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Multi-emitter Si/GeSi;_ Heterojunction
Bipolar Transistor with No Base Contact
and Enhanced Logic Functionality

A. Zaslavsky, S. Luryi, C. A. King, and R. W. Johnson

Abstract—We demonstrate multi-emitter Si/Ge.Sii—x npn het- 1.2 e I
erojunction bipolar transistors (HBT’'s) which require no base L 5i0, emiter1  emittor 2 '
contact for transistor operation. The base current is supplied 10 ™ heavily y

[ base

by the additional emitter contact under reverse bias due to the
heavy doping of the emitter-base junction. Large-area HBT test
structures exhibit good transistor characteristics, with current
gain 8 & 400 regardless of whether the base current is supplied
by a test base electrode or one of the emitter contacts. These
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devices have enhanced logic functionality because of emitter x400",
contact symmetry. Since device fabrication does not require 0.2 - \ A
base electrode formation, the number of processing steps can be [ \ ]
reduced without significant penalty to HBT performance. 0 A ‘ .
02 m[xluhulhln,l,u_uhu_l;
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. o . BIAS (V)
S microelectronic circuits progress toward greater in- _ N _ _ _ o
tegration and ever smaller feature sizes, increasing the- 1. D_|ode_ charact_ensnc of the Sl/ﬁi_@Sb,g em|tter_—bgse junction.

. . . . . oo Dashed line is the inverted reverse bias characteristic multiplied by
IOg'C_funCt'oha“ty ar_‘d dgcre_asmg fgbrlcatlon Coml_f"ex'ty iS b&Re  common-emitter current gairi x400), useful for predicting the
coming a primary direction in semiconductor device researakansconductance in the multi-emitter HBT in the floating-base mode. Inset
Higher logic functionality has been demonstrated in multitthOW_S the four-termlr]al !—IBT test structure, which permits a comparison of

inal I ¢ fer [11-I3] and resonant tunneling 14 ;ér nsistor characteristics in the standard (base cufrergupplied by the base
minal real-space transfer [1]-[3] u h ' g[4l, [ ctrode) and floating-basé 4 supplied by the second emitter in reverse
heterostructrues, but usually at the cost of effective integratioias) modes, as well as emitter-base diode characterization.
with mainstream technology. In this letter, we demonstrate
an enhanced functionality double-emitter npn heterojuncti Lo . — . . . .

. . y o ; pn ) He simplified bipolar fabrication will help integration with
bipolar transistor (HBT) fabricated in the Si/C&i; _x mate- .

: . : : stgndard CMOS designs.
rial system, [6] which retains the advantageous properties 0
Si/GeSi heterojunctions for high-performance HBT's, [7] as

well as compatibility with silicon technology. In our devices, Il. EXPERIMENTAL

the emitter-base junction is doped heavily and two emitter\yiaers of Si/Gg »Sip &/Si npn HBT material were grown
contacts are fabricated, while the base is left floating. T rapid thermal ‘chemical vapor deposition [9] orf-Bi

emitter-base diodé(}") characteristic allows emitter contactsy\pstrates. with the following structural parameters: a 1.1-
to extract the base majority carriers under reverse bias, so thick n-Si subcollector region dopedl x 10'7 cm—3

emitter contacts can perform either emitter or base electrage;gg A pt-Gey2Sip s base dopedt x 1019 cm=3 except
functions [6], [8]. Our npn HBT's exhibit good transistorty nintentionally doped 4Gk spacers on both sides, and
characteristics, with current gaifi ~ 400 in large-area de- 4 0.24:m thick rt-Si emitter layer dope@.8 x 10 cm3.
vices, when either of the emitter contacts serves as the bge fapricated large-area double-emitter HBT test structures,
electrode. Finally, we note that since these HBT's require BQ,strated in the inset of Fig. 1, as follows: large00 x
base contact, they are well-suited for BICMOS circuits, wherg, m) emitter areas were protected with deposited ,SiO
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Fig. 2. Comparison of transistor/c(Vep) characterisics of the Fig- 3. Transistor/c(Vog) characteristics of a SilGeSio.s/Si dou-
SilGey 2Sio.s/Si HBT test structure in the standard (top) and floatin le-emitter HBT with no base contact and oxide-passivated surfaces as a

base (bottom) modes. In both cades = 0-5 A, in 1 pA increments. unction of the voltage difference between the two emittdrg;; = 0
(grounded),VEe = 1.82.6 V, in 0.2 V increments. If the emitter biasing is

interchanged/c (Ve ) remains the same. The transconductahcéVzs)
. ; ; ; :can be graphically obtained from emitter-base junction diode characteristic in
defined to_ b,e several microns (see Fl.g. 1 inset). The eleCtr|§| I. 1: for a given value of~, the requiredVz is the horizontal distance
characteristics were probed at dc using a parameter analyBgfiween the forward bias and rescaled (multiplied-b3) reverse bias curves

The inclusion of a test base electrode in these structures métdehed line in Fig. 1). Inset shows the exclusive or functionality of a single
. . T _Aami vice:Ic = XOR(VE1, Vrs), whereVry, Vie, and a fixed collector bias

it pOSSIble to compare_the floatln_g base double-emitter Hng, = 1.5 V are relative to ground. In the two off-states the output current
(where one of the emitters provides the base current ungefegligible, 7 < 0.01 mA.

reverse bias) to conventional HBT performance, as well as

measure separately the emitter-base dibdé) characteristic. " L _—
Subsequently, double-emitter HBT's with no base contact angi" addition to the fabrication advantages of multi-emitter

SiO, sidewall passivation were fabricated by analogous mear'f’sB_T'S W'tr_‘ no _base contact_, these structures offer enha_nced
logic functionality due to emitter contact symmetry. Consider

the transistor characteristics of a double-emitter device as a
function of the voltages on the two emittefg;; and Vi». If
The room temperaturé(}) of the Si/G@.Sip.s emitter- poth of the emitter contacts are ground@ds; = Vo = 0)
base junction is shown in Fig. 1. Heavy emitter-base junctigfhd the collector is biased high’c > kT, a negligibly
doping leads to the intentionally rapid reverse-bias breakdowiall collector current will flow as in a standard bipolar
with the current rising to th@A range forVeg < —1.5V.  transistor with a floating base. Conversely, if one of the
A comparison of the transistor characteristics of themitter contacts is grounde@/z; = 0) and the other is
Si/Ge 2Sig.s/Si structure in the standard and floating—baS@t some Sufﬁcient]y |arge positive biagg», the reverse-
modes is shown in Fig. 2. The tofr-(Vcr) characteristic pjased emitter-base junction under the second emitter will
Corresponds to either of the emitter contacts Serving as lib}%vide an appreciab|e base current, |eading to a |arge output
emitter electrode (the other is left floating), and the basgirent I.. This is illustrated in Fig. 3, which shows the
current/p = 0—5 pA supplied via the test base electrode. Thgperation of a double-emitter HBT with no base electrode
common-emitter current gaji ~ 400, which is reasonable for gnd Sig passivated sidewalls. The collector curréat V)
our HBT parameters. The bottofx-(Vcr) characteristic in with Vi, = 0 (first emitter contact grounded) is shown as a
Fig. 2 corresponds to the same device in floating-base mog@iction of V;, (stepped in the 1.8-2.6 V range). In this active
one of the emitter contacts serves as the emitter electrode, #f3@sistor mode with high common-emitter current gajrthe

other emitter contact supplies the base current, while the tes#vard-biased first emitter current densityis related to the
base contact floats. The transistor characteristics are preseryggerse-biased second emitter current denbitipy

including the current gain. Clearly, a conventional ohmic base

contact is not necessary to achieve transistor amplification in Ic~ 1 = 8L 1)

such a device, because a reverse-biased emitter-base junction

serves as a contact to the base layer. The efficiency of this basdong as we ignore junction leakage. The transconductance
contact depends on the emitter-bag& ) characteristic and I-(Vg2) can then be predicted by graphical construction from
can be improved by increasing the emitter and base dopingthe emitter-base diode characteristic shown in Fig. 1 [11].
high 10 cm~2 and high 16° cm=2 ranges, respectively—the Bu inverting the reverse bias emitter-base didd&) and
resulting backward-diode junction should pass current at eveniltiplying by 8 (dashed line in Fig. 1), one can read off the
small reverse bias values [11]. Since contact formation beasing difference¥r.—Vg;) between the emitter contacts for
narrow HBT bases is a technologically difficult procedure given collector currenf as the horizontal (voltage) distance
the simultaneous fabrication of emitter contacts with bothetween the forward bias curve and the rescaled reverse bias
emitter and base electrode functionality leads to considerableve. Thus, Fig. 1 would predidi- ~ 0 for Vgo < 1.6 V,
processing simplification. because below 1.6 V the reverse-biased emitter-base current is

I1l. RESULTS AND DISCUSSION
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negligible, andl~ = 1.2 mA for Vg &~ 2.4 V, in agreement functionality is due to the emitter contact symmetry: the fact
with Fig. 3. that either of the emitter contacts can provide a base current

Since the emitter contacts are fully symmetric, doublenakes it possible to implement an exclusive or gate in a single
emitter devices possess full exclusive or logic functionalityglevice. This makes them promising for BiCMOS circuits,
illustrated schematically in the inset of Fig. 3. By fabricatinguch as CMOS logic integrated with high current-drive bipolar
more than two contacts to the emitter region, more complicat&dGeSi input-output devices.
logic functions can be implemented. For example, an analo-
gous three-emitter contact structure can perform the ornand
logic function in a single device [6], [8]. It should be noted that
the logic functionality of multi-emitter HBT’s does not require The authors would like to thank R. Beresford, Z. S.
their implementation in the Si/GeSi material system and, faribnikov, and M. Frei for technical discussions, and M.
fact, the ornand logic function of a three-emitter structur@ghadoongsidhi for processing assistance. A. Zaslavsky has
has already been demonstrated in a Ill-V multi-emitter HBl¥enefited from joint study status with the Physical Sciences
[8]. However, we believe the principal application of thesPepartment of IBM Research, Yorktown Heights, NY.
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