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Abstract—We report an InP/InGaAs/InP double heterojunction narrow base contacts on either side of the emitter stifg.
bipolar transistor (DHBT), fabricated using a mesa structure, ex- has components arising from base current spreading under the
hibiting 282 GHz f.- and 400 GHz fimax. The DHBT employs a 30 gmjtter stripe, the emitter—base gap, and the base contacts.

nm InGaAs base with carbon doping graded from8 - 10'?/cm® to .
5.10°/cm?®. an InP collector apndngn InGaAs/INAlAs base—col- T he first two components are reduced through low base sheet

lector superlattice grade, with a total 217 nm collector depletion resistance, hence high base doping, narrow emitter junctions,
layer thickness. The low base sheet (582) and contact (<10 Q- and a small spacing between the emitter junction and the

m?) resistivities are in part responsible for the high fmax Observed.  pase contact [2], [12]. The third component—the base contact
Index Terms—Carbon doping, heterojunction bipolar tran-  resistance—is minimized by using very high base doping.
sistor, palladium. The top portion of the base, upon which contacts are placed, is
carbon-doped a¥4 = 8- 10'° cm=3. At such high doping is
limited by Auger recombination, varying @sx (N4Tg)~2
Prtaee- A thin Tg = 30 nm base was therefore selected. A
EVELOPMENT of analog and digital ICs operating apyilt-in drift field was introduced to further reduce base transit
80-160 GHz clock frequencies requires improved traime and increas@. At N4 ~ 8-10'° cm™3, doping is degen-
sistor performance [1]. Based upon analyzes of emitter-couplggite, the variation in Fermi energy with doping is strong, and
logic (ECL) gate delay [1], [2], target specifications for 16Qarge drift fields are induced with moderate changes in doping.
Gb/s optical transmission include3 V breakdown>450 GHz  Assuming Fermi-Dirac statistics and including bandgap nar-
fr and fumax, maximum emitter current densitye max > 7 rowing [7-7], a linear grading ofV4 from 8-10%° to 5- 1019
mA/um? at Vo, = 0V, and low base—collector capacitancem-3 produces a 49 meV potential drop and a 16.5 kV/cm drift
charging time (e, /1. < 0.3 ps/V). Improved transistor band-field. AssumingD,,, = 43 cm?/sec average diffusivity and

width can be obtained by simultaneously reducing the collectr 107 cm/s exit velocity, the calculated base transit time is re-
depletion thickness, the collector and emitter junction widthgyced from 0.18 to 0.10 ps.

the emitter contact resistivity, and, in mesa HBTSs, the base sheethe pase—collector conduction band discontinuiyE.

and contact resistivity [2]. _ between InGaAs and InP must be suppressed by grading. The
Here we report InP/InGaAs/InP mesa DHBTSs with 282 GHgase—collector grade employs a 20 nm InGaAs setback layer

Jf= and 400 GHZzf .« High finax is obtained through low base (1, ., ...} and a 24 nm InAlAs/InGaAs chirped superlattice
sheet and Ohmic contact resistivities, obtained in part througﬁgrade), grading from InGaAs to IfGay.o6Al o 4sAS,

high carbon base doping and Pd/Ti/Pt/Au Ohmic contact metgloducing zero conduction band energy offset at the

Prior to this work, the highesft.... reported for a mesa DHBT jnterface. The superlattice period is small, 1.5 nm, re-

is 300 GHz using an InP/GaAsSb/InP epitaxial design [3], whi@cing miniband effects and their associated degradation
462 GHz f,,.x Was reported for a transferred substrate DHBjy transit time and3 [8]. The Si pulse-doped layer (3 nm
[4]. thickness, Ny puise = 3-10'® cm=3) has sheet doping
Toutse Napuise = eAE./¢*Tyraae selected [8] to suppress the

Il. DESIGN change in the conduction band quasifield at the interface with

To achieve highf, and fumax, the base resistanc&,,, the InP collector. The conduction-band potential drop across

and base—collector capacitance, must be simultaneously the setback layer if\¢.cepack = (Veb + dbi)Lsetback/Te +

minimized. In a mesa HBT(,;, is reduced through use of 4Va.puiseTpuiseTretback/e + (qNa = J/v)TeTeetback /2.
The second term, of magnitude 0.25 V, is present due to

, _ _ _ the change in the conduction band quasifield at the in-
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setback layer should have minimal effect 6g ... Similarly, 5]

breakdown by impact ionization will occur in the InP collector 3

at a smallei;, than is required for breakdown in the grade. 4 25]
C. /1. is akey parameter determining logic speed. To ensu ] 2]

1.59

full depletion, hence lowC,;, at a minimum voltage/cy, min,
the maximum collector doping must satigW., min + ¢bi] = : 05
qN4T?/2e + qNa puise Lpuise Tsetback /€. Targeting nearly com- _o 1 0

(mA)

) 2 0TI TS AT E 8 7
plete depletion aV, = 0V, Ny = 2-10'6 cm™3 was selected. 1
The collector field reverses (Kirk effect) at the setback-grade ir ]
terface at an emitter current density,., satisfying E
[‘/cb+¢bi] = (Jmaer/Ac,effvelectron_qu) T3/2€ 0 0 Y Iofsl S .: Y I1f5I Y é Y '2f5' C 3
+ qu,pulseTpulseTsetback/E (1) VCE V)
where(A. .¢/A.) is the degree of current spreading in the coFig. 1. Common-emitter characteristics for an HBT with a Qudx 7.7 um
lector [9] emitter junction area. The base current steps are/&s0
30
[Il. GROWTH AND FABRICATION f =282 GHz
25 u f =400 GHz
The samples were MBE grown orf’ BI-InP wafers. The / max
structure features a 25 nm thick carbon doped base and an Ia 20 MAG/MSG
emitter. The collector is composed of a 20 nm InGaAs sethacz
layer and a 24 nm InAlAs/InGaAs chirped superlattice grad 2 157 H,,
on top of 170 nm InP. The subcollector has a thin layer of In& 10
GaAs on top of InP to reduce thermal resistance. Base conta
extend 1um on each side of the 8m long emitters. The de- 5
vices are made using selective wet etching. Wet etching of tt
emitter semiconductor creates an 80 nm undercut space betw: 0+ — —
the base contacts and the emitter junction. After PdTiPdAu ba 10" 10" 10"
contact deposition [10], a:t 2 um TiPdAu plug is deposited on Frequency (Hz)

the end of the base contact with a height equal to that of emitter ' _ '

metallization. The emitter and collector contacts are TiPdAg'.g-f-m'\\I"V%"’:ﬁ“brzge'?Eogfli'é‘;ro.fui’;tiﬁmvggsiggztx 717 nm Zg‘ﬁ?r' and
. A — s =15 ‘CE =

The emitter and base contacts are annealed af3@0énd the ;- V’f : °F

collector contact at 270C. HBTs are planarized and passivated

with polyimide. 300 f———t e L b L -
IV. RESULTS 250: r
The specific emitter resistivity is 28-um?, the collector 2007 C
sheet and contact resistances afeahd~50 Q-pm?, while the § ] C
base contact resistance is too low to measure reliably, below :% 1507 3
Q-pum?. From the 58 base sheet resistance, a 55 ¢Wi-s av- 1001 F
erage hole mobility is determined. The HBTs have- 22-28 ] ;
(Fig. 1), whileVar cro = 7.5 V. On-wafer RF measurements 50 -
were performed on devices with on-wafer transmission-line 1
extended reference planes and line-reflect-line calibration. A L A N
HBT with a 0.54,:m emitter junction width and a 2 /Zm width 0 1 2 3 4 5 6
base—collector junction (Fig. 2) exhibited a 282 GHzand 400 J, (MAum?)

GHZ fyax at J. = 2.3 mA/um? andVeg = 1.5 V. Figs. 3and o _
4 show the variation of. andC,;, with bias on a similar HBT; Fig. 3. Variation off, versus/c andVcs, of an HBT with a 0.54:mx 7.7
the collector is not fuIIy depleted until, = Ve — Vi & 0.35 pm emitter, and a 2.Zm width base—collector junction.

V, indicating collector doping above the design value. Frorir) would result (1) in a~0.7 mA/um? reduction in the Kirk

Fig. 3 and (1){ A. efVelectron/Ae) = (4.0 £ 0.7) - 107 cm/s is ,
determined. This high value suggests that the collector gratgéesmld at all appliedcs.

does not reduce the electron velocity. Hifgthand recordf,.x

are obtained due to low base transit time and low base contact
resistivity together with a nonblocking base—collector grade. InP/InGaAs/InP DHBTs with heavy carbon base doping
ReducingN, to obtain a fully depleted collector &, = 0 can obtain high current densities and high bandwidths even in

V. SUMMARY
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Fig. 4. Variation ofC'.;, versus/s andVcg. Note thatV},. = 0.85-0.90 V
over the same bias range.
[7]

conventional mesa structures. Unlike earlier wideband mesa
DHBTSs that employed either MOCVD-grown InP/GaAsSb/InP

or InP/InGaAs/InGaAsP/InP layer structures, the DHBTs [€!
reported here employ both InGaAs base layers and InAlAs/In-
GaAs base—collector superlattice grades, and are grown by
MBE. High f, and recordf,... are obtained due to low base [°!
transit time and low base contact resistivity together with a
nonblocking base—collector grade. The results demonstraf&o]
performance obtainable from aggressive scaling of InP HBTs
in a mesa process; large-scale IC development will require
process flows having improved yield at large integration scaleg11]

REFERENCES [12]

[1] T. Enoki, E. Sano, and T. Ishibashi, “Prospects of InP-based IC tech-
nologies for 100-Ghit/s-class lightwave communications systemns,”
J. High Speed Electron. Systol. 11, no. 1, pp. 137-158, 2001.

435

M. J. W. Rodwell, M. Urteaga, Y. Betser, D. Scott, M. Dahlstrom, S. Lee,
S. Krishnan, T. Mathew, S. Jaganathan, Y. Wei, D. Mensa, J. Guthrie, R.
Pullela, Q. Lee, B. Agarwal, U. Bhattacharya, and S. Long, “Scaling
of InGaAs/InAlA's HBT's for high speed mixed-signal and mm-wave
ICs,” International Journal of High-Speed Electronics and Systewis

11, no. 1, pp. 159-215, 2001.

M. W. Dvorak, C. R. Bolognesi, O. J. Pitts, and S. P. Watkins, “300
GHz InP/GaAsSh/InP double HBTs with high current capability and
BVcero > 6 V,” IEEE Electron Device Lettvol. 22, pp. 361-363,
Aug. 2001.

S. Lee, M. Urteaga, Y. Wei, Y. Kim, M. Dahlstrom, S. Krishnan, and
M. Rodwell, “Ultra high f,,.x InP/InGaAs/InP transferred substrate
DHBTSs,” in 2002 IEEE Device Research Cagnfanta Barbara, CA,
June 24-26, 2002, pp. 107-108.

J. M. Lopez-Gonzalez and L. Prat, “The importance of bandgap nar-
rowing distribution between the conduction and valence bands in abrupt
HBTs,” IEEE Trans. Electron Devicevol. 44, pp. 1046-1051, July
1997.

Y. Betser and D. Ritter, “High emitter efficiency in InP/GalnAs HBT's
with ultra high base doping leveldEEE Electron Device Lettvol. 16,

pp. 97-99, Mar. 1995.
V. Pavlanovski. (2000) “Simulation of heterojunction bipolar
transistors”,. Ph.D. dissertation. Tech. Univ. Wien, Austria.
[Online]. Available: http://www.iue.tuwien.ac.at/publica-
tions/PhD%20Theses/palankovski/

C. Nguyen, T. Liu, M. Chen, R. Virk, and M. Chen, “Bandgap engi-
neered InP-based power double heterojunction bipolar transistors,”
Proc. IEEE Int. Conf. Indium Phosphide and Related Materigis.
15-19, May 11-15.

P. J. Zampardi and D.-S. Pan, “Delay of Kirk effect due to collector
current spreading in heterojunction bipolar transistoSEE Electron
Device Lett.vol. 17, pp. 470-472, Oct. 1996.

E. F. Chor, D. Zhang, H. Gong, W. K. Chong, and S. Y. Ong, “Elec-
trical characterization, metallurgical investigation, and thermal stability
studies of (Pd, Ti, Au)-based ohmic contact3,”Appl. Phys.vol. 87,

no. 5, pp. 2437-2444, 2000.

E. F. Chor, R. J. Malik, R. A. Hamm, and R. Ryan, “Metallurgical sta-
bility of ohmic contacts on thin base InP/InGaAs/InP HBTHEE
Electron Device Lettvol. 17, pp. 62—-64, Feb. 1996.

K. Kurishima, M. Ida, and M. Watanabe, “InP double heterojunction
bipolar transistors with a carbon-doped graded baseProt. Solid
State Devices and Materials Conlflagoya, 2002, pp. 272-273.



	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


