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Abstract
modulus prescaler with divide ratios of 256 and
257. The circuit uses static divider stages and
differential current-mode logic. AND-gates are
merged with flip-flops to achieve high operat-
ing frequencies at low power consumption. The
prescaler operates with input frequencies ranging
from below 1 GHz up to 36.4 GHz. It consumes
34.2mA from a 3V supply. The circuit is man-
ufactured in a 0.4 um SiGe bipolar technology.

This paper presents a dual-

I. INTRODUCTION

Dual-modulus prescalers are widely used in frequency
synthesizers. They are frequency dividers with two se-
lectable divide ratios and are used to extend the fre-
quency range of programmable dividers. For this appli-
cation two divide ratios differing by one (P and P+1)
are desirable.

The highest frequency reported so far for dual-
modulus prescalers is 27 GHz. The circuit is manufac-
tured in GaAs heterojunction FET technology and has
divide ratios of 256 and 258 [1]. It uses a divide-by-
two input stage and therefore can only achieve the di-
vide ratios of P and P+2 instead of the desired P and
P+1. The power consumption of this circuit is 151 mW.
For frequencies below 20 GHz prescalers with much lower
power consumption have been demonstrated in SiGe [2],
[3] and GaAs heterojunction FET [4] technologies.

It was the aim of this work to design a dual-modulus
prescaler with divide ratios of 256 and 257 capable of op-
eration above 30 GHz while maintaining low power con-
sumption.
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Fig. 1. Prescaler block diagram

II. CirculT DESIGN

The prescaler is based on a widely-used architec-
ture [5], (6] and consists of a synchronous divide-by-
four/divide-by-five input stage. This stage is followed
by an asynchronous six-stage divider with a divide ratio
of 64 (figure 1). The overall divider ratio is 256 or 257,
depending on the level of the Modulus Control signal.

The maximum operating frequency of the prescaler
is determined by the synchronous divider in the input
stage. This divider consists of three flip-flops and re-
quires two additional gates in the signal path to allow
selection of the divide ratio. These gates result in a re-
duction of the maximum operating frequency compared
to a conventional divider with fixed divide ratio. To
achieve a high maximum operating frequency the AND
gates are merged with the flip-flops (figure 2). This leads
to an increase of the operating speed compared to previ-
ous circuits [2]. At the same time the power consumption
is reduced because the two current sources required for
the separate AND gates can now be omitted.

A further increase of the operating speed is achieved
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Fig. 2. Master-slave flip-flop with AND gate
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Fig. 3. Master-slave flip-flop with additional resistor Rg for
level shifting

by using emitter followers (EF) in the flip-flops. These
emitter followers result in an increase of the required
minimum supply voltage by one base-emitter voltage
Vee. Normally, merging the AND gates with the flip-
flops requires a further increase of the supply voltage by
an additional Vg because there is one additional level
of series gating. The resulting high supply voltage would
lead to a large increase of the power consumption of the
prescaler. Therefore we use resistive level shifting by an
amount of Vg /2. This allows to implement the addi-
tional level of series gating without the need to increase
the supply voltage.

Figure 3 shows a flip-flop with an additional resistor
Rs for level shifting connected in series to the load resis-
tors. The dc voltage across this resistor is determined by
the tail current of the latch and is approximately 400 mV.
The common mode level of the differential output signal
Q, QN is shifted by this amount. Therefore this output

can be directly connected to the input D2, D2N of the
merged AND-gate/flip-flop (figure 2) without the need
of an additional emitter follower. This allows operation

 of the prescaler with supply voltages down to 3 V.

The asynchronous divider operates at frequencies
that are a factor of four or five lower than the input
frequency of the prescaler. Therefore standard current-
mode logic (CML) flip-flops without emitter followers
can be used. This results in a reduced power consump-
tion because only two current sources are required for
each CML flip-flop instead of six current sources in the
high-speed flip-flops.

Differential signals are used throughout the prescaler

- to achieve high noise immunity with a voltage swing of

only 2 x200mV. The input sensitivity of the prescaler
is sufficient without an additional amplifier at the in-
put. The single-ended output stage of the prescaler is
designed to drive capacitive loads efficiently. A bias net-
work generates the bias voltages for the current sources
used in all flip-flops.

III. TECHNOLOGY

The circuit is fabricated in a pre-production 0.4 pm-
SiGe bipolar technology [7] using a double-polysilicon
self-aligned emitter-base configuration with effective
emitter width of 0.2um. The maximum transit fre-
quency fr of the transistors is 85 GHz and the maximum
oscillation frequency fmaz is 128 GHz.

Four layers of aluminum metallization are available.
In the prescaler the two lower layers are used for ground
and supply planes and for the internal connections of the
flip-flops and gates. Connections between these blocks
and connections to the pads are made using the two up-
per metal layers. Fig. 4 shows the chip photograph of
the dual-modulus prescaler. The chip size is 550 um by
450 ym.

IV. EXPERIMENTAL RESULTS

The prescalers were mounted on ceramic substrates
with a size of 30mm x 30 mm for all measurements (fig-
ure 5). Hybrid couplers were used to provide the differ-
ential input signal for the prescaler.

The circuit is capable of broadband operation with
the minimum frequency limited only by the slew rate
of the input signal. The maximum operating frequency
is 36.4 GHz. This is the highest operating frequency
reported so far for dual-modulus prescalers. Figure 6
shows the measured input sensitivity of the prescaler.
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Fig. 6. Measured input sensitivity
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Fig. 5. Prescaler module (30 mm X 30 mm) 5ns

Fig. 7. Output voltage (f;y = 36 GHz, divide ratio 256)
This measurement includes the loss caused by bond
wires, ceramic substrate, and connectors.
Figure 7 shows the single-ended output signal for an

input frequency of 36 GHz and a divide ratio of 256. The = -
output voltage swing of the prescaler is 1.7Vp,. This Maximum input frequency 36.4GHz
measurement was performed with an external load ca- Output voltage > 1.5Vpp
pacitance of 8 pF at the prescaler output. Divide ratios 256 /257

The circuit operates from a supply voltage of 3V and Supply voltage 3V
draws 34.2mA. The power consumption is lower than Supply current 34.2mA
that reported for previous prescalers which operate at Chip size 550 x 450 pm?
lower frequencies {1]. Table I gives a summary of the Techmology 0.4 um SiGe bipolar
prescaler data and table II shows a comparison of this
circuit with previously published prescalers. TABLE I. Technical data
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Maeda 1999 [4] | Knapp 2000 [2] | Wada 1998 [1] This work
Maximum input frequency 14.5 GHz 20 GHz 27GHz 36 GHz
Power consumption 22mW 27mW 1561 mW 103mW
Divide ratios 256 /258 256 /257 256 / 258 256 /257
Technology GaAs HJFET SiGe bipolar GaAs HJFET | SiGe bipolar

TABLE II. Comparison of high-speed dual-modulus prescalers

V. CONCLUSIONS

We have presented a dual-modulus prescaler with di-
vide ratios of 256 and 257 manufactured in a 0.4 um SiGe
bipolar technology. The maximum operating frequency
of over 36 GHz is new state of the art. The high oper-
ating frequency was achieved with a power consumption
of only 103 mW.

REFERENCES

[1] S. Wada, T. Maeda, M. Tokushima, J. Yamazaki,
M. Ishikawa, and M. Fujii, “A 27GHz/151mW GaAs
256/258 Dual-Modulus Prescaler IC with 0.1 um Double-
Deck-Shaped (DDS) Gate E/D-HJFETSs,” in Gads IC
Symposium Digest, 1998, pp. 125-128.

H. Knapp, T. F. Meister, M. Wurzer, K. Aufinger,
S. Boguth, and L. Treitinger, “A Low Power 20GHz
SiGe Dual-Modulus Prescaler,” in International Mi-
crowave Symposium Digest. June 2000, vol. 2, pp. 731-
734, Boston, USA.

[3] B.-U. Klepser, M. Scholz, and W. Klein, “A 10 GHz SiGe

2

242

(4

fsl

(6l

(7

BiCMOS Phase-Locked-Loop Frequency Synthesizer,” in
Proceedings of the 2001 IEEE Custom Integrated Circuits
Conference, May 2001, pp. 567-570.

T. Maeda, S. Wada, M. Tokushima, M. Ishikawa, J. Ya-
mazaki, and M. Fujii, “An Ultralow-Power-Consumption,
High-Speed, GaAs 256/258 Dual-Modulus Prescaler IC,”
IEEE Journal of Solid-State Circuits, vol. 34, no. 2, pp.
212-218, Feb. 1999.

M. Mizuno, H. Suzuki, M. Ogawa, K. Sato, and
H. Ichikawa, “A 3-mW 1.0-GHz Silicon-ECL Dual Modu-
lus Prescaler IC,” IEEE Journal of Solid-State Circuits,
vol. 27, no. 12, pp. 1794-1798, Dec. 1992.

T. Seneff, L. McKay, K. Sakamoto, and N. Tracht,
“A Sub-1mA 1.5-GHz Silicon Bipolar Dual Modulus
Prescaler,” IEEE Journal of Solid-State Circuits, vol.
29, no. 10, pp. 1206-1211, Oct. 1994.

J. Bock, T. F. Meister, H. Knapp, H. Zéschg, D. Schéfer,
K. Aufinger, M. Wurzer, S. Boguth, M. Franosch,
R. Stengl, R. Schreiter, M. Rest, and L. Treitinger, “SiGe
bipolar technology for mixed digital and analogue RF ap-
plications,” in IEDM Technical Digest, Dec. 2000, pp.
745-748.



	MTT024
	Return to Contents


