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Abstract — 1In this paper we present two ICs fabricated
in InP DHBT technology and devoted to 43 Gbit/s and over
transmission systems: reshaping DFF for the transmitter
and decision circuit for the receiver. High quality system
operation and ease of insertion in system environment are
achieved simultaneously with significant reduction of power
consumption. 40 -50 Gb/s measurements are presented.

I. INTRODUCTION

The important increase of communication services, and
particularly  Internet  traffic, requires adequate
transmission capability. Terabit/s optical networks [1] are
based on a combination of dense wave division
multiplexing (DWDM) and high bit-rate (over 40 Gb/s)
per wavelength realized by electrical time division
multiplexing (ETDM). To optimize the transmission
parameters, various system enhancements like using
forward error correction (FEC [2]) or advanced coding
[3] are studied. These improvements add new constraints
on the quality of ICs used in operational systems.

In this paper we present two ICs fabricated in InP
DHBT technology and devoted to 43 Gbit/s and over
transmission systems: reshaping DFF for the transmitter
and decision circuit for the receiver. Measurements at 40-
50 Gb/s show high quality signal of DFF and excellent
sensitivity and clock phase margin (CPM) for the
decision circuit. Power consumption is reduced by 40-
50 % compared to previous versions.

II. TECHNOLOGY

The InP/InGaAs Double Heterojunction Bipolar
Transistor (DHBT) technology presents several attractive
aspects for the fabrication of high speed circuits. Very
high frequency characteristics are achieved due to
excellent electron transport properties of InP and InGaAs;
the small bandgap of InGaAs base results in a low turn-
on voltage, which means a potential for low power
consumption; the double heterojunction gives a high
breakdown voltage, necessary for large signal
applications such as optical modulator drivers; finally,
the vertical technological process yields a very good
built-in threshold voltage uniformity, very convenient for
differential bipolar logics such as CML and ECL.

An in-house InP/InGaAs self-aligned DHBT
technology has been developed [4]. The transistors
exhibit a high breakdown voltage (BVcgy >7 V) as the
result of the double heterojunction structure. Additional
base optimisation results in 190 GHz F; and 220 GHz
Fax for circuit oriented devices at a current density about

2 mA/um2. Three Ti/Au interconnection levels, TaN
resistors, MIM capacitors and spiral inductors are
available to realise the circuit layout. In Fig. 1. F, and
Fax versus I, for three transistors emitter sizes (3x2, 6x2
and 10x2 um?) are shown.
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Fig. 1. F,and F,, versus I,

II1. DFF CIRCUIT IN ETDM SYSTEMS

The synoptic of the ETDM system is presented in Fig.
2. DFF circuits are present at different locations of such a
system. At the transmitting side, the multiplexed signal
(at 40+ Gbit/s) is reshaped, resynchronized, and
reamplified (3R) with the full-rate (i.e. clock frequency
being equal to the bit-rate) DFF. At the receiving side,
after the photo-receiver, a sensitive DFF can be used as a
decision circuit, which also resynchronizes and
reamplifies the signal. A DFF is also used in clock
recovery part, while a DFF operating at half-rate is also at
the core of the demultiplexing circuit. Different design
specifications are to be satisfied for each of these
functions. In [5-7] high speed DFFs are presented with
optimization of different circuit characteristics.
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Fig.2. ETDM synoptic with different DFF functions:
1. Delay, 2. Decision, 3. 3R, 4. DMUX
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IV. IC DESIGN

A. Main challenges of DFF and decision circuit
design.

The Master Slave DFF (MS-DFF) is composed of 4
main parts: input buffer, clock buffer, DFF core and
output buffer. These parts are optimized using different
criteria depending on the function of DFF role in the
system. Input buffer determines the sensitivity and
threshold margin (important for the receiver), output
buffer is decisive for the output signal parameters
(important for transmitter), clock buffer and core
determine speed and clock phase margin. ECL
architecture is systematically used to keep good
frequency performances in spite of its increased power
consumption (added emitter-followers). The two circuits
have the same core (Fig. 3) but differ in input, output and
clock buffers.
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Fig. 3. DFF core electrical scheme

B. Reshaping DFF for the transmitter

The DFF present on the transmitter side, between the
MUX and the modulator driver, should provide a large
eye opening, both vertically and horizontally, and a
sufficient output swing. The horizontal eye-opening is
determined by the time jitter. This should be minimized
by the adequate design of the clock buffer and the DFF
core. The output buffer should not degrade the horizontal
eye opening, while assuring such characteristics as: small
rise and fall time, central crossing point, reduced
oscillations (good S/N ratio). Very careful design of the
clock access was done to minimize clock added jitter.
The clock buffer was simplified to an emitter follower
combined with an offsetting diode. Clock signal
reference was obtained by low-pass filtering with a 5 pF
capacitance. An additional small (0.3 pF) capacitance
was added close to the core to further smooth the
reference signal. All layout parasitics were minimized.
This approach together with careful design of the output
buffer resulted in measured output signal jitter
comparable to the clock jitter. The microphotograph of
fabricated DFF is presented in Fig. 4.

Output swing necessary for system operation is 0.5 V.
We used 2 differential amplifiers to obtain a high quality
signal. Beside, depending on the driver type the required
output voltage may be either negative (ECL type) or
without offset (centered). In general, these different
variants are satisfied by using DC-block or bias-T. In our

design, the offset control mechanism is integrated in the
output buffer to ease integration in the system
environment.

Fig. 4. Microphotograph of fabricated DFF

C. Decision circuit for the receiver

As stated before, the main features to be optimized for
the decision circuit are the sensitivity and the clock phase
margin. To obtain a good sensitivity, we added a
sensitive input buffer using a Cherry-Hooper structure.
To enhance CPM characteristics a clock buffer was
added. The buffer transforms the single-ended clock
signal into amplified, differential one. Master and Slave
blocks are provided with clock and clock, signals.

D. Power consumption

Limitation of power consumption is not a primary goal
of ETDM applications. However when more complex
circuits are considered and high integration level is
reached, the total dissipated power should be controlled
in order to avoid self-heating. The excellent frequency
performance of InP HBT, which allows to work with a
lowered current density, together with the low turn-on
voltage allow to realize high performance circuits with
low power consumption. In this design we minimized the
power consumption by using small transistors and by
lowering the operating current and bias voltage, while
precisely  controlling their impact on circuit
performances. As a consequence some power consuming
alternatives were preferred (ECL architecture instead of
CML one, larger transistors in the core) in order to obtain
the highest quality performances. DFF core is realized
with 6x2 um? emitter transistors and the bias voltage is —4
V. The core power consumption is 120 mW. The same
design policy was used for the design of different buffers.
Resulting power consumption is 0.4 W for the DFF and
0.8 W for the decision circuit. A 40-50 % reduction in
power consumption is thus obtained compared to
conventional previous designs.

V. IC MEASUREMENT AT 40— 50 GB/S

The presented measurements are performed with a
remote 70 GHz sampling head and short cables. Both
circuits operate at 50 Gb/s which is the limit of our
measurement equipment.
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A. Reshaping DFF for the transmitter

In Fig.5, a 44 Gb/s output eye of a transmitter DFF is
presented. The rms time jitter is lower than 0.4 ps
resulting in 90% horizontal eye-opening. Vertical eye
opening is 84%, rise-time 7 ps, fall time 7.5 ps and S/N
(Signal to Noise) ratio = 19. Centered output, obtained
without any additional elements, is presented in this
measurement. The negative signal with similar quality is
obtained with different offset bias values.
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Fig. 5. DFF 3R operation @ 44 Gbit/s (9 ps/div, 100
mV/div)

B. Decision circuit for the receiver

In Fig. 6, a clock phase margin (CPM) estimate for this
circuit at 40 Gb/s is shown. 8§ ps CPM with a 20 mV
amplitude input signal (eye-height only 12 mV) proves
the excellent sensitivity of this circuit. In Fig. 7, we show
the decision circuit operation at 50 Gb/s. The decision
circuit reshapes, resynchronizes and reamplifies an input
signal with S/N of only 6.6. The output signal has a
S/N>17 and its RMS time jitter 0.53 ps, corresponds to
the clock time jitter.
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Fig. 6. Decision circuit full-rate CPM @ 40 Gb/s versus
input amplitude

VI. CONCLUSION

Two ICs necessary for 43 Gbit/s ETDM systems were
realized in InP DHBT technology. These circuits were
optimized according to criteria imposed by system
applications. We showed different choices and trade-offs

in the design for the DFF structure depending on its role
in the system. 40-50 Gb/s measurements show high
quality DFF signal and excellent sensitivity and CPM of
the decision circuit.

Fig. 7. Decision circuit operation @ 50 Gb/s (8 ps/div,
100 mV/div). Top: input, bottom: output.
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