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Relation Between Low-Frequency Noise and
Long-Term Reliability of Single AlGaAs/GaAs
Power HBT's
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Abstract—Self-aligned AlGaAs/GaAs single heterojunction thus less exposed surface, have advantage over HEMT’s and

bipolar transistors (HBT's) were fabricated using an advanced MESFET’s in terms of flicker noise. Generation-recombina-

processing technology for microwave and millimeter-wave power tion nojse, on the other hand, is present in all lll-V devices
applications. These devices were processed simultaneously, on ludi ’HBT’ For AlGaA '/GaA terials. DX ¢
different epilayers with similar layer structure design supplied Including S. For ans S materais, centers

from different vendors. They showed similar dc characteristics are thought to be the dominant source for this kind of noise
(current gain, B8 = 30) and their microwave performance was [1], [2]. The excess noise can also originate from the parasitic
also identical (fr = 60 GHz, fi.ax = 100 GHz). The HBT's  resistance of device terminals. However, the contribution of

showed different noise and reliability characteristics depending resistance excess noise is minimal in devices used for power
on their epilayer origin. HBT's from the high-reliability wafer

showed MTTF of 10° h at junction temperature of 120 °C. They applications such as those studied in this case, since they are

also presented very smallL/f noise with corner frequencies in optimized for very low access resistance.
the range of a few hundred Hz. Devices were subjected to bias Many researchers have verified correlation between excess
and temperature stress for testing their noise and reliability noise and different properties of semiconductors. Photolumi-
characteristics. Stressed and unstressed devices showed gerjageence studies of AlGaAs materials and AlGaAs/GaAs het-
eration-recombination noise with activation energlies between . . . .
120-210 meV. Stress was found to increase the generation-re-€70/unctions show agreement with excess noise results [3]-[5].
combination noise intensity but not its activation energy. These Other works demonstrated that noise can be used to study the
HBT's did not show any surface-related noise indicating that properties of traps within semiconductors [6], [7]. The use of
processing did not significantly influence noise characteristics. It noise as a criterion for selecting low and high quality devices has
was found that the base noise spectral density at low frequency peen suggested for PN diodes, GaAs MESFET’s, Zener diodes,
can be correlated to the device long term reliability. _ !

and varactors [8], [9]. Yigéet al. has shown correlation between
1/f noise and reliability of silicon BJT’s [10].

Device quality and its reliability characteristics are measured
LICKER noise (/f noise) is a type of excess noise thatising lifetime tests. These tests, also used to estimate the re-
has been observed in almost every electron device and dahility of HBT's, are usually performed on small number of

be a detrimental factor in the performance of high-frequenegamples using accelerated failure processes induced by applying
nonlinear circuits such as mixers and oscillators. It can also bbigh temperature and bias stress. Since small sample numbers
very sensitive measure of the quality and reliability of the devi@se used, the results are statistical in nature and thus not accu-
since its time dependence reveals presence of imperfections eatd. Another disadvantage of such tests is that due to high stress
traps associated with the quality and reliability. Another typapplied to the device, the failure mode experienced in the accel-
of excess noise, known as generation-recombination noisegigted life test may be different from the failure mode experi-
due to centers existing in the device structure and can be afgwed during the normal operation [11]. Also, these tests can be
attributed to device quality and reliability. Excess noisgf(or  very costly and time-consuming and unlike noise tests, they are
g-r noise) is easily differentiated from the white noise since @testructive.
has a frequency-dependent spectrum. As previously reported by the authors, a correlation exists be-
In compound semiconductor devices, a major part of tigeen low-frequency noise and long-term reliability of single
flicker noise is related to the surface and periphery of theeterojunction AlGaAs/GaAs power HBT's [12], [13]. These
device. Therefore, HBT’s, due to their vertical structure andBT's demonstrated high reliability characteristics by means
of a stable, well-controlled fabrication technology [14]. This

M , . S paper presents differences between spectral noise densities of
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The compared devices were of the same type and were fab5) employment of C-doped GalnP emitter in conjunction
ricated on wafers obtained from different vendors. Tests per-  with C-doped GaAs base to suppress performance sen-
formed include tracking of the current gain change as the de-  sitivity to dopant redistribution [23].

vices are stressed and measurement of baseband noise befoddl devices used in this investigation were fabricated on
and after degradation. Noise measurements were also usedafers grown by metal organic chemical vapor deposition
identify the source and the nature of mechanisms that lead(MOCVD) technique. Wafers were obtained from three dif-
degradation under bias stress. ferent commercial vendors. The same epitaxial layer design

Henderson and Tutt studied eight AIGaAs/GaAs HBT's andas maintained for all the wafers although some variations
found no correlation between low-frequency base noise aimd layer properties or interfaces between layers may have
long-term reliability [15]. Their conclusion is different from theexisted due to the particular features of individual epitaxial
results of this paper, possibly because of the fact that the noggewth techniques. The base layer was doped with carbon at
and degradation mechanism in the investigated devices do #ot 10'® cm~2 concentration. Its thickness was kept constant
correspond to the same origin. For example, in devices whete100 nm. The measured sheet resistivity was in the 220-240
the low-frequency noise originates from the surface whilg/sq. range. A thin layer of InGaAs was used for nonalloyed
the degradation mechanism is associated with the bulk of thmitter contacts. The collector layer thickness was 1000 nm
material, no correlation will exist between reliability and noisewith a uniform doping level o2 x 106 cm~2. A self-aligned
In the HBT’s studied here, the degradation mechanism occemitter-base fabrication process was used to consistently
in the base-emitter heterojunction, therefore, the reliabilifpbricate base contact 0;4m away from emitter mesa edge.
characteristics are determined by the quality of the interface Hse extrinsic base surface was passivated with a silicon nitride
well as the heavily-doped GaAs base material. Since the baeger. No intentional ledge structures were employed although
noise in these HBT’s also originates from the base-emitter r®ich approaches have shown to have an influence on baseband
gion, a correlation between the noise and reliability is observathise characteristics of HBT's [14]. Nonalloyed Ti/Pt/Au

The outline of the paper is as follows: Section Il providesontacts were used for emitter and base layers, whereas alloyed
information about the HBT technology used and its reliabilitAuGeNi contacts were used for the collector.
characteristics. Noise measurements of devices with differenfThermal shunt structures were used between emitter fingers
geometry are reported in Section Ill. Section IV presents noiseavoid thermal instability [16]. Several emitter finger designs
characteristics for different bias of devices before and afterere used to obtain cells with varying emitter periphery/areara-
stress. Low-temperature noise measurement and identificatims. To ensure that the wafer processing did not introduce vari-
of generation-recombination centers of HBT'’s studied in thitions, wafers from all vendors were processed simultaneously
work are then presented in Section V. Finally, a thorough the same lot. All devices were mounted in special packages
discussion is presented in Section VI to explain the trenflsr stress and electrical tests. The dc analysis of eight finger
observed in this work. 2.5 x 20 pm? HBT'’s from all wafers revealed a current gain
() of 30 and very similar Gummefj versusl/c andi-—Ve g
characteristics. The microwave analysis of HBT’s revedied
and f,..x values of 60 and 100 GHz, respectively.

Reliability of heterojunction bipolar transistors has been High-current high-temperature dc stress rather than RF stress
studied extensively and shown a steady improvement oygkts were used to evaluate the long-term reliability character-
the last decade [14], [16], [17]. The short-term instability dugtics of these HBT’s. Although no RF stress tests were carried
to thermal runaway is addressed by thermal and electrigalt, it was assumed that the HBT gain degradation mechanisms
management and poses no difficulty in today’s HBT powebr both dc and RF stress tests are equally and significantly im-
application design [18]. HBT long-term instability, due tqacted by the quality of the base-emitter heterojunction region.
various failure mechanisms is still under investigation [16}herefore, the correlation between low-frequency noise charac-
[19]. Most of the failure mechanisms are attributed to thgyristics and reliability of the HBT's assessed from the dc stress
crystalline quality, dopant diffusion, excessive leakage curreglsts would hold between the low-frequency noise and the reli-
at higher temperatures, and contact as well as passivation laysility characteristics of the HBT’s determined from RF stress
failure [19]. State of the art HBT's have reached median timgsts.
to failure (MTTF) in the order of0” h at junction temperature  The HBT's were Subjected to stress at 125 under 25
of 120°C. The improvement in reliability characteristics haga/cm? collector current density to identify the reliability
been achieved by various techniques. These techniques inclgéRavior of devices. These stress conditions were found to
but are not limited to: be sufficient to distinguish among the groups of devices.

1) growth at lower temperature to suppress positivellthough devices from the same wafers and wafers from

charged interstitial dopants and avoid redistribution dhe same epilayer vendor showed similar degradation rates,
charge under stress conditions [20]; there were substantial differences when devices from wafers

2) improved passivation techniques in addition to use obtained from different vendors were compared. Devices

ledge to suppress nonideal base currents [17]; that showed rapid degradation were termed “low-reliability”

3) use of nonalloyed contacts and also InGaAs emitter cdpvices whereas devices that showed essentially no degradation

to improve ohmic contact stability [21]; for several thousands of hours at this stress condition were

4) In co-doping of the base [22]; termed “high-reliability” devices. Devices from wafers of the

Il. HBT TECHNOLOGY AND LONG TERM RELIABILITY
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third vendor showed degradation but at a slower rate than 10%
the “low-reliability” devices. These devices were called the 0%
“medium-reliability” devices. Fig. 1 compares the current gain 0%
variation as a function of time at 12% junction temperature 20% ¥ -
on the same device type fabricated with low and high-reliability .
wafers. Each device was biased at 3 V, and 25 kA/emitter 0% 1
current density. Under these conditions, the low-reliability -40%
devices show degradation within a few hours, while the -50% - ‘
high-reliability device performance remains unchanged for 1.0 10.0 100.0  1000.0 10000.0
thousands of hours. The performance of devices fabricated on Time (Hrs)
medium-reliability wafers was about an order of magnitude
better than the low-reliability devices. Therefore, the degree gify. 1. Variation of dc current gain with time for same HBT’s with same
device reliability appeared to depend on the choice of materfgpmetry on low and high-reliability substrate. The test conditiondvas= 25
L kAlcm? andT; = 125°C.
used for fabrication.

% Beta Degradation

Accelera_teo! lifetime tests were cz_;trrled out to determl_ne t[ Temperature (QC)
projected lifetimes. Because the failure rates were rapid wi
devices fabricated on low and medium-reliability wafers, onl  1es10 320 280 240 200 160 120
the high-reliability devices were subjected to these tests. Usi
. . . . . . 1e409 |
30% degradation in current gain as the failure criteria on d
vices stressed at elevated temperatures, a MTTIP'Ohr was 1e408 [
extrapolated at a junction temperature of 220 The activation . 1007 L
energy was 1.5 eV. These results are shown in Fig. 2. »

No studies were performed to evaluate the correlation tr<&=, 12+ f
may exist between RF stress induced degradation and low-1 @ ya,05
quency noise. However, based on the strong resemblance &
device degradation characteristics found both under dc and j=
stress conditions [24], it is expected that such a correlatir 10403 L
should exist provided that the induced degradation and low-fi

12404 |

quency noise originate from the same region of the device. 1es02

The effect of device design on reliability is shown in Fig. {  1es01 1 . . . .
for devices fabricated on medium reliability wafers. While th 18 18 2 2.2 24 28
emitter area was kept at 168n2 in these devices, changing 1/Temperature (1000/K)

the emitter finger width and length varied the periphery. Al-
though the degradation rates are different from one anothiglg; 2. Estimation of lifetime and activation energy for high-reliability HBT's.
. . . e The criterion for failure was 30% degradation in the dc current gain. The device
Fig. 3 shows that there is no particular lifetime dependence Qg 4, eight emitter fingex.5 x 20 um? HBT.
the periphery/area ratio indicating that the long-term degrada-

tion is not primarily due to surface recombination currents.

Il. L ow-FREQUENCY NOISE OFHBT’S WITH DIFFERENT
GEOMETRY

AlGaAs/GaAs materials due to their high surface-recombi-
nation velocity present extensive recombination around the pe- ;
riphery. Since the recombination process is a very noisy process, 1 10 100 1000
one expects to observe a significant low-frequency noise stem- Time (hours)
ming from the periphery of the AlGaAs/GaAs HBT’s. Fig. 4
shows the base and collector short-circuit current noise Spefy 3. Results of reliability tests for HBT's with the same emitter area and
tral density measured for four different HBT’s with differentlifferent periphery/area ratio. The devices were testeld-at= 25 kA/cm? and
geometry. These HBT's had periphery/area ratios of.@u9* T, = 125°C on medium-reliability water.
to 1.2m ! as indicated in the figure. The measurements were . N .
carried out at similar bias conditions for each device, namely agregment with the results of r?“ab'“ty tests, which showed
Iy = 0.5 MA, Vep = 3 V for base noise ande: = 10 mA. o particular dependence on device geometry.

Ver = 3V for collector noise. These measurements show n ,
dependence on periphery/area ratio and therefore indicate tri);(t L ow-FREQUENCYNOISE OFHBT'S AT DIFFERENTBIAS

the low-frequency noise in these HBT's is not a surface-related CURRENTS

noise. This also indicates insignificant recombination current atLow-frequency noise characterizations were performed
the base-emitter and collector-base peripheries. The resultsusimg an HP3561A dynamic signal analyzer and a computer

! A
(| PIA=0.9/u |

Cumulative %
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Fig.4. The base and collector noise spectral density for four different HBT geometry. The periphery/arearatios are indicated in the figureerbemftsmed
atlz = 0.5 mA, Vog = 3 V for base noise and- = 10 mA, Vx = 3 V for collector noise. The results permit investigation of periphery/area influence on
noise.

controlled system with special bias networks to minimize th&bility HBT’s is stronger than that of high-reliability HBT's,
influence of external components on noise measurement [ibjdividual devices showed that the collector noise spectral den-
A total of 38 low and high-reliability HBT's were measuredsities of low and high-reliability HBT's may be comparable.
for their low-frequency base and collector short-circuit noiséhe collector noise density measured at 10 Hz at bias condi-
for different bias currents. The measurements on these devites I = 10 mA, Vog = 3 V varied from2 x 10718 to
were carried out before and after stress test upon which 3@% 1016 A%/Hz for high-reliability HBT’s and fron8 x 10~17
degradation in dc current gain was resulted. The stress tdst8 x 10~1° A2/Hz for low-reliability HBT’s. Thus, the col-

for low-reliability HBT's were performed at current densitylector noise is not an accurate measure for the reliability of these
Jc = 25 kAlem? and junction temperatufg; =125°C. HBT's.

Much higher stress conditions were required to show sim-Fig. 6 shows the base noise spectral density of typical low
ilar degree of degradation with high-reliability devices. Thesand high-reliability HBT's measured before the stress is ap-
HBT'’s were stressed at current densify = 50 kA/cm? and plied. The bias condition waB-r = 3 V andIz = 50 and
junction temperaturé’; =320°C to show such degradation. 250 pA. For this measurement, the collector was grounded to

Fig. 5 shows the collector noise spectral density of typicaliminate any collector noise current being fed back to the base.
low and high-reliability HBT’'s measured before the stress s the figure shows, low-reliability HBT's show much higher
applied. The bias condition wadg-r = 3 V andIo = 0.5 base low-frequency noise. The noise becomes comparable only
and 10 mA. For this measurement, the base was groundedtdigher frequencies whet¢ f noise is not a dominant noise
avoid any base noise current being forwarded to the collector. #@urce and thermal and shot noise become significant. The av-
shown in the figure, the low-reliability HBT has slightly highererage base noise density at 10 Hz for low-reliability HBT's
noise at lower-frequencies (below 1 kHz) comparing to high-revas4 x 10~*7 A%/Hz which was almost two orders of mag-
liability HBT. The collector noise has also a significant bias-detitude higher than that of high-reliability HBT's (which was
pendent behavior, namely noise increases as collector cureémt10~1? A%/Hz). The base noise density at 10 Hz for low-reli-
increases. The roll-off of / f noise is also bias dependent andbility HBT’s ranged fron¥ x 10718 to 1 x 10~¢ A%2/Hz while
varies, in average, fror/ f1-1 to 1/f1-3* for low-reliability it varied from3 x 1072° to9 x 1071 A2/Hz for high-reliability
HBT's and from1/ %79 to 1/f°:62 for high-reliability HBT's HBT’s. Therefore, statistically, the base noise of individual low-
as the collector current increases from 0.5 to 10 mA, respeeliability HBT's at 10 Hz was also found to be higher than the
tively. These trends suggest that théf noise component of base noise of high-reliability HBT's at 10 Hz by about one order
collector noise spectral density can be indicative of the devioé magnitude. The average base noise roll-off was found to be
quality. Although, in average, the collectbff noise of low-re- 1/f1-33 for low-reliability HBT's and 1/£°-°7 for high-relia-
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) ) ) ) o Fig. 6. Base noise spectral density of low and high-reliability HBT’s. The bias
Fig. 5. Collector noise spectral density of low and high-reliability HBT's. Theondition wasVez = 3 V andIz = 50 and 250:A.

bias condition wad’-z = 3 VandI- = 0.5 and 10 mA.

Te-11

bility HBT’s for base currents between 50-2pA.. Therefore,
thel/ f noise in low-reliability HBT’s has deeper slope and thu
is stronger at lower-frequencies comparing to that of high-reli.
bility HBT's. These results suggest a significant selection crite
rion, namely the correlation of the base noise of AIGaAs/GaA
single HBT's to their long-term reliability characteristics.

The low-frequency noise characterization of high-reliability '**' i3
HBT's shows that these HBT's present extremely small low-fre-
quency base noise. The results are comparable to the |0W€SH&-7' Effect of stress on collector noise spectral density of low and
ported values for AlIGaAs/GaAs HBT’s which was base noisegh-reliability HBT's. The bias condition wakc.z = 3 Vandlc = 0.5
density of8 x 1072° A?/Hz at 10 Hz for a 2 emitter finger and 10 mA.

3 x 20 pm? HBT with abrupt emitter-base junction [25].

Fig. 7 shows the effect of stress on the collector noise spegap distribution inside the active region of the HBT. The base
tral density of typical low and high-reliability HBT's. Stress renoise of these HBT’s, having similay f slope before and after
sults in an increase df/ f noise component of low-frequencystress, seems to stem from traps with similar distribution but
noise for both low and high-reliability HBT's. It, however, doesnuch higher density upon stress application. Further details on
not affect the noise at higher frequencies where noise is dothis dependence are provided in the discussions of Section VI.
inated by thermal noise, shot noise and other mechanisms thah average, stressed low-reliability HBT’s showed a collector
do not affect thel / f noise. The distribution of the traps responnoise roll-off of 1/ f1-** to 1/ % at I = 0.5 and 10 mA, re-
sible for 1/f noise can change the slope Iff noise in the spectively. Stressed high-reliability HBT’s had a collector noise
same way that the traps responsible for generation-recombirgit-off of 1/12% to 1/ 1% at I = 0.5 and 10 mA, respec-
tion noise can change the slopeloff noise around the char- tively. The increased deviation of f slope from the ideal value
acteristic frequency. Therefore, not only the density of the trapsone in case of low reliability HBT’s is possibly affected by
responsible foi / f noise increases as stress is applied, but alge presence of additional g-r noise. Although the origin of this
the distribution of these traps may change upon stress appligise is not clear, our study suggests thatfhé3 junction may
tion. As aresult, the roll-off slope of the/ f component of col- be the source of it. Comparing the collector noise roll-off of
lector noise changes with stress. stressed and unstressed HBT's, one finds that oyl noise

Fig. 8 depicts the effect of stress on the base noise spectrainponent of the collector noise increases as stress is applied.
density of typical low and high-reliability HBT’s. Unlike the Therefore the density and distribution of the traps responsible
collector noise, stress application affects the low-frequency bdse collector1/ f noise varies such that the' f noise compo-
noise for both low and high-reliability HBT’s over the entirenent becomes stronger as the stress is applied. For both low and
measured frequency spectrum. For low-reliability HBT's, thikigh-reliability HBT's, the base noise roll-off slope was only
effect of the stress on the base noise is only observed at higblgghtly decreased as a result of stress application despite the
base currentsig = 250 uA) where noise increases by morencrease in the noise level. This is due to the fact that, unlike
than an order of magnitude over the spectrum. For high-reliesllector noise, the base noise is due to the traps which their
bility HBT's, stress increases the base noise at both low addnsity increases while their distribution remains unchanged as
high base currentd f = 50 and 250::A). The increase is more the stress is applied. Therefore, the base noise has higher fre-
significant at higher currents (more than an order of magnitudeency noise components that increase by the stress application
increase). The slope df/ f noise can be an indication of thesuch that the entire base noise spectrum rises as stress is applied.
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Fig. 8. Effect of stress on base noise spectral density of low and high-reliability HBT’s. The bias conditib. was 3 V andIz = 50 and 250uA.

V. TEMPERATUREDEPENDENT L OW-FREQUENCY NOISE surement performed for the collector noise of stressed and un-
MEASUREMENT stressed low-reliability HBT's as a function of temperature. The

: A i haracteristic frequency shifts toward higher frequency as tem-
G tion- binat t f low-f
eneration-recombination noise is a type of low-frequen ature is increased from 200 to 280 K.

noise with flat response at frequencies below the characteri Eé 4 collect ise t ing ti lotted in A
frequency and a-20 dB/decade slope at frequencies above the ase and collector noise trapping time were plotted in Ar-

characteristic frequency. The characteristic frequency is the genius plots to find activation energies of base-emitter and col-

ciprocal of the average of the trapping and detrapping time of t tor-emitter trap centers, respectively (Fig. 10). The activa-

carriers responsible for noise. The trapping (detrapping) tirﬂgn e?erg:jets Og thleZI(S)W-rgllla;tgllty ';'/BT colleftorl anSdt base n0|s|te q
follows an Arrhenius characteristic using weretound to be an meYV, respeclively. Stress resulte

in an insignificant change of the activation energy for collector

Ty E4 and base noise to 120 and 140 meV, respectively. High-relia-
T= 2 P <_ﬁ) bility HBT’s did not show measurable generation-recombina-
tion base noise before or after stress application. The collector
where generation-recombination noise had activation energy of 207
E, activation energy of traps; and 202 meV before and after stress application, respectively.
r absolute temperature; and Therefore, stress did not change the activation energy of the col-
T trapping (detrapping) time. lector noise in high-reliability HBT’s either.

By varying temperature and measuring the characteristic fre-
guency, one can find the activation energy from Arrhenius plots
provided that trapping and detrapping times are not of the same
order of magnitude. Generation-recombination noise may beWhile the electrical performance of multifinger HBT’s under
partially masked byl / f noise at low frequencies. Therefore, ithigh-current condition is superior to large single-finger HBT’s
can be best identified by plotting “noise spectral densitfre- with the same emitter area, multifinger devices are more suscep-
quency” as a function of frequency to cancel the slope. In tible to long-term failure due to uneven distribution of current
such a plot, the characteristic frequency of generation-recodensity among emitter fingers. This is shown in Fig. 3 where the
bination noise appears at the frequency where noise reachekewaces with different periphery/area ratio as a result of different
maximum. number of fingers or emitter finger geometry, yet with same

AlGaAs/GaAs HBT's have shown considerable generatioemitter area show different degradation characteristigst =
recombination noise stemming from traps within the bandgag/:, 1.1/, and0.9/4: corresponds to 8 finge:.5 x 10 zm?,
of these materials. AIGaAs DX centers are believed to be onebfinger2.5 x 20 pum?, and 4 finger3 x 15 pm? devices, re-
the origins of this type of noise in HBT's, although this type ofpectively. On the other hand, noise measurements of HBT's
noise is observed even when DX centers are not present [26]. ith the same emitter finger area and different periphery/area
AlGaAs/GaAs HBT's, activation energy of traps responsible fomtio shown in Fig. 4 have not shown any significant difference.
generation-recombination noise ranging from 160 to 600 meSince noise measurement is done at close to the equilibrium, the
have been reported [27], [28]. effect of high-current distribution is not observed. Devices did

In order to find the activation energies of generation-recomet show significant surface recombination currents resulting in
bination noise present in our HBT’s, we performed low-tersimilar noise performance. This is an indication of the well-con-
perature base and collector noise characterization on low anwlled processing technology used to fabricate these HBT's.
high-reliability HBT's. These tests were performed before arfelrther measurements using feedback resistor on emitter on
after stress application to allow a study of the effect of strestressed devices have indicated that stress added a surface re-
on generation recombination noise. Fig. 9 shows such a meambination component to the noise. Therefore stress increases

VI. DISCUSSIONS
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Fig. 9. Temperature dependent collector noise spectral density of unstressed low-reliability HBT. The bias conditiop wa8 V andI. = 0.5 mA.

2 T T T ' T surface recombination current, never the less, upon stress appli-
cation, a component of such current adds up to the total base
"I stressed high-reliability J 1 current, thus the base low-frequency noise increases drastically.
collector (Ea=202 meV) / The bias dependence of low-frequency noise can be an indi-
cation of the origin of the noise. For HBT's studied in this work,
the base low-frequency noise bias dependence was small. Only
low-reliability HBT's after being subjected to stress, showed
strong base noise bias dependence. Average bias-dependence of
I * | stressed low-reliability HBT's over all devices w&§®* while
° unstressed low-reliability] i \yas 193 192 and 1%32 for unstressed low-reliability, un-
» stressed high-reliability and stressed high-reliability HBT's, re-
® lstressed low-reliability ey 1 spectively. Based on the model given by Blasquez and Sauvage,
collector (Ea=120 meV) & 1/f noise with anI%® bias-dependence can be attributed to
T Y recombination in the bulk of base-emitter space charge region
[30]. Therefore, the base low-frequency noise of these HBT’s
| (with the exception of stressed low-reliability HBT's) originates
from the bulk recombination in the emitter-base space charge re-
| gion. After stress application, the bias dependence of the base
strdssed low-reliability . "'L?::?Z‘:iﬁ‘g;z'c;’""y noise becomes stronge_r mean_ing that an ad_ditional noise term
25 base (Ea=140 meV) . . , adds up to the base noise. This component is due to base-col-
3 35 4 45 5 55 8  lector surface recombination current that increases as the device
1000/T (1/K) ages. | -
The collector low-frequency bias-dependence indicates the
origin of the collector noise of the HBT's. Generally a bias-de-
Fig. 10. Arrhenius plots of activation energies of base and collector noise foendence Oﬂé is an indication of diffusion dominant noise
low and high-reliability HBT's. Results of unstressed and stressed devices §jjjle bias-dependence dﬁ indicates that either surface re-
shown. combination noise or g-r noise in the collector region is respon-
sible for collector noise. The collector noise of low-reliability
the leakage currents through nitride passivation as the devicéiBT’s has an average bias-dependencé?df® and thus both
aged. It is important to compare our results with the work the g-r noise in the collector and surface recombination noise at
Tanakaet al.[29] since their AlIGaAs/GaAs HBT showed im-collector-base junction can be responsible for the collector noise
proved noise performance and also smaller base surface reconthese devices. For high-reliability HBT's, the collector noise
bination current upon stress application. The difference in tagerage bias-dependencel{s®®, which indicates that merely
behavior of these two HBT’s is that their HBT shows high bagée g-r noise is responsible for the collector noise. Stress appli-
surface recombination and upon stress due to surface passbeadion results in weaker collector noise bias dependence indi-
tion, the surface recombination currents decreases and thusdiiing a change in the mechanisms responsible for the collector
base noise increases. While, our HBT’s do not show any basase in these devices.

unstressed high-reliability]

05} collector (Ea=207 meV)

Ln(T27)
!
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TABLE |
COMPARISON OFDIFFERENTHBT NOISERELATED PARAMETERS STUDIED IN THIS WORK
Unstressed low- | Stressed Unstressed Stressed
reliability low-reliability high-reliability | High-reliability
Base noise low-current: - low-current : -
density at 10 Hz | 4x10"7 A¥Hz 5x107"° AYHz
Collector noise low-current : - low-current :
density at 10 Hz | 1x107° A%Hz 5x10™"® A¥Hz
Base noise bias-
dependence IBO.so 1542 IBO.Z IBo.Sz
Collector noise 200 L6 6 .
bias dependence Ic” Ic Ic~ I

Base noise low-current :1/f% | low-current :1/f % | low-current : 1/f " | low-current : 1/f°7°
roll-off high-current :1/f'** | high-current:1/£%% | high-current :1/4°* | high-current /6%
Collector noise low-current : 1/ | Tow-current :1/f*" | low-current : 1/ low-current : 1/f =
roll-off high-current :1/f"** | high-current:1/f'*® | high-current :1/f*%? | high-current :1/f"'°

Base G-R noise

activation energy 149 meV 140 meV No G-R center No G-R center
Collec. G-R noise
activation energy 125 meV 120 meV 207 meV 202 meV
MTTYF at
120 °C 100 hours 10° hours

Thel/f noise roll-off of the HBT's was briefly discussed intrap density responsible for this type of noise. The increase of
Section IV. In average, the bad¢f noise roll-off at low bias the trap density in the base of low-reliability HBT’s was found
current decreases slightly as the device is stressed. For low-r&ibe very significant. No generation-recombination center was
ability HBT's the slope decreases fralyif-33 to 1/ f1-26. For detected for base-emitter region of high-reliability HBT's.
high-reliability HBT's, the slope decreases more strongly from Recombination enhanced defect reaction (REDR) has been
1/f+% to 1/ %70, This decrease in slope can be attributed tsuggested as possible mechanism for degradation in HBT’s
increase of generation-recombination noise with respett fo [31]. This type of mechanism has usually low activation energy
component resulting in a decreasd ¢f noise slope. The slope of less than 1 eV compared with the activation energy of 1.5
of the collectorl/ f noise increases significantly as the device isV found in the devices reported here. Thus the mechanism
stressed. Since the collector noise at high-frequencies doesnagponsible for their degradation is expected to be different
change, we conclude that stress results in redistribution of trapan REDR. Although, the nature of the HBT degradation
which make up thé/ f noise. The density of such traps also inmechanism was not identified, it was found that it originates
creases resulting in strongeff noise upon stress application.from the bulk of the base-emitter heterojunction (SCR) and

Moreover, thel/f noise slope of low and high-reliability its vicinity, especially the heavily doped base region. Irre-
HBT's is also different. Therefore we can indicate the devicgpective of the degradation mechanism, the results presented
quality based on th&/ f noise component of both base and colhere show that the low-frequency base noise is correlated
lector noise. However, the results show that the base noise t@asthe reliability characteristics. Therefore, low-frequency
a more distinct difference in low and high-reliability HBT’s.noise characterization can be used to detect the degree of
While collector noise of a low-reliability HBT is in average,degradation, provided that the origin of the noise is the same
higher than that of high-reliability HBT's, this is not an absolutas the origin of the mechanism determining the reliability
criterion for all the measured HBT'’s. Such exception was noharacteristics.
observed for base noise within the number of devices we meaA summary of the average noise density at 10 Hz, noise
sured. In these devices, the base noise of low-reliability HBTtsas-dependence factod,/f noise roll-off slope, genera-
at 10 Hz was at least one order of magnitude higher than thian-recombination noise activation energy and median time
of high-reliability HBT'’s, for every individual device. This be-to failure of HBT's studied in this work and discussed in
havior suggests that the base noise can be used as a very sénisipaper is presented in Table I. This table can be used as
tive tool to determine the reliability of this type of HBT's. reference for better understanding of the trends in this and

The results of temperature dependence noise charactprevious sections.
zation revealed that the generation-recombination noise in
these HBT’s originates from traps with activation energies of
120-200 meV. Costa and Harris have suggested that such low
activation energies can be in fact related to hole capture andrhe low-frequency noise and reliability of power Al-
emission time constant [27]. Independent of the origin of the&aAs/GaAs single HBT's were analyzed. The base noise
traps, the results suggest that stress does not generate cedtrsity and the reliability characteristics of these HBT's were
with additional or other energy levels, but only increases ttieund to be in good correlation. Although, the collector noise

VII. CONCLUSIONS
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was statistically correlated to reliability characteristics, the [5]
base noise proved to be a very sensitive measure of reliability
characteristics. Based on the bias-dependence of base and
collector low-frequency noise, we concluded that the basel6]
noise of unstressed HBT's originates from the base-emitter
bulk recombination, while the collector noise is dominated by
generation-recombination noise. Base noise of stressed HBT'$']
originated from surface-recombination current introduced
upon stress application. These HBT's did not present anyis]
surface-related noise before stress application, but showed gen-
eration-recombination noise with activation energies ranging[g)
from 120 to 207 meV. Stress was shown to increase the density
of the traps responsible for generation-recombination noisehO]
but did not affect the origin of these traps since their activation
energies did not change significantly upon stress application. [11]

High-reliability HBT's fabricated in this work showed ex-
tremely high median time to failure (MTTF $£0° h at junc-
tion temperature of 120C) while their noise was compa- [12]
rable to the lowest published data achieved for AlGaAs/GaAs
HBT's.

The low-frequency base noise and long-term reliability[;3
in the AlGaAs/GaAs HBT's studied here are correlated to
each other due to the fact that both the noise and degradati
mechanisms in these devices originate from the same region
(base-emitter junction). For single heterojunction HBT's suc
as those studied in this paper, provided that the base noise ori
inates from the bulk of the base-emitter SCR or heavily-doped
base region, the base low-frequency noise is correlated to tHES]
long-term reliability characteristics. For double heterojunction
transistors (not discussed here), reliability characteristics mal7]
be partly associated to the base-collector junction. In this
case, additional noise components may be correlated to HBT
long-term reliability. Based on the above, it appears feasible t68]
employ the reported noise characterization techniques by HBT
manufacturers in order to screen wafers for good reliability. To
introduce such a technique for screening, it is first necessal
to study the manufactured HBT's and prove that the low-fre{20]
quency noise and reliability originate from the same source.
Once this is proved, a range of “acceptable” (reliable) noisgy;
values at selected frequencies should be specified. Reliabili(t%
screening could then be performed, by evaluating the noise
individual wafers at the selected frequencies. The described
technique is a very cost-effective mean of screening HB123l
power amplifiers and avoids the use of traditional accelerated
life tests for wafer screening.

15]
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