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Abstract - Experimental results on GaAs HBT oscillators 
are presented exploiting the Gunn effect in the collector, 
region. The HBTs are operated beyond fm, as MMIC- 
compatible two-port transferred-electron devices (TEDS) 
oscillating at millimeterwave frequencies. The oscillation 
frequency of a single device can be tuned in the range of 40- 
80 GHz, mainly depending on collector voltage. Maximum 
output power is 0.3 mW at 62 GHx. Phase noise can be con- 
siderably improved by subharmonic injection achieving 
values of -90 dBc/Hx @ 100 kHz. 

I. INTRODUCTION 

Commercial radar and communications systems demand 
for MMIC oscillators in the millimeterwave region. An 
example are collision-avoidance radar systems at 77 GHz. 
In all cases, affordable and small components are required. 
For the oscillator, this leads to a fully monolithic integra- 
tion of HEMT or HBT-based circuits. This paper shows an 
alternative, cost-effective approach to generate millime- 
terwave oscillations in GaAs-based HBT technology. The 
basic idea is to generate Gunn oscillations in the HBT’s 
collector region. 

Negative resistance effects or oscillations due to the 
negative slope of the v-E characteristic in GaAs have been 
exploited for more than 25 years. The well-known Gunn 
diodes are used extensively. Inserted in a high-Q resonator 
they form powerful millimeter wave sources, but there is 
no possibility of monolithic integration. Another drawback 
is that they naturally are one-port devices. 

One MMIC approach is to employ planar MESFET-like 
structures [l], utilizing the Gunn effect in the gate-drain 
region. GaAs HBTs are possible devices for that purpose 
as well. In the literature, it has been stated that Gunn oscil- 
lations are possible in the HBT collector region. However, 
it is usually not observed, since in conventional HBTs 
base push-out (KIRK effect) will occur and prevent the 
formation of domains. Therefore, it was suggested to in- 
sert a narrow, highly doped collector layer at the base; 
collector interface in order to delay the base push-out [2]. 
Based on this theoretical work, an HBT TED structure 
with a graded collector layer demonstrated oscillations at 
77 GHz. A 2.8 GHz locking range and an output power of 
-9 dBm is reported [3]. 

The approach taken here, on the other hand, employs a 
HBT structure with a wide, uniformly doped collector. It 

is advantageous, that the Gunn effect takes place in the 
collector space-charge region of these devices. Thus, the 
oscillation frequency is controlled by the bias point in- 
stead of the metallurgical collector width and may be 
tuned in a wide range. 

II. THENEWAPPROACH 

In conventional HBTs, the effective length of the collec- 
tor rapidly is reduced with growing current due to the base 
push-out effect, which thereby suppresses any formation 
of Gunn domains. The basic idea of the device presented 
here is to increase collector thickness and doping so that 
Gunn oscillations at high current become possible. The 
HBT then acts as a two-port transferred-electron device 
(TED) with a negative output resistance in the millime- 
terwave frequency range. Frequency of oscillation can be 
controlled in a wide range by the bias point. Depending on 
current density, the devices either act as conventional 
HBTs in the microwave range (low current) or in the mil- 
limeterwave range as TED (high current) generating oscil- 
lations. Although the devices do not have gain in the mil- 
limeterwave range, the oscillations can be controlled by 
subharmonic injection below 20 GHz. Thereby, mono- 
lithically integrated millimeterwave oscillators with good 
phase-noise properties can be realized by combining a 
microwave HBT oscillator circuit with a subsequent two- 
port injection-locked TED oscillator acting as an up- 
converter to millimeterwaves, on the same chip. This 
allows one to extend the frequency range of an HBT tech- 
nology with relaxed geometry significantly. 

In this work, measurement results of HBT TEDS are 
presented. The frequency range of operation as well as 
output power and the properties of sub-harmonic injection 
are discussed, demonstrating the capabilities of the new 
devices. 

III. DEVICE STRUCTURE 

The HBTs considered here have uniformly doped, but 
very thick collector regions [4]. A cross sectional view is 
shown in Fig. 1. In contrast to conventional HBTs, collec- 
tor is 2.8 pm thick (instead of typical 1 urn otherwise) 
with (n = 2~10’~ cms3) Si doping. The single-finger de- 
vices have an emitter size of 3x30 urn* in coplanar layout. 
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They are operated in common-emitter configuration. All 
epi-layers were grown by MOCVD. The devices were 
fabricated using the 4”-GaInF’/GaAs-HBT process line of 
the Ferdinand-Braun-Institut, Berlin. 

Fig. 1. Cross sectional view of the HBT (not to scale). Thick- 
ness and doping of the la 
Base 100 run, 4x10” cm‘ Y 

ers are: Emitter 40nm, 5x10’ cm 3 Si; 
C; Collector 2.8 pm, 2~10’~ cmm3 Si. 

IV. SMALL-SIGNALBEHAVIOR 

Investigations of the linear behaviour of such de- 
vices [.5] have shown negative output resistances at milli- 
meterwave frequencies. This effect depends on the bias 
and occurs at collector voltages V, = 2...4 V and at cur- 
rents in the base push-out range, i.e., Z, = 35...100 mA for 
a single-finger device. 

10 

0 20 40 60 80 100 
Frequency (GHz) 

Fig. 2. HBT stability factor k for the two operation modes: 
10 mA: conventional HBT operation; 70 mA: TED mode opera& 
tion. 

At smaller currents, the device operates as a common 
HBT with f; = 35 GHz and fmax = 85 GHz. The peculiarity 
of the transistor with its inherent collector Gunn instability 
can be seen from k factor. Fig. 2 presents this data for two 
collector currents. In the conventional operation mode 

(10 mA), one finds a k(j) dependence as expected with a 
transit to k > 1 at 13 GHz. At high currents (70 rnA), how- 
ever, beyond the onset of base push-out, a strong decrease 
of k is observed indicating the tendency to oscillate. The 
negative sign is caused by IS,,\ exceeding unity in this 
frequency range. Thus, from S parameter measurements 
the Gunn instability is to be expected between 40 and 
80 GHz. Since the HBT is operated under base push-out 
conditions for TED operation, the effective width of the 
collector region depends strongly on bias point. Therefore, 
it is possible to vary the frequency of oscillation in a wide 
range. This is in contrast to the approach of [2], [3], where 
the metallurgical collector width mainly determines the 
oscillation frequency. It should be pointed out that the 
devices presented here exhibit maximum output power 
around 60 GHz, and are not yet optimized for higher fre- 
quencies or output powers. 

V. OSCILLATORMEASUREMENTS 

Measurements were performed on-wafer with external 
harmonic mixers of a spectrum analyzer. The mixers were 
directly connected to the waveguide output of V- and 
W-band probes, respectively. The locking is realized in 
transmission type, i.e., the signal is applied to the transis- 
tor input (base-emitter) via a bias-tee. It is provided by a 
synthesizer with a phase noise of 
-100 dBc/Hz @ 100 kHz. Frequency and power of the 
free-running oscillations as a function of bias are shown in 
Figs. 3 and 4. The frequency is mainly controlled by the 
collector voltage, with a tuning sensitivity of -5 GHzN. 
The curves in Fig. 3 indicate that there are several modes 
with different amplitude. 

8o / 10 

0 P 

$ 
5 

-10 g 
0 
5 

-20 2 

-30 
2 3 4 5 

Collector Voltage (V) 

Pig. 3. Free-running oscillation of a single-finger (3x30 pm’) 
device as a function of collector voltage (maximum power of 
-3 dBm atf= 62 GHz, I, = 40 mA). 
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On the other hand, the frequency of the free-running os- 
cillation depends only weakly on collector current, as 
depicted in Fig. 4. However, output power varies signifi- 
cantly, with an optimum at higher currents. 
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Fig. 4. Free-running oscillation of a single-finger (3x30nm2) 
device as a function of collector current. Bias: V, = 4 V. 

For the single-finger device, we observe a maximum 
output power of -3 dBm for the free running oscillation 
and -10 dBm for the locked condition. As mentioned 
above, the device has not been optimized for maximum 
PO,, and 77 GHz operation. 

Since the device itself shows spontaneous oscillations in 
a broad frequency range of 40-80 GHz, we will now in- 
vestigate the possibility to stabilize and tune the oscilla- 
tion frequency by subharmonic injection. 
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Fig. 5. Tuning range of the output frequency when injection- 
locking the 4’h subharmonic (input: 14521.8 GHz, P = 7 dBm). 

As shown in Fig. 5, the output signal follows the fre- 
quency of the 4rh subharmonic from 60 to 85 GHz. This 
extremely wide tuning range (20%) exceeds by far the 

locking range of conventional subharmonically locked 
millimeterwave oscillators. Moreover, the locking effect 
can be observed for a wide range of injection frequencies. 
Synchronisation is effective even down to the 
15’h subharmonic (5.07 GHz), as illustrated by Fig. 6. 
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Fig. 6. Amplitude of the locked signal at f  = 76 GHz for in- 
creasing subharmonic number (decreasing J,,); V, = 2.75 V, 
I, = 70 m4; Pin = 7 dBm. 
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Fig. 7. Spectrum of free-running and injection-locked oscilla- 
tion; bias: V, = 2.75 V, 1,=36mA; injection with 
7’h subharmonic (10.4 GHIz), P = 7 dBm; spectrum analyzer with 
external harmonic mixer (RBW = 1 MHz, VBW = 30 kHz). 

Signal injection leads to substantial reduction of the 
phase noise as is well known from subharmonic locking 
theory [6]. The effect is clearly demonstrated in Fig. 7. 
The noisy spectrum of the free running oscillation is trans- 
formed into a high-quality signal. Thus the excellent spec- 
tral purity of microwave sources below 20 GHz can be 
preserved in the upconversion into the millimeter-wave 
frequency range. We observed a phase noise of 
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-50 dBc&Iz @ 1 MHz for the free running state. Due to 
strong noise, specifying phase noise at the standard offset 
of 100 kHz is not useful here. A quantitative measurement 
of the locked signal is plotted in Fig. 8. One observes a 
drastic reduction down to -90 dBc/Hz @ 100 ~Hz. 
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Fig. 8. SSB phase noise of a 80 GHz, P,,,, = -15 dBm signal 
locked by A” ~20 GHz, Pi, = 7 dBm, Bias: V,=2.75 V, 
1, =37 mA. 
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Fig. 9. PO,, @ 60 GHz and phase noise reduction with increas- 
ing Pi,, @ 15 GHz. Bias: V, = 4 V, I, = 42 mA. 

Fig. 9 shows the phase-noise reduction with increasing 
injection power. Beyond a certain level, the noise remains 
constant around -90 dBc/Hz, which is about 10 dB above 
the injected signal. This is in agreement with the result’s 
in [7] and much less than what can be expected from fre- 
quency multipliers (20 log(N)). 

VI. CONCLUSIONS 

It is shown that GaAs-based HBT with thick collector 
exhibit spontaneous oscillations in V- and W-band. This is 
caused by the Gunn effect occurring in the collector region 
under high-injection condition. Oscillation frequency can 
be controlled in a broad range depending on the bias point. 
The so-far non-optimized HBT structure with 3x30 pm2 
emitter area exhibits free-running oscillations in the range 
40.. .80 GHz with a maximum output power of -3 dBm 
around 60 GHz. The oscillation can be exceptionally stabi- 
lized by transmission-type subharmonic injection locking 
and reaches a phase-noise level of -90 dBc/Hz at 100 kHz 
offset. In this case, output power is about -10 dBm in a 
broad frequency range. A tuning range of 20 GHz is 
achieved. Thus, the Gunn-effect HBT proves to be a 
promising candidate for millimeterwave generation in 
HBT technology with relaxed geometry. 
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