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ABSTRACT

Two high temperature processes, impurity diffusion and silicon 

dioxide growth, are first presented as steps in the fabrication of 

semiconductor planar electronic devices<, The solutions to the Second 

Law of Diffusion for the boundary conditions of the practical two-step 

diffusion process are shown to give a complimentary error function and 

a Gaussian distribution of impurity atoms, The furnaces, gas handling 

equipment, and test-and-evaluation equipment used in the experiments 

are described and equipment performance indicated0 Process variables 

are discussed and the results of initial process control experiments 

are given. It is concluded that workable procedures and preliminary 

process controls have been established and that equipment performance 

is satisfactory. The characteristics of early diffused diodes are 

shown and the successful fabrication of unijunction and bipolar 

transistors are indicated.

viii



Chapter 1 

INTRODUCTION

General Solid State Approach

The past twenty years has seen the beginning and explosive 

development of what has come to be known as "Solid State Electronics"* 

This new technology is centered around the use of semiconductor ma

terials for the fabrication of active electronic devices* Additionally^ 

semiconductors are used along with conductors and insulators to form 

passive devices and, more recently, to form the "chassis" or substrate 

in which the active and passive devices of the integrated circuit are 

formed* Although much of the technologies of the older vacuum tube 

electronics, metallurgy, chemistry, etc, have been applied to solid 

state fabrication, the use of new materials and dimensions have re

quired the investigation and development of completely new or at least 

unfamiliar processing techniques.

The major development and production technology at the present 

time utilizes wafers of silicon semiconductor material about two inches 

in diameter and 15 mils in thickness, in which the diffusion of other 

elements in layers or planes gives rise to the term "silicon planar 

technology". As shown in Fig, 1,1, the processing of an individual 

planar transistor, as an example, requires many separate and distinct 

steps. Integrated circuits, which combine many transistors and passive 

devices in one piece of silicon, follow a similar series of processing

1
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steps. The major emphasis of this report is concentrated in the area of 

the key diffusion and oxidation processes. Details of other fabrication 

steps may be found in several current sources [Refs. 1-4].

Impurity Diffusion

The ability to alter the concentration of impurity (donor and 

acceptor) atoms in various portions of silicon substrate is the phenome

non which makes the operation of the solid state device possible. In 

the planar device, this is accomplished by diffusion of impurity atoms

into the silicon wafer. The prevention of diffusion into undesired areas

is accomplished by masking with silicon dioxide on the wafer surface.

The relatively shallow diffusion of impurities into the sub

strate allows the reduction of Pick's Second Law of Diffusion to the 

one-dimensional form.

f - i <dE)
N  = Concentration of diffusing atoms (atoms c m ” 3)

D = Diffusion coefficient (cm^ sec"*)

x = Distance of diffusion (cm) 

t = Time (sec)

The solution of this equation for the boundary condition of 

assumed constant surface concentration N0, and the indicated initial 

conditions, may be shown [Ref. 5] to be

x
N(x,t) = N0 erfc

t = 0, x > 0 N(x,0) = 0
x = 0, t £ 0 N(0,t) = N0
x -» c°, t £? 0 N(o°, t) = 0
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The resulting plot of distributions for increasing times is 

shown in Fig. 1.2. The plot is drawn with the positive x-axis directed 

downward, in analogy with inward diffusion from the upper surface of 

the wafer.

Impurity
concentration

(N(x))

Depth (x)

Fig. 1.2. Diffusion from constant surface concentration

The effect of variable surface concentration, out diffusion, and other 

factors, may also be calculated by similar methods [Ref. 5, pp. 7-14J.

The second set of boundary conditions which are of interest are

those of diffusion from a planar source of thickness h. The mathemati

cal solution corresponding to this set of conditions when h is small is

N0 h , -x2 N(x,t) = ri. ' exp(T-^r) ,V 7T Dt  ̂Ut

where N0 is the initial concentration of the impurity in the thin layer

of depth h. This Gaussian distribution of concentration may be illus

trated as in Fig. 1.3 [Ref. 5, p. 16].
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(N(x))
0

Depth (x)

Fig. 1.3. Diffusion from a planar source

The two ideal cases above are the simplest representations of 

the widely used two-step diffusion process. The complementary error 

function distribution is representative of the initial deposition pro

cess, where a high concentration of impurities is diffused into the 

surface of the wafer from a gaseous source of constant impurity concen

tration. The Gaussian distribution approximates the deep diffusion or 

"drive-in" where the deposited impurities are redistributed to the de

sired depth and profile, during which time the impurity concentration 

in the carrier gas is reduced to and held at zero.

The diffusion coefficient, D , may be expressed in the form

-AEaD = D0 exp



where AEa = an activation energy (joules mole"*)

k = Boltzmann constant (joule mole"* deg- )̂

T = Kelvin temperature (deg)

Do = apparent value of D at infinite temperature.

The above expression, and specific values of Ea and D0 , are obtained 

by matching experimental results of diffusion in silicon with the 

solutions to Pick's second law [Ref. 5, p. 22). The values obtained, 

and exponential dependence on temperature, require that the diffusion 

be conducted at high temperatures, 700° to 1400°C for most realistic 

diffusion times (less than 50 hours).

The practical methods of high-temperature diffusion attempt to 

control the time, the temperature, and in some cases the concentration

of impurity vapor near the wafer surface. Although many systems are

possible, some of which are discussed in the literature [Ref. 3,4,5), 

the discussion here will be limited to the open-tube, gaseous impurity 

source arrangement. The impurity atoms, normally phosphorus for N-type 

diffusion, and boron for P-type diffusion, are carried in a gaseous 

stream past the silicon surface. The presence of oxygen, as a portion 

of the carrier gas, allows the formation of an impurity glass on the 

wafer surface. The drive-in process, using an impurity free atmosphere 

further diffuses the impurity atoms into the silicon to yield the de

sired impurity profile.



Oxide Growth

A second high-temperature process to be considered in this 

paper is that of forming a silicon dioxide layer on the silicon wafer, 

ioe», the oxidation process» The SiOg layer can be used as a diffu

sion mask to prevent or inhibit the entry of impurities over selected 

areaso The masking property of S1O2 is due to the much smaller diffu

sion coefficient for the common donor impurities (arsenic, antimony, 

and phosphorus) and for the acceptor impurity, boron, in the silica 

glasso This form of silica glass may also be used as a surface pro

tection or passivation layer* Surface passivation improves the 

stability of the fabricated P-N junction and reduces the surface 

contributions to the device electrical characteristics»

Methods of oxide formation include thermal growth, anodic 

oxidation and deposited oxides 6 Thermal, open tube, oxidation is 

widely used because it may be combined with the drive-in step of the 

diffusion process, and is the type of oxidation that will be con

sidered here*

At high temperatures (1000°C and above) the oxide growth rate 

is relatively independent of such variables as crystal orientation 

and impurity concentration* The growth rate is dependent on time, 

temperature, and the amount of oxygen present (Fig. 1.4). A higher 

growth rate is observed in water vapor than a dry oxygen atmosphere 

for the same time and temperature as shown by Warner [Ref. 4, p. 290] 

and Donovan [Ref. 6].
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Oxide Thickness
(n)

Silicon Temperature 1100°C
5.0

Steam

Dry 0

^  Time 
(min)20 50 100 200 500

Fig. 1.4. Oxidation growth rates in steam 
and dry oxygen [Ref. 4]

Purpose of Experiments

In order to fabricate solid state devices and to analyze their 

performance, it is necessary to establish some sort of process control 

to be able to repeat desired processes and to change undesirable effects. 

The establishment of the process control is, of course, dependent on the 

knowledge and management of as many process variables as possible. It 

is desirable to fix those variables which are most difficult to measure 

or which cannot be changed rapidly.



The series of experiments conducted at the Solid State Labora

tories of the Department of Electrical Engineering at The University 

of Arizona during the Spring of 1967 were designed to accomplish two 

purposeso The first objective was to evaluate equipment performance 

and establish process controls to provide reproducible results. The 

second objective was to determine the optimum procedures with the 

particular equipment available in the laboratories. As mentioned 

earlier, this report will deal only with the processes of impurity dif~ 

fusion and oxide growth.



Chapter 2 

EQUIPMENT AND PROCEDURES

The equipment available for this study can be divided into 

three categories: the high temperature furnaces and associated gas

handling equipment used for diffusion and oxidation, the test-and- 

evaluation equipment used to monitor these processes, and the support- 

equipment used in conjunction with the other two categories. The 

first two categories will be emphasized here.

Diffusion and Oxidation 

Furnaces

As shown in Figs. 2.1 and 2.2, the high temperature furnaces 

are of the cylindrical-bore, resistive-heating type. Four separately 

controlled, and essentially independent, furnace barrels, each having 

three longitudinal heating zones are available in the Electroglas 

(Model DF-3) furnace. The barrel in the lower right of the illustra

tion is used for the P-type diffusion and the barrel in upper right 

for P-type drive-in and oxidation. Because impurity diffusion into 

and out of the inside surfaces of the glass furnace tubes is a recog

nized, and nearly uncontrollable effect, a separate but similar ar

rangement on a second Electroglas furnace is used for N-type diffusion 

and oxidation.

Control of furnace temperature is accomplished by automatic 

proportional controllers for the center zone of each barrel, and by

10



Fig. 2.1 High temperature furnace No. 1

Four barrel Electroglas furnace used for P-type diffusion and oxida
tion. Electrical components and heating controls are located below 
the barrels. Gas control panels are visible at the rear of the furnace.

Fig. 2.2 Gas control panels on furnace No. 1

Service gas regulators are shown above oxidation and diffusion panels. 
Doping gas supply tank and regulator are located inside hood on right.
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manual adjustment of the two end zones. A block diagram of the control 

system is shown in Fig. 2.3. The proportional controller may be set to 

any desired temperature between 500° and 1500°C„ Variations sensed by 

a thermocouple at the middle of the center heating zone will cause the 

center~zone temperature to be readjusted to the set point. Adjustment 

of a flat or constant®temperature section requires manual adjustment of 

the two end zones and measurement with a movable thermocouple inside the 

furnace tube. Several hours must be allowed after each manual adjust

ment in order that temperatures will stabilize throughout the barrel. 

After a flat temperature zone has been established, minor variations 

caused by changes in ambient conditions, wafer boat loading and unload

ing, and other factors, should be corrected automatically.

Gas Handling

Control of gases for both diffusion and oxidation is maintained 

by means of the two gas panels at the rear of the furnaces (Figs. 2.1 

and 2.2)o The major difference between the two panels is in the inclu

sion of a doping-gas precision flow valve on the "diffusion** panel, and 

the arrangement on the "oxidation" panel to route argon, nitrogen, or 

oxygen, through the water-bubbler and/or directly into the mixing 

manifold of the oxidation system. Brooks model 2-1355-V flow meters 

are used to set and monitor the flow rates of all gases. Pressure 

regulators for the service gases (hydrogen, argon, nitrogen, oxygen) 

are located above the "oxidation" and "diffusion11 panels. (Hydrogen 

is not currently connected or required at the gas panels.) Regulators 

for the doping gases (argon plus phosphine for N-type diffusion, argon
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plus diborane for P-type diffusion) are located on the supply tanks 

directly in rear of the furnaces inside the hoodse An overall schematic 

diagram of the gas-supply and waste-gas exhaust system is shown in 

Figo 2o4o

Glassware

The glassware subject to temperatures greater than 100Q°C is 

normally made of quartz«, The quartz glass provides the cleanest avail

able material for holding wafers and conducting gases at high tempera

tures, The lower temperature portions of the system may be made of 

borosilicate glass (Pyrex) and standard brass and copper tubing. Fig,

2,5 shows a view of the glass mixing manifolds (rear of gas panels) 

which were designed by V, A, Wells, Laboratory Engineer, and locally 

fabricated. Gases enter from the panel side of the manifold (detailed 

in Fig, 2,6) move to the left in the large-diameter tube where they are 

mixed, and then flow to the right in the small concentric**tube arrange

ment, through the ball joints, and into the furnace tube.

Test and Evaluation

The major divisions of test-and-evaluation devices and proce

dures used in these experiments are in the areas of temperature, sheet 

resistance, junction depth, oxide thickness, and process time. Of these 

areas, only the last, process time, did not require special equipment - 

standard laboratory electric timers or clocks were used to measure all 

time intervals,
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Fig. 2.4 Schematic of supply and waste gas exhaust system.
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Fig. 2.5 Rear of gas panel showing water 
bubbler and gas manifolds.

Electrically heated water bubbler on left allows absorption of water 
vapor by carrier gas before entering gas manifold. Heating tapes on 
upper manifold and lines prevent condensation of water vapor from 
the mixing gases of the oxidation system. Lower manifold leads to 
the diffusion furnace tube.

Gases from control panel

To ball joints 
and furnace tube

Fig. 2.6 Detail of gas manifold.



Temperature

Furnace tube temperatures were measured with platinum vs, 13% 

rhodium and platinum thermocouples. Induced voltages were read with 

Leeds & Northrop (model 8 6 8 6 ) millivolt potentiometers or recorded on 

a Leeds & Northrop Speedomax type G recorder. Temperatures were ob

tained from National Bureau of StandardsReference Tables for Thermo

couple sP Circular 566, 1955, Temperatures below 150°C were read on 

standard laboratory type, mercury Celsuis thermometers.

Sheet Resistance

The four point probe method of measurement, incorporated in the 

Chaffin Resistivity Test Set (Model 900), was used to measure the sheet 

resistance of wafers before and after diffusion, (Fig, 2,7), Calcula™ 

tion of sheet resistivity (pg)(ohms per square) using the method of 

Smits [Refo 73 was made for each wafer. Also visible in the illustra

tion, on the right side of the four point probe, is the Polarity Test 

Set which is currently being developed to indicate the polarity, P« or 

N-type, of the test wafer.

Junction Depth

Beveling and staining were used to delineate the bottom of the 

diffused impurities in the silicon wafer. Test specimens were beveled 

at an angle of 1%° on a stainless steel post using Ip alumina and 

soapy water on a plate glass surface. Staining was accomplished with 

several composite acid stains^ one of which contained 70% Acetic, 20% 

Hydrofloric, and 10% Nitric, After staining, measurement of depth of
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Fig. 2.7 Chaffin resistivity test set.

Resistivity measurements are made using, from the left, the galvanome
ter, electronics and control section, and the four point probe station 
of the test set. Instrument on the right is a Polarity Test Set to be 
used with the probe station to determine the type of majority carriers, 
donor or acceptor, in the sample.

Fig. 2.8 Unitron Series N Metallograph.

Beveling post holder with beveled and stained sample on post are in 
position on the top of metallograph to measure depth of diffusion.
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diffusion, i.e., junction depth, was made using optical interference as 

developed by Tolansky [Ref. 5, p. 160]. A locally designed and fabri

cated fixture was used to hold the beveling post and sample on the Uni- 

tron Series N Metallograph for interference measurements. (Fig. 2.8).

Oxide Thickness

Measurements of oxide thickness on wafers were also made using 

optical interference techniques. Si0 2 was completely removed from a 

portion of the wafer surface using photolithography and 11F etch. An 

aluminum film was next deposited over the entire wafer surface. The 

step height, which equaled the oxide thickness, was measured using a 

Nomarski polarization interferometer fitted on a Reichert Zetopan 

research microscope. (Fig. 2.9).

Fig. 2.9 Reichert Zetopan research microscope

Located just above the objective lens of the microscope can be seen 
the interferometer which is used to measure oxide thickness.



Chapter 3 

EQUIPMENT PERFORMANCE

Furnaces

As stated in Chapter 2, the design of the Electroglas DF-3 

furnaces makes changes in flat zone temperatures very difficult and 

time consuming* Therefore^ it was decided to initially hold diffu

sion and oxidation temperatures constant at approximately 1075° and 

1125°C respectively. Selection of these temperatures was based on 

average values reported by Research Triangle Institute [Ref, 5,6].

The adjustment of flat zones and readings for temperature profiles 

(Fig, 3.1) were made with a movable thermocouple placed on the bot

tom of the inside of the furnace tubes. Checks on three points of 

the profile were made daily before experimental runs. Maximum de

viation of these readings was ± 2020C over the three month period. 

Additional tests were conducted with the thermocouple at the top and 

center of tube in several locations. No variations could be observed 

between temperatures measured at each specific distance from the end 

of the tube during a particular set of measurements.

Transient characteristics of the furnaces were observed in 

two areas: gas flow and wafer boat insertion. Thermocouples were 

placed in the center of the flat zone, directly under the intended 

boat location. Standard quartz glass, ladder-type, wafer boats, four 

and one half inches long, were then loaded into the furnace. Plots

20
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of temperature recovery for various initial boat locations are shown in 

Fig. 3 . 2 for the diffusion and oxidation barrels. Complete recovery 

to stable furnace temperatures was accomplished, in all cases, in less 

than ten minutes. After completion of temperature stabilization a 

1000 cc/min. flush of carrier gas (N̂ ) was made through the tube. No 

variation of temperature initially or during gas flow could be observed.

Gas Handling Equipment

Operation of gas metering and handling equipment was normal, 

with several exceptions. Flowmeters were checked against each other to 

insure accurate flow control. Indicated pressures and flow rates re

mained constant over periods of two to three hours after initial adjust

ment *

The original configuration of the diffusion systems allowed 

purging of the doping gas regulators and lines from the central service 

nitrogen supply (dotted line on Fig. 2.6). Failure of a high pressure 

valve and check valve on the N-diffusion system allowed leakage of high 

pressure phosphine and argon into the nitrogen supply and subsequent 

contamination of both the diffusion and oxidation gas systems on furnace 

No. 4. After shut-down and cleaning or replacement of all contaminated 

lines and furnace tubes, a separate supply of nitrogen for purging was 

installed near each tank of doping gas (Fig. 2.6). The separate purging 

supply, in addition to the double valve system at each flowmeter, has 

prevented any further contamination of gases.

Flow of hot air from furnace hoods and waste gasses from glass 

furnace tubes is aided by an exhaust fan on the roof of the laboratories
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(Fig0 2.6)o Breakage of the exhaust fan belt in late March went unde

tected for several days, allowing removal of waste gas to be carried 

out by convection alone. To lessen the likelihood of a recurrence of 

this potentially dangerous situation, a simple warning device was in

stalled next to the viewing windows of the furnace room. A circular 

disk of heavy red cardboard is held against the bottom of one of the 

small exhaust pipes by atmospheric pressure. Any increase in the pres

sure (normally less than one atmosphere) in the exhaust system, caused 

by electrical or mechanical failure of the exhaust fan, will release 

the disk, allowing it to drop to eye level where it is visible both 

inside and outside the furnace room.

Test Equipment and Procedures

All test equipment functioned normally, with one minor exception, 

during the experiments. The original Polarity Test Set associated with 

measurement of sheet resistance did not give reliable results for nearly 

intrinsic silicon. As mentioned previously, this test set has been re

designed to improve the reliability and ease of operation, and is cur

rently being evaluated.

Some difficulty in technique was encountered in most test areas, 

particularly in junction staining. The methods reported in Chapters 2 

and 3 were the ones that gave the most reliable arid consistent results 

of those investigated.



Chapter 4 

PROCESS EVALUATION

Impurity Diffusion-Initial Deposition Process

As mentioned previously, the process variables to be controlled 

are diffusion time, temperature, and concentration of impurity at the 

wafer surface. Time can be controlled most easily by physical removal 

of the wafer from the diffusion atmosphere and high temperature, and 

this is the procedure that was employed. Control of temperature was 

discussed in Chapter 3, and in general was held constant. The remaining 

variable, impurity concentration, is the most difficult to manage. With 

the open-tube, gaseous impurity source arrangement the concentration is 

theoretically dependent on the proportion of doping gas in the total gas 

flow. The diffusion of impurity atoms into and out of the quartz glass 

tube, however, introduces an additional unknown amount of impurities 

which makes control very difficult.

obtained, but may be calculated from the sheet resistivity and junction 

depth by the method outlined by Backenstoss [Ref. 8 ] or Irvin [Ref. 9].

Phosphorus

The reactions in the tube are believed to be [Ref. 5, p. 100]:

The direct measurement of surface concentration is not easily

2 PII3 440°C 3 H2 + 2 P

4 P + 5 02 A 2 P2O5
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When the P2O5 strikes the silicon surface a phosphate glass layer is 

formed, from which the diffusion takes place:

2 P705 + 5 Si ---►  5 Si02 + 4 P

Several flow rates of doping gas were tried to find the desired 

values of sheet resistivity while keeping the length of diffusion time 

in the range of five to thirty minutes. Shown in Fig. 4.1 are plots of 

sheet resistivity vs. diffusion time obtained from several trial runs 

at two flow rates, corresponding to 0.1 cc/min and 0.5 cc/min of phos- 

phine. The vertical lines represent the range of values at the specific 

diffusion run times, and are due in part to the added factor of P2O5 

from the quartz tube. Figure 4.2 is a plot of junction depth vs. time 

for some of the same samples shown in the sheet resistivity plot.

Boron

The reactions in the tube for diborane are believed to be:

B2U6 300°C ^  3 H2 + 2 B

4 B + 3 02 — —— ►  2 B203

In a similar manner a borate glass is formed from whith the diffusion 

takes place:

2 B203 + 3 Si ---- ►  3 Si02 + 4 B

Initial trials of the same flow rates used for phosphine

resulted in widely varying values of sheet resistivity. The variation 

for a 15 minute run using 0.1 cc/min of diborane, for example, was from 

23 to 1950 A/q  , or nearly two orders of magnitude. Based on industrial
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Fig. 4.1 Sheet resistivity vs. diffusion time for phosphorus.
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Fig. 4.2 Junction depth vs. diffusion time for phosphorus.
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experience of V. A. Wells and similar experience of Dr. W, L. Engl in 

West Germany, a pre-doping of the furnace tube for several hours each 

day prior to making diffusions was started. Variation of results at 

both flow rates was still greater than those for phosphorus, but pro

vided reasonably repeatable results (Fig, 4.3). Selected junction 

depth vs. diffusion times for some of these wafers are shown in Fig.

4.4.

Impurity Diffusion - Drive-in Process

Evaluation of the drive-in process was not conducted during the 

period, due to difficulties with wafer surface preparation. It'.is 

anticipated that this process will be easily controlled, however, since 

the major variables are diffusion time and temperature. The total 

quantity of impurity atoms remains almost constant during the drive-in.

Oxide Growth

The variables of silicon dioxide growth in the temperature and 

thickness ranges of interest are wafer temperature, amount of oxidant 

present and length of exposure to the oxidizing atmosphere. As men

tioned before, temperature was held constant at approximately 1125°C.

Of the 1000 cc/min of oxygen passed through the furnace tube, one half 

was dry oxygen and the other half was passed through distilled water 

in the bubbler at a bubbling temperature of 90°G. Growth of oxide 

at times of one through four hours were made and measured by the inter

ference technique described in Chapter 2 . Samples were evaluated from 

both P and N oxidation barrels under as close to identical conditions



lOOcc/min
15cc/min

900cc/min

Log p

2000 -

1000
500 '

200 -

500cc/min
15cc/min

500cc/min
100 h
50 '

20
Time
(min)30

Fig. 4.3 Sheet resistivity vs. diffusion time for boron.
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Fig. 4.4 Junction depth vs. diffusion time for boron.
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as possible, with the results as shown in Fig. 4.5. Variations in 

thickness at the same oxidation time are probably due to small errors 

in flow settings and times, and to the 1.2°C difference in temperatures 

at the centers of the two barrels. As would be expected, the curve 

of observed growth rate falls between that for dry oxygen and pure 

steam atmospheres. (Fig. 1.4)

Oxide Thickness

5.0

Steam 1100UC2.0
Wet 0o 1124 C

Time
(min)20020 50 100 500

Fig. 4.5 Oxide growth rate observed in wet oxygen atmosphere.



Chapter 5 

CONCLUSIONS

Ac c oxnp I i shmen t s

It would certainly be incorrect to assume from the foregoing 

that the objectives of equipment evaluation, establishment of pro

cess controls, and determination of optimum procedures, had been com

pletely achievedo While much remains to be investigated, there have, 

however, been a considerable number of .positive accomplishments *

Equipment Performance

It has been found that, in general, those high temperature 

furnaces presently in use and the associated gas handling equipment 

perform reliably and provide the sensitivity and flexibility to con

duct the normal diffusion and oxidation operations* The test-and- 

evaluation equipment likewise can provide the necessary monitoring 

functions, with sufficient accuracy, for the current desired ranges 

of sheet resistivities, junction depths, and oxide thicknesses«

Process Controls

Preliminary process controls have been established which allow 

the selection of approximate impurity concentrations and junction 

depths for the initial deposition step* Refinement of this control to 

allow more accuracy, and evaluation of the drive-in process should 

provide the desired reproducibility of impurity diffusions. Control
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of oxide growth rate has likewise been established and ranges of 0 *5^ 

to loOjj. are easily obtainable*

Optimum Procedures

Workable procedures have been devised and written in a step 

by step system of directions for diffusion, oxidation, evaluation 

techniques, and many of the related processes* While these procedures 

appear to be the best of several trials and revisions in each area, 

they will continue to require change as more experience is gained* Only 

after extensive use and experience can these procedures be considered 

optimum for this Laboratory*

Future Evaluations

In addition to the previously mentioned evaluation of the drive™ 

in diffusion processes, several other areas of evaluation are planned 

or suggest themselves for future study* As chemically polished wafers 

become available, it is planned to further refine the initial deposition 

diffusion and to investigate the effects of various other oxygen flow 

rates on this process® Expansion of data at longer and shorter diffu~ 

sion times and additional flow rates will also provide more accurate 

curves for selection of specific sheet resistivities* In order to eval™ 

uate the effect of improved surfaces obtained with chemical polish, as 

well as improve the accuracy of junction depth measurements, very clear 

delineation of junctions will be required* Improvements in acid stains 

and staining technique should be investigated to improve the delinea* 

tion*
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First Devices

In order to evaluate all of the laboratory processes from wafer 

preparation through metallization and electrical testing, several de

vices have been successfully fabricated. The first of these was a 

number of simple diodes, consisting of N diffusions into a P-type wa

fer. A photomicrograph of the electrical test probes resting on the 

aluminum pads of one of these diodes is shown in Fig. 5.1. The diode 

forward and reverse characteristics, of one of the better of these di

odes, are shown in Figs. 5.2 and 5.3 respectively.

Since the first diodes in March 1967, additional P diffused 

diodes have been made, and in May 1967, the first unijunction and bi

polar transistors using both P and N+ diffusions were successfully 

completed. Although the characteristics of these early devices are not 

perfect, they do indicate that the capability for making diffused solid 

state devices has been achieved in this Laboratory.

Fig. 5.1 Photomicrograph of diodes and electrical probes

Magnification of photograph is ten times. N-type diffusions were made 
be low the larger aluminum pad which is approximately 16 x 29 mils.
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Fig. 5.2 Forward characteristics of early diffused diode

Horizontal scale: Diode voltage (0.5 v/lg div)
Vertical scale: Diode current (0.5 ma/lg div)
Characteristics measured prior to alloying of aluminum contacts.
Forward resistance after alloying was reduced to about 30 ohms.

Fig. 5.3 Reverse characteristics of early diffused diode

Horizontal scale: Diode voltage (10 v/lg div)
Vertical scale: Diode current (10 pa/lg div)
Characteristics measured prior to alloying. Breakdown voltage was 
approximately 50v at 3 pa.



Appendix A

EQUIPMENT SOURCES

High Temperature Furnaces

1„ Electroglas Inc., Menlo Park, California
2. Lindberg Hevi-Duty, Watertown, Wisconsin
3. Hayes, Inc., Cranston, R, I.

Gas Valves and Regulators

1. Crawford Fitting Co., Cleveland, Ohio
2. Whitey Research Tool Co., Oakland, California
3. The Matheson Co., East Rutherford, New Jersey
4. Air Reduction Co., New York, New York

Flowmeters

1. Brooks Instrument Division, Hatfield, Pennsylvania 

Glassware

1. International Quartz Co., Inc., Phoenix, Arizona
2. M & M Glassblowing Lab. Inc., Hawthorne, California
3. Berkely Glasslab, Oakland, California

Potentiometers and Recorders

1. Leeds & Northrop Co., Philadelphia, Pennsylvania 

Resistance Test Sets

1. Chafin Laboratories, Phoenix, Arizona 

Microscopes

1. C. Reichert, AG., Vienna, Austria
2. Unitron Instrument Co., Newton Highlands, Massachusetts
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