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DifFusion…induced dislocation relaxes the stra■ n ■n the diffused layer appear■ ng

dur■ ng the high concentration diffus■ On processes of impur■ties such as B and P.

The conditions or the generation of diffus■ on―■nduced dislocation and dislocation―

free high concentration difFus■ on are discussed in this report, rererr■ ng to the

e■ ectr■ c characteristic oF dis■ ocation― Free semiconductor divices.

1・  ⊇iSlOCation generation condition ■n high concentration difFus■ on process

Dis10cations was harder to generate ■n the difrus■ 。n process oF doped oxide than

■n the POC13 °r BN difFus■ on process ■n which the surrace concentration was not

control■ ed under the so■ id sOlubi■ ity lim■ to  Dislocation was cons■ derably eas■ er

to be induced, during P or P_As doped oxide dirrusiOn, into substrate with dis―

locations than ■nto substrate w■ thOut dislocations.  In the case of B doped ox■ de

diFfusion, the generation or difFus■ on―■nduced dis■ Ocation was hard■ y arrected by

the grown― in dis10cation.  In the case of N type silicon (P difFusion), the in_

crease or electrOn dens■ ty w■ 1l make ■t easy to move dislocation and this mov■ ng

dislocation will cause multip■ ication, whi■ e in P type silicon (B difFusion)case,

it will hardly arfect such movement oF the grown― in dis■ Ocation, which will hardly

be the nucleation center or diffus■ ontt■ nduped dis■ ocationo  ln the case of B dif―

rusiOn at l100。 C, critical concentration for the generation oF the dislocations

was l.4 - ■.6 x lo16/cm2 in terms oF total diffused boron quarltity instead oF its

surFace concentration.  Prussin's model cannot explain this and Shockley― QueisSer's

moclel can onl-y qualltatively. Czaja suggested that critlcal surface concentra-

tion changes according to the difFus■ on condition,  The cr■ tical total durFused

boron quantity obta■ned From ca■ culation based on his theory is l.1 - 1.3 X 1016/

cm2, which agrees w■th the exper■ mental resultt  Sim■ larly, in the case or 4 hOur

P difttsion at l100。 C, the theoretical critical total diffused phosphorus quantity

■S 7.■ X 1016/cm2, which thoroughly agrees w■ th the exper■ mental resu■ t or 6.6 x

1016/cm 。

2. ■lgn ⊆9,centretiOn di[rus■ On without dis■ ocatiOns

Dislocation― free high acceptor― concentration difFus■ on was possible by s■ multaneous

difFus■ on of B and Ga which is larger ■n atomic radius than s■ licon.  As for dis―

■ocation― Free diFfusion condition ` Dtained from electrical measurement for B― Ga

closed coups■ e difFusion at 1260° C, the concentration ratio oF (B/Ga)was O。 5 - 0.7

Showing that measured B cOncentration was larger than theoretical one (0.3)。
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Hlgh donor concentration dlslocation dlffuslon wlthout dlsl-ocatlon was possible by

slmu]taneous diffusi-on of P and smal] amount of As or Sb. fn the case of 4-hour

diffuslon from P-As mj-xed doped oxide at 11000C, As and P were distributed as shown

ln Flg. 1. The. concentratlon of As ls one-.tenfh Lower than that of P. This di-s-

locatlon-free dlffusion is not based on the.mechanism of compensating the strain

by atomic radius difference between As and P but on a new mechanism. P-Sb dis-
locatlon-free dlffusion cannot be explained too by the staLn compensation mechanism

but nay be explained by the new mechanism. The measurement by X-ray double crystal

difflraction technique gave the same strain in the diffused layer for both cases of

P al-one and P-As diffustion. Noteworthy fact is that As pile-up near the surface

was found in the distribution of As diffused wlth P. It was detected throuEh the

radioactlve analysis, ion mass mlcro-analysis and hellum ions backscattering.

Arsenic in the pile-up layer is considered to be l-ocated in the non-fattiee sltes

and to enlarge the lattice constant of the surface.. The measurement of duffused

silicon substrate curvature somefimesr ln P-As dlffuslon case, showed convex dif-

fused layer which lndicates the existence of layer of large lattlce constant. The

amitrar Ai^ arfect observed in base and emltter duffuslon from various lmpurityuay er r

sources is shown in Table-l. The emitter dip effect due to dlslocations by BN

base-diffusion was found. Even ln case base and emitter were dlffused without dis-
'lnnqfinn fho offsst appeared unl"ess P-As emitter diffusion was carried. In the

donor diffuslon case, vacancy concentratlon generally lncreases ln proportion to
a-lantrnn donqity wh11e in arsenlc dlffusi-on case, vacancy-arsenlc complex 1s form-

ed, whi-ch causes undersaturatlon of vacancy concentration and emltter retardation

effect. In P-As diffusion case, the excess va.cancles due to hlgh concentratlon of

P wl11 be trapped through formation of vacancy-arsenlc compfex, which causes nei-

ther supersaturation nor undersaturation of vacancy 1n the whole dlffused layer and

thus formatlon of no dislocation-loop. Interstltial As p1le-up near Lhe surface

will- enl-arge the l-attice constanb and prevent the surface frorn worklng as nucl-ea-

tion site for the diffusion-induced dislocations. Therefore, in P-As diffusion

case, dlsl-ocatlon wonrL be induced by the straln 1n the diffused layer as there 1s

no nucl-eatlon center of disl-ocatlon both on the crystal- surface and its inside.

3. El-ectric charaeteristlc of the devices without dislocations

The devices manufactured by the conventional processes is compared wlth ones manu-

factured by the above new method, Perfect Crystal device Technology (PCT). We have

made it cl-ear through detail analysls of gated NPN transistorrs nolse characteris-

tlcs that not only the surface state but the crystal defects wlthin the active

base region coul-d be the noise source. Flg. 2 shows the effect of elimination of

disl-ocations in the devices Nhat 1,/f noise figure was improved to a conslderable
extent ln the devices made through PCT. As for the devices by PCT, burst nolse
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dlsappears.. Emltter-base reverse current is reduced. The current gain generally in-
creases with temperature increase. Fig. I shows that devices by PCT has lower

temperature-dependance of current galn than the devlces by the conventional pro-

cesses. Buhanan pointed out that band gap decrease due to the strain in the hlEh

concentration diffused region or due to the diffusion-induced disl-ocation increas-
es the temperature dependance of current galn. Thus, dislocation-free devi-ces by

PCT contribute greatly to the irnprovement of their electric characteristlcs and

the practical application for high frequency devlces uslng precision control of

base w'!.dth, because no emitter-dip effect appears 1n PCT. It also features l_ow-

stress in P-As doped oxlde film.

Table I Emitter dip effect in NpN transistor
BSG, PSG and P-As signify oxide doped with B, p, p-As
respectlvely. WB and trl,rteare base width and emitter dlr

10 100 1K 10K300K
Frequency{Hzl

Fig. 2 Low frequency noise in IC and
transistor manufactured by conventional_
processes or PCT.
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P and As
analysis。

Emi tter

Source :l:l:五

Base

Source :::l:五

Base Width

lwB  」wB 4wB/WB

P°C13   Yes

P°C13   Yes

PSG     No

PSG     No

P―As    No

P―As    No

BN    Yes

BSG   No

BN    Yes

BSG   No ′
BN    Yes

BSG   No

o.6op ).3olr jo%

0.80 0.25 31

0.76 0.20 27

0.35 0.05 14

0 .52 0:06 12

0.31 0.00 0
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As  Pさ

△hFE11)PCT




