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Abstract- A quadrature local oscillator generator that producef®r inputsAcos(t+a) andBcost+p) wherea andf (Fig. 2)

0° and 90 amplitude matched signals over a wide frequenagpresent the phase detector delays. This phase detector will
range was fabricated using a high performance bipolahave zero DC output when-3=90°.

technology. This circuit employs a unique phase shifting circuit AB

combined with an improved high frequency phase detector to z = —-cos(a —pB) (1)
produce quadrature outputs. RC based circuits, which have 2

typically been used to generate high frequency quadratureA similar phase detector which includes propagation delays
signals, can operate only over a narrow frequency range. Othdiffering by A, has a low pass filtered transfer function defined
guadrature generation methods such as frequency dividers, Ue( 2). This phase detector will have zero DC output when

a reference LO frequency at least twice that of the desired-B=A+90°.

quadrature signal and require a duty cycle adjustment circuit AB

which has bandwidth limitations. The circuit described in this z = = cos(a—-B-A4) (2)
paper operates over a frequency range of 400MHz through ] ) ]

700MHz with low amplitude and phase imbalance. Fig. 2 depicts a cross-coupling method which uses two phase

i i . _detectors to reduce the effect of unequal propagation delays.
An accurate phase shifter is necessary for communicatip |ow pass filtered transfer function of this arrangement is
receivers using an image reject mixer or I/gxfined by (3). The simulated phase error introduced by the

downconverter[ 1][ 2][ 3]. The utilization of an image rejecshase detector is improved from°10 under 0.1at 500MHz.
mixer eases the requirements of the image filter. Similarly, an

I/Q demodulator relies on zero-IF filtering for most of its z = ABcos(a - B)cos(4) 3)
selectivity, therefore reducing the need for mechanical filtersThe delay circuit uses two cascaded emitter followers each
This circuit utilizes a delay locked loop (DLL) to produckiased by variable current sources to drive capacitors and
qguadrature outputs. The DLL is fully integrated including theovide the appropriate delay. The simplified circuit schematic
loop filter and utilizes a differential architecture. Integratiaf a phase shifter is shown in Fig. 3.The phase delay of a single
allows the circuit to be self calibrating. The DLL producelelay stage is defined by ( 4).

quadrature signals which are insensitive to changes in Vv 2TFCV.
temperature, process, frequency or amplitude. D—O — atenl— T (4)
Fig. 1 depicts the delay locked loop as implemented in the Vi B I

quadrature generator. A Local Oscillator (LO) signal is applied to ) ,
a single-ended to differential buffer. The output of this buffedt can be seen by ( 4) that if only one emitter follower stage
drives both the phase shifted and non-shifted paths. The pMaseused, a bias current of zero would be required to achieve
shifted path includes a current controlled phase shifter whickl® 90 phase shift. This constraint necessitated the use of at
followed by a limiting amplifier. The phase shifter delays t#east one additional phase shifter. .
incident signal by an amount controlled by a phase detector. THde quadrature generator was evaluated in an SO-8 package
non-phase shifted path includes another limiter matched torgtinted on an FR4 PC board using microstrip lines for all
first one. These limiting amplifiers remove gain imbalanbigh frequency connections.
introduced by the phase shifter. The outputs of the limitind-ig. 4 shows the measured phase and amplitude error versus
amplifiers are applied to the phase detector which is based dpeguency for the quadrature generator. Phase error is defined
an analog multiplier. The phase detector output is filtered arsdthe deviation from the expected°%eparation and
applied to the phase shifter resulting in an output signal phasglitude error is defined as the difference in the output
locked to the reference with a 9phase offset. The limitingpowers. Less than°lof phase error was achieved over the
amplifiers also drive output buffers which have been designedifequency range of 435MHz to 660MHz.
50Q matched interfaces. Phase noise contribution of the quadrature generator is
Stacked architectures are commonly utilized in phase deteatdrimal. Fig. 5 shows the phase noise of the quadrature
to reduce current consumption. A disadvantage of these cir@gtserator’s input source and the phase noise of each of the
is the unequal propagation delays between the inputs. Thegnatrature generator’s outputs. This result shows that the DLL
effect is a non-zero output when the input signals are atdbhes not degrade the phase noise of either signal.
desired phase difference. This result is detrimental at higGreater than 40dB of isolation was measured between the
frequencies where the inherent propagation delay becomigmat signal and the outputs as well as between the two
significant fraction of the signal time period. The low pagsiadrature outputs. The actual phase separation of the
filtered output of an ideal analog multiplier used as a phagmadrature outputs will be the vector sum of the intended
detector has a low pass filtered transfer function defined by §ighal plus the coupled signals. For instance, the coupling of a
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The test IC (Fig. 13) was fabricated with Motorola’s 1996
MOSAIC™ v high performance silicon bipolar process to
validate the design concepts described by this paper.
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Fig. 5. Phase noise of quadrature input and each output  Fig. 8. Quadrature Generator Single-Ended to Differential
Buffer Schematic
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Fig. 6. Quadrature Generator DC Bias Schematic Fig. 9. Quadrature Generator Phase Shifter Schematic
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Fig. 7. Quadrature Generator Phase Detector Schematic  Fig. 10. Quadrature Generator Limiting Amplifier and Buffer
Schematic

0-7803-4603-6/97/$5.00 (c) IEEE



o
VCC O IBIAS
$ 3 33 Q
IN_0+ O VCC O @
INO- O
IN_90+ o
IN_9- O
O OUT
o OUT_0-
O ouT_ 0+ IN+ O—
o OUT_90-
O OUT 90+ IN- O
1—0
VB O—e F
VEE
VEE O

Fig. 11. Quadrature Generator Differential Buffer Schematic Fig- 12. Quadrature Generatob8uffer Schematic
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Fig. 13. Photograph of the test IC.
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