth of 80GHz, while
the latter had a low frequency gain of 18dB and a bandwidth of
50GHz.

Introduction: Applications for heterojunction bipolar transistors
(HBTs) include RF/microwave analogue to digital conversion and
fibre-optic transmission in the range 40-120Gbit/s. A first step in
the development of these systems is the design of simple broad-
band amplifiers that constitute the gain blocks for these mixed-sig-
nal ICs.

Technology: The amplifiers reported here use HBTSs fabricated in a
substrate transfer process [1]. The process provides a microstrip
wiring environment on a low €, substrate and efficient heatsinking
for devices operating at high current densities. The transistors
used in the work had a 40nm base and 300nm collector thickness
and had 1pum wide emitters and 1.8um wide collector-base junc-
tions. From RF measurements, the HBT f; and f,,,. are 180 and
320GHz, respectively.

Circuit design: In the mirror doubler amplifier (Fig. 1a) the tran-
sistor @, operates as an emitter follower while Q,, Qs and Qs con-
stitute an f, doubler in the current mirror configuration [2]. The
diode-connected transistor @5 maintains the V., of Qs near the
region of peak RF performance. In addition to providing bias cur-
rent for Q;, Rgr provides shunt loading of the emitter follower
output to prevent gain peaking. The extrinsic transconductance of
the mirror doubler configuration is set by the bias current of Q4
and Qs; together with Rj;, these parameters are chosen to provide
the required gain and 50€2 input and output impedance, according

466 " ELECTRONICS LETTERS 2nd March 2000 Vol. 36 No.5



to the relationships Ry = Zy(1 — 4,) and (R,4 + kTlglgy) = (Rees +
kTlqlgs) = Zy2(1 ~ A,), where R, 4 and R,.s are the parasitic emit-
ter resistances, Z; = 50Q, and 4, is the low frequency gain. The
bias currents and device sizes are as shown in Fig. 1. For the Dar-
lington amplifier (Fig. 1) transistor Q, operates as an emitter fol-
lower driving Q,. In this case, (R, + kT/ql,;) = Zy(1 — A4,) and R,
is as given previously. For each HBT, increasing the transistors’
emitter stripe lengths increases C,, but decreases R,;; the stripe
lengths are individually chosen to maximise the circuit bandwidth.
I1C photographs are shown in Fig. 2.

cc

out

b

Fig. 1 Schematic circuit diagrams of mirror doubler amplifier and high
gain Darlington amplifier

W, L, We and L, are widths and lengths of collector and emitter
junctions; J, is emitter current density

a Mirror doubler amplifier Q), Qs, @3, Q4 W, X L, = 1 X 8um?, W,
X L, = 1.8 X 18um?, J, = 2 X 10°A/em%;, Q5: W, X L, = 1 X 16pum?,
W,X L, = 1.8 x 30um?2, J, = 1 X 105A/cm?

b High gain Darlington amplifier Q;: W, X L, =1 X 18um?, W, x L,
=2 x20um?, J, = 8.3 x 10°A/em?% Qp: W, X L, = | X 18pm?, W, x
L, =2x20um?, J, = 1.1 X 10°A/cm?

Fig. 2 IC chip photographs of mirror doubler amplifier and high gain
Darlington amplifier

a Mirror doubler amplifier
b High gain Darlington amplifier

Results: The amplifier S-parameters were measured on wafer using
0.5-50GHz and 75-110GHz network analysers (Fig. 3). For the
mirror-doubler, the low frequency gain is 8.2dB and the 3dB
bandwidth is 80GHz. There is no observed gain peaking. For the
Darlington amplifier, the low frequency gain is 18dB and the 3dB
bandwidth is 50GHz. The input and output return losses are rela-
tively poor at high frequencies; one demonstrated solution is to
add a single-HBT input stage designed for low gain but. good
input return loss [3].
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Fig. 3 S parameter measurements of mirror doubler amplifier and high
gain Darlington amplifier

a Mirror doubler amplifier

b High gain Darlington amplifier
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Conclusions: We have demonstrated broadband amplifiers with
low frequency gains of 8.2 and 18dB and bandwidths of 80 and
S0GHz, respectively, by using mirror-doubler and Darlington
stages with resistive feedback. These compact amplifiers have
applications in wideband microwave communication systems and
mixed-signal ICs.
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