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Polycrystalline Silicon as a Diffusion Source and
Interconnect Layer in 12LRealizations

JAN MIDDELHOEK AND ARIE KOOY

Abstract –Boron-doped polycrystalline silken is applied as a diffusion

source for the p-type regions of 12Ldevices. The polysilicon also serves
as a conductive level which requires no contact windows in the p-type
regions. Compared to conventional processing a higher fan-out, size
reduction, and a geater layout flexibility are reported.

I. THE STRUCTURE OF THE 12L DEVICE

WITH POLYSILICON

A polycrystalline silicon layer doped during the deposition

with boron, can be applied as a diffusion source while it

serves, at the same time, as a conductive layer to the diffusion

area. IC processes which are based on this combined use of

polycrystalline silicon result in a considerable size reduction of

the p-t ype region [1] . This is mainly due to the fact that the

interconnections of the diffusion areas require no contact win-

dows. The performance of the devices also benefits from this

size reduction. The design of the layout of an IC is greatly

facilitated by the extra conduction level.

The principle of self-alignment is applicable in the fabrica-

tion because oxide regions adjacent to the polysilicon are

formed simultaneously with the indiffusion from the polysili-

con after the polysilicon layer has been etched. A technique,

known as IDOPOS [2] , has in principle the same possibilities

as the technique reported in this paper.

Fig. 1 compares the cross sections of the base regions of two

n-p-n bipolar transistors, One is a conventional type, the other

is made with polysilicon. The area of the base region and the
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Fig. 1. Cross sections of the base region of a bipoIar transistor. (a)

Polysilicon technique (poly-Si base). (b) ConvrmtionaJ mocessim
(standard base). - -

base-collector capacitance of the polysilicon type are smaller.

The base surface remains partly covered with highly boron-

doped polysilicon, resulting in a boron concentration under

the polysilicon which is higher than directly around the emit-

ter. The polysilicon on the surface forms more or less an aequi-

potential ring around the emitter. The polysilicon track con-

necting the base may be led in any direction independent of

the aluminum track from the emitter.

Fig. 2 shows a cross section of an 12L device. The use of

polycrystalline silicon helps to increase the number of collec-

tors, which may be accommodated in the base regions in two
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Fig. 2. Cross section of an 12L device in the polysilicon technique.

Fig. 3. Top view of an 12L gate with five collectors and an external
base contact.

ways. First the area which is normally needed for a base con-

tact window is now available for a collector and secondly the

polysilicon which remains on the surface of the base region re-

duces the series resistance in the lateral direction. The perfor-

mance of the p-n-p transistor may benefit from the polysilicon

because the concentration in the p-region is higher than that in

the conventional processing,

Fig. 3 shows a photograph of a device with five collectors.

The contact windows are 10 X 10 ~mz. Further size reduc-

tion would appear possible.

II. THE DEVICE TECHNOLOGY

The deposition of polycrystalline silicon on monocrystalline

silicon differs from the deposition on silicondioxide as applied

in the silicon gate MOST technique. It is extremely difficult

to completely avoid whisker growth on the monocrystalline

surface. Reduction of the deposition temperature to 625° C

[1] proved to be a good solution in the case of boron-doped

polysilicon. In the case of phosphorus-doped polysilicon the

deposition rate becomes very low at 625°C [2] .

The etching of the polycrystalline silicon just as far as the

monocrystalline substrate can be carried out reproducibly by

calibration of the etching rate.

III. PROCESSDESCRIPTION

Fig. 4 illustrates the process description.

Starting material: an n-type epitaxial layer of 0.6 C?. cm and

6-#m thickness on an n++ substrate of ( 100) orientation.
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Fig. 4. Illustration of the polysilicon 12L process.

1) Phosphorus doped silane-oxide deposition; PH3 /SiH4 =

0.064; ~depositio~ = 325”C; tox = 2000 A (doped) + 1000 A
(pure).

2) Mask 1 for the isolated area; negative resist; [HF (49 per-

cent), sat. NH4F] :H20 = 1:20.

3) Deposition of pure silane-oxide; TdePO~tiOn = 325° C;

*X = 1500&t
4) Deep n++ type diffusion in Na ambient. ~dif = 1150”C;

tdif = 30 min.

5) Mask 2 for the active area; negative resist; HF (buf.):

H20=l:6.

6) Doped polysilicon deposition: B2 H6 /SiH4 = 4 . 10-4.

T~ePo~tion = 625”C; tpoly = 3500A.

7) Deposition of pure silane-oxide. T~ep = 325”C; tox =

4000 ii.
8) Mask 3 for the outer edges of the polysilicon layer. Posi-

tive resist; HF (buf.): H2 O = 1: 20; poly-Si etchant [300 ml

HN03 (65 percent), 10 ml HF (49 percent), 100 ml CH3

COOH, 150 ml Hz O] ; tettiing~oly= 2 min.

9) Indiffusion in oxygen ambient. Td~ = 1150”C; tdf=

15 rein; fox rr.~.p ba~, @~~ = 700 ~; Xj ~0~0 = 1.0 Pm;

R ,mono =219 fl.
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10) Mask 4 for the inner edges of the polysilicon layer.

Negative resist; HF (buf.): H20 = 1 :6; poly-Si etchant [see 8)];

‘etching =2min.

11) Drive-in diffusion in oxygen ambient. Td~ = 1150”C;

tdif = 75 min. tox coltector region = 2000 A; xj mono = 3.4 flm;

R , ~o~~ = 200 S2!
12) Mask 5 for the collector areas. Negative resist; HF

(buf.):H,0=l:6.

13) Deposition of phosphorus doped silane-oxide. PH3 /

SiH~ = 5.1 10-2; T&P =325”C; tox=2000 A(doped)+ 1000 ~

(pure).

14) Indiffusion in N2 ambient. Tdif = 1100”C; tdif= 120

mhl; xi=2.7pm; R~=5.9Sl.

15) Mask 6 for contact windows. Negative resist; HF

(buf.):H, O= 1:6.

16) Al evaporation (E-gun). tAl = 1.3 #m.

17) Mask 7 for metal delineation. Positive resist; [75 ml

H3 P04, 15 ml CH3 COOH, 5 ml HN03 (65 percent), 15 ml

H20] .

18) Anneal in wet Nz. T = 450”C; t = 60 min. Sheet resis.

tances. R s poly on Si02 =115 S2;R~PO1y On Si =51$2.

IV. RESULTS AND DISCUSSION

The current amplification factors have been determined with

the structure, as shown in Fig. 3. The results should not be

considered as the optimum, which can be reached with this

poly-Si technique, but as proof of the feasibility of the

process.

First the collector currents into each of the four connected

collectors were measured at a constant base current of 100 UA

and with the injector grounded.

Collector IC (I.(A) Ratio log ratio X 60 mV/n

2 726
3 661

‘),

1.098 2.44/3 = 0.81 mV

4 620
1.066 1.66/2 = 0.83 mV

5 598
1.037 0.94/1 = 0.94 mV

In the first place these measurements show that the upward

current gain per collector is about 7. The collector current de-

creases when the collector is at a greater distance from the

base contact. If it is assumed that the base current is equally

divided over the base region, then the voltage drop from col-

lector to collector in the base region can be estimated. The

collector current may be expressed as

IC = I&I IBO exp ((qv - nlB&.)/kT).

n depends on the position of the collector and can be found

with the help of Fig. 5.

The resistance from collector to collector R,c can be esti-

mated as 0.86 mV divided by the fifth part of the total base

‘current. This gives Rcc = 43 S2. The same measurement on a

conventionally made device gives Rcc = 220 S2. This result is a

clear indication that the polysilicon process reduces the lateral

series resistance in the base region.

Even for a high base current of 100 pA the collector current

ratio of the first to the fifth collector is only 1.40. The con-

ventional process gives a factor 4.

The inverse current gain of the p-n-p transistor (11,~.n.P of

the perpendicular gate (see Figs. 3 and 6) is 0.76. The inverse

current gain of the p-n-p transistor of the parallel gate (see Fig.

6) is 2.05. The downward& of the n-p-n transistor was deter-

mined to be 280. A more profound study of the current am-

plification and of the contributions to base current has not yet

been made. It requires a large variety of test structures [3].

Fig. 6 shows a photograph of two ring oscillators. The lar-

gest oscillator has 49 stages, the other 17. From the oscillating

period T as a function of the supply current l,UPPIY, the plot of

Fig. 7 is determined. The delay time per stage was calculated

according to the expression T/2 X n. The power-delay pro-

~+[41~131~i2]~ [1[~
* + ~ IB
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Fig. 5. Schematic representation of the base current distribution.

Fig. 6. Photograph of the test chip, which contains two gates and two ring oscillators. The number of stages are 17 and
49, respectively.
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supply current (micro amperes)

Fig. 7. Average propagation delay per gate versus the supply ctsmmt
per single collector gate.

duct per stage is l,UPPIY X n-l X V,UPPIYX T X (27r-1, where

n is the number of inverters, 49 or 17.

At last we show in Fig. 8 a photomicrograph of a 4-bit pro-

grammable accumulator [5] , successfully realized in the new

technology. It contains 172 gates on a chip area of 4 mmz.
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Fig, 8. Photograph of a 4-bit programmable accumulator realized in the
polysilicon 12L technique. The chip of 4 mm2 contains 172 gates
and two test devices.


