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I. INTRODUCT1ON 

The increasing demand for cost-efficient mm-wave sys- 
tems for wireless co”“n”“ications and senscxs has fueled 
the need for fUlly monolithic oscillators. Since on-chip 
resonator elements provide only low Q factors, transistors 
with low I/f-noise and specml concepts have to be applied 
in order to meet the requirements. Beyond this, many ap- 
plications need a differential output in arder to drive a 
mixer or a divider. 

One of the methods to reach this goal is the push-push 
principle, a well-known concept for harmonic oscillator 
design [1,2,3,4]. In this type of oscillators, the first bar- 
manic is cancelled out by ccmbiiing hv” single-ended 
oscillators anti-phase, while the second harmonic, which is 
inherently apparent in any oscillator, is coupled ““t. This 
approach is particularly useful, if the frequency is such 
high that a futdamental oscillator is beyond the capabili- 
ties of the given MMIC process. 

A push-push design has several advantages “vu single- 
ended versions. First of all, the usable frequency range of 
the transistors can be extended. This is because each de- 
vice is tunning at one half of the desired output frequency. 
This CM be exploited, for instance, t” use transistors with 
larger size that, in general, exhibit lower l/f noise due t” 
the reduced cwrent density [6]. Another important benefit 
of this downscaling in frequency is the increased loaded Q 
due t” the higher available tins&or gain. 

Usually, a design concept is chosen that allows t” sepa- 
rate the coupling network providing the 180” antiphase 
between the active devices from the combiner network, 
which perfams the addition of the two output signals. For 
the combiner network, a Wilkinson coupler at the second 
harmonic is often preferred. The”, for the fundamental 
frequency, a suitable reflection cocfiicient must be real- 
ized by a” additional phasing network in arder to enforce 
stable oscillatio”..The coupling network is usually of 
transmission-line type ensuing odd-mode oscillation only. 

Our push-push oscillator is designed t” operate at both 
the fundamental and the second hamxmic frequency. In- 
stead of a” output combiner, the 50 R output is placed 
directly at the virtual ground of the phasing network. 
Fig. I presents the circuit schematics of the fixed- 
frequency version. 

In this presentation, the push-push principle is applied 
not only for second-harmonic generation, but also t” pm- 
vide a differential output at the first harmonic frequency. 
While previous work dealt with non-monolithic concepts 
[2,3] or HEMT-based circuits [4], we apply the push-push 
strategy t” coplanar MMlCs with InGaPiGaAs-HBTs, 
which are known to combine low l/f noise with mm-wave 
capabilities (e.g. [5]). 

Fig. I Circuit schematics ofthe fixed-frequency HBT oscillstor. 

II. THE PUSH-PUSH PRINCIPLE III. TECHNOLOGY 

In a p”sh- push oscillator, the two active devices of B 
symmetrical topology are operating in antiphase at the 
fundamental Gequency. After adding the hv” signals at a’ 
certain point the fundame”tal cancels out while the first 
harmonic interferes constructively. Thus, separation of the 
two hamxmics is accomplished using symmetry, which 
avoids space-consuming filter elements. 

The MMlCs are fabricated on the 4-inch I”GaP/G&- 
HBT process line at the FBH (see [.5]). The @axial HBT 
design consists of a 55 ““I n-InGaAs graded emitter- 
c”ntact layer, a 100 ““I thick n-G& layer, a 30 nm n- 
InGaP emitter, and a IO0 nm uniformly doped p-GaAs 
base layer (4 x lOI cri’). The HBT strwtue is campleted 
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with a 1000 nm thick n-GaAs collector, a 20 nm n-GalnP 
etch stop layer and a 700 nm thick n’-GaAs subcollector. 

The process follows a double-mesa approach. He’- 
implantation is employed to achieve isolation between 
devices. To suppress recombination at the surface of the 
GaAs base-layer a fully depleted GalnP legde technology 
is applied. The circuits are realized as coplanar MMICs, 
thus backside processing is not required. From S. 
parameter measurements, fr and f,, were determined to 
be 38 and 109 GHz, respectively. 

III. DESIGN APPROACH 

Two push-push oscillators were designed according to 
the same principle, one in a fixed-frequency version 
(OSC), the other as voltage-contmlled oscillator (VCG). 
This allows a comparison of the behaviour between both 
types. A futher objective is to evaluate the phase-noise 
characteristics at the fundamental and second harmonic 
output ports. It is interesting to note in this context that the 
phase-noise simulations performed predict identical values 
for both frequencies. 

Both oscdlators are series-feedback circuits. A lumped 
series resonant circuit at the base operated above the first 
resonant frequency is used to make the transistor unstable. 
In comparison to a simple inductive element this provides 
a steeper slope of the phase. Simnltaneously, the 5OQ 
output impedance is shifled into low impedances at the 
collector. At the emitter, a simple capacitor tidtills the 
phasing requirement for oscillation. Having designed the 
VCO as single-ended version, one obtains the differential 
one by mirroring the circuit. In doing so one has to take 
care to prevent any even-mode oscillations for the funda- 
mental Frequency. 

Electrical tnning of the VCO is done by replacing the 
emitter loading capacitors with reverse-biased varactors, 
formed by base-collector transistor junctions. 

Fig. 2 presents a chip photogmph of the VCO. Coplanar 
lines with 50 pm ground-to-ground spacing are used. The 
vamctor is located in the center. The two HBTs are posi- 
tioned as close to the vamctor as possible since phase- 
noise simulations indicate degradation with increasing line 
length between HBTs and varactor. The two prober pads 
for the differential output can he seen in the upper part of 
the layout in Fig. 2. 

Fig. 2 Chip photo of the 19138 GHz VCO (chip size 
1.6 x 2 “ml’). 

IV. MEASUREMENT RESULTS 

The differential output ports are on-wafer connected to 
50 R resistors via airbridges. For measurements at these 
outputs, the airbridges can be removed. Otherwise, this 
preloading guarantees a maximum of symmetry in the 
circuit. 

Fig. 3 Fixed-frequency oscillator (OX): SSB phase noise 
against offset frequency for fundamental I9 GHz out- 
put port and 38 GHZ output part, t,=2x15nA. 

In a tirst step, the fundamental harmonic output was 
measured with regard to phase noise, power, and fre- 
quency. Aftenwds one airbridge was lifted, which allows 
investigations at the corresponding port. Fig. 3 presents 
the SSB phase-noise behaviour at the fin&mental and 
second-harmonic output of the fixed-frequency type. At 
100 kHz offset, -96 dBc/Hz at the 19 GHz and -89 dBciHz 

840 



at the 38 GHz port are achieved. Output power is -5 dBm 
and -25 dBm, respectively. The bias point was chosen for 
best phase- noise performance. Note that the data at fnn- 
dxnental frequency refers to one of the two differential 
ports. This means that after suitable combining the output 
power should be doubled and the phase noise be re- 
duced [I]. 

For the VCO version (see Fig. 4). we find slightly 
higher values than in the fixed-frequency case. A phase 
noise of -86 dBciHz at the fundamental and -8 1 dBc/Hz at 
the second harmonic arc measured (both at 100 kHz off- 
set). The varactor voltage was set to VD=5V in this case. 

Fig. 4 VCO: SSB phase noise at fundamental 19 GHz output 
poti and at second-harmonic 38 GHz port, 
Ic=2x22.5mA, vlJ==5v. 

In Fig. 5, the observed time signal of the differential 
outputs is plotted. The measurements were performed by 
using a two-channel sampling oscilloscope (Tektronix 
ll801A) and carefully calibrating both signal paths with 
regard to electrical length. Odd-mode oscillating behav- 
iour is clearly to be seen. 

During tuning measurements of the VCO, the wllector- 
to-emitter voltage is kept constant while the collector CUT- 
rent showed only a weak dependence on varactor voltage 
variation. In Fig. 6, the measured VCO data is shown. The 
timdamental I9 GHz output ports are left untouched. For 
varactor voltages between 4 V and IO V, the output power 
behaves relatively flat within a 5 dB range, associated 
with good phase noise characteristics in the -8OdBc 
range. 

Fig. 6 VCO at 38 GHz poR: Tuning characteristic, output 
power, and phase-noise againsr tuning voltage (bias point 
as in Fug. 4). 

The same measurement is repeated for the differential 
output and plotted in Fig. 7. The chart shows a wide us- 
able frequency range of more than I GHz for varactcn 
voltages between 1 V and IO V. The output power devia- 
tion from the maximum rating is well within an acceptable 
2 dB range. SSB phase noise at 100 kHz tends to improve 
with higher voltages as expected due to increasing vamc- 
tar Q. 

Fig. 7 Data of Fig. 6 at 19 GHz port 
Ftg. 5 VCO: Time signal at the ditTerential ports. 
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V. DISCUSSION 

noise behavior achieved is better than that of 
cotmterwrts (see 151). This was checked ad- _ . 

ditionally by compahson td single-ended oscillators on the 
same wafer. We expect a tbttixr impmvement at the fun- 
damental frequency when combining the two signals ofthe 
differential output properly. According to theory [ 11, cot,- 
pling of 2 otherwise identical oscillators gives a phase. 
noise reduction by a factor of 2. Briefly speaking, this is 
due to the fact that the noise does not increase as strong as. 
the signal, assuming tmcorrelated noise sources in both 
oscillators. 

For the second harmonic, situation is not as clear. Our 
commercial simulator predicts the same phase noise as for 
one port of the fundamental output, but this does not ap- 
pear to be realistic. Measurements show a phase noise 
degradation of 6 dB from 19 GHz to 38 GHz for the fixed 
frequency type and of 5 dB for the VCO. These values are 
close to the 6 dB, which is the usual degradation one ex- 
pects atIer a frequency multiplication by two. 

VI. CoNCLUsloNs 

Differential &As-HBT oscillators are realized as fully 
monolithic coplanar integrated circuits. The fundamental 
output at 19 CiHz is differential, which facilitates feeding 
of dividers in PLL applications. Tbe 38 GHz port is sin- 
gleatded. The measured phase-noise values prove the 
advantages of the coupled-oscillator concept. So far, out- 

put power at the second harmonic is relatively low. This is 
to be improved by a proper redesign reducing the output 
power at the fundamental and thus increasing efficiency 
for the second harmonic. 
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