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Abstract—A bulk silicon divide-by-two dynamic frequency di-
vider with maximum clock speed of 26.5 GHz has been achieved.
The dynamic divider operates from 6.5 GHz to 26.5 GHz. The de-
sign is based on n-channel MOSFET's with an effective gate length
of 0.1 gam.

Index Terms—CMOS digital integrated circuits, frequency di-
vider, high-speed integrated circuits.

I. INTRODUCTION

ITH the recent explosion of the communications in

dustry, the consumer market has an increasing ne
for radio frequency (RF) circuits in high volume, with high
performance, and with low cost. In addition to being a ke
component needed for a phase locked loop in many comn
nication systems, high-speed frequency dividers are used ¢
benchmark for high-speed technologies. Frequency divide
based on compound semiconductor technologies using H
and HEMT'’s have demonstrated performance up to 80 G}
[1]-[3]. Recently, there have also been studies showing Sit -
HBT based frequency dividers operating up to 82 GHz [4],

[5]. With an increase in demand, comes pressure to implemﬁﬁ% 1. Microphotograp_h 01_‘ frequency divider circt_Jit. Circuit dimensions
imited by probe pads. Circuit 830m x 780 um. A: Flip-flop 97 um x 66

F:irCUitS _in a tECh”C"OQy more devempe(_j for high levels C)fr?q B: Current sources 40m x 79 pum each. C: Output buffer 110m x 45
integration and potentially lower cost. This has sparked mapy each.

studies to increase the performance of silicon MOSFET's
[6]-[8]. In this letter, we present a dynamic digital frequencthick. At a drain to source bias of 0.8V and a gate to source
divider fabricated in a 0.2m bulk silicon MOSFET technology bias of 0.8V, a 0.1um x 20 xm NMOS device has a dc
that operates up to 26.5 GHz. To the author’s knowledge, thigiansconductance of 500 mS/mm. NMOS devices havg ah
the fastest silicon MOSFET digital frequency divider reporte®l5 GHz. The devices have a breakdown voltage of over 3V.
to date. The process had no resistor layer, so diode-connected devices
were used as active loads. In order to achieve the highest pos-
Il. DEVICE TECHNOLOGY AND CIRCUIT DESIGN sible clock SpEEd, an all NMOS design in source COUp'Ed FET
. - lagic (SCFL) was used. The use of SCFL made it possible to
The fabrlcatlpr_] process was a standard d'g'ta_l _CMO ake a fully balanced design. The layout was made as symmet-
process. The minimum drawn gate Iength was Qi giving ._rical as possible. The size of the circuit was limited by the size
a 0.1pm effective gate Iengtk_l. The devices were made N the probe pads. The circuit was placed as close to the output
single n-well process, em_ploylng a 1e2em p-type substrate ads as possible, with coplanar lines connecting the clock pads
and two levels of metallization. The gate oxide was 30 the circuit input. A die photograph is shown in Fig. 1. Al-
though the size of the circuit is 83fin x 780.m, the flip-flop
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Fig. 2. Simplified circuit schematic. The latching stages are enclosed in dashed boxesidV;. from on-chip cascode current source.

the same phase of the clock. When the reading pair of the logic 10

stage begins to change state, the latching pair boosts the current —

to speed up the output voltage swing. The latching pair provides £ g W\/W\’\A UV N OO

positive feedback to increase the gain of the stage. Since the % 5 \f \W

latching pair does not maintain the output logic level with the g \/j

clock transistor off, this circuit is a dynamic divider. g -10 I
Simulations indicate that the rise and fall times of the logic 8 -15 k

stage vary roughly inversely with the ratio of WL to WR. For -20 T

increasing values of WL/WR, power dissipation increases. In 25 —

our circuit, the width of the n-MOSFET’s used in the reading 5 10 15 20 25

pair was 24:m (WR) and that of the latching transistors was 9 Frequency (GHz)

#m (WL). This gives a WL/WR value of 0.375, which provides
a boost in speed with only a moderate increase in power.  Fig. 3. Measured input sensitivity versus input clock frequency for
The circuit design shares many features with the dynanﬁiegle-ended drive with second input ac terminated off chip.
HLO-FF [9] frequency divider. The HLO-FF makes use of
stages which contain reading and latching pairs of differeptobe tip were used to provide dc biasing. A dc bias voltage was
width. However, in HLO-FF dividers the reading and latchingrovided as reference to both inputs. One of the inputs was also
transistor pairs are driven with different phases of the clock, afetl with the clock input while the other input was ac terminated
in the limit of WL/WR = 1 the circuit becomes a conventionalbff-chip with 502 to ground. The output signal was measured
static divider. This is not the case in the present design. differentially with an external 180hybrid. —10 dB couplers
The outputs of SCFL circuits are referencediig. To re- were used on the input and output to plot the input waveform
duce potential effects of line bounce &, V,;,; was made to be and measure the output spectrum respectively. An HP54120 50
ground, and all other voltages are negative. A negative bias wallz oscilloscope was used to measure the waveforms, while
applied to the p-substrate in order to prevent leakage curreras.HP8565E spectrum analyzer was used to measure the output
The top rail of the current source is connected to a pad rattsgrectrum.
than ground, so that the current through the flip-flop can be ad-The input sensitivity versus input frequency is shown in
justed. To be able to adjust the output buffer independently Big. 3. For most of the bandwidth, the divider needs a single
the flip-flop, the bottom rail of the output buffer has its oWy, ended input power of about 0 dBm to operate. This is within
pad separate from the rest of the circuit. VoltaglgsandV,> dB of the input power needed by other reported dynamic fre-
in Fig. 2 are generated on chip with a cascode current sourcguency dividers that do not have an input buffer to amplify the
clock signal [1], [2], [9]. Many frequency dividers have a nullin
input power versus frequency where the divider self-oscillates.
Although our dynamic divider does not self-oscillate, the dip
Tests were performed on wafer. High-speed signal-ground-required input power shows it to be close to oscillating at 26
signal probes were used for the clock input and the divide I8Hz. Fig. 4 shows dc power consumed by the flip-flop plus
two output. Power probes with bypass capacitors close to th@rent sources versus frequency and the dc power consumed

Ill. RESULTS
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450 GHz to 25 GHz. The simulated output power is within 1 dB of
275 ; : the measured output power. The relatively low measured output
2 : : power can be attributed to the very simple output buffer design
§, 300 used. The output buffer was designed primarily to buffer the
- . divider from the large pad capacitance and provides attenuation
% 25 : A B ! rather than voltage gain. Simulations indicate that the on-chip
o 50 ; < differential voltage swing in the divider core was 250 mV for
2 s | T "@‘«-— J— T . operation at 25 GHz (and up to 600 mV at 20 GHz).

P i
0+ WW*‘“@«M IV. CONCLUSION
5 10 15 20 25

We have shown that scaled bulk silicon @uh CMOS tech-
Frequency (GHz) nology can be used for digital circuits clocked above 20 GHz.

A bulk silicon MOSFET 2:1 dynamic frequency divider was
Fig. 4. A: Measured dc power consumed by output driver. B: Measured §ﬁown to operate up from 6.5 GHz to 26.5 GHz. The f|ip-f|0p
power consumed by the flip-flop and current sources.

plus current sources use only 26 mW of dc power at a clock
frequency of 20 GHz. To our knowledge, this is the fastest fre-
A quency divider in CMOS technology reported to date.
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Fig. 5. Measured input (top) waveform at 26.5 GHz and output (bottom)
waveform at 13.25 GHz. (25 ps/div., 5 mV/div.)



