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PazpaboTaHna MOJielb MOIBIIKHOCTH HEOCHOBHBIX
HOCHUTEJICH B TOJIMKPEMHUECBBIX OMUTTCPHBIX
KoHTakTax. OHa OcHOBaHa Ha 3¢ dexre cerperanuu
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OMHUCCHOHHOH U TU(PPY3HOHHOW TEOPHHU IBIPOYHOTO
TOKa. BBIBeJIeHO aHAINTHYECKUE ypaBHEHUE, KOTOPOE
TMO3BOJIACT paCCUUTBIBATH MMOABUKHOCTDH ABIPOK B
TMOJIMKPEMHHUEBBIX OMUTTCPHBIX KOHTaKTax 1 eé
3aBUCUMOCTb OT KOHUEHTpAIMU IpUMeceil U pa3mepa
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Kitouessie cnopa: MATEMATHUYECKAS MOJEJIb,
HEOCHOBHBIE HOCUTEJIEU, I[TOJIBUKHOCTD,
TMMOJIMKPEMHUWUIA, SMUTTEP, BUITOJISIPHBIN
TPAH3UCTOP

1. INTRODUCTION
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Bipolar transistors with polysilicon emitter contacts are the main active
elements of contemporary bipolar and BiICMOS IC. One of the differences of
these transistors from the transistors with metal contacts is a higher current
gain. According to the transport theory, high values of the gain are associated
with low mobility of holes in polysilicon emitter contacts [1-6]. A significant
feature of polysilicon is dopant segregation to its grain boundaries. The
segregation of electrically-active dopants produces a potential barrier for holes,
which reduces their mobility [7,8].

In this paper, a model for minority carrier mobility in polysilicon emitters is
developed. It is based on the effect of dopant segregation to the polysilicon
grain boundaries. The model is capable of predicting the low vaues of the

mobility.
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2. RESULTSAND DISCUSSION

The segregation of the electrically active and ionized donor dopants to the grain
boundary charges the boundary positively and creates a negative space charge
region next to the grain boundary. A one-dimensional Poisson equation was
solved under the assumption of uniform charge distribution in both regions. The

solutionis

26 (1)

within the grain boundary and

___ONgb
 2e (w- b)g|_ 25 (2)

within the negative space charge region, where N, is the concentration of the
electrically active dopant in the grain boundary, b is the grain boundary width,
w is the space charge region width, and | g is the potential barrier height for

holes given by

. N bw
I B = 8. (3)

The charge and potential distributions are shown in Fig.1.
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Fig. 1. The charge and potential distribution within the grain boundary and the negative space
chargeregion. j s isthe potential barrier height for holes.

The modd of the hole current is based on the thermionic emission - diffusion

theory [9] under the assumption that the current flow does not change the

condition of thermodynamic equilibrium in the space charge region. Based on

this model, the effective mobility of holes in the polysilicon contact can be

expressed as
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with the hole thermal velocity vy, and the effective diffusion velocity vy given by

v = KT
th 2p m; (6)
D
- p
v _@ew 0 (7)

where m;, is the effective hole mass, Dy and L, are the hole diffusion coefficient

and diffusion length in silicon.

Assuming that the concentration of the electrically active dopant is proportional

to the average grain boundary dopant concentration, N, can be expressed as
N, =a(l- c)N (8)

where N is the total dopant concentration in the polysilicon, € is the

segregation coefficient (the ratio of the average dopant concentration in the

grain to thetotal concentration), @ isthe proportionality coefficient.

If the process of the redistribution of the dopant between the grain and grain

boundary has finished, the equilibrium segregation coefficient is given by [10]
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where Ny Is the atomic density of silicon, Qs is the surface state density at the
grain boundary, L is the grain size, E; is the activation energy, T is the anneal

temperature, and A is the proportionality coefficient.

If the redistribution has not finished yet, the segregation coefficient is given by
[11]

c:ceq-(ceq-co)expglg (10)
t o

wherec, is the initial segregation coefficient (before annealing), t is the

annealing time, and t isthe relaxation time.

The hole mobility was calculated by the equation (4) for two extreme values of
w: w=b and w=L. The results are shown in Fig. 2 and 3. The segregation
coefficient was considered to be equal to the equilibrium one. ¢=0.5 was used
for L=1000 A. For the other L, the segregation coefficient was calculated by the
equation (9). For both w, the mobility decreases with increasing the total dopant
concentration (Fig. 2). For w=Db, the mobility increases with the increase in the
grain size (Fig. 3a). For w=L, the mobility decreases or has a maximum (Fig.
3b). Since the experimental data show that the hole mobility in polysilicon
emitter contacts decreases when the grain size becomes smaler [12], the

approximation w= b may be considered as more accurate.

In Fig. 2athe calculated hole mobility is compared with the experimental results
obtained from [3,13] and the mobility values, derived from the effective
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Fig. 2. Caculated dependence of the hole mobility in the polysilicon emitter contact on the
total dopant concentration in the polysilicon. b=10 A, L=1000 A, ¢=0.5. (a) w = b, previously
reported values of the mobility are plotted. (b) w= L.
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Fig. 3. Hole mobility versus grain size for two values of the total dopant concentration. b=10
A. (8) w=b, a=2. (b) w=L, a=0.05.
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recombination velocity at the emitter/contact interface, reported in [6,14,15].

The effective recombination velocity is given by [6]

D W,
S, = pe coth < 11
P L oc L oc (11)

where W is the contact width, Dy and L, are the hole diffusion coefficient and
diffusion length in the contact. The closest agreement with the reference data

can be reached with w=b and a =5.

3. CONCLUSIONS

The model for the minority carrier mobility in polysilicon emitter contacts is
created. The model is based on the effect of the dopant segregation to the
polysilicon grain boundaries, which reduces the mobility of holes. The
analytical equation for the mobility is derived by using the thermionic emission
- diffusion theory. The comparison with the previously published data shows
that the model alows to calculate the hole mobility in polysilicon emitter
contacts and its dependence on the dopant concentration and the polysilicon

grain size quite accurately.

References

1. S A. Ajuria, C. H. Gan, J. A. Nodl, and L. A. Reif, “Quantitative Correlations Between
the Performance of Polysilicon Emitter Transistors and the Evolution of
Polysilicon/Silicon Interfacial Oxides Upon Annedling,” |IEEE Trans. Electron Devices,
vol. 39, No. 6, 1992, pp. 1420-1427.

2. 1. R. C. Post, P. Ashburn, and G. R. Wolstenholme, “Polysilicon Emitters for Bipolar

Transistors: A Review and Re-Evaluation of Theory and Experiment,” IEEE Trans.
Electron Devices, vol. 39, No. 7, 1992, pp. 1717-1731.

http://ej .kubagro.ru/2013/06/pdf/52.pdf



http://ej.kubagro.ru/2013/06/pdf/52.pdf

Hayunsriit sxxypran Kyol'AY, Ne90(06), 2013 roga 9

3.

10.

11.

12.

13.

14.

15.

T.A.Ning and R. F. Isaak, “Effect of Emitter Contact on Current Gain of Silicon Bipolar
Devices,” |IEEE Trans. Electron Devices, vol. 27, No. 11, 1980, p. 2051.

J. G. Fossum and M. A. Shibib, “A Minority-Carrier Transport Model for Polysilicon
Contactsto Silicon Bipolar Device, Including Solar Cells,” in IEDM Tech. Dig., 1980, pp.
280-283.

A. A. Eltoukhy and D. J. Roulston, “Minority-Carrier Injection into Polysilicon Emitters,”
|EEE Trans. Electron Devices, vol. 29, No. 6, 1982, pp. 961-964.

D. E. Burk and S.-Y. Yung, “Experimenta Verification of the Extended-Emitter Concept
for Phosphorus-Implanted Self-Aligned Polysilicon-Contacted Bipolar Transistors,” Solid-
Sate Electronics, vol. 31, No. 7, 1988, pp. 1127-1138.

G.L. Patton, J. C. Bravman, and J. D. Plummer, “Physics, Technology, and Modeling of
Polysilicon Emitter Contacts for VLS| Bipolar Transistors,” IEEE Trans. Electron
Devices, vol. 33, No. 11, 1986, pp. 1754-1768.

C. Y. Wong, C. R. M. Grovenor, P. E. Batson, and D. A. Smith, “Effect of Arsenic
Segregation on the Electrical Properties of Grain Boundaries in Polycrystalline Silicon,” J.
Appl. Phys., vol. 57, No.2, 1985, pp. 438-442.

S. M. Sze, Physics of Semiconductor Devices, New York: John Wiley & Sons, 1981, p.
259.

M. M. Mandurah, K. C. Saraswat, C. R. Helms, and T.l. Kamins, “Dopant Segregation in
Polycrystalline Silicon,” J. Appl. Phys., vol. 55, No.11, 1980, pp. 5755-5763.

A. l. Galushkov, K. V. Loiko, and Y. A. Parmenov, “Investigations of Dopant Segregation
to the Grain Boundaries of Polysilicon Emitter Contacts, ” The Journal of Moscow
Institute of Electronic Technology (VLS Physics, Technology, and Design), 1989, pp. 51-
59.

A. Negroshel, M. Arienzo, Y. Komem, and R. D. Isaak, “Experimental Study of the
Minority-Carrier Transport at the Polysilicon - Monosilicon Interface,” IEEE Trans.
Electron Devices, vol. 32, No. 4, 1985, pp. 807-816.

Z.Yu, B. Ricco, and R. W. Dutton, “A Comprehensive Analytical and Numerical Model
of Polysilicon Emitter Contacts in Bipolar Transistors,” |IEEE Trans. Electron Devices,
vol. 31, No. 6, 1984, pp. 773-784.

B. Benna, T. Meister, H. Schaber, and A. W. Weider, “Base Current Analysis of Poly-Si
Emitter Bipolar Transistors,” in IEDM Tech. Dig., 1985, pp. 302-305.

B. Benna, T. Meister, and H. Schaber, “The Role of the Interfacial Layer in Bipolar (Poly-
Si)-Emitter Transistors,” Solid-Sate Electronics, vol. 30, No. 11, 1987, pp. 1153-1158.

http://ej .kubagro.ru/2013/06/pdf/52.pdf



http://ej.kubagro.ru/2013/06/pdf/52.pdf

