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While InP based double heterojunction bipolar transistors (DHBT) is are key devices in bigh- 
speed electronics', there is continuing demand for higher frequency electronics operating at lower power, 
particularly in military and aerospace applications. Low power is obtained by both reducing the device 
operating current I C  = JsAe through reduced emitter area Ae and through reducing the supply voltage V,, 
the latter in bipolar logic circuits being proportional to the base-emitter turn-on voltage V,. While low 
V, can be obtained using the InAdAlSb material system, PNP transistors face challenges with collector 
transit time and collector charging rate Ic /C,  due to the low hole velocity. NPN HBTs with lnAs base 
layers have been reported2, but the low bandgap of the lnAs collector remains a challenge. In this work, 
low V, HBTs were developed in the InP based material system, taking advantage of both its maturity and 
the high bandgap and breakdown field of an InP collector. 

A low V, is obtained using a strained InxGa,.,As base with a high indium composition x . 
Manhews-Blakeslee theory predicts an 89 8, maximum thickness for a lrb.7G%.3As strained base layer on 
InP. Unfortunately, at least 300A of low band gap material is required for the base, the collector setback 
layer, and the strained portions of the heterojunction grades. Thus, nucleation of dislocations is inevitable 
and is a major concem. The DHBT shucture (Figure 1) was grown on semi-insulating InP. A 250 8, 
III&*.~As base layer was grown for low turn-on voltage and a 75 8, IQ.,G%.~As setback layer was 
introduced between the base and the base-collector grade. Other layers were lattice matched to InP. The 
sub-collector and collector layers were grown at 470 "C, as is optimum for InP and l ~ . ~ ~ G a o . ~ ~ A s .  To 
reduce nucleation of dislocations, the temperature was reduced to 350 "C during base and emitter layer 
growth. The surface showed a light cross-hatcb pattern indicating some strain relaxation. 

Figure 2 shows common-emitter characteristics of a large area device having a 100 pn x130 pn 
base-collectorjunction and a 60 pm x 60 pm emitter-base junction. The current gain is 148 and breakdown 
voltage is 4 V. Figure 3 shows a Gummel plot from a large area device. With 0.3V base-collector offset 
voltage, the leakage current I, is 0.3 fl at V, 4 . 3  V. Though this leakage is higher than the 4.3 nA I, 
for similar lattice matched DHBTs in our laboratory, the 23pAlpn' I, per unit junction area is 
sufficiently small that I, of typical pn-scale transistors will be dominated by surface leakage. The turn- 
on voltage reduction was measured by comparing Gummel curves of Ino.7G%,3As-base and Im.5$3%.47A~- 
base transistors with 0.4 um x 7.5 um emitter-base junction area and 1.2 pm x 1 1  pm base-collector 
junction area (fig. 4). A 0.13V reduction in V,is observed, consistent with the 0.15V calculated from 
theory. These small-area devices showed p4 -level I, due to a processing error, and the common-emitter 
DC characteristics were consequently poor. 

In conclusion, InP/I&.7G%.3As/InP DHBT were grown on InP. The expected V, reduction was 
clearly observed. Though a surface cross-hatch pattern was observed, the common-emitter characteristics 
and leakage currents of large-area test devices are acceptable for circuit applications. 
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Figure 1 : Sample srmctll~e oflnP/ln&ao ,As/lnP HBT 
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Figure. 3 : Gummel characteristics ofan lnPllno.,Gaa.,As/lnP HBT 
with a 60 p X 6 0  p emitter-base junction and a 
IO0 p X 130 p basecollector junction. 
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Figure 2 : Common emitter characteristics of a InP/Ina,,Gao.,As/lnP 
HBT with a 60 X 60 /rm emim.  The base cumnt steps are 10 p.4 . 
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Figure 4 Collector currents comparison in Gummel characteristics for 
hasiston with a 0.4 p X 7.5 p emitter-base junction: The 
InP/Ino ,Gaa3As/lnP HET shows 0.13 V lower V, than the 
l~~P/In~~~Gaa~~As/lnP HBT 
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