design, microwave bipolar integrated circuits, random number
generation.

1. INTRODUCTION

Emitter-coupled logic (ECL) is superior over CMOS
logic where maximum clock rate is of highest concern,
particularly for operating and testing high-speed serial
communication systems. Because they often have to operate
at the edge of the speed capabilities of the technology, such
ECL systems have been carefully optimised for speed over
decades.

Fig. 1 shows a symbolic example of three common levels
of optimisation for maximum clock rate. The given values
for the effective logic delay between the registers
correspond to ECL circuits of the 200 GHz SiGe
technology which has been used for this work. Fig. 1 a)
represents an example of a desired function mapped to
registers and standard logic cells of the ECL library. In
Fig. 1 b), additional registers (D-flip-flops) are inserted
reducing the logic depth between registers to a minimum of
one single gate. Up to this point, the optimisation could be
carried out automatically by a common synthesis tool. For
very high clock rate, the gates can be merged with the
following stage, as sketched in Fig. 1c¢). In differential
ECL, this usually means to replace the input stage with the
circuitry of the logic function. The effective logic delay is
reduced, because the nodes between gates and subsequent
registers are omitted. This is a common method in speed-
sensitive applications [1-5]. Clock rates beyond 40 GHz can
be achieved, e.g. 50 GHz for a XOR function using InP
HBTs [1], 54 GHz for generating pseudo-random bit
sequences in SiGe [5].

However, this current state of the art in Fig. 1 ¢) has still
room for further improvement, as will be shown in this
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Fig. 1:  Minimising the logic delay for maximum clock rate.

II. GENERAL NOR/OR APPROACH

There is only one logic function in ECLL which can be
merged into a register with nearly no increase in the register
delay. In npn-based ECL and positively defined logic
values, this is the NOR/OR function, as shown in Fig. 2.

By adding Qla in parallel to one of the input transistors
of the master latch in Fig. 2, Qla and Q1 form a wired
NOR. By connecting the other differential input to a
common bias voltage, the register has two single-ended
inputs forming a NOR function, with the OR available at
the complementary output. Because of single-ended inputs,
this stage has 3 dB less gain than the register alone. This
will be compensated by the positive feedback of the hold
stage (Q3 and Q4), and the full gain of the subsequent slave
latch.

Since Qla in parallel to Q1 is the only change to the
register circuit, the delay increase is very small due to
slightly increased parasitics.












