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0.12 pm SiGe 

100 GHz dynamic frequency divider in SiGe 
bipolar technology 

A. Rylyakov, L. Klapproth, B. Jagannathan and G., Freeman 

A 100 GHz dynamic frequency divider and a 62 GHz static frequency 
divider are presented, both using a -3.8 V supply and designed in 
IBM’s 0.12 pm SiGe technology with fr  of 207 GHz and f M m  of 
285 GHz. Static divider performance is compared to three other static 
dividers designed in IBM’s 0.18 pm SiGe BiCMOS technology. 

0.18 pn SiGe 

Introduction: Static and dynamic frequency divider performance is a 
standard benchmark used to qualify and compare high-speed tech-. 
nologies. To our knowledge, the fastest dynamic divider reported to 
date operates at 90 GHz [ 11 and uses InP/InGaAs HBTs. The fastest 
reported SiGe HBT dynamic divider operates at 82 GHz [2]. The 
record numbers for static dividers arc 75 GHz for InAlAs/InGaAs 
HBT technology [3] and 71.8 GHz for SiGe [4]. We have designed 
and tested a dynamic and a static divider in IBM’s 207 GHz 
fr/285 GHzfMAX 0.12 pm SiGe bipolar technology [5]. Additionally, 
we report and compare the performance and circuit topologies of three 
different static dividers designed in IBM’s 120 GHzfT/lOO GHzfMAx 
0.18 pm SiGe BiCMOS technology. 

V E E W  I -3.8 I -3.8 

Design: The dynamic divider uses a regenerative frequency division 
approach [6]. The schematic diagram of the divider core (without the 
input and output stages) is shown in Fig. 1. Both the dynamic and the 
static 0.12 pm SiGe dividers were designed for a -3.6V nominal 
supply. This choice of power supply value was based on the use of the 
single emitter follower ECL logic in both designs. The static divider is 
a conventional two-latch toggle flip-flop. This same static divider was 
also implemented in a previous 0.18 pm generation of the SiGe 
bipolar technology. Comparing these two very similar circuits, one 
can determine the part of the performance increase which is due solely 
to the technology improvement. Two other variants of the static 
divider have also been designed and tested in 0.18 Fm SiGe. One of 
them uses the same basic master-slave D-flip-flop circuit with addition 
of inductive peaking into the latch resistor loads. This approach 
trades-off chip area for a possible increase in performance, while 
using the same supply voltage and dissipating the same power. 
Another static divider variant employs a double emitter follower 
E2CL logic family. The obvious disadvantage of the E2CL approach 
is the need for a higher supply voltage (typically -5.2 V), and a 
higher transistor count, both resulting in a significant increase in 
power dissipation. 
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Fig. 1 Dynamic divider circuit diagram 
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Test results and discussion: Both static and dynamic 0.12 pm SiGe 
dividers were tested in packaged form, using a custom-made SHF 

18 19 

module, at room temperature. From DC to 65 GHz input clock signal 
was generated by a commercially available synthesiser. From 66 GHz 
to 100 GHz a commercially available active frequency multiplier was 
used as a clock source. Fig. 2 shows the 50 GHz output of the 
dynamic divider, at 100GHz input clock frequency. The output 
voltage swing is 260 mVpp (single ended). The exact value of the 
input power of the 100 GHz signal applied to the divider is not known, 
but we estimate it to be in the range between 0 and +4 dBm. At the 
input frequencies in the 30 to 50 GHz range the dynamic divider 
required only -7dBm of input clock power and provided a 
500mVpp output (single ended). Above 60GHz the minimum 
input power of the clock signal was in the 0 to +4 dBm range. In 
theory [6], the dynamic divider should not be operating correctly at 
frequencies below one third of the maximum frequency. However, 
applying OdBm of input clock power we have observed on the 
oscilloscope divided output signals for input frequencies down to 
14 GHz. The 0.12 pm SiGe static divider was operational from 2 to 
62 GHz (tested with a sinusoidal input signal). It required minimum 
-1 1 dBm of input clock power at 10 to 30 GHz, -20 dBm at 40 GHz 
and -6 dBm at 50 GHz, providing a 400 mVpp output signal (single 
ended). At least -1 dBm of input power was required for 62 GHz 
operation. 
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Fig. 2 Output 50 GHz signal of dynamic divider at 100 GHz input 

All static 0.18 pm SiGe dividers were tested on wafer, at room 
temperature, using high-speed picoprobes. Table 1 summarises the 
measured performance parameters of the dividers (device with inductive 
peaking is marked as ‘ECLi’). Two of the dividers reported in Table 1 
were tested as a part of a larger chip. For these dividers, the current IEE 
is only an estimate (marked with a superscript 2 in the Table) for the 
core of the device and it does not include the power dissipated in the 
input/output stages. Static dividers self-oscillate when no external clock 
signal is applied (floating inputs). The frequency of this oscillation is an 
important parameter (fso in the Table) and it is directly related to the 
maximum speed that can be achieved by a static divider. 

Table 1: Divider performance summary 
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even though the design is formally ECL, the schematic diagram in Fig. 
1 clearly shows double emitter followers in the feedback path. Using 
double emitter followers in a -3.6 V design became possible only due 
to the unusual nature of the dynamic design, where signals generated by 
the upper differential pair (they could be called 'data') are fed back into 
a lower differential pair (where 'clock' is normally applied). 

Conclusion: We have designed and tested a 100 GHz dynamic 
frequency divider in a 207 GHz fT/285 GHz fMAX 0.12 pm SiGe 
bipolar technology. To our knowledge, this is the highest number 
ever reported for any transistor-based divider. We also report a 62 GHz, 
-3.8 V static ECL divider, designed in the same 0.12 pm SiGe bipolar 
technology. Compared to the previous generation 120 GHz 
fT/lOO GHz   MAX 0.18 pm SiGe BiCMOS technology, this device 
shows approximately a 2 x increase in performance. Comparing 
static divider data for both technologies we expect that 0.12 pm SiGe 
static divider performance will benefit significantly from using a 
double emitter follower E'CL circuit topology. 
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Class+ dual-fed distributed amplifier 

K.W. Eccleston 

The single-ended dual-fed distributed amplifier allows efficient 
combining of the output power of several FETs without multi-way 
power combiners. It is shown that this configuration can be operated 
under class-F operating conditions, thereby allowing high efficiencies. 

Introduction: The conventional distributed amplifier offers broad 
bandwidth but has low efficiency since half of the FET output 
power is wasted in an idle termination, and only one of the FETs is 
fully utilised. Further, such amplifiers are normally operated in the 
class-A mode which has an inherently low efficiency. The 
single-ended dual-fed distributed amplifier (SE-DFDA) [I] allows 
all the FET output power to be utilised. The work of Moazzam and 
Aitchison [ 13 only considered single-FET SE-DFDAs. The SE-DFDA 
concept can be extended to N FETs, and if the FETs are spaced 180", 
all FETs have identical loadlines, which can be chosen optimally [2]. 
The SE-DFDA therefore allows efficient power combining of FET 
output power without using bulky multi-way power combiners [2]. In 
the previous work on the power SE-DFDA, class-A [2] and class-B [3] 
operation was demonstrated. A class-F amplifier [4] can offer both 
high output power and high efficiency (up to 100% for ideal 
transistors). To date, the developments reported in the literature 
pertaining to class-F amplifiers have essentially only considered 
single transistor amplifiers. In this Letter we propose a class-F 
single-ended dual-fed distributed amplifier (SE-DFDA) configuration 
that combines several FETs. This proposal therefore partners the 
SE-DFDA power combining approach with the high efficiency of 
class-F- operation. 
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Fig. 1 Circuit diagram of 3-FET class-F single-ended dual-fed distributed 
amplifier (electrical lengths specijed at fundamental frequency) 

Class-F dual-fed distributed amplijier: In class-F operation, the input 
drive is established so that the drain current is a half-sinusoid wave- 
form similar to that in class-B operation, and the drain voltage is a 
square waveform. High efficiency results as the drain voltage is low 
when the drain is conducting and vice-versa. To achieve a square 
drain voltage waveform, the load presented to the drain is resistive for 
the fundamental, short-circuit for the even harmonics and open-circuit 
for the odd harmonics. This can be achieved by coupling a parallel 
resonant load to the FET drain with a quarter-wave transformer. The 
resonator also suppresses harmonics at the output. For a square 
waveform to exist, odd harmonics must be present in the drain current 
and is achieved by appropriate choice of the FET gate bias voltage 
and input power so that the drain current waveform is not a pure 
half-sinusoid [4]. 

Fig. 1 shows the circuit topology of the proposed class-F single- 
ended dual-fed distributed amplifier and is based on the single-ended 
dual-fed distributed amplifier [2, 31. Critical impedances and electrical 
lengths are indicated in Fig. 1. The dual-feeding of both the gate and 
drain lines is achieved by the short circuit terminations at the ends of 
the gate and drain lines farthest from the input and output ports, 
respectively. These short-circuit terminations allow DC bias voltages 
to be fed to the FETs and short-circuit the FET drains at even 
harmonics. The load for the SE-DFDA drain line consists of a 
quarter-wave transformer that is terminated by the external resistive 
load (Z,) and a series of stubs, where 2, is typically 50 R. The open- 
circuit stubs short-circuit the load at the third and fifth harmonics and 
the adjacent short-circuit stubs parallel resonate the open-circuit stubs at 
the fundamental frequency. Therefore, the quarter-wave transformer is 
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