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Index Terms: GFSK Modulation, Integrated  cuit parts on the VCO is analyzed. Special focus
VCO, DECT Transmitter lies on the open loop modulation of the VCO to

Abstract- Since the monolithic integration {orm the GFSK output signal which is needed
of VCO's complying with the DECT stan- for transmission of the DECT communication

dard seems to be possible the interaction signal. This is very important because the out-
between circuit parts as PLL and Biasing put waveform and frequency in the open loop
with a fully integrated VCO needs to be stud- mode depends on the quality of the elements
ied. This is necessary with the focus on spuri- used in the VCO. There should be no large fre-

ous in the output spectrum and the effect on . :
the open loop modulation of the VCO for the duency drift or even frequency jumps, when the

generation of a DECT GFSK modulated sig- VCO is modulated
nal.
. [I. The DECT Transmitter IC
. Introduction

The basic concept and realization of this IC is

The need to increase the integration density Ociescribed in reference [4] and a block diagram
solid state circuits is growing day by day. This

is especially true for the RF part of personan theLIc)z:iclzigagisented nFig. 1.

hand held phones. The main goal is not only to ) OUtput+
reduce the size of the circuit, but also to reduce =g 1€ 1 —
the test and assembling costs of the whole com- g2
munication system. The main target is to reduce TX | [Frequency o0
the equalizing costs of the RF part of the system veo Divider +
to zero. One mayor step toward this final would At Control Voltage *| Selection
be the fully integration of the VCO. In the past [ Buffer
large efforts were undertaken to fulfill wireless RX | gl Buffer

. . VCO
standards with integrated VCO's [1-3]. All Prescaler
these publications describe stand-alone VCO's *
which are most of the time tunable from the Bandgap & Biasing | VA | Chargels
outside and are not subject to other noise Counter} | pump
sources (except there own) as for example the etororce ? TF?“;)op
digital noise from a PLL or a bandgap circuit. Devider
In this paper we will describe the integration of *Reference Frequency \oltage Regulators

a VCO (including inductors and varactors) with
biasing, PLL, output driver and charge pump on _ _
a single IC. The influence of the additional cir- Fi9- 1: Block Diagram of the DECT Transmitter
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2.

The main differences to reference [4] are thaple resulting from the DC/DC converters of the
the VCO's are fully integrated including the DECT system. Special care was taken to design
varactors and the inductors. There are twdhe second bandgap circuit which is driven from
VCO's implemented. One for transmission andhe first regulated power supply; this bandgap
one for receive mode of the IC. The VCO forreferences the VCO current, so the generated
transmission has a designed center frequency efjuivalent output noise voltage needs to be as
1.9 GHz and the one for receive mode of 1.7%w as possible.

GHz. This is another difference to reference [4]

where the VCO's were running at half the lll. Circuit Descriptions of the VCO's
desired output frequency. Though in this design

no frequency doublers are used. The output of [

the VCO's are given to a buffer with double et L-Varactor-TANK

input where the selection of transmit and

receive VCO signal is implemented, the output J

of which is connected to the driver output. The Y

driver output power is 0 dBm and it is matched
externally to a 50 ohm load. } L

The output of the selection buffer drives addi- K
tionally a 32/33 prescaler, the output of which

the N and A counter of the PLL counters. The I
reference frequency is 10.368 MHz, which is

divided by 6 to apply a reference frequency of

1.728 MHz (channel spacing in the DECT sys- [J

tem) to the phase frequency detector (PFD).
The output of the PFD drives the charge pump
of the third order PLL. It is possible to set the N

counter value between 32 and 35 and the A
counter value between 0 and 32.

Fig2: Schematic of the VCO

There are two VCO's on chip. One for TX the

Also integrated on the IC is the so called 3-wiré)_th|er one for RX mode, becau;e it was not pos-
bus. This bus controls the whole functionalitySiPle t© design a wide enough tuning range to

of the RF part of the DECT system. It includesOnly use one VCO for TX and RX. The TX

the control signals for the mixers, the LNA, theVCO COre is running on twice the output fre-
which means 3.7 GHZ. The output of

charge pump and further power control bits oflY€NCY; . - :
the RX and TX IC's. the TX VCO drives a frequency divider, which

Is implemented as a simple Master Slave D-

Furthermore the IC includes two voltage reguf!iP-Flop, the output of which is given to the
lators and two bandgap circuits. The regulatoRX/TX selection buffer. The RX VCO is run-

circuits contain external bipolar power PNP-NNG at 1.78 GHz and its output is given to an
transistors to generate the two stabilized powdPtermediate buffer before the signal is going
supplies of 3.0 and 2.7 V. The 2.7 V power SUIOalso into th(_e R_X/TX selection buffe_r. The rea-
ply has a PSRR of 60 dB, this is necessary t8°N for designing the VCO's on different fre-

decouple the VCO from the power supply rip-duencies, was to find out, if there is an
advantage to use a frequency divider. Assuming
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that both VCO's have the same phase noisine tank (biasing noise and noise of the active
characteristic at the different operating frequeneircuit), choose the excess loop gain near unity;
cies, the TX VCO could gain 6 dB in the phasause fast transistors. Designing for this goals and
noise characteristic by dividing it's output byusing MDS the simulated phase noise of the
two. VCO with biasing came out to be -139.5 dBc @
10 MHz for the TX-VCO (in front of the fre-
Both VCO's are build from the same concepiguency divider) and 137.3 dBc @ 5 MHz for

using a negative impedance converter (NIC) tghe RX VCO. Fig. 3 displays one of the simu-
compensate the losses in the LC tank circuijgted results.

The schematic concept of the VCO's is dis-

played in Fig. 2. IV. Measurements

The core of the active circuit is a cross coupled

pair using emitter followers in the feedback _ B S
path. The cross coupled pair is degenerated to® 4.70041684 Wiz | ST 5 Unit s
adjust the excess loop gain of the circuit to the| ™ | =

desired value.
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_ ) _ _ Fig.4: Measurement of VCO Phase-Noise
Fig. 3: Phase-Noise Simulation of the TX

VCO After the IC, packaged in a TSSOP28 plastic

_ o package, was assembled on a test board the fol-
The parameters of the active circuit waggying measurements could be performed. The
designed in with use of the MDS software packiain on-hoard components are a balun for the
age [5]. Using the extended Leeson formula agiferential output driver, the loop filter, the

a basis [6,7] the designers has several pOSSIbIb—O\Ner pnp transistors and decoupling capaci-
ties to influence the phase noise performance @fs tor the different supply lines. First, the
the VCO. The main goals can be summarized agco's were measured in the open-loop mode
follows: and the phase noise came out to be 119 dBc/Hz

Increase the Q of the tank; increase the ampll@ 4.7 MHz for both VCO's respectively (Fig.

4).

tude of oscillation; reduce the noise delivered to
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This is a mayor offset from the simulation The measurement of the fully integrated VCO,

results, that we could not explain with a wrongncluding inductor, varactor, biasing and active

modeling of device parameters. After this meaeircuit, showed no major influence by other cir-

surement the VCO was brought into the closeduit parts like the PLL. Even the interference

loop mode. In the output spectrum the referenceaused by on-board components, which could
side bands (1.728 MHz) appear at 65 dBc. Nbe observed in a previous design [4], could be
further spurs except at 10.368 MHz (also 63educed. These interferences were mainly due
dBc) could be observed from the PLL, so thato the off-chip resonator tank of the VCO. Nev-

we can conclude, that the implemented realizaertheless, it will be a long way to go to meet the
tion of the PLL in ECL-technique is not influ- DECT system requirements for the VCO in an

encing the VCO's in any way. After this integrated environment, especially when there
satisfactory measurement the VCO was anas no correlation between simulated and mea-
lyzed within a DECT burst. That means that thesured parameters.

VCO is switched between open- and closed-
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No frequency offset or mayor frequency drift

was observed in the output frequency in the
open loop mode compared to the closed loop
mode. Even the influence of the 3-wire bus pro-
gramming which could be observed in [4], is

strongly degraded with the integration of all

VCO elements.

V. Summary

A fully integrated VCO working in a DECT
transmitter environment has been presented.
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