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Direct-conversion architectures offer a high degree of integration 
a t  the cost of some problems like LO-leakage and I/& matching. 
The key circuit for direct-conversion receivers is a local oscillator 
with quadrature outputs covering the total inputfrequency range 
[l].To benefit from the high degree of integration provided by 
Zero-IF architectures, this key component should be realized at  
low cost, thus preferably in standardtechnology. Although under- 
etched coils and on-chip bond wires [2,3] can provide a good basis 
for a VCO, they are not standard technology. External tank 
circuits including varicaps are oftenemployed in satellite receiver 
ICs C41. These circuits require external components and an 
expensive 30V tuningvoltage supply.This fully-integrated quadra- 
ture currentcontrolled oscillator (QCCO), quadrature mixer, and 
VA converter with band switch circuit use a standard BiCMOS 
process (G-SGHz) the tuning range of 80% covers the satellite 
band with a VCO gain of 150MHzN A 35%. The band switch 
circuit divides the frequency range of 0.9-2.2GHz into four bands, 
each with a tuning voltage range from OV up to 3.5V. 

The quadrature mixer-oscillator (QMO) is based on a stacked 
architecture. The mixers are connected on top of the QCCO, and 
the QCCO is stackedon the band switch circuit. Figure 1 is a block 
diagram of the complete circuit. The current in the mixers I- is 
reused in the oscillator as tuning current Itme. Thismeans that all 
power available can be used to  optimize the phasenoise of the RC- 
type QCCO. Since the implementation is fully balanced and 
symmetrical, both mixers are switched in balanced mode result- 
ing in good isolation between the RF-inputs and the local oscilla- 
tor (LO). Consequently the LO leakage is as low as -70dBm, that 
eliminates to  a large extent unwanted dc offset produced by self- 
mixing [l]. The circuit is presented in Figure 2 and Figure 3. In 
Figure 2, the quadrature mixer cascoded on the QCCO is shown. 
The mixers are implemented using a common double-balanced 
structure with open-collector outputs. Via a common-base con- 
figuration connected toVra, the QCCO is connected to  the mixers. 
Vrd provides the correct bias conditions for the oscillator that 
operates on 3V *lo%. The QCCO is a two-stage ring oscillator 
constructed with two integrators. Differential pairs implement 
these integrators with integration constant CJgm. C, is the sum 
of allparasitic capacitance seen at one collector of the differential 
pair. By cross-coupling the output of the second integrator and 
connecting it to  the input of the first, negative feedback is 
implemented. Using a linear model of the QCCO, the oscillation 
frequency is given by: 

voltage Vppc leads to non-linear operation. Due to the switching of 
the transistors in the QCCO, the dominant cause of phase noise, 
i.e. the collector shot-noise, is decreased. Phase noise optimiza- 
tion resultedin the power spectrum shownin Figure 4. A-lOGdBc/ 
Hz phase noise figure at 2MHz offset from the carrier is achieved. 
Figure 3 shows the implementation of the VA converter and the 
band switch circuit. The MOS-input of the VA-converter assures 
low leakage of the loop-filter when the QMO is used in a phase- 
locked loop. Four current sources make up the band switch of 
which three sources can be switched. The three band switches (0 
or 3 V) determine the selected frequency band. 

When using a MO in satellite receivers it is usually incorporated 
in one or more tuning loops. A nearly constant VCO gain (high 
linearity) is greatly beneficial for optimal PLL and AFC-loop 
design. To illustrate the attractivelinearity and tuning voltage of 
the QMO, Figure 5 compares the measured tuning curve with a 
tuning curve of a conventional oscillator for satellite receivers 
(TVSAT) [4]. Compared to  the VCO gain of the TVSAT oscillator 
using a varicap-tuned external tank circuit, the linearity of the 
QMO is significantly improved. The 30V tuning voltage needed 
for varicap-tuned oscillators is reduced by more than a factor of 8 
to 3.5v. 

A micrograph of the chip is shown in Figure 6. Active chip area is 
less than 0.5mm2. Due to the large degree of symmetry in the 
layout good I/& matching is achieved. The phase matching and 
the amplitude matching versus frequency are shown in Figure 7. 
The phase matching is better than 0.5” whereas the amplitude 
matchingis O.ldB. Measured intermodulation free dynamic range 
is 1lOdB. 
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Figure 1: Block diagram of the quadrature 

mixer-oscillator. 
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Figure 3: The circuit diagram of the VII-converter 
and the band switch circuit. 

Figure 2: Circuit implementation of the 
quadrature mixer and the QCCO. 

Figure 4: Power spectrum of the QCCO at 2GHz. 
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Figure 7: Measured phase and amplitude 
matching of the VQ signals vs. frequency. Vtune [VI 

5: The measured frequency versus Vtune. 
Inset: Tuning curve of the varicap tuned 
TVSAT oscillator [41. 

Figure 6 See page 436. 
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TP 5.5: A 480MHzVariable Rate QPSK Demodulator for Direct Broadcast Satellite 
(Continued from page 87) 

Figure 6: Analog front end micrograph. 
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(Continued from page 88) 

Figure 6: Micrograph of the QMO 
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