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1. Introduction

Due to the high electric field at p-n junctions sed by
the high doping levels of SiGe HBTSs, the hot-car(idC)
reliability has become a major concern for suchaaded
devices used in commercial products [Recently, a new
HC degradation mechanism was reported in real ptodu
application [2], which was termed as a “mixed-mode”
stress. It occurs when a high collector currensifgrand a
high collector-base voltage are imposed simultasigoon
the device. It is very interesting because thissstrcondi-
tion is approaching to the operations of a bipplauver
amplifier, in which the active devices are workesga con-
trolled current source. In this paper, we investighe de-
gradations of high-frequency and RF power charesties
of SiGe HBTs with different bias conditions after
mixed-mode electrical stress.

2. Experiments

Multi-finger Si/SiGe HBTs were fabricated with a
high-voltage 0.18um BiCMOS process. The emitter width
of the 4-finger-stripe device is dm, and the length is 32
pm. The electrical stress was carried out by apglgmigh
collector current densityc32mA/um? and a high collec-
tor-base voltage 3=3.7V simultaneously with a final
stressing time up to 1500 seconds at room temperakhe
RF power characteristics were measured using tte paoll
system at 2.4GHz, while the source and load impestan
were tuned for maximum output power.

3. Results and Discussion

Fig. 1 shows the typical Gummel plot of a SiGe HBT
measured under mixed-mode stress with differeessing
times. The value of base leakage curres)tificreases sig-
nificantly with the stressing time in forward Guminpéot.

In addition, unlike the conventional emitter-base- r
verse-bias stress, which does not create arigakage in
the reverse-mode operation of SiGe HBT, the mixedien
stress creates an excegsldakage current component in
reverse Gummel plot, as indicated in the insetigf F[3].

Fig. 2 shows RF figures-of-merit of a SiGe HBT befo
and after stresses. The cutoff frequerfgyghows an unno-
ticeable change after stressing in lower bias regia
higher bias region, the increasefpis due to the decreas-
ing emitter resistancegRafter electrical stress. These ob-
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servations are different from those under emittesebre-
verse-bias stredd], where the cutoff frequency decreased
at high currents after stress. The maximum ositafre-
quency .y decreases after stress is due to the increasing
base resistance gR(see Table I).

As well as the high-frequency characteristics, &fe
power characteristics are also affected by thetridat
stress. As shown in Fig. 3, when the collector erwas
kept to a constant value, we observed a slight gdnam
output power and power gain. However, the powerddd
efficiency (PAE) increases after electrical stressause of
the reducing R When the measurement was performed
under a constant base-current, the power perforesade-
graded after electrical stress (see Fig. 4). Tmepewisons
of linear power gain measured with a constant celle
tor-current and a constant base-current before aftet
stresses are shown in Fig. 5 and Fig. 6, respégctivhe
change of linear power gain in Fig. 6 is due todbereas-
ing collector current after electrical stress whka base
current was kept to a constant. Fig. 7 presentdiriearity
of a SiGe HBT under a constant base-current measime
before and after stresses. The third order inteded@dbion
power (IM3) increases after stress and then resulta
degradation of OIP3 and IIP3. However, under a teorts
collector-current measurement, it shows an unndtice
change after electrical stressing, which is sintitathe ob-
servation under emitter-base reverse-bias stréss [4

4. Conclusions

We have discussed the “mixed-mode” electrical stres
effect on RF power characteristics of SiGe HBTsteAf
stress, the hot carriers will be induced to degrhdeRF
power performance. By comparing stress effectsadbus
bias conditions, we observe that the performangeada-
tion under constant collector-current measurengmitch
smaller than that under constant base-current merasnt.
Hence, it is suggested that SiGe HBTs can be agbrat
more robust to electrical stress under a constalfector
current.
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Table I. The extracted electrical parameters for a £ 30
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HC stresses.
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