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2-bit adder: carry and sum logic circuits at
19 GHz clock frequency in InAlAs/InGaAs
HBT technology

T. Mathew, S. Jaganathan, D. Scott, S. Krishnan,
Y. Wei, M. Urteaga, M.J.W. Rodwell and S. Long

Carry and sum circuits for a 2-bit adder used in a pipelined 2N-
bit adder-accumulator architecture are reported. To obtain high
clock rates in a design with multiple gate delays a novel merged
AND-OR-Latch structure using four-level series gated current
steering logic is employed. These integrated circuits were
fabricated in InAlAs/InGaAs transferred substrate heterojunction
bipolar transistor technology and operate up to 19GHz clock
rate.

Introduction: Adder-accumulators are used as phase accumulators
in direct digital frequency synthesis (DDFS) systems [1 — 3]. The
DDFS frequency resolution is given by Af = f,/2V and the fre-
quency tuning range is from DC to approximately f,/3 where N is
the adder-accumulator digital word width [3] and f;; the clock fre-
quency [3]. Increasing the DDFS frequency range requires increas-
ing the maximum clock frequency of the DDFS components,
specifically the phase accumulator (adder-accumulator), Sine
ROM, and digital-analogue converter (DAC) [3]. The work
reported in this Letter is aimed at increasing the adder-accumula-
tor clock rate.

High clock rates are achieved in pipelined adder-accumulators
[3]. These circuits are complex because numerous latches are
required for synchronisation between stages (Fig. 1) [3]. For
‘adder-accumulators of 8 to 10 bits total resolution, a pipelined
architecture using 2-bit adder blocks provides a good compromise
between circuit complexity and clock speed (Fig. 1). In this Letter
we describe design techniques employed to increase the clock rate
of the carry and sum logic circuit of a 2-bit adder.
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Fig. 1 Pipelined adder-accumulator architecture realised using 2-bit
adder blocks

R: register

A: input word
S: sum word
C: carry bit

Circuit design: We now describe Boolean logic of the 2-bit adder
(Fig. 1). To implement an accumulator, the 2-bit sum is fed back
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as an adder input, i.e. B; = S; and By = Si1. The 2-bit adder
carry input is C,,. The sum (S, S;+;) and carry (G, Cyo) terms
are given by
S;=A;®B;®d C;

Sit1 = Air1 ® Bi1 ® Cin

Cit1 = A;B; + A;C; + B;C;

Cite = Aip1Biv1 + Ait1Cip1 + BiaCina

Ci;1=AB+BC;+AC,

City

latch

i o
Gy G

R I o
Gy g M.
diode level
shifting

latch

lj stage 4

Ry

&'li CK

Fig. 2 Carry logic circuit of 2-bit adder

For testing, circuit is configured as frequency divider by setting B; =
B;y) = High, 4; = A;; = Low and C; = Cis2

0.3 ! 1 1 1 )
0 100 200 300 400 500

time, ps

Fig. 3 Output waveforms of carry logic circuit at 19 GHz clock rate
Jour = 9.5GHz

Gate propagation delays in forming (S;, Su1) and (Ciy, Cii2)
determine the maximum clock frequency, with computation of
C,,, having the longest delay [3]. To reduce delays in evaluating
(Ci1, Ciin), the AND-OR logic is realised as a single three-level
series-gated ECL gate (Fig. 2). This has approximately 1.4:1
smaller gate delay than a carry logic circuit using standard two-
level series-gated ECL logic, which requires two cascaded gates.
The clock frequency is further increased by merging the logic eval-
uation and latching (synchronisation) circuits (Fig. 2). This results
in a four-level series-gated structure. Simulations indicate a 1.8:1
improvement compared to a standard series-gated ECL AND-OR
logic gate implementation with a cascaded latch stage. A similar
four-level series-gated circuit (not shown) generates the sum out-
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puts (S;, Si.1) by replacing the logic stage shown within the indi-
cated region of Fig. 2 with a three-input, three-level, series-gated
XOR gate.

0

L 1 I 1 1 ]
0 100 200 300 400 500 600

time, ps
Fig. 4 Output waveforms of sum logic circuit at 24 GHz clock rate
JSour = 12GHz

Measurements and results: The carry and sum logic circuits were
fabricated in transferred substrate InAlAs/InGaAs HBT technol-
ogy [4]. The HBTs had low DC current gain §, between 5 and §,
due to an error in the growth of the HBT epitaxial base layer. To
measure the maximum clock frequency, the carry and sum logic
circuits were configured as frequency dividers. This involved set-
ting appropriate inputs to the adder either high (digital 1) or low
(digital 0) and feeding back the adder output as one of the inputs.
The carry and sum logic circuits operated up to a maximum clock
frequency of 19 and 24 GHz, respectively. The output waveforms
are shown in Figs. 3 and 4.
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1480-1510 nm band Tm-doped fibre
amplifier with high power conversion
efficiency of 42%

S. Aozasa, H. Masuda, H. Ono, T. Sakamoto,
T. Kanamori, Y. Ohishi and M. Shimizu

The highest reported overall power conversion efficiency of 42%
using a high Tm3* concentration-doped fluoride fibre amplifier
(TDFA) with one colour 1.4um pumping and a double pass
configuration for S-band amplification has been achieved. This
TDFA was used for a successful 8 x 10Gbit's WDM
transmission.
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Introduction: As the transmission capacity of WDM transmission
systems has increased, there have been attempts to expand the sig-
nal wavelength band. The S-band has great potential in this
respect due to its low fibre loss, and the gain-shifted Tm-doped
fluoride fibre amplifier (GS-TDFA) is one of the most promising
candidates for S-band (1480-1510nm) applications. Two kinds of
GS-TDFA have been developed by shifting the gain band of an
S*-band (1450-1480nm) thulium-doped fibre amplifier (TDFA)
[1 - 5]. One is a dual wavelength (1.4 um/1.56 um) pumped TDFA
[1 - 3]; the other is a high Tm?* concentration-doped TDFA [4, 5].
To date, GS-TDFAs have achieved an overall power conversion
efficiency (PCE) (defined as the ratio of the output signal power
from the amplifier to the total launched pump power into the
TDF modules) of 29% [2] and an internal PCE (defined as the
ratio of the output signal power from the TDF module to the
total launched pump power into the TDF modules) of 48% (3]
with dual wavelength pumping. However, dual wavelength pump-
ing requires an extra pump/signal multiplex coupler and this leads
to a more complex amplifier configuration.

In this Letter, we present a high Tm3* concentration-doped GS-
TDFA with one colour 1.4pum pumping and a double pass config-
uration. The amplifier achieved the highest overall PCE yet
reported, 42%. Furthermore, we achieved an error-free transmis-
sion of 10Gbit/s eight-channel signals through 120km of disper-
sion-shifted fibre (DSF) by employing our GS-TDFAs as post-
and preamplifiers.
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Fig. 1 Proposed GS-TDFA configuration
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Fig. 2 PCE and NF dependence on first stage pump power

Experiments and results: Fig. 1 shows our proposed GS-TDFA,
which consists of cascaded single pass and double pass configura-
tions. The active fibres we used were ZBLAN (ZrF,-BaF,-LaF;-
AlF;-NaF,) fibres with a Tm3* concentration of 6000 ppm. The
TDFs in the first and second stages were 3 and Sm long, respec-
tively. We used five LDs operating at 1400 and 1420nm as pump
sources. We measured the amplification characteristics using the
inversion locked technique with eight saturation signals. The input
saturation signal power was kept at —16dBm/ch (total power of
—7dBm). We measured the gain and NF for —30dBm probe sig-
nals scanned over the gain bandwidth.

Fig. 2 shows the first stage pump power dependence of the
PCE and NF (at 1481 nm). We kept the pump power for the sec-
ond stage at 500mW. Pump power is defined as the power
launched into the TDF modules. The PCE does not depend
greatly on the first stage pump power. When the first stage pump
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