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Emitter Dip Effect in Double Diffused 7-p-n Silicon Transistor

Masao MAEDA
Toyotaka MANABE

Depertment of Electronics, Faculty of Engineering,
Hokkaido University, Sapporo, JAPAN.

Abstract

In the process of manufacturing n—p-n silicon transistors by diffusion technique, very
interesting phenomena known as the emitter dip effect are often observed. The origin
and the effect on the electrical characteristics of the device are not yet fully understood.

This paper describes the results of a direct observation of diffusion induced disloca-
tions by the etching technique. Diffusion induced dislocations play a decisive role in
revealing the emitter dip effect. The main conclusions obtained are as follows; (1) The
necessary conditions for the emitter dip effect are the steep concentration gradients of
donor impurity at the emitter junction. (2) Dislocation density increases by one or two
orders of decades after the impurity diffusion. (3) Dislocation mechanism can not explain
the fact that this effect is not observed in p-n-p junctions.
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Fig. 3. Furnace system used for boron diffusion
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Fig. 5. Measuring method of the junction depth
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Fig. 6 (b). Schematic diagram of
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Fig. 6 (a). Junction structure of
emitter dip effect

Fig. 7. Enhanced diffusion through Fig. 8. [Emitter-Collector shorting
the surface defect
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Etching time 3 min @® B+P diffused region

Etchant 33%-Cr, O;: HF=1:1 @ B diffused region
Etch pit density 5x10* em 2 Fig. 10. Etch pits at 6.5 ¢ depth

Fig. 9. Etch pits of starting material

Fig. 11 (a). Etch pits near the collector Fig. 11 (b). Etch pits near the other col-

junction underneath -the emitter show- lector junction showing emitter dip
ing emitter dip eflect. (7 depth) Etch effect. (7 p depth) Etch pit density 1X
pit density 8X10%cm~?, Scale 2.5 p/div 105 em 2. Scale 2.5 y/din

Fig. 12 (a). Etch pits near the collector Fig. 12(b). Etch pits near the other
junction underneath the emitter having collector junction having no dip. Etch
no dip. Etch pit density 6X10*cm~—2, pit density 3X10*cm~2, Scale 10 p/div

Scale 10 p/div
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Fig. 13 (a). Dislocation distribution of the specimen having emitter dip effect
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B : 1300°C, 10 min.
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