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An 8. 5GHz 1 : 8 Frequency Divider in 0. 35 m CMOS Technology
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Abstract: An | 8 frequency divider is designed and realized in a 0. 35um standard CM OS technology. T he chip con—
sists of three stages of 1 ¢ 2 divider cells, which are constructed with source couple logic (SCL) flip-flops. By revis—
ing the traditional topology of SCL flip-flop. a divider with better performances is got. The results of measurement

show that the whole chip achieves the frequency division at more than 8. 5GHz. Each 1 2 divider consumes about

IHmW from a 3.3V supply. The divider can be used in RF and opticfiber transceivers and other high-speed sys—

tems.
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1 Introduction

Flipflop based on high-speed frequency di-
viders are often used as showcases for high-speed
technologies. In Si/SiGe bipolar or III/V com-
pound technologies, such as GaAs and InP, fre-
quency divider can easily achieve an operation fre—
quency over S0GHZ"?. However, as the feature
size of CMOS technology is getting smaller in re—
cent years, the cut-off frequency of CMOS technol-
ogy is getting much higher'”, revealing the poten—
tial of CMOS technology for high-speed applica—
tions. In fact, there are some CMOS dividers with
new topologies achieving a very high speed'*™ .

For dividers in practical systems, there are
some essential requirements. The first is good in-
terface with other circuits in the same system, that
is, the DC off-sets, signal swing, and 1/0 impen-

dent of the divider should match its former and lat—
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ter circuits. The second is strong stability, which
means the divider should resist all kinds of inter—
ferences, such as variation of supply voltage. The
third is wide range of operation, that means the di-
vider can work rightly in a large range of frequen—
cy. The forth is high sensitivity to swing of input
signal. Other requirements are low power, small die
area, etc., which are necessary requirement for
most function circuits.

To get a divider meet these requirements, SCL
(source coupled logic) topology is a good choice.
Similar with SCFL (source coupled FET logic) in
GaAs circuit family and ECL ( emitter coupled
logic) in Si bipolar circuit family, SCL is a valuable
logic type of CMOS technology'”.

This paper presents SCL 8.5GHz frequency
divider in 0. 35pum standard CMOS technology. By
revising the traditional topology of SCL flip-flop,
we got a divider with better performances. The re-

sults of measurement show that the whole chip
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achieves the frequency division at more than
8. 5GHz. Part 2 shows the details of the circuits.
The manufacturing aspects and measuring results

are given in parts 3 and 4.

2 Circuits design aspects

Figure 1 shows the block diagram of the whole
chip. The 1 7 8 divider is built up with three stages
of SCL 1 2 frequency dividers. T he first stage is a
dynamic frequency divider, and it determines the
performance of the whole chip. The second and
third stages are two identical static dividers, which
can work stably at low frequency. 50Q input

matching resistors and output buffers are designed

on chip for the purpose of testing.
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Fig. I Block diagram of the 1 . 8 frequency divider

IC

The circuit topology of the first stage is the
same as the other two, but the configurations of
their transistors are different. As shown in Fig. 2,
the SCL 1 © 2 divider is based on the high-speed
latching flipflop (HLO-FF)". The main differ—
ence between HLO-FF and master slave delay flip—
flop (MSDFF) is that: in an HLO-FF, the series-
gate connection separates the current paths of the
reading and latching circuits, while in an MSDFF,
in both the master and slave latches, current
switches of reading and latching pairs share the
same current path. That is, in Fig. 2, MRS1 of the
master latch and MRS2 of the slave latch, which
are current switching pair of reading circuits, share
the tail current source, MCSR; while MLS1 of the
master latch and MLS2 of the slave latch, which
are current switching pair of latching circuits, share

the tail current source, MCSL. This topology

brings forth important advantages: (1) all current
pairs of both reading and latching circuits contain
two symmetric MOSFETs, thus keeping all the
merits of symmetric differential circuits; (2) the
ratio between the currents of reading and latching
circuits can be easily set by adjusting the transistor
size ratio of MCSR and MCSL; (3) comparing with
the MSDFF topology, higher speed can be achieved
by the frequency divider based on this topology due

to its shorter delay time'®
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Fig.2 Schematic of the SCL 1 : 2 frequency divider

At ultra-high-speeds, the resistance of the
loads in an SCL circuit should be very accurate. But
CMOS passive resistors, usually made of poly sili-
con, suffer a process variation as large as =20%.
That is the reason we use PMOSFETs as loads, in—
stead of passive resistors. The gates of the PMOS-
FET are grounded so that the devices work in the
linear region, serving as loads with relatively con-
stant resistance.

By setting the voltage level appropriately,
source followers (SF), commonly used in GaAs
SCFL circuits for level shifting between master and
slave latches, are omitted here. This helps improve
the speed of the divider. However, two SFs are still
needed after the slave latch to make the level of the

output suitable to next stage.

3 Manufacturing aspects

The frequency divider 1C is designed and real-

ized in a 0.35um double—poly four-metal N-well
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standard CM OS technology through MOSIS. Simu- 1)
lations show that this CMOS process has a cut-off E
frequency (fr) about 13.5GHz. The die photo- £ 08}
graph of the frequency divider is shown in Fig. 3. g‘
The size of the chip is about 0. 5Smm X0. 44mm. Ev- E osl
ery 1 . 2 frequency divider cell is only about 35um :E
X 50um. a
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Fig. 4 Measured minimum input voltage vs input
frequency

Fig.3 Die photography of the frequency divider 1C

4 Experimental results

The chip is mounted on a ceramic substrate,
which is soldered on a brass block. Pads of the
chip are connected with microstrip lines on the ce-
ramic substrate by bonding wires. In this way. we
tested the chip without a probe station.

The chip is tested with a 3.3V supply. The
differential input clock signal is fed into the chip
via Bias-T ees. Measured minimum input voltages
(required at each end of the differential inputs to
sustain the operation) at different input frequen—
cies are shown in Fig. 4, which also shows the
bandwidth of the divider is about 2GHz under the
condition that the input swing is not larger than
0.8V. Larger input swing can get higher operation
frequency and wider bandwidth. Figure 5 shows the
measured input and output waveforms when the in-
put is 8. 5GHz with a swing of 0.8V.

The DC power dissipation of the whole chip is
about 90mW. According to simulation results, each
stage of the two 1 : 2 dividers consumes about
12% of the whole power dissipation, that is, about

I1ImW in reality.
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Fig. 5 Measured waveforms with an 8. 5GHz

input

5 Conclusion

An SCL 17 8 frequency divider has been real-
ized with a 0.35pm standard CMOS technology.
Under a 3.3V supply, this divider can work at
more than 8.5GHz. Each | @ 2 divider cell con-
sumes a power dissipation of 11mW and has a size
of 35um X 50pm. The divider can be used in high-
speed RF and opticfiber transceivers. These re-
sults not only proved the value of the SCL logic
of
0.35um CMOS as a technology for high-speed ap-

style but also demonstrated the potential

plications.
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