576 IEEE ELECTRON DEVICE LETTERS, VOL. 23, NO. 10, OCTOBER 2002

Critical Spacing Between Emitter and Base in InGaP
Heterojunction Bipolar Transistors (HBTS)

Chung-Er Huang, Chien-Ping Lekellow, IEEE Hsien-Chang Liang, and Ron-Ting Huang

Abstract—in this paper, the influence of the spacing between the should be long enough to minimize the surface recombination
emitter and the base on the performance of InGaP heterojunction put on the other hand, not too long to seriously degrade the de-
bipolar transistors (HBT) was experimentally studied. We found vice’s speed performance.

that the emitter to base spacing can be reduced to as small as 0.6 . .
pm without causing a significgnt drop in the current gain. The Leeetal.and Liuetal.[6], [7] have studied the effect of ledge
reduction in emitter-to-base spacing, however, leads to improve- 0N AlGaAs-GaAs and InGaP-GaAs HBTSs performance, respec-
ment in high-frequency performance and device phase noise. For tively. They found that the critical spacing between the emitter
optimal dc, RF, and low-frequency noise performances, we have de- and the base was~2 pm for AlGaAs-GaAs HBT and less
fg&niﬂgdbg‘:g ‘chgg‘iﬁgggﬁ'_?gﬁ{gg”&ﬁﬁm between the emitter 41y 1,,m for InGaP-GaAs HBT. For manufacturing process,
q ' the safe spacing between the emitter and the base jgni far
Index Terms—Critical spacing between emitter and base, flicker A|GaAs-GaAs HBTSs. But the corresponding value remains un-
hoise, InGaP HBT, ledge length. known for InGaP-GaAs HBTSs. In this letter, we did a careful ex-
perimental study of the optimization of the emitter—base spacing
|. INTRODUCTION for InGaP HBTs. The dc, RF, and low-frequency noise perfor-

. . mances were used as the criteria for the optimization.
ETEROJUNCTION bipolar transistors (HBTs) are P

attractive for high-speed digital circuit applications as
well as power amplification applications [1], [2]. In modern ~ |l. HBT STRUCTURE AND MEASUREMENTRESULTS

communication systems, high-speed, high-power, high-lin-Tne epitaxial wafer was grown by metal-organic chemical
earity, and highly reliable devices are essential. The receniy,or deposition (MOCVD). The epitaxial structure consists
developed InGaP-GaAs HBT technology is ideal for sucky 5 Si-doped (3x 107 cm—3) 500-A Iny 40Gay 51 P emitter,
applications and is superior to the conventional AleaAS‘Ga'%(Scarbon-doped (& 10'° cm—3) 1200-A GaAs base, and an
HBT technology for several reasons: 1) the absence of él-doped (3x 10*6 cm—3) 1-um GaAs collector. HBTSs with
element in the epitaxial materials eliminates the problenys ious emitter-to-base (e-b) spacing were fabricated. InGaP
associated with the DX centers; 2) the relatively lower surfaggnitter was used to form the HBT ledge. The spacing values
recombination velocity results in lowey f noise; 3) the high ¢ajected for the study were 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, and 2
etching selectivity between InGaP and GaAs makes the procggg 1 shows the schematic cross section of the HBT structure.

more cgntrollable and makes a high-yield process easierigq gistance between the edge of the ledge to the base metal was
achieve; and 4) InGaP-GaAs HBTSs have a large valence bapgq at a value of less than 0.08n. The base pedestal width

.difscolntinuit.y @E,,.), which is good for obtaining high-electron g4 its length were fixed at 11,4n and 8.4um, respectively,

injection efficiency [3], [4]. _ _ forall devices in this study. Only the ledge width was a variable.
Inthe HBT process, a thin and depleted emitter ledge is CORjnce the base—collector (b—c) area was fixed, the base—collector

monly used to passivate the extrinsic base in order to reduce {1 capacitance was the same for all devices. Since the cutoff

;urface recombination.Fig. 1 Howe\_/er, t_he extra em|_tterlled§}%quency ) is essentially determined by the epitaxial struc-

increases the basg—col!ector (b—(;) junction area, which in tY[Pe, the maximum frequency of oscillatiofi,{...) of our test

increases the b—c junction capacitance and the base resistag&éices will be largely a function of the base resistaRb@nly

both of which degrade the device performance. So the length for )i out by our experimental results.

the emitter ledge should be carefully optimized. On one hand, itFig. 2 shows the measured Gummel plots of & ;m? de-

vices with the emitter—base (e—b) spacing varied from 0.2 to
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Fig. 1. Schematic cross section of an InGaP HBT structure.
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Fig. 2.  Gummel plots of the & 6 ym* HBTs with the e—b spacing equal to The device is operating at 2-V collector voltage and 4-mA (25 k&/orollector
02 04 06 08 10 12 2[,0’“2 current.

We have also measured the RF performance of the devices.

90 n—— Fig. 4 shows the measured HBA;, and F,,,,, as functions of
< the e—b spacing. We can see clearly thais nearly the same
E &1 for all the devices, whilé .. goes down as the e—b spacing is
é increased. This is readily understandable as the e—b spacing is
£ 804 increased, the base resistance increases too, which dauses
3 ] to drop. £}, on the other hand, depends only on the layer struc-
E 75 ture and therefore stays relatively constant. So for high-speed
3 operation, it is necessary to minimize the e—b spacing.

The relationship between the low-frequency noise and the
emitter to base spacing for the InGaP-GaAs HBTs was also
o studied. In HBTSs, the generation—recombination (g—) currents
oo 02 o4 o6 08 10 12 14 16 18 20 22 atthe e-b space-charge region, the e-b heterointerface, and

Emitter to base spacing (um) the exposed external base region are the major sources of
low frequency current fluctuations [8]. We measured the
Fig. 3. Current gain as a function of the emitter to base spacing. (Emitter SBauivaIent input base noise current spectral density for dif-
2 X 6pm?) . . .
ferent emitter-to-base spacing. Fig. 5 shows the measured low
frequency noise at a collector current density of 8.33 k&/cm
0.6 um. It saturates when the spacing is above @8 From (Ic = 1 mA) and a collector bias of 2 V. The reduction in
this result, one can infer that the lateral diffusion of the injectddw-frequency noise when the spacing is increased from 0.2 to
electrons in the base is of the order of approximatelyy®6  0.6,m is mainly due to the reduced g—r current at the e—b space
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. investigated for InGaP HBTs. The extrinsic InGaP emitter layer
e Device 2x6 um’ @ lo=1mA Voe=2V 1 was used as the ledge to protect the exposed extrinsic base re-
gion. The result of this study shows that the minimal value re-
1074 quired for the e—b contact spacing for an InGaP HBT device is
] around 0.6-0.8 xm which is only about half that for the Al-
GaAs-GaAs devices. At this optimal spacing range, excellent
o o / performances in device maximum frequency of oscillation, dc
] \ o« current gain, and low-frequency noise can be simultaneously ob-
Ve

-
.

tained.
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