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AbsIracl - This work describes a high frequency 
dual modulus divider designed and fabricated in a 0.3Sfim 
PDSOI process, employing a stacked topology pbsse switching 
scheme. SOI CMOS technology is exploited to allow current 
reuse in a higher supply voltage than dictated by siogle de- 
vice breakdown. Measurements show the circuit operating at 
3GHz (Vdd=d.llV.) 

I. INTRODUCTION 

Integrated wireless transceiver ICs often employ one or 
mom frequency synthesisas as pat of a complete radio sys- 
tem, and they are o&n required to run at frequencies well 
above that of the RF signal. Applications such as wireless 
LAN, GPS and cellular radio have demanded rhe use of ad- 
vanced silicon and SiGe process technologies to allow the 
&is&n of practical architectures [I]. However, partic- 
ularly in the case of bulk CMOS technology, the gain in 
speed resulting from a smaller feahlre size has come at the 
expense of lower on-chip supply voltage. This can be a 
problem for analogue and RF designers, as it restricts the 
number of stacked transistors and can degrade the perfor- 
mance of a circuit. 

This work presents a dual modulus divider implemented 
in SO1 CMOS and is intended for multi-GHz synthesiser 
applications. In addition to benefiting from the lower par- 
asitic capacitances of SOI, the technology is further ex- 
plaited by stacking several circuit blocks on a single sup- 
ply current branch. Complete device isolation allows the 
total supply voltage to exceed the rating of each individual 
device without major risk of gate oxide breakdown. 

II. SILICON ON INSULATOR 

The work described in this paper is based on partially de- 
pleted SOI CMOS technology, using both floating-body and 
body-tied shwhres [Z]. These are thick film d&ices that 
have drain and source implants extending to the back oxide, 
electrically isolating their body regions (unlike hulk CMOS 
designs that have a common body connection). Without an 
explicit body contact, the device is said to have a ‘floating 
body’, and at low frequencies, its drain current shows the 
characteristic ‘kink’ in its behaviour. Tying the body re- 
gion to a fixed relative potential (usually the source) using 
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an ohmic tap largely eliminates this behaviour, by allowing 
charge to flow freely in and out ofthe body region. Unform- 
nately, in high density designs, adding such taps consumes 
area, adds parasitic capacitance and reduces packing den- 
sity. 

With source/drain implants reaching the back oxide, the 
depletion capacitances associated with the source/drain ter- 
minals are greatly reduced, and this has caught the attention 
of many design groups. This back oxide also exascerbates 
self-heating effects; the inability to dissipate heat can cause 
DC characteristics to change, though the thermal gradient 
is not normally sevex for high speed switching devices. 
For successful designs, accurate, robust compact models 
are required. In this work we have used the STAG model 
[3] which takes into account both self-heating and floating 
body effects. 

III. DIVIDER DESIGN 

A. Divide by 2 
Conventional divider designs use source coupled logic 

(SCL) to construct latches, often with source followers be- 
tween stages for level shifting and buffering. As in most 
high speed MOS logic, the back bias on upper transistors 
in the stack of devices becomes significant, reducing head- 
room and slowing the circuit [Z]. In OUT designs, the SO1 
dividers have transistor bodies tied to their own source ter- 
minals, with the obvious benefit that the back gate effect is 
eliminated and circuit speeds ax improved. Note that body 
ties have not been used in the tirst hvo divider stages (re- 
sulting in floating body devices) as simulations showed the 
maximum speed of the divider stack increasing to 6.5GH.z 
before layout; this is due to the reduced predicted capacitive 
loading of the drain-body reverse diode. The ability to stack 
devices has been taken a step further by stacking several 
complete circuit blocks [4]. Several divider blocks are ar- 
ranged in series mode with high frequency inputs arriving as 
currents superposed on the supply cunent at the bottom of 
the stack (AMOS based divide by 2 stages). Figure 1 shows 
the different approaches of voltage- and current-mode cas- 
cading. With the latta, it is apparent that the need for level 
shifting is largely removed, which is beneficial as it would 
either require capacitive coupling (giving problems at high 
frequencies owing to parasitic capacitance to ground), cw 
a source follower (introduces phase shit? and doesn’t act 
differentially, as well as consuming rno~e current). Fur- 
thermore, stages taking their outputs from the early stages 
in the division chain will require less bias current due to 
their slower operating frequency, and hence part of the fast 
cell current can be x-used in other associated circuit func- 
tions. At each stage, the individual cells operate with a sup- 
ply voltage drop well within the device breakdown limits, 
avoiding stress to any individual device gate oxide. 
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B. Phase Selecting 

Dual modulus division is accomplished using a phase se- 
lection concept [5]. In this design, the phase selection is 
implemented using a 4 to 1 current steering channel selec- 
tor as shown in figure 2, which has the advantage that it too 
can be stacked on top ofthe divider stages. The selector can 
be controlled using signals from a 4-state tinite state ma- 
chine (FSM) at the output of the divider stack (figure 3(a)). 
However this leads to glitches in the output when changing 
from phase to phase, ie, between states SO, S3, S4 and S7 
(shown in the table of figure Z(b)). By using a Gray code 
style sequencing, and an input to an &state FSM at twice 
the original tiquency, these glitches are removed by using 
all 8 state> (figure 3(b)). This does not pose any overhead 
on the layout as the last divide stage of the 64165 divider is 
included in the 3-bit FSM. An additional benefit is that the 
XOR gates are eliminated by chasing different quadrahIres 
of the SCL-based divide stages within the FSM. 
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Pig. 4. Schematic of the full dual modulus divider. 

C Full Divider slower output b-ansitions. Simulations show that capping 
the stack with a synchconous divide by 8 can restore the 

A schematic of the whole divider is shown in figure 4. edges(constmcted from 4 D-type flip-flops (DFF)). The to- 
TWO high-speed asynchronous dividers precede the phase tal division of the stack is 32. Another divide by 2 is placed 
selector, enabling the swallowing of an input clock pulse. off the stack giving ratios of 64 and 65. This off-stack 
As the divide by 2 stages are stacked, the total current divider, together with two more off-stack dividers, gener- 
through each is halved and this binary reduction leads to ate the 8 states of the FSM. To limit the local power sup- 
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ride by 64. 

(h) Divide by 65. 

Fig. 5. Plots showing the output after dividing a 3oHz input 

ply seen, these divide by 2 units have to be supported by 
cascodes. Through an additional current reuse branch, the 
second off-stack divider sinks its current into the redundant 
output of the tirst stage of the stack. A point regarding the 
off-stack dividers is that source followers are required to 
cascade the divide stages. The gate voltages for these cas- 

Fig. 6. Photobf divider die 

codes are generated by an on-chip bias network, and this is 
&iven by the same reference current source used to drive 
the divider. The modulus control has been implemented 
through the use of a NAND gate embedded in the second 
off-stack divider. A CMOS-to-SCL translator is included to 
control the modulus, whilst a three stage tapered buffer is 
included to give a lower frequency CMOS rail-to-rail out- 
put. Each high frequency input has a 50 Ohm on-chip ta- 
mination to ground, and the common mode voltage is set 
internally using diode-connected nMOS transistors. 

IV. MEASUREMENTS 

Figure 5 shows the output waveforms/spurs of the dual 
modulus divider. A sawn die (figure 6) was mounted on 
an alumina substrate and wire-bonded to gold conductors. 
50 Ohm matched microships connect the signal sowx to 
the die (also includes a hybrid in the test setup to generate 
the differential signal). The current consumption is 1GmA 
with a 6.8V power supply. With a 3GHz input (233mVpp) 
around a 1.8V common-mode voltage, the output is a 2.5V 
square wave running at 46.875MHz and 46.154MHz for di- 
vision by 64 and 65 respectively. The size of the design 
including pads is 1.5mm by 1.4mm. 

V. CONCLUSION 

A 64/65 dual modulus divider has been reported using 
stacked cells for current re-use in the divider chain and 
phase selector. An efficient current steering topology for 
selecting signal phases has been illustrated together with a 
description of the FSM controlling it. The 0.35pm PDSOI 
fabricated chip runs with a maximum input frequency of 
3GHz drawing 1OmA from a 6.8V power supply. 
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