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about 25 times life size, is symbolically 

Cover surrounded by computer tapes, a field 
of application in which they will 
have wide use {Seepage 303).





T. J. O’Connor

arts Data P rocess in g  System

The  c o ntinu ed  grow th  op th e  b e ll  system  and the 
increasing complexity of the equipment being de­

signed by Bell Laboratories for communications and mili­
tary applications has stimulated investigation into new 
means for processing large volumes of engineering in­
formation more efficiently. Some measure of this volume 
can be gained from data on the drawing activity in the 
Laboratories Engineering Information Centers during 
the past five years. For example, during this time an av­
erage of 166,000 new sheets of drawings and 233,000 
revised sheets of drawings have been produced annually, 
covering designs for both military and Bell System work. 
Not included in these figures are thousands of Specifica­
tions, Instruction Manuals, Catalogs and other docu­
ments also prepared and maintained by these Centers.

In the Bell System, where the telephone network rep­
resents the world’s largest computer system, it seems 
natural to look to computers as machine aids in the de­
sign and manufacture of its products. For the past sev­
eral years, the Engineering Information Centers in Bell 
Laboratories and a number of engineering groups in the 
Western Electric Company have been turning to compu­
ters for such aid.
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The parts data file tape incorporates the assembly relationship information with information retrieved

Application of these machine aids is based on 
several basic principles. For one thing, if  certain 
design criteria can be agreed upon before design 
begins, and if these criteria will have repetitive 
application, design rules for mechanical decision­
making can be written into computer programs. 
The computer is instructed by the programs to 
act upon the basic incoming design data for a 
particular application, make calculations, combine 
related data, examine alternate possible solutions, 
make analyses and derive the optimum solution for 
that application. The designer is then offered the 
solution or is advised of incompatible or error con­
ditions that preclude a solution.

In addition, once an item of design or manu­
facturing information is generated, analyzed and 
filed in the computer-oriented data processing 
system for a given application, it should never be 
necessary to repeat the complete cycle of manual 
generation, analysis and filing of the item for 
that or any other application. Computer programs, 
given a minimum of input data, will instruct the 
machine to extract one or more items of informa­
tion from the files, modify it, combine it with other 
items of input or filed information, and supply the 
requested results in any desired combination of 
format and media (printed lists, pictorial pre­
sentations, punched cards, magnetic or punched 
tape, or microfilm).

Joint Efforts Desirable
The greatest returns, of course, will be realized 

from the Laboratories electronic data processing 
systems by developing them jointly with Western 
Electric so as to produce an integrated design and 
manufacturing information processing system.

These principles are now being applied to an 
electronic data processing system that we might
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consider to consist of five areas of activity: ( 1 ) 
machine aids to assembly (part placement) and 
wiring design; (2) parts data processing; (3) 
wiring data processing; (4) pictorial data proc­
essing; and (5) management data processing. 
Discrete sets of programs have been developed 
in each of these areas. However, since much of 
the information handled is common or interde­
pendent, further development is tending to merge 
the various sets of programs into one integrated 
information processing system capable of han­
dling all the functions now handled separately.

Parts Data Processing System
The balance of this article will describe a Parts 

Data Processing System ( p o p s ) now partially in 
operation in the military areas of Bell Labora­
tories and Western Electric. Subsequent articles 
will cover several of the other areas mentioned 
above. The Parts Data Processing System is con­
cerned with the preparation, storage, maintenance, 
and retrieval of information about parts and their 
assembly relationships.

As described in this article, POPS is a man- 
machine system designed to relieve the designer, 
the manufacturing engineer and their support 
personnel from tedious, repetitive, clerical opera­
tions and from performing low’-level, routine, de­
cision-making functions associated with proc­
essing parts information. Because of the number 
of design and manufacturing changes, and the 
large volumes of data involved, the maintenance 
and transmission of accurate, up-to-date informa­
tion by manual means has been difficult. A high­
speed electronic data processing system such as 
POPS promises relief from this problem also.

Some appreciation for the magnitude of the 
processing task can be gained through a brief look
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/rom the screening file, and is grouped numerically as shown on the idealized tape above.

at some of the statistics involved. For example, 
more than 1 0 0 , 0 0 0  different, repetitive-use parts 
are currently included in Bell Laboratories mili­
tary parts data files; various combinations of 
these parts are presently used in more than 2 1 , 0 0 0  

assemblies of military apparatus and equipment. 
More than 20 discrete items of information are 
stored for each of the parts, including such data 
as part number, drawing number, title and status.

Some of these parts carry multiple numbers, 
assigned by different organizations such as the 
Laboratories, the Armed Forces, or vendors. One 
part may have as many as eight different part 
numbers: Given any one of these numbers, the 
system must be capable of selecting one or more 
of the other cross-referenced numbers and associ­
ated information as required by the requestor. 
Output format requirements for this information 
vaa'y not only with application but also with 
customer requirements— even for the same parts 
and assemblies.

In addition to information retrieval for use, 
many other items of information must be added to 
the file and related to the original parts data as 
the information placed in the files by the designer 
moves to Western Electric engineers. Also, main­
tenance programs must be capable of updating the 
files without placing added burdens on individuals 
initiating the changes.

Method of Application
To explain better how the pops is being de­

veloped to aid the project engineer, the designer 
and the manufacturing engineer with these tasks, 
let us follow a hypothetical design from conception 
through manufacture, omitting details of develop­
ment irrelevant to the use of PDPS.

During the early stages of design, the project

engineer coordinates the development of basic de­
sign criteria to be used as guides by the designers. 
In addition to these criteria, he will include in the 
design guide recommendations for the use of cer­
tain parts, materials, finishes and processes. He 
may get assistance in selecting these parts from 
the combined Bell Laboratories-Western Electric 
parts data files, which contain information result­
ing from analyses made on parts used in previous 
designs.

Examples of questions that can be answered 
from these files include:

1. Have these parts been approved for general 
use?

2. I f  not, what are the approved substitutes?
3. Are these parts “high reliability” items?
4. What is the previous failure rate experi­

ence?
5. What are the acceptable part-drawing num­

bers, titles and descriptions for this applica­
tion?

6 . Where are the drawings for these parts 
located ?

7. Which of these parts are stock items?

8 . Where may they be procured?
9. Which are long-term procurement items?

10. I f  special tools are required to manufacture 
these parts, are the tools available?

11. What are the approximate cost data on 
these parts ?

As the various pieces of apparatus and equip­
ment for a design begin to take detailed form on 
the drawing boards, the designer begins to amass

September 1963
297



various items of information about the detailed 
parts and their assembly relationships on layouts 
and layout worksheets. Under a manual system it 
would be necessary for the designer (either the 
engineer or a draftsman) to look up and write 
out substantial amounts of detailed information 
on a formal list of materials. By using the POPS 
files of information, however, this input effort is 
considerably reduced. He now uses a simplified 
layout worksheet such as the one for a converter 
sub-assembly shown in black on the top on page 
299; the worksheet is passed on to the parts ana­
lyst who then does the necessary editing, prepara­
tory to machine processing, as shown in color on 
the same table.

Any known part identification number could 
have been used; desired equivalent part numbers 
and associated information would then be ma­
chine selected.

This skeletal information is then processed 
through POPS in the Data Processing Center. The 
result is the machine-printed parts list shown be­
low on page 299. In addition to putting out this 
list, the system also has recorded the parts infor­
mation in its files for future use.

A portable file in the Computation Center con­
tains material for the po ps  run. This file, known 
as the “ po ps  Cart” and shown on page 301 con­
tains two files on magnetic tape—the parts data 
file and the screening file, as well as the necessary 
computer programs for updating and extracting 
information from these files and the input data.

The screening file tape incorporates part num­
ber records; at present there are 80,000 Bell La­
boratories, 75,000 government agency and 67,000 
vendor part number records in this file. As men­
tioned earlier, the same part may be recorded 
under several different numbers. However, these 
numbers are cross-referenced in the file so that a 
requestor, using any one of the numbers as input 
will receive as output the cross referenced num­
bers in any desired order of preference.

The screening program searches the file for 
the information with the highest available order 
of preference. I f  the input number is not found, 
or no equivalent is found in any order of prefer­
ence, a “not-in-file” or “no equivalent identifica­
tion available” indicator is printed out. I f  the 
desired part is not in good standing and a recom­
mended substitute is available, this information 
is supplied. I f  the search is successful, the ap­
propriate numbers, title, description and associated 
information are written on a revision data tape 
with input data for transfer to the parts data file.

In addition to the programs that perform the 
above screening, maintenance programs are avail­

able for loading and updating the screening files.
The second file in the po ps  cart, the parts data 

file, incorporates the assembly relationship infor­
mation supplied as input with the information re­
trieved from the screening files. This parts list 
information is grouped numerically by assembly 
drawing or specification number. A  summary of 
the magnetic tape format is shown at the top of 
pages 296 and 297. At the present time, this file 
contains information for approximately 2 1 , 0 0 0  

lists of material on three reels of magnetic tape.
A maintenance program uses the revision data 

tape (mentioned earlier) containing information 
from the screening files and other input data to 
add to, delete from, or change the parts data file. 
Various diagnostic checks and precautions are 
taken to minimize contamination or destruction 
of information in the file.

With the file updated (this is presently done 
every-other-day), it becomes possible to extract 
a variety of combinations of current information. 
More than 1000 Lists of Materials are now being 
processed monthly.

Status Inform ation A lw ays Available
One important feature of the PDFS is its 

ability to provide the project engineer with a 
report on the current status of development of 
any level of equipment under his control. The 
table on page 300 shows a portion of a generation 
breakdown to the lowest detail level for a unit 
which is a small part of a larger equipment. 
Notice the computer has calculated the quantities 
required for each item in the unit covered by the 
generation breakdown. (Also notice that the Con­
verter Sub-assembly parts called out on the oppo­
site page are included.)

One very useful part of the report provides 
notification that certain parts lists for the unit 
are not yet in the file. This may be because the 
lists have been omitted by error, or, more likely, 
that the designs for those items have not jmt been 
completed.

Another area in which the PDFS serves the 
designer is in the preparation and maintenance of 
spare parts reports. Heretofore, particularly dur­
ing the period when design changes are relatively 
heavy, the task of preparing these reports manu­
ally was so time consuming that the spare parts 
lists rarely reflected the current design. Now, op­
erational programs produce a generation struc­
ture for the equipment for which spares are to be 
determined. Each part and assembly is suitably 
identified and the total number of each item re­
quired for the equipment is specified. The designer 
designates items to be “ spared” and their quan-
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As the designer amasses information on parts 
and their relationships, he inserts basic informa­
tion {shown in black) on a simplified work form ;

the parts analyst adds more information shown in 
color. This skeletal information is processed by 
PDPS, yielding, the machine-printed tab list below.
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LINE NOHENCLATURE QTY SYS PART NO
NO GENERATION REQ QTY

1 2 3 A S 6 7 8 9 10 11 12 13 14 15

0225 ______BRACKET.ANGLE________ 4 4 B97859AA__________________________________
0226 CONVERTER SUBASSEMBLY 1 1 09768567
0227 TERHINAL.LUG 3 3 G 205413-1
0228 INSULATION SLV.ELEC 1 1 BA 10236-20
0229 WIRE.ELECTRICAL.22ANG 1 1 G 2 0 5 841-22
0230 SCREW.MACHINE.PAN HD 8 8 G 302433-52
0231 NUT»PLAIN.HEXAGON 6 6 G 302457-6
0232 WASHER,LOCK,SPLIT 14 14 G 221439-11
0233 PIN,SHOULDER.HEADLESS 2 2 B9768I80
0234 BftACKETiNETWORK 1 1 C 9 768570
0235 NUT«PLA1N«HEXAG0N 2 2 G 302457-35
0236 S O LDER,LEAD-TIN ALLOY 3 L GA 9017MET P
0237 SEALING COMPOUND a 1 GA 9070L1
0238 NETWORK 3 3 GS 65341
0239 CAN 1 3 G 314745
0240 DISK i 3 G 288875
0241 SCREH.TAPPING THREAD i 3 G 272650-3
0242 SOLDER SN50 QU-S-571 3 3 GA 9017MET P
0243 VARNISH MIL-V-I73 3 3 GA 3087
0244 ADHESIVE PER A97262A8 a 3
0245 f i l .b a n o  p a s s  s u b a s s y i 3 G 314755
0246 BRACKET i 3 G 314748
0247 PLATE _______________ 1____ 3 G 314749
02't8 SPACER 1 3 G 314768
0249 CAPACITOR.FIXED.MICA. 1 3 G 334868F4330
0250 SCREW MACH FLAT HD 4 12 G 302066-237
0251 RIVET.TUBULAR __________ z 6 MS20450C885
0252 NUTiPLAIN,HEX BRSiTIN 2 6 MS35649-46
0253 WIRE ELEC 20 AWG 1 3 G 231720-2
0254 SOLDER SN50 QQ-S-571 a 3 GA '9017MET P
0255 ADHESIVE RUBBER RESIN a 3 G 205548
0256 INDUCTOR ASSEMBLY 1 3 GA 11121
0257 COVER ASSEMBLY 1 3 G 314752
0258 TERMINAL FEECTHRU* 4 12 GA 52178LI
0259 SOLDER SN50 CO-S-571 a 3 GA 90I7MET P
0260 COVER ASSEMBLY 1 3 6 314751
C261 BRACKET ________ _______ 1 3 G 314744
0262 BRACKET i 3 G 314750
026 3 SCREW MACH PAN HD _________z__ 6 G 302531-2
0264 COVER L 3 G 603901r ' MACH F HO 2 6 MS35245-18

^ •SILVER CLASS 4 a 3

Machine-printed “generation breakdoivn” pro­
vides project engineer with information on status

tities. This information is fed to output programs 
which produce the spare parts reports in the de­
sired format. Spare parts maintenance programs 
also are available for advising the designer what 
has changed since the last report and for produc­
ing revised spare parts reports. A proposal is 
being studied for adding mortality formulae to 
the spare parts programs; this would further as­
sist the designer in selecting and calculating the 
quantities of parts for which spares are needed.

PDFS will soon be serving another engineering 
area in the Laboratories. Programs are nearing 
completion that will combine component failure 
rate data with information from the parts data 
file to produce reliability predictions for various 
assemblies of equipment.

As mentioned earlier, the major gains are ex­
pected to accrue when the Western Electric Com­
pany implements its phases of the PDPS. During 
the past eight months, parts data files on magnetic 
tape have been delivered to Western Electric in 
North Carolina on a trial basis. Maintenance data

of development of any level of equipment under 
his control, and quantities required fo r  each item.

on tape will be transmitted to update these files.
The fiow of manufacturing information through 

the various functional areas in the North Caro­
lina Works includes, in brief, these functions:

Engineering Analysis— determining what parts 
or materials are needed, “make or buy” deci­
sions, source of items, where used, estimated 
costs, inspection and shrinkage requirements;

Ordering— summarizing quantities of like parts 
for the number of systems or subsystems on or­
der, applications of schedule dates, checking 
against available material on hand, preparing 
purchase requisitions and interworks orders;

Purchasing— obtaining bids, selecting vendors, 
preparing and placing purchase orders;

Receiving— receipt of materials, verifying count 
and preparation of receiving reports;

Material Inspection— verifying conformance of 
received material to the requirements of pur­
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chase orders and associated drawings and spec­
ifications ;

Storeroom Control— receipt and storage of ma­
terial in the use area, preparation and mainte­
nance of stock records, and selecting material 
for use by the assembly shops;

Manufacturing Layouts— detailed instructions 
to the shop on how to assemble and wire each 
assembly required to make up a product. In­
cludes specifications of tooling and processes 
to be used;

Wage Incentives —  establishment of standard 
time values, credit allowances, etc., against 
which to measure shop performance and to pay 
piece-work earnings;

Assembly Scheduling— preparation of detailed 
schedules for the manufacture of assemblies at 
each generation level;

Shop Dispatching —  daily implementation of 
schedules and recording progress.

From these brief descriptions, it is clear that 
most of these functional areas have a direct inter­

est in the information contained in Bell Labora­
tories parts data file. The Western Electric version 
of the file will contain a great deal of supplemen­
tary information needed by the functional groups 
listed above. As mentioned earlier, the Labora­
tories project engineers and designers will also 
find some of this information useful to them, so 
provisions for “ feedback” are being incorporated 
in the integrated pd fs .

Programs are currently under development and 
test by Western Electric which make use of the 
tape files of parts data from Bell Laboratories to 
aid in the analysis and ordering functions. Some 
of the details of the proposed po ps  operations in 
the analysis and ordering areas are shown on 
page 302.

The flow of information processed by computer 
in the po ps  does not stop with the Western Elec­
tric Company. For central oflfices in the Bell Sys­
tem and for missile sites in the military services, 
great volumes of information concerning equip­
ment and site configuration, and parts and assem­
bly relationships, must be handled accurately and 
efficiently. Customers are making increasing use 
of computers for maintaining configuration con-

Cart,” shown in Whip- 
pany Computation Center, 
contains parts data file, 
screening file, and needed 
computer programs in its 
library of tapes.
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Proposed use of po ps  in analysis function at Western Electric shows how program may be used.

trol and records of systems supplied by Western 
Electric.

From this it does not seem unreasonable to con­
clude that the transmission of information among 
the design, manufacture and field functions via 
volumes of paper is nearing an end.

Although much has been accomplished in the 
development of a computer-oriented parts data 
processing system, it is obvious that the system is 
still in its very early stages. New needs that the 
system can meet are continually becoming evident. 
Experience in operating the system is bringing to 
light new capabilities that weren’t even thought 
of when programs were started several years ago.

As the systems analysts and programmers in

this field build on their experience, improved pro­
cedures and programming techniques are devel­
oped. At the same time, new computer facilities 
bring new hardware capabilities to bear on the 
solution of problems in machine aids to design and 
data processing.

As development of the Parts Data Processing 
System continues, the project engineer, the de­
signer, the draftsman, the manufacturing engi­
neer and others will find new ways of making use 
of an increasingly powerful tool to free them from 
monotonous, low-level work that stifles creative 
effort. These uses, in turn, promise to enhance 
greatly the ability of the Bell System to serve its 
customers more effectively.
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Modern technology has recently been inten­
sively applied in the field of micro-miniatur­
ization. The pinhead diode, a device much 
studied at Bell Laboratories, is well in the

vanguard of this effort.

Pinhead Diodes

T. R. Robillard

Al t h o u g h  t r e m e n d o u s  s t r i d e s  have been 
.made in the semiconductor device art over 

the past decade, systems designers are increasing 
their demands for even smaller components. Hav­
ing achieved true miniaturization of extremely 
complex electronic equipment through the use of 
lower power consumption semiconductor devices, 
systems engineers are now reaching toward the 
next goal of bread-box size computers and wrist 
radios—microminiaturization: The preferred way 
of achieving this goal— through integrated ac­
tive and passive components, through individual 
microminiature components, or by using some 
form of hybrid integrated circuitry —  has not 
yet been determined. The goal will be achieved 
in the near future, however, and the microminia­
ture “pinhead” diode concept may well help to 
lead the way. Several types of pinhead diodes 
have been developed and are available for use in 
today’s exploratory circuitry.

The most commonly used microminiature diode 
is the so-called computer or logic diode. This is 
an extremely fast switching diode which forms 
the backbone of several high-speed electronic sys­
tems. The design objectives set forth at the out­

set of the microminiature diode development pro­
gram were threefold: to design ( 1 ) an ultra-small 
semiconductor diode of (2) high reliability at (3) 
a low cost. The pinhead computer diode is rapidly 
approaching these design objectives.

The generic title of “pinhead” quite accurately 
describes the approximate size of the diode. As 
shown on page 304. The diode is cylindrical; it 
has a diameter of 0.032 in. and height of about
0.015 in. The completed device is fabricated from 
three parts: a low-resistivity silicon “end-cap,” 
the encapsulating glass cylinder, and the “active” 
silicon wafer. These parts, and a completed diode 
are shown on page 304.

The active wafer is fabricated in a rather 
standard fashion. Phosphorous (an n-type diffu- 
sant) and boron (a p-type diffusant) are diffused 
into opposite faces of a slice of n-type silicon. 
A  pn junction is formed approximately 0.0015 
in. from the boron-diffused face, and a low-ohmic 
resistance contact is formed across the phos­
phorus-diffused face. In addition to phosphorous 
and boron, gold is also diffused into the slice to 
reduce the lifetime of the electrically active car­
riers in the device. This, in turn, decreases the
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These greatly enlarged sections show (I to r ) 
the silicon end cay, the encapsulating glass cylin­

der, and the active silicon wafer. Two views of 
the completed diode are shown at right.

switching time of the diode. Next, active wafers 
containing a mesa approximately 0.005-in. in 
diameter are cut out of this slice using ultrasonic 
cutting methods.

The end-cap is fabricated in a similar manner 
from very heavily doped silicon. A  very high 
degree of doping insures that the end cap— which 
serves as part of the hermetically-sealed encap­
sulation— will have a negligibly small ohmic re­
sistance. The hard glass cylinder is cut into 0.012- 
in. lengths from glass tubing, cleaned and is ready 
for use. To enhance the electrical properties of 
the device, the active region is chemically etched, 
and then the three cleaned parts are placed to­
gether on a magnetic susceptor in a radio fre­
quency field. The radio frequency energy rapidly

SILICON (P -O R  N-TYPE) 
END CAP

GLASS WASHER

ACTIVE SILICON 
WAFER

" - G O L D  SURFACE

Exploded cross-sectional and completed views of 
the pinhead diode. Overall dimensions are 0.032 
in. in diameter and 0.015 in. in height.

heats the susceptor and parts of the diode to 
approximately 800 degrees C ; this, in turn, effects 
glass-to-silicon seals to both the end cap and active 
wafers. Simultaneously, an alloy bond is formed 
between the active mesa top and the opposite 
silicon end cap. Silver-plating one end (for polar­
ity identification) completes the fabrication of 
the device.

Quite obviously, the device incorporates both 
the small-size and low-cost aspects of the initial 
objectives. The latter results from the minimal 
number of parts and operations required to com­
plete the device. The typical electrical charac­
teristics of this device are listed in the table on 
page 305.

Let us now consider the third and possibly the 
most important design objective: reliabilitj’ . Syn­
onymous with microminiaturization is the concept 
of a high density of components within a circuit 
module. Increasing the number of devices per 
module makes an increase in component reliability 
mandatory for successful circuit performance. 
The reliability of todaj'̂ ’s standard components 
will not be good enough for tomorrow’s complex 
systems. Much of the burden for increased sys­
tem reliability must be assumed by the semicon­
ductor device designer.

Reliability means many things. True, it is of 
paramount importance how well the gross changes 
in the electrical characteristics are controlled 
under operating or storage conditions; but con­
trol of these changes does not, in itself, assure 
successful circuit performance. The overall prop­
erties (complete characterization) of any semi­
conductor device must insure mechanical and 
thermal operation of the device. The entire fam­
ily of pinhead diodes has been designed to pass 
all of the environmental requirements outlined in 
the table on page 305.

It should be noted that these devices have been 
rated for extended high temperature storage at
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250 degrees C. One way of rapidly determining 
the thermal reliability of this class of device is by 
resorting to the now well known technique of 
thermal step-stress aging (Record, January, 1962). 
To utilize this technique, a group of devices is 
held for a relatively short period of time (say, 2  

hours) at an elevated temperature in excess of 
the long-term rating of the device. The number 
of failures at this stress level is recorded. The 
temperature is then increased and the same group 
of devices is held at this new stress level for the 
same length of time. The temperature is in­
creased in steps until all of the devices are de­
stroyed. This process is repeated for another group 
of devices from the same lot for a longer time 
(16 hours for example) and again with a third 
group of devices for a still longer time.

Reliability And Versatility

Proper interpretation of these data leads to 
an “acceleration curve” for a single class of de­
vices as shown on page 306. This curve depicts 
the levels at which 50 per cent of each group of 
devices failed at each stress time. On this chart 
are plotted acceleration curves for three classes 
of diodes: Typical diodes with no form of sur­
face protection, typical conventional package 
diodes protected with a planar layer of silicon 
oxide and pinhead diodes. It is quite obvious 
that the median failure temperature (50 per 
cent failure point) of the pinhead device is 
significantly higher than that of the other con­
temporary production device types. From the 
acceleration data, it is estimated that the time 
to median failure at a fixed temperature of 
250° C is 3 X 10® hours and 5 X lÔ  ̂hours at 150°
C. The basic reasons for this superior thermal 
reliability are: ( 1 ) sealing at extremely high tem­
peratures which produces a dry, clean environ­
ment within the package, ( 2 ) scrupulous cleaning 
of parts prior to sealing, (3) the absence of all 
metal parts within the diode enclosure, and (4) 
the use of “hard” glass to enclose the device. It 
should be pointed out that thermal aging is only 
one of many tests used to evaluate device reli­
ability.

The pinhead diode approach is by no means 
limited to tiny high-speed diodes. Many types of 
devices— based on the design technology of the 
pinhead logic diode— have been fabricated. A 
medium-size, pinhead sandwich structure was 
used in fabricating medium-speed switching 
diodes, rectifiers, voltage regulator diodes, vari­
able capacitor diodes and microwave parametric 
amplified devices. This structiu'e is approximately

R e v e rs e  R e c o v e r y  T im e  
(If =  b  =  1 0  M A )

1 .5  N S

C a p a c i t a n c e  , , . 
( Z e r o  a p p l i e d  v o l t a g e )

1 .4  PF

F o r w a r d  V o l t a g e  . , 
(Ip =  l O M A d c )

0 . 8 6  V

B r e a k d o w n  V o l t a g e  
(Ir =  5 M A  dc)

4 9  V

R e v e rs e  C u r r e n t  
( V r =  2 0 V d c )

3 .6  N A

Typical electrical characteristics of logic pinhead 
diode.

Listing of the various environmental 
formed on pinhead diodes.

tests per-

Storage life (250°C)

Operating life (lOO MW, 100°C) 
Shock

Constant acceleration 

Vibration fatigue 

Vibration variable frequency 

Temperature cycling 

Moisture resistance 

Salt atmosphere 

High temperature operation 

Surge current 

Dew point

0.070 in. in diameter and 0.018 in. high. Another 
variation is shown on page 306; this triple- 
stacked sandwich structure is used in the design 
of a “ level-shifter” device. The dimensions of 
this package are approximately 0.075 in. in diam­
eter and 0.035 in. high. The application for such 
a device required a very slow diode with a con- 
trollably high forward voltage drop. This drop in 
voltage is achieved by stacking three diode wafers 
within a single package; the diode is made slow 
(large amount of stored charge) by suitably pre­
serving the silicon bulk lifetime during the seal-
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Acceleration curves for three types of diodes. 
These curves show levels at which 50 percent of 
the devices failed at each stress level.

" I  SILICON (P -O R  N-TYPE) 
END CAP

GLASS WASHER

3-STACK SILICON, 
(N-TYPE) ACTIVE

1 SILICON END CAP

-SILVER SURFACE

'- G O L D  SURFACE

Exploded crossectional and completed views of 
pinhead level shifter. The use of triple stacked 
wafer results in high forward voltage drop.

GLASS-BEADED LEADS

PINHEAD DIODE

Pinhead can be enclosed in small glass diode 
structure (above) for conventional applications.

in process. As might be expected the hot-glass 
seal-in technology is not particularly compatible 
with the design of both very high and very low- 
speed devices, and to effect the level-shifter design 
several fabrication procedures required extensive 
modification.

The versatility of the pinhead approach by no 
means stops with the fabrication of pinhead 
variations. Indeed, the basic pinhead lends itself 
readily to many possible mounting configurations. 
For conventional applications, the microminiature 
pinhead can be enclosed in a miniature glass 
diode package. This approach is shown at the 
bottom of this page. The basic pinhead device can 
also be used as a “passivated” wafer. Used in 
such a manner, this protected and stable element 
can subsequently be further enclosed— singularly 
or in multiple— in standard metal diode or tran­
sistor packages.

Device In Its Basic Form
Although these mounting configurations are 

practical, the true value of pinhead technologj  ̂
can be better appreciated when the device is used 
in its basic form. With such an approach, devices 
can be supplied premounted on various con­
ducting or insulating substrates ready for in­
terconnections at a systems level. In this manner, 
high-packing densities can be achieved and 
interconnecting wire circuitry can be simplified 
or eliminated. In addition, polarity reversal of 
a pinhead diode is a byproduct of the design.

Multiple assemblies also can be produced by 
“strip” mounting diodes on a common metallic 
substrate. To form such an assembly, the silicon 
end faces of the diodes are eutectic-bonded to a 
gold plated Kovar substrate at a temperature of 
approximately 400 degrees C. Soft soldering 
methods also can be used to attach lead wires to 
the diodes and to attach the diodes to equipment 
boards. Numerous other mounting arrangements 
are possible; and, indeed, many others have been 
tried. These two examples are illustrative, how­
ever, of a tj^rical high-temperature multiple 
assembly supplied by a component manufacturer 
and of a multiple array which might be assembled 
at the equipment manufacturing location.

The pinhead diode represents a significant ad­
vance in semiconductor device technology. The 
basic device design offers potentially low cost and 
high reliability in a microminiature package. The 
basic pinhead approach as well as the possible 
mounting configurations are quite versatile and 
offer the systems designer greater latitude in 
equipment packaging. Further design and mount­
ing arrangements are limited only by the imagi­
nation of device and systems designers.
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To make connections between telephone 
offices, the T1 System uses not only a 

new method, but a new signaling language—  

binary pulses. Some unique circuit 
techniques were developed to adapt this 

language to the trunk signaling methods 
in present day exchange areas.

T1 Carrier System Signaling

A. L. Bonner and A. C. Longton

The basic purpose of every transmission fa­
cility in the Bell System is to provide a Avay 

for customers to exchange information. To set 
up the connections over which this can take 
place, switching systems themselves must ex­
change information. Signaling is the language 
of this exchange. It tells widely separated cen­
tral offices how to establish connections, how to 
supervise them, and when to release them. The 
“alphabet” of the signaling language consists 
of only two letters— the two states of DC current. 
In systems using voice frequency circuits, any 
change in the DC condition is transmitted over 
wires which connect the transmitting and re­
ceiving ends of every circuit. In carrier systems 
there are no individual circuit connections and 
carrier signaling arrangements are designed, in 
effect, to replace them.

Signaling in analog carrier systems is per­
formed by tones sent within, or just outside, the 
voice-band. The T1 Carrier System departs from 
the usual analog techniques. It uses pulse code 
modulation (PCM ) for voice transmission. The 
unique nature of this technique has led to a new

and quite novel method of signaling on carrier 
facilities— the transmission of signals in the 
form of pulses. Fundamentally speaking, the T1 
System signals by extracting the DC conditions 
at one end of the circuit and transmitting them 
to the other end. A t the receiving end, the 
signals that convey the DC conditions are recon­
structed to appear just as they would if  they 
had been transmitted by wire. Because DC signal­
ing consists of only two states, any change in 
state is easily represented by one binary digit.

Binary pulses are the information content of 
the T1 System. The 24 speech channels of the 
system are sampled 8000 times a second and the 
samples are translated into seven-digit binary 
code groups. Thus there are 128 possible voltage 
levels, each one very closely approximating the 
amplitude of the voice sample it represents. It 
is a relatively simple matter to add an eighth, 
or signaling, bit to the seven-digit code group of 
each channel.

Adding this bit gives the T1 System an out- 
of-band signaling arrangement. This increases 
the required bandwidth slightly, but it has con­

September 1963 307



siderable economic advantage. An in-band signal­
ing system (Record, October, 1960) transmits 
single frequency tones in the voice-band, and it 
must be designed so that speech does not inter­
fere with the correct transfer of the signaling 
state. Complicated design steps are necessary to 
accomplish this and they are avoided with an 
out-of-band signaling system.

Actually, the nature of the existing telephone 
plant generated some of the most difficult prob­
lems encountered by the system designers. The 
T1 System was intended for metropolitan ex­
change areas. A number of trunk signaling 
methods are used in these areas and the system 
had to operate compatibly with them. However, 
some methods are not widely used and some may 
eventually fall into disuse. Therefore, the de­
signers had to determine the most widely used 
methods, and decide on those they thought would 
prevail. Then, they examined the chosen trunk 
circuits for their similarities and their differ­
ences. On the basis of this information a design 
could be planned for the T1 System that would 
allow it to operate with many trunk circuits and 
with terminal equipment that could be adapted to 
these circuits.

Variations in Trunk Circuits
Trunk circuits vary widely even though inter­

office signals are basically simple. Variations 
arise from many factors— the differences in the 
magnitude of the impedance that is required to 
open or close a loop, for example, or the varia­
tion in battery feed impedance due to the individ­
ual characteristics of the trunk relay circuits 
that supply battery voltage. One reason for the 
variety is simply the evolution of the telephone 
plant. Signaling was developed originally for 
short range circuits, then it was applied to in­
termediate range circuits, and finally to long 
range circuits. Trunk circuits changed as their 
applications changed. The number of them was 
further increased with the design of the various 
switching systems. This, in turn, led to signal­
ing by dial pulsing, revertive pulsing, and E and 
M leads. These methods comprise almost all the 
signaling in metropolitan exchange areas.

Dial pulsing and revertive pulsing are two 
forms of loop signaling. In the forward direction 
of transmission (from the originating to the 
terminating office) these methods simply place an 
open or closure on the tip-and-ring conductors. 
In the opposite direction, the polarity of battery 
applied to the line indicates the status of a 
call. Revertive pulsing transmits, in addition.

a ground pulse from the terminating to the orig­
inating end. This “ revertive” pulse gives the 
method its name.

E and M lead signaling was developed to 
provide two like signaling paths, one in each 
direction of transmission, to make a two-way 
trunk. (A  common mnemonic device to distin­
guish the direction of the flow of information 
over the leads is to call them transMit and 
receive leads.) The E and M leads are not a part 
of the transmission path, an arrangement that 
distinguishes this signaling method from loop 
signaling.

T1 Signaling Circuits
The task of adapting to the various kinds of 

trunk circuits and the different signaling meth­
ods rests with the signaling circuits of the T1 
System channel units. A  system terminal con­
tains 24 of these units. Each has signal scanning 
and reconstructing circuits as ŵ ell as circuits to 
terminate voice signals. Because the system has 
one cable pair for each direction of transmission, 
a four-wire terminating circuit is used to merge 
the paths for local switching. For four-wire toll 
switching the paths remain distinct, and voice 
amplifiers match the system transmission levels 
to toll levels. The table on page 309 shows the 
fundamental characteristics of the signals that 
the channel units were designed to extract and 
reconstruct and the similarities between them.

The similarities of these signals was one 
point of departure for the design of the channel 
units. The question was: What basic circuit con­
figurations can be designed that will be adapt­
able to the different signaling methods? Clearly, 
the answer to this question lies in what is com­
mon to many techniques. For example, the draw­
ing on page 310 shows how the system conveys 
dial pulses from an originating to a terminating 
office. A diode scanning gate placed across the 
loop detects open and closed conditions. When 
the gate detects an open loop, the diode conducts 
current. When the loop closes, the voltage across 
it keeps the diode from conducting. Channel 
pulses can pass to the output side of the gate 
only when the diode is conducting. The gate 
pulses are converted to a form suitable for 
transmission. At the terminating office a signal­
ing amplifier produces a continuous current in 
response to regenerated pulse signals. The cui’- 
rent supplied by a signaling amplifier controls 
a relay that operates each time the loop closes, 
thus reproducing the dial pulse condition at 
the terminating office.
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E & M 
LEAD

LOOP
DIALING

REVERTIVE
PULSING

ORIGINATING OFFICE
SIGNAL Condition 

Office to Line
Condition 

Line to Office

O n  H o ok G ro u n d  on M

O ff  H o ok B a tte ry  on  M

O n  H o ok O p e n  on E

O ff  H o ok G ro u n d  on E

O n  H o ok
O p e n  

T ip  & Ring

O ff H o ok
C lo se  

T ip  & Ring

O n  Hook
N o rm a l
B a tte ry

O ff  H o o k
R e v e rse
B a tte ry

S ta rt
C lo se  

T ip  & Ring

Sto p
O p e n  

T ip  & Ring

G ro u n d
P ulse

C lo se  
T ip  & Ring

O n  H o ok
N o rm a l
B a tte ry

O ff  H o ok
R e v e rse
B a tte ry

DIRECTION
TERMINATING OFFICE
Condition 

Line to Office
Condition 

Office to Line

—
O p e n  on E

G ro u n d  on E

-
G ro u n d  on M

B a tte ry  on M

-

O p e n  
T ip  & Ring

C lo se  
T ip  & Ring

-

N o rm a l
B atte ry
R everse
B a tte ry

—

C lo se  
Tip  & Ring

O p e n  
Tip  & Ring

-

C lo se  
T ip  & Ring

N o rm a l
B a tte ry

R everse
B a tte ry

Fundamental characteristics of signals by which central offices communicate with each other.

The same techniques are used for reverse bat­
tery supervision, as shown in the lower drawing 
on page 310. In this case, the voltage scanning 
gate has no bias control. The gate will not pass 
pulses when the battery is reversed; that is, when 
voltage is applied to the tip conductor of the 
channel unit. When the battery polarity is nor­
mal, however; pulses appear on the output side 
of the gate in the terminating office channel unit. 
Corresponding pulses appear at the input to the 
signaling amplifier in the originating office. The 
channel unit circuits reconstruct the normal 
battery indication at the originating office.

T1 Signaling Schem e

These techniques are readily adaptable to the 
scheme of T1 System signaling (page 310). In 
this scheme, binary signaling pulses fit into the 
transmission pattern of the PCM speech pulses. 
An incoming PCM pulse train is composed of the 
eight-digit codes for the 24 channels. The signal­
ing pulse— one digit in the eight— is separated 
from the voice code digits and regenerated by

a signaling circuit common to all units in a 
terminal. Regeneration gives the pulse sufficient 
gain to operate an “AND” gate in the receiving 
part of the channel unit. Channel pulses time 
the gate at a rate of 8000 per second. When a 
signaling pulse and a channel pulse coincide, a 
pulse signifying the coincidence is fed into the 
receiving amplifier where it is stored during the 
time between adjacent pulse positions. The re­
ceiving amplifier controls a relay which recon­
structs the signaling on the office side of the 
hybrid circuit that, in turn, separates the trans­
mitting and receiving parts of the speech signals. 
When pulses arrive at the proper rate, the ampli­
fier holds the relay released. I f  the pulses stop, 
and do not continue after a specific interval, the 
relay operates.

ON and OFF binary pulses that carry the 
signaling information are transmitted to the com­
mon signaling circuit in two groups— each group 
represents 12 channels. The duration of the 
pulses— fixed by the speech sampling process— is 
four PCM digits. The common signaling circuit
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O R IG IN A T IN G  O F F IC E

LOOP PULSING

LOOP SUPERVISION

RECEIVING S IG N ALING  AMPLIFIER VOLTAGE S C A N N IN G  GATE

The T1 method of signaling. Top half of the 
drawing shows how the system signals with the 
dial pulses from an originating to a terminating

office. The bottom half shoics how reverse battery 
supervision is carried in the opposite direction 
from terminating office to originating office.

translates any channel pulse at its input to a 
single digit positioned to fit into the pattern 
of the PCM digits that convey speech informa­
tion.

This is the basic scheme for T1 System signal­
ing. Its pattern is duplicated and expanded, as 
shown in the drawing on page 312, to perform

all the necessary system signaling functions at 
both the originating and terminating ends of 
exchange trunks.

Additional signaling information must be 
transmitted for revertive pulsing. To handle it, 
another binary channel with scanning and re­
construction circuits is added to the T1 System
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terminal. Revertive pulse systems (panel switch­
ing systems, for example) store the dialed digits 
in a sender. The sender gives the scanning gate 
a closed loop indication to send forward. As it 
receives this indication, the panel equipment at 
the terminating end begins to move over a bank 
of contacts. As it moves, the equipment sends 
backward ( “ revertive” ) pulses to mark its posi­
tion for the sender. The sender opens the loop as 
a stop signal when the equipment has reached 
the correct contact. The revertive pulsing phase 
is completed before the called party answers and, 
therefore, before reverse battery supervision 
exists. Thus, the T1 System does not need an 
additional binary digit for revertive pulses; it 
merely “borrows” the least significant speech 
digit, uses it to transmit revertive pulses, and 
returns it to the PCM train when reverse battery 
is present.

E and M lead signaling is handled almost 
exactly like dial pulsing and revertive pulsing. 
The only difference is that the switching office 
and the carrier signaling systems exchange infor­

mation over separate E and M leads instead of 
over the voice channel tip-and-ring leads. There­
fore, the scanning gate is connected to the M lead 
and biased so that ground on the M lead results 
in the transmission of pulses. When battery is 
placed on the lead, pulses are not transmitted. 
These two conditions are reconstructed at the 
terminating office as an open or a grounded E 
lead, respectively.

Multifrequency pulsing for the T1 System is 
merely a special case of dial pulsing. Tones used 
to transmit the dialed number are coded in the 
same way voice is coded. The DC loop voltages 
which control and supervise the connection are 
handled by the dial pulsing channel unit.

Five Channel Units Designed
In both the economic and the engineering 

sense, these arrangements have been highly 
successful. Only five kinds of channel units have 
been designed, and with them, or combinations of 
them, the T1 System can be equipped to handle 
essentially all exchange area methods of signaling

50
M l lU S K O N D S ^

DIGIT
SOURCE 1

400  CHANNEL PULSES : 
PER DIAL PULSE

0 .3 2 5 * ^  L,
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"  CONVERTER 4
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REGENERATIVE 
LINE

i
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Basic scheme for T1 System signaling: Incoming PCM pulse train and regenerated; providing addi- 
pulse in the signaling position is separated from tional gain to operate selecting gate.
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In the T1 System, the basic signaling scheme is 
duplicated in both originating and terminating

independent of the type of switching center. Two 
of the five units serve the originating end of the 
system; there is one for each of the two loop 
signaling methods. Two others serve the ter­
minating end; there is one for dial pulsing and 
one for revertive pulsing. On one-way trunks, 
the units at the terminating end simulate the DC 
conditions of the originating switching office; 
at the opposite end, they terminate the outgoing 
trunk equipment as a terminating office would. 
Because loop signaling methods are used on local
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\
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offices. The one basic design is used to perform all 
signaling functions at either end of a circuit.

direct trunks, these four units are equipped with 
four-wire terminating circuits.

The fifth unit was designed to be used with 
E and M lead signaling and it provides standard 
foui’-wire toll transmission and impedance levels. 
It does not have the four-wire terminating cir­
cuit. Instead, the four-wire tip-and-ring voice 
frequency leads are connected to the channel unit 
amplifiers and the E and M leads are connected 
separately to the “built-in” signaling circuits. 
This unit provides the flexibility that is needed
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to connect the T1 System to E-type signaling | 
units and to other circuits such as those used for 
foreign exchange signaling.

Common to all five channel units is the basic 
scanning gate and signal amplifier circuits. As a 
matter of fact, the diode scanning gate is a 
unique characteristic of T1 System signaling, one 
that distinguishes it from voice frequency signal­
ing systems. The gate is designed with a low 
shunting loss to speech signals and it is con­
nected across the loop in a balanced configura­
tion so that it does not disturb the voice circuit.
In operation, the gate continually changes from 
a forward to a reverse biased state according to 
the pulsing speed on the loop. I f  the gate is to 
cope with the different methods of signaling, 
its operating point must be shifted for each one. 
This is effected merely by changing its bias 
voltage so that the scanning process can take 
place over various DC voltage ranges.

Economy of the Design

One of the major system objectives was econ­
omical tei'minals. The design of the channel 
units, of course, had to contribute to this ob­
jective. Toward this end, the units consist of 
semiconductor devices integrated with relays. 
Semiconductor devices conserve space and power; 
relays are inexpensive and their contacts will 
serve to isolate the control action from the loop. 
For example, a mercury relay reconstructs the 
open or closed loop condition of an originating 
circuit. The signaling channel is designed so that 
the operate and release time of this relay are 
approximately equal. This yields a signaling chan­
nel that is virtually free of pulse distortion. On 
the other hand, for reverse battery supervision 
low pulse distortion is not much of a factor, but 
an adequate number of contacts to effect the 
reversal of the battery is important. For this 
function, a wire spring relay was completely 
suitable.

The first applications of the T1 System have 
proved the economy of this design. Easy main­
tenance has been one feature of the signaling 
system, because channel units are rapidly and 
easily interchanged. The units use only -48 volts 
and only those signals generated internally 
by the system terminal. Their small size allows 
three terminals (72 system channels) to be in­
stalled in an eleven and one-half foot bay. This is 
not only an economical arrangement, but one that 
has proved well suited to the engineering of cen­
tral office equipment for carrier transmission.

New W all Phone Joins 
TOUCH - TONE Family

One of the newest members of the Bell System’s 
TOUCH-TONE telephone family is a streamlined 
wall model that can also solve tight wall space 
problems.

Set for production in the fall at Western Elec­
tric’s Indianapolis Works, this pushbutton phone 
has all the virtues of other newly-developed 
TOUCH-TONE models and some that are distinctly 
its own.

Its main advantage, of course, is the new push­
button method of calling. The new wall telephone 
is also smaller in every dimension than its prede­
cessor, the rotary dial wall set. Its width is 4%, 
inches, length, 8% inches, and depth, including 
handset, 4)^ inches— reductions of an inch or 
more in each case.

Bell Laboratories’ engineers at Indianapolis 
used the reduced size of the pushbutton caller and 
the use of a smaller internal network and ringer 
in designing the new unit for production.

Advanced model shop samples for the new wall 
telephone are now being tested for public response 
in Findlay, Ohio, and Greensburg, Pa. About 5,- 
000 of the new wall phones are expected to roll off 
the production line by the end of the year.
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A new member of the Bell System’s TOUCH- 
TONE line is this streamlined ivall model.
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Operator training, casual in decades past, is as modern todaij
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R. D. Kroning and D. H. Gale

Autom atic  T ra in in g
F o r O p era to rs  o f the lOOA T S P

m

JUST A FEW DECADES AGO visitors to a busy toll operating 
room might have mistaken it, at first glance, for a 

skating rink. Girls on roller skates glided back and forth 
carrying toll-call tickets between the operators at the re­
cording switchboard positions and the operators at the 
positions used to complete calls. It is unlikely that the 
girls were given formal training in roller skating, but 
training operators in the specialized skills of operating a 
switchboard is undoubtedly as old as the first switch­
board itself.

Since the times of those youthful wheeled messengers, 
operator training in the Bell System has taken many 
forms, probably beginning with a trainee simply watch­
ing and listening in on an operator at a working switch­
board position. Later special training equipment was 
developed; it usually included a modified operating posi­
tion and a special instructor’s position or control console. 
The instructor could originate practice calls to the student 
operator by sending lamp signals and tones over the 
training circuits to the training position. The instructor 
also played the part of the customer and the distant op­
erator on a toll call, observed the student’s responses, and 
offered help and assistance on her operating technique and 
efficiency.

'ment now in  use.
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RELAY C A B IN E T  FOR 
PO RTABLE A R R A N G E M E N T T O T A L  CALLS, 

W R O N G  KEY 
A N D  T IM E -O U T  

FA ILU RE REGISTERS

M A G N E T IC  TA PE 
V O IC E  REPRODUCER

P R O G R A M  C A B IN E T  
(D O O R  R E M O V E D )

TAPE ST O R A G E  
B IN S S T A N D A R D  T W O -P O S IT IO N  lO O A TSP

The layout of a typical installation of the lOOA TSP automatic training equipment. Drawing shores 
the two-position action and the program unit and control unit for the left-hand position— the only 
one in use in this situation. When the right-hand position is used a second set of cabinets, back-to-back, 
is added to the layout.

J. KJVKfXylV XAy VU / y  I  IJ/11V O / f l / M / O  V V I l y t V C O  L U  I - t l  t l  I  V  l / l t ^  l i u t n v f i y  t r y  .

This is a permanent installation. A power-supply is added for a portable installation.
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The development of automatic training equip­
ment for the lOOA Traffic Service Position (TSP ) 
introduces the use of a stored program to control 
training calls. The program, contained on 
punched paper tape, controls training circuits 
which, in turn, control lamps, number displays, 
and audible signals for the student at the train­
ing position. The circuits also recognize the 
student’s operating errors and inform her when 
she makes one. Voices of customers and distant 
operators are simulated as they would occur on 
actual calls and recorded on magnetic tape that 
is played back to the trainee in conjunction with 
the lamp and tone signals controlled by the paper 
tape. An instructor will be needed only on occa­
sions where she can present new material or prac­
tice more effectively or efficiently than the stored 
program, or when the student has unusual diffi­
culty, as might occur in the very early stages 
of training. For these occasions, the instructor 
will probably work with the student while the 
equipment operates automatically. In certain in­
stances, special tapes for manual use will be pre­
pared, with the instructor controlling the advance 
of the paper tape and assuming the role of the 
customer and the distant operator.

This technique is a major advance in the train­
ing process. Economically, the advantages are ob­
vious. There are other marked advantages: The 
student is more relaxed than she is with an in­
structor auditing her performance and can con­
centrate more fully on the task. The automated 
“teacher” has infinite patience, is tireless, immune 
to distraction, and can have— through careful pro­
gramming— as thorough a knowledge of the sub­
ject matter as any expert in the field.

The 100A TSP
The lOOA TSP is not a switchboard— only calls 

that require operator assistance are routed 
through it, such as person-to-person, collect, and 
other special types of toll calls (Record, August 
1960), as well as all types of coin long-distance 
calls and Centralized Automatic Message Account­
ing calls. It is designed so that the operator need 
be in on the connection only for the minimum time 
necessary. The position has three “ loops” or call 
channels, the functional counterparts of the cord 
circuits on a cord switchboard. Ten NIXIE* lamps 
in two groups of three lamps each and one group of 
four lamps, are mounted in the upright part of the 
position. They display 7-digit calling numbers, 7 
or 10-digit called numbers, 2 or 3-digit charge 
amounts, 2-digit minutes quantities, and 3-digit 
rate codes.

Automatic training equipment for this position,
* Trade Mark, The Burroughs Co.
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shown opposite, consists of a standard 2-position 
TSP section with minor modifications; a program 
unit containing a two-channel tape reproducer and 
a teletypewriter tape reader; and a control unit 
consisting of a large relay circuit, a fuse panel, 
and a cross-connecting field. There are two design 
versions— a portable arrangement to be moved be­
tween different locations as it is needed for pre- 
cutover training, and a fixed arrangement for 
replacement training at one location. In the 
portable arrangement the relay equipment is 
mounted in a cabinet and connected by plug- 
ended cables; in the fixed arrangement it is 
mounted in relay racks in the terminal room of a 
central office and permanently cabled. Relatively 
simple modifications make a standard lOOA TSP 
into a training position. Only the left hand and 
middle of the three “ links” are used in a training 
position. They are represented by the sets of keys 
and lamps adjacent to the ticket slots which are cut 
vertically into the lower center section of the key- 
shelf. A  combined key and lamp, designated Posi­
tion Transfer Left, is redesignated Failure, and is 
used to indicate a trainee error. A second key- 
lamp, designated Position Transfer Right, is re­
designated Advance, and is used to advance the 
program and magnetic tape at the beginning of a 
training exercise or after any error or failure. 
Three message registers, mounted in the upper 
section of the program unit cabinet, count com­
pleted training calls as well as wrong key or time­
out failures the trainee may make.

Each numerical display on the “nixie” lamps 
is controlled by a special training code in the pro­
gram. The specific digits for each display are 
determined by cross-connection assignments local­
ly wired into a “nixie” display cross-connection 
field. The equipment can produce for display a 
total of ten called numbers, four calling numbers, 
six charge amounts, four minutes quantities, and 
three rate codes.

Training Equipment Circuits
The teletypewriter tape is the source of all sig­

nals to light, flash, and extinguish position lamps 
and to start signal tones and stop them when they 
are not self-limiting. It also contains signals to 
start simulated customer or distant operator 
speech, and to set-up checking conditions for all 
key operations and vocal responses by the trainee. 
The tape also controls certain functions of the 
training circuits, such as stopping its own advance 
and switching between checking (read) functions 
and simulated circuit action (write) functions. 
However, the teletypewriter tape codes that con­
trol the signals for these equipment functions
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must first be translated into a form acceptable by 
the training equipment circuits.

The translation is performed by the Reader 
Control Circuit (see page 316). Its first step is to 
change the standard teletypewriter code into a 1- 
out-of-26 characters code designated by the letters 
of the alphabet. These are then grouped in pairs 
and transmitted to the Matching and Advance 
circuit which effects the lighting or flashing of all 
keyshelf and “nixie” display lamps and the con­
nection or generation of the interrupter pulsing 
signals and the audible signals and tones produced 
by the Tone, Timer, and Interrupter circuit. The 
Matching and Advance Circuit also checks the 
trainee’s responses and, in conjunction with the 
Reader Control Circuit, starts and stops the tele­
typewriter tape at certain checking points in the 
program and when the trainee has made an error.

Customer and distant operator speech is record­
ed on one of the two channels of the magnetic tape. 
Pulses of two different levels of amplitude are im-

Supervisor of the control unit merely loads tapes 
into the cabinet to prepare the equipment for a 
training session. Here, she adjusts magnetic 
tape reels. Teletypewriter tape is in the tape 
reader just above the storage bins.

pressed on the second channel. The smaller signal 
stops the tape at the end of each voice message, 
and the greater one is used as an end of program 
mark to synchronize the teletypewriter and mag­
netic tapes at the start of a new program (i.e. one 
training call) and after any accelerated advance 
to the next program which may occur, for in­
stance, after a trainee error or translator alarm. 
Audible signals and tones are generated within 
the training circuits rather than recorded on the 
magnetic tape because when the equipment is op­
erated manually the instructor simulates custom­
ers’ and operators’ voices and the magnetic tape is 
not used.

Training Position Prepared
A training position is prepared for a training 

session simply by loading the teletypewriter and 
magnetic tapes into the teletypewriter tape read­
er and magnetic tape reproducer machines. The 
trainee then plugs her headset into the telephone 
jacks and operates the Advance key. This causes 
the magnetic tape to advance to its beginning; the 
teletypewriter tape also advances to its beginning 
and starts its first activities.

Each call program is divided into discrete parts, 
or segments. At the beginning of a training call, 
the teletypewriter tape sets up checking condi­
tions for the trainee responses required for the 
first segment, then it activates the various lamp 
and audible signals that occur at the beginning of 
the call. These signals appear on the position, and 
the tape stops at the end of the segment. I f  the 
trainee makes the correct key operations and vocal 
responses, the checking circuits of the Matching 
and Advance Circuit signal the teletj'pewriter 
reader to advance the tape into the next segment.

This alternating situation-and-response by-play 
between the program and the trainee continues 
smoothly through one call and into the next unless 
the trainee makes an error. I f  she operates a 
wrong key, or fails to operate a key or make a vocal 
response within a pi-escribed time, the circuit 
action stops immediately, a failure lamp lights or 
flashes, and a failure register scores the error. 
The trainee then operates the Advance key and 
the tapes are skipped over the rest of the incor­
rectly handled call and then advance normally into 
the next call on the program tape.

Ideally, the program must present the trainee 
with a training situation that exactly duplicates 
an actual working situation. A call can be analyzed 
as a number of natural groups of events that occur 
between its initiation and its completion. For ex­
ample, a group of lamps light on the position ac­
companied by an audible signal to the operator
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SPL TSPOPR CLGCUST
TOLL ACS CLD SPEAKS: REPLIES:
LAMP LAMP LAMP ZIP ( “MAY I ( “MR. BROWN,

LIGHTS LIGHTS LIGHTS TONE HELP YOU?” ) PLEASE” )
1 2 3 4 5 6

TSP OPR TSP OPR 
SPEAKS: HITS
(“ THANK PERS PAID 

YOU” ) KEY
7 8

PERS
PAID
LAMP

LIGHTS
9

AUD
RING

STARTS
10

AUD
RING
STOPS

11

CLD
LAMP
OUT

12

DISTANCE 
PBX OPR 
SPEAKS: 
( “ FIRST 

NATIONAL 
BANK” ) 

13

TSP OPR 
SPEAKS: 

( “MR. BROWN, 
PLEASE, 

LONG 
DISTANCE 
CALLING” )

14

PBX OPR, CLD AND CLG 
CUSTS SPEAK: (“ONE 
MOMENT, PLEASE” .,. 

“ BROWN SPEAKING” .. .  
‘HELLO, MR. BROWN, THIS IS 

RICHARD SMITH” . . .  
“HELLO, DICK” ...

15

TSP OPR TSP OPR SPL PERS
HITS ST TMG HITS TOLL ACS PAID ST TMG

ST TMG LAMP POS RLS LAMP LAMP LAMP LAMP
KEY LIGHTS KEY OUT OUT OUT OUT

16 17 18 19 20 21 22

The actions that constitute a typical person-to-person paid call that will he handled by the TSP.

indicating that a customer has initiated a call, and 
the operator offers assistance. Each program seg­
ment constitutes one such group of events. The 
program tape is stopped at the end of each seg­
ment. I f  the trainee has properly performed the 
actions required in the segment, the tape is re­
started and the next segment is run.

Each segment, then, controls one function, or 
one group of functions, performed by the equip­
ment and it also checks the trainee’s response. 
“Write” or control codes are assigned to the equip­
ment functions, and “ read” or checking codes to 
the trainee’s responses. These codes are the alpha­
betic pairs from the Reader Control Circuit. Actu­
ally, the circuit yields only 185 separate codes— 
not enough to meet all training requirements. 
Therefore, many of the alphabetic pairs are used 
both as a “ read” function code and a “write” func­
tion code. Most of the double-purpose codes are as­
signed to functions related to the combined key- 
lamps in the position; as a “ read” function they 
serve as checking codes on the operation of the 
keys, as a “write” function they control the light­
ing of the built-in lamps. They are differentiated 
on the tape as “ read” or “write” functions accord­
ing to whether they precede or follow a transfer 
code known as prime (teletypewriter code space).

Prime is one of two control codes included in every 
program segment. The second control code, called 
write, stops the tape at the end of each segment. 
Both of these control codes are single-character 
codes.

Principles of Programming
Let’s examine the principles involved in pro­

gramming for TSP training by designing the 
actual program for a person-to-person paid toll 
call. For this call, the customer will dial “ 0” fol­
lowed by the seven or ten digits of the called num­
ber. During the few seconds in which the call is 
being connected through the switching network, 
the calling customer is connected to the TSP oper­
ator who ascertains from the customer the assist­
ance he requires. She then prepares the charging 
equipment for the particular type of call by operat­
ing a class of charge key. After the talking con­
nection is established to the desired called party, 
she operates another key to start the charge tim­
ing equipment, and then disconnects her position 
from the call.

The first step in programming this call is to 
list all the separate events that occur. These can 
be determined simply by directly observing and 
monitoring an operator as she actually handles a
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The segmented program. The numbers above the 
boxes correspond to the equivalent events shown 
on page 319. The letter pair under each box is 
the teletypewriter code pair that is assigned to it.

call. The separate events occurring in a typical 
call of this type are listed above. Each event is 
numbered so that it can be easily followed through 
the remaining programming steps.

The next step is to group the events into seg­
ments. Into the numerical listing of the events 
we insert slant symbols (/) to indicate the seg­
ment divisions, and asterisks to separate the 
events within each segment into “write” and 
“ read” groupings, respectively, thus: 1 2 3 4*5/ 
6*7 8/9 10 11 12 13*14/15*16/17*18/19 20 21 22.

Timing Intervals
The next step is to program the proper timing 

intervals as they are required between the events 
of the call. Such intervals apply, for example, to 
the length of time a continuous equipment func­
tion, such as audible ringing, should be allowed 
to continue. Other examples are the time-out 
intervals allotted for the responses by the trainee.
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which, if  exceeded, result in failures scored on the 
time-out register. Also, at this time, the program 
is examined and amended as needed in other ways 
to make the simulation of the call and the desired 
responses more realistic and in accordance with 
operating practices. This usually results in the 
addition of more codes and segments.

Amended Program
The amended program with the added codes and 

segments is shown at left. The asterisk and slant 
symbols are replaced by the equivalent code desig­
nations prime and write, and the wording of the 
events, as expressed on page 319, is changed to 
standard code terminology. To illustrate, the code 
for verifying a vocal response by the trainee (e.g., 
events on page 319 is called “Voice Check,” and 
the code corresponding to customer or distant 
operator speech is called “ Start Mag Tape.”

The changes over the original program are now 
easily seen. In segment 1, the code “Time-Out 
10” has been added to give the trainee ten seconds 
to recognize the type of call and make the proper 
response. In segment 4, a similar 10 second time­
out allows sufficient time for a relatively long 
response to be made by the trainee.

Segments 3 and 4 have been derived from the 
original segment 3, and include two new codes, 
“Start Mag Tape” and “Delay.” These codes are 
added to control a time interval bet^veen the start 
and end of audible ringing.

Both the audible ringing generator and the mag­
netic tape are started in segment 3. This time, 
however, the tape contains only a blank or un­
recorded segment with the usual end-of-segment 
tone pulse at the end. This pulse stops the mag­
netic tape automatically. The running time of the 
blank segment is made equal to the time it takes 
for the called customer to answer.

In addition, a special “ read” code called Delay 
is added in segment 3, while the code that stops the 
audible ringing is placed in segment 4, as are the 
codes for other events that occur when the called 
customer answers. Just as a regular “ read” code 
holds up the advance of the teletypewriter into 
a new segment until it is cleared by the proper 
trainee response, the Delay code prevents the 
teletypewriter tape from advancing into segment 
4 and cutting off the ringing until the magnetic 
tape reaches the tone pulse at the end of the 
blank segment. In other words, this “ read” code 
is cleared, not by any action of the trainee, but 
by the tone pulse on the magnetic tape.

Segments 5 and 6 are the result of splitting the 
original segment 4 into two to meet a requirement 
of the operating practice for this type of call. A
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number of conversational interchanges take place 
to determine that the proper party has answered, 
as shown at event 15 on page 319. The proper op­
erator response, after this event, is to operate the 
ST TMG key to start charge timing. However, in 
this situation timing must not be started on the 
initial response by the called party ( “ Hello” , or 
“Brown speaking” ) but only after an indication 
that the proper called party has been reached and 
that the conversation will continue. Therefore, the 
checking code on the operation of the ST TMG key 
must not be fed into the matching circuitry until 
the magnetic tape reaches the desired point in the 
conversation. Thus if  the trainee prematurely 
starts charge timing on the call, she will be 
charged with an error because she has operated a 
key whose corresponding “ read” code has not yet 
been transmitted.

Segment 5, therefore, contains the initial con­
versational exchanges, plus the Read Sync Pulse 
code, which holds up the advance of the program 
tape until the magnetic tape stops. Segment 6 
contains the remainder of the conversation, plus 
the “read” code for the ST TMG key.

In Segment 8, the end-of-program code extin­
guishes all lamps that are still lighted.

Completing the Program

The limitation of the operating speed of the tape 
reader necessitates one final manipulation of the 
program. I f  the individual “ read” and “write” 
code groups of each segment were set on the tele­
typewriter tape in the true time sequence of the 
corresponding groups of events in the actual call, 
the trainee could respond to an indication in a 
“write” grouping before the tape had advanced far 
enough to transmit the “ read” or checking code for 
the response. To prevent this, the checking codes 
must be programmed before the “write” codes. 
The completed teletypewriter tape program for 
the call is shown at right, with the “ read” and 
“write” portions of each segment transposed with 
respect to their positions in the segmented pro­
gram.

The two disciplines of teaching and training are 
closely related, especially in their practical appli­
cations. Operator training in the Bell System in­
cludes a certain amount of straightforward trans­
fer of information. In fact, the lOOA TSP auto­
matic training equipment, especially when it is 
operated in the manual mode, will be used in teach­
ing or demonstrating operating practices. How­
ever, its primary purpose is to help develop highly 
skilled TSP operators by providing one means for 
concentrated practice under realistic conditions.

*
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j- PERS PAID KEY 
PRIME
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A rendering of the teletypewriter paper tape con­
taining a completed program for a person-to-per- 
son paid call through a 100A TSP. Right side of 
the tape lists the call actions; on the left are the 
teletypewriter code letters assigned to each one.
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J. B, Fisk to Serve on 
Governor's Committee

James B. Fisk, Laboratories 
President, has accepted an invita­
tion to serve on the Governor’s 
Committee on New Jersey Higher 
Education. The announcement 
was made recently by N. J. Gov­
ernor Richard J. Hughes.

Chairman of the new committee 
is Dr. Carroll V. Newsom, vice 
chairman of the Board of Direc­
tors for Prentice Hall, Inc. and 
former president of New York 
University.

Other committee members are 
Dr. James Hillier, Vice President 
of RCA Laboratories and Direc­
tor of Research for the David 
Sarnoff Research Center; Dr. Mil- 
licent C. McIntosh, President- 
emeritus of Barnard College; and 
Dr. James A. Perkins, Vice Presi­
dent of the Carnegie Corporation 
and President-elect of Cornell 
University.

The committee will make a 
broad study of New Jersey’s re­
sources of higher education, both 
public and private, and evaluate 
their effectiveness in providing 
quality education to an ever-in- 
creasing number of students.

According to Governor Hughes, 
one of the principal aims of the 
study is to determine the facili­
ties needed to produce trained 
personnel for New Jersey’s busi­
ness, industrial, scientific, and 
cultural development.

Antenna for Space Com­
munications Developed

William Steier of the Guided 
Wave Systems Research Center 
is the codeveloper of an unusual 
gas-discharge antenna for space­
craft. The antenna is designed to 
prevent disruption of high-fre­
quency radio signals as space­

craft re-enter the earth’s atmos­
phere. Such signals are disrupted 
by gas discharge from the hull of 
the satellite as it heats up in col­
lision with the air. Working with 
Irving Kaufman of the Space 
Technology Laboratories at Los 
Angeles, Mr. Steier discovered 
that the gas itself can be used as 
an antenna, thus maintaining com­
munications.

When gas isn’t present, as in 
space, Mr. Steier says an antenna 
could be created by a gas dis­
charge from the satellite. This 
would eliminate the necessity of 
building metal antennas on the 
satellite with the attendant con­
struction problems and the dam­
ages resulting from the extremes 
of heat and cold.

Mr. Steier was first interested 
in the antenna problem in the 
summer of 1961 while he was a 
consultant at the Space Technol­
ogy Laboratories. He was also a 
member of the electrical engi­
neering faculty of the University 
of Illinois at that time.

Award to
Bell Labs Employee

Edwin P. Felch, director of the 
missile and guidance laboratory 
for Bell Telephone Laboratories, 
has received the “Commander’s 
Award” of the U.S. Air Force’s 
Ballistics Systems Division.

The presentation was made to 
Felch at Norton Air Force Base, 
San Bernardino, California, by 
Brig. General John L. McCoy, 
deputy commander of the ballis­
tics systems division.

The award cited Felch for his 
work on the design and develop­
ment of the Bell Labs command 
guidance system and technical di­
rection of the Remington Rand 
Univac computer effort for the 
Titan I weapons system.

New Cable Ship 
Completes First 
Assignment

The Cable ship Lonff Lines 
completed laying a 1,300-mile sec­
tion of a transatlantic telephone 
cable that will link the U. S. 
mainland directly with England. 
This was the first project for the 
Bell System’s new cable ship.

C. S. Long Lines is now pro­
ceeding towards Southampton, 
England, where she will pick up 
1,600 miles of cable for the final 
segment.

The single cable system—to ex­
tend from Tuckerton, N. J., to 
Widemouth in Cornwall, England 
—is a joint project of the Long 
Lines Department of A.T.&T. and 
the British Post Office. It is sched­
uled for service in October and 
will be able to transmit 128 si­
multaneous conversations. The 
Alert, a British Post Office ship, 
placed the shore-ends both in 
England and the U. S.

Plans for two new underseas 
telephone cables were announced 
recently by A.T.&T.

One cable will stretch 1,500 
miles under the Pacific Ocean be­
tween Guam and the Philippine 
Islands. The other will link Flor­
ida with St. Thomas in the Virgin 
Islands. Both systems, which will 
be laid by C. S. Long Lines, will 
be able to transmit 128 simulta­
neous conversations.

The Pacific project, scheduled 
for completion by late 1964, is a 
joint undertaking of A.T.&T. and 
the Philippine Long Distance Tel­
ephone Co. The Hawaiian Tele­
phone Co., Radio Communica­
tions, Inc., and Kokusai Denshin 
Denwa Co., Ltd. also will par­
ticipate.

A.T.&T. and ITT Communica­
tions, Inc. will jointly participate 
in the completion of the Carib­
bean cable. The Service date is 
set for 1965.

The new Caribbean cable will 
be the main route for United 
States-Virgin Islands telephone 
traffic. It will be connected to a 
St. Thomas-Puerto Rico micro- 
wave radio system. The cable also 
can be extended to other points.
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J. F, Poole The demand for telephone service grows 
constantly. To meet it, the Bell System 

is often engaged in the task of modifying 
older systems, such as the panel switching 

offices, for new features and services.

T h e  N ew  N um b erin g  P lan  
In P a n e l S w itch in g  O ffice s

Ne w  t e l e p h o n e  s w i t c h i n g  t e c h n i q u e s , while 
they improve service for customers, may 

necessitate changes in the telephone network 
that create a new set of problems for the Bell 
System. The new numbering plan is such a 
change. It brings Direct Distance Dialing (DDD) 
facilities to telephone customers, and makes pos­
sible other new services. A t the same time, it 
presents the Bell System with the problem of how 
to modify existing equipment for the new features 
without interrupting telephone service on this 
equipment. A  case in point is a Bell Laboratories 
project to adapt panel switching offices to the new 
numbering plan.

The present numbering plan, a combination of 
letters and numbers, yields only 540 central of­
fice codes and 152 area codes. These are not 
enough to meet the continually increasing demand 
for telephone service. The new numbering plan 
will increase the possible central office codes 
to 792 and area codes to a theoretical 800 ( R e c ­
ord, March 1962). It will accomplish the first by 
All Number Calling (A N C ) and the second by 
permitting any number to be used in the second 
digit of the area code where the present number­
ing plan permits only “0” or “ 1” . Office codes

and area codes will be interchangeable in the new 
numbering plan, and a feature will be added to 
panel switching offices to indicate which use of a 
code is intended. The new numbering plan also 
introduces a new form of prefix dialing to panel 
offices —  prefix “ 1” will be used for sent-paid 
station-to-station toll access and prefix “ 0” will 
be used to increase the mechanization of certain 
toll calls such as person-to-person, credit card, 
and collect calls which will be routed through a 
new traffic service position. Most of the changes 
to adapt panel offices to these new numbering plan 
features will consist of modifying the sender, the 
decoder-connector, and the decoder.

A panel office subscriber sender is equipped 
with a register circuit that can record eight 
digits. On DDD calls, ten digits are dialed and 
the other two are recorded in an auxiliary sender 
circuit (R ecord, June 1957). The sender trans­
mits the first three digits it records— the area or 
office code— through the decoder-connector to the 
decoder which translates them and returns rout­
ing information to the sender. On the basis of the 
information from the decoder, together with the 
remaining digits it has registered, the sender 
controls the routing of the call to the called tele-
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phone. When a customer dials “ 0” for operator 
assistance, the decoder translates the “ 0” as an 
instruction to the sender to complete the call to an 
operator.

Modifications for Prefix Dialing

To adapt panel offices for prefix dialing, new 
relays will be added to the sender and decoder 
to record and translate these prefixes. Special 
registers or prefix counters, that will record a 
first-dialed “ 1” or a first-dialed “ 0” , will be added 
to panel senders. Under the new numbering plan 
an “ 0” dialed as the first digit may be either a 
prefix indicating a special toll call, or it may be the 
familiar operator-assistance signal. The sender 
must distinguish which it is. To do this, the send­
er will divert an “ 0” from the A (first -digit) 
register and record it on the prefix counter. Then, 
the sender must wait to see if  other digits follow 
the “0” . The intersender timing circuitry, a part 
of the sender, will be modified to time for a 
three-to-six second waiting period. I f  other digits 
are recorded during this period, the “0” will be 
treated as a prefix.

A  further consequence of prefix dialing is that 
the panel sender must tell the decoder whether a 
prefix “ 0” , a prefix “ 1” , or no prefix has been 
dialed. Existing connecting leads through the 
decoder-connector will be reused to transmit this

The prefix counters that tvill he added to the top 
of a bay of four senders in the panel system to 
handle prefix “1” and prefix “0” calls. Existing 
intersender timing relays (beloto the resistors) 
were reused and, additional relays (above the re­
sistors) loere added for this function.

information. The leads will be designated LA 
(Local Area) and PF  (prefix). The plan for use 
of LA  and PF  signals is shown in the chart 
opposite.

This chart also shows conditions registered 
in the sender and the decoder action requested. 
Included in these conditions are those for the 
recycle feature which has been provided in panel 
offices to allow continued use of existing routes 
to adjacent numbering plan areas. The recycle 
feature pretranslates an area code so that the 
sender can release these adjacent area code digits 
and complete the call on the existing seven digit 
routes. The recycle feature also signals on com­
pressed code (CC) leads to the decoder that this 
function has been accomplished.

Let’s take a more detailed look at how the 
modified system will process prefix calls. A “0” 
dialed as the first digit will be stored in the prefix 
register which immediately wdll begin to time the 
waiting period for additional digits. I f  the “0” 
is for the operator, the decoder will be seized at 
the end of the timeout period and signals will 
be transmitted over the PF and LA  leads. I f  the 
“ 0” is a prefix, the timer will stop as soon as the A 
digit is dialed. The decoder will be seized when 
the C digit is registered. The sender then will 
transmit LA  and PF signals and the A, B, and C 
digits; at the same time it will place a signal on 
a presently unused lead to the auxiliary sender to 
indicate a prefix “ 0” call. The auxiliary sender, 
in turn, will change the multifrequency start 
pulse to a new frequency combination which is a 
signal to the traffic service position that this is a 
special toll call. In this way, the same trunks can 
be used for both prefix “ 1” and prefix “ 0” . For 
prefix “ 1” calls, the “ 1” will be transferred to 
the prefix register. When no prefix is dialed, the 
sender merely will record the first three digits on 
the A, B, and C registers. The decoder then will be 
seized and the three digits will be transmitted to 
it along with the LA  lead signal.

Another problem arising from prefix dialing is 
how to arrange “ route screening” . These calls 
cannot be screened through the existing class-of- 
service relays, because the decoder cross-coimec- 
tion field is densely wired in panel systems and 
it cannot be easily expanded. Furthermore, the 
route relays in the decoder circuit are not ar­
ranged for “ route advance” in panel systems as 
they are in crossbar systems. I f  the prefix “ 1” is 
dialed when it is not needed, or i f  it is not dialed 
when it is needed, the call must be diverted to 
an announcement trunk and not completed over 
the route that the actual dialed digits indicate. If 
the prefix “ 0” is dialed, the call must be routed to
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Plan for signals through decoder-connector to introduce prefix dialing to panel switching offices.

the traffic service position and not completed to 
the original route. This will be accomplished by a 
technique called route group screening in which 
the decoder uses prefix screening relays to con­
trol the battery supply of groups of route relays.

Under the present numbering plan, the “ 0” and 
“1” in the B (or second digit) position control the 
request for an auxiliary sender on DDD calls. 
Under the new numbering plan any code can be 
an area code and the control of the auxiliary 
sender will be a function of the decoder which 
will instruct the sender to call in an auxiliary 
sender.

Interchangeable Office and A rea Codes
Before the system can handle interchangeable 

area and office codes, the decoder must be ar­
ranged to transmit special information to the 
sender. Generally, the decoder will be able to 
translate and select a route from the prefix and 
the A, B, and C digits. However, with prefix “ 1”

dialing within an area, identical office and area 
codes may be preceded by the same prefix, though 
they require different routes. In this case the 
decoder may not be able to determine if the three 
digits are an office code or an area code.

I f  the decoder is unable to determine the rout­
ing of a call from the prefix and the code, it will 
signal the sender to count the digits for that call. 
With this feature, on every call, the decoder will 
tell the sender to (1) complete the call after sev­
en digits, or (2) complete the call after ten 
digits, or (3) count the digits. I f  the last order is 
given, the sender will count the digits and tell 
the decoder if  the A, B, and C digits are to be 
translated as an office code or an area code. There 
are no spare leads through the decoder connector 
to pass these signals and it would be difficult to 
add new leads. Therefore, an analysis was made 
of all existing leads to determine i f  thei'e were 
any that could be reused for the new function. 
The analysis showed that the existing stations
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Station delay signals and their applications in various types of offices and systems.

delay leads would suit the purpose.
Stations delay (SD) information is part of the 

route information derived from the contacts of 
the route relays. In existing panel offices, SD 
information helps the sender determine: (1) if  it 
must wait for a digit to be dialed into the station 
register; (2) the order of out-pulsing panel call 
indicator signals over a trunk to a manual office; 
(3) if— on calls to crossbar offices— additional 
revertive pulses should be transmitted for incom­
ing group selections to indicate the called office. 
Revertive pulses will select between two offices 
of a combined crossbar terminating unit when 
both are served by one common trunk group. 
They will also indicate that a theoretical desig­
nation is being called for rate discrimination 
when one trunk group serves both the physical 
and theoretical designations.

Some station delay information for manual offi­
ces will no longer be needed because the plan for 
DDD eliminates central office numbers above

9999 and party letters. Thus, of the four combi­
nations of station delay signals —  designated 
A, B, C and D —  transmitted to the sender over 
the SD and SDl leads, two will no longer be use­
ful. It was decided to reuse signals A  and B 
for the new numbering plan as shown above. 
The A signal will be used as a request from the 
decoder to the sender to count digits on seven 
and ten-digit calls when area and office codes are 
interchangeable. The B signal will be used as a 
request from the decoder to the sender for an 
auxiliary sender. On both seven and ten-digit 
routes, the auxiliary sender will provide MF out- 
pulsing; on ten digit calls it will also handle the 
additional digits.

Routing procedure for interchangeable codes 
will require a rather complex series of actions in 
the decoder. I f  the decoder can identify the 
routing of a call from the code and prefix, it will 
give the sender routing information immediate­
ly. I f  the code is ambiguous, the decoder will give
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the sender routing information for a seven-digit 
route and simultaneously command it to count 
digits. The sender will start timing after the sev­
enth digit to see i f  more digits will follow. It will 
also select an auxiliary sender to handle the 
additional digits. I f  an eighth digit is not reg­
istered in the three to six second timing interval, 
the auxiliary sender will be released and the call 
will be completed to the seven-digit route. I f  an 
eighth digit is registered, the sender will im­
mediately release all route information record­
ing relays and makes a second connection to the 
decoder. The decoder will then call in an ambigu­
ous (interchangeable) code translator to trans­
late the A, B, and C digits as an area code. There 
is one translator in the decoder of existing panel 
systems; the additional area code translator will 
be added to the system to handle ambiguous 
codes. Both are n e c e s sa r y  because different 
translations of the A, B, and C digits are required 
depending on whether the codes are to be trans­
lated as an office or an area code.

With these changes, panel switching systems, 
although they are old in the Bell System, will 
bring the new numbering plan features to the 
customers they serve. To the telephone custom­
er, the Bell System network may seem a finished 
thing, its shape and structure settled for today 
and for the future. Actually, as this article 
illustrates, it is constantly growing and chang­
ing. This growth and change is directed toward 
one end— improved telephone service.

Author J. F. Poole makes tests on a bay of Labo­
ratory panel equipment that has been modified 
to accommodate the new numbering plan features.

September 1963

Computer-made Movies 

Aid Satellite Research
Perspective movies, computed and drawn by an 

electronic data processing system, are helping 
scientists at the Laboratories in visualizing the 
motions of an orbiting communications satellite.

The computer-made animated movies not only 
enable scientists to see the complex motions of a 
satellite tumbling through space, but also provide 
a way of communicating the results of mathe­
matical research with far greater clarity than 
possible with a written report.

Dr. E. E. Zajac, of the Mathematics and Me­
chanics Reseach Center, described the new tech­
nique last month at a meeting of the Association 
For Computing Machinery in Denver, Colorado.

Dr. Zajac has been studying the angular mo­
tions of a satellite oriented by gravity gradient 
torques and containing an attitude control system 
consisting of two single-axis gyros. Control of a 
satellite’s attitude is desirable so that the satel­
lite’s antenna can be kept pointing towards the 
earth. The computer-made movies enable Dr. 
Zajac to see, more easily than by inspecting the 
plots of satellite axis angles versus time, how the 
control system works.

He programs an IBM 7090 digital computer to 
generate a magnetic tape containing the data 
necessary for describing sequential perspective 
drawings of the satellite’s position and attitude.

The tape is given to a General Dynamics/Elec- 
tronics SC 4020 Recorder, which converts the 
digital data into line drawings on the face of a 
special type of cathode-ray tube. Images on the 
face of the tube are photographed by a motion 
picture camera. When the film is developed, a 
movie is obtained, with each frame an accurately- 
drawn perspective picture of the satellite.

The cost of the computer-made movies depends 
on how complicated the picture is. Objects whose 
shapes are easily described mathematically are 
simplest to depict and least expensive. Compli­
cated shapes and several objects require more 
complicated programming. The movie of the sat­
ellite required about three to eight minutes of 
IBM computer time for computing the drawings 
for one minute of movie at 16 frames per second.

Dr. Zajac said that in addition to depicting 
satellite motions, computer-made movies are use­
ful for depicting other sequential events, such as 
simulation of shock waves and explosions, missile 
trajectories, wave propagation and flow processes.
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New Cable Wards Off Gophers

Telephone cables buried in certain areas of the 
country west of the Mississippi River are now 
coated or wrapped in steel. The reason for the pro­
tective covering; gophers.

The gopher, about a foot long, somehow knows 
that its incisors will grow and soon pierce its 
brain if not periodically filed down. Buried tele­
phone cables offer the perfect file.

Before Western Electric designed the new ex­
tra-strength cables, the unarmored lines— thick as 
a man’s arm—could be stripped to their wire cores 
in just a few weeks by these rodents. Short cir­
cuits, phone disruptions and costly repairs were 
the results.

One species— the pocket gopher— is so prevalent 
that farmers often attack it with poison or rifles. 
These gophers are extremely hard to find since 
they seldom appear above ground. Their sharp 
hearing, to compensate for near blindness, can 
detect a man’s footsteps yards away. The gophers 
may desert a spot temporarily but they return— 
often to the same spot where they were burrowing 
or stropping their teeth on telephone cables.

The need to protect telephone cables from these 
small creatures was apparent as early as the 
1930’s. For example, a 15-mile section of cable, 
connecting Grand Island and North Platte, Neb., 
was stripped of its covering in 2,500 places. Some 
holes measured a few feet, others only a few 
inches; but each was large enough to let in mois­
ture and interfere with reliable communications.

After several such incidents Bell Telephone 
Laboratories began a defense study using live 
gophers. They obtained the animals from the Iowa 
State Agriculture Department through the North­
western Bell Telephone Company. The gophers 
were shipped to the Laboratories in metal cans 
that could serve as test bins. The bottoms of the 
cans were perforated and covered by samples of 
cable. They were arranged like branches on the

floor of a woodbox with light showing between 
them.

The theory was that the gophers, unable to get 
up the cans’ high slippery sides would seek free­
dom by gnawing their way down through the 
cables. The gophers, apparently, would mistake 
the light for an escape route and the time re­
quired to chew through the cable barricade would 
point out what kind of armor and how much would 
be needed to protect telephone cables in the field.

For some gophers it took only one week to tear 
up the cables while for others it required seven. The 
average time to shred up a variety of copper and 
lead shielded samples was three weeks. The test 
proved that if  gophers were not really hungry— 
and hunger doesn’t seem to be the prime motiva­
tion for gnawing cables— t̂hey were at least per­
sistent and only steel could stop them.

Western Electric is now producing several varie­
ties of steel-coated cables. One of these cables, 
manufactui'ed at the Western Electric plants in 
Omaha, Neb., Baltimore and Chicago, relies 
mainly on steel tape wrapped like barber stripes 
on top of the cable’s inner plastic jacket. A layer 
of jute “ twine” is then woven around it and sealed 
with pitch to cushion the cable in hard rocky 
ground.

Another cable is designed to ward off lightning 
as well as gophers. Steel and aluminum are ap­
plied in one sheathing operation like two sleeves 
over the cable’s inner plastic covering to shield 
against lightning and other electrical disturbances. 
An outer jacket of black polyethylene plastic is 
then applied for added protection. This cable is 
made at the Western Electric plants in Baltimore, 
Chicago and Kearny, N. J. and will soon be made 
at Omaha.

So far the cables are holding up well, giving 
promise that gophers are now a problem of the 
past.

328 Bell Laboratories Record



These copper and lead shielded sample cables tvere easily 
oenetrated by the gopher’s sharp teeth.

An armoring machine wraps steel tape over the phone 
cable’s plastic jacket to protect against gophers.

If H

The control panel in the 
foregrotmd monitors opera­
tions on the cable armoring 
line at Western Electric’s 
Omaha plant.

Steel jacketed cable is 
wound on a reel before re­
ceiving a final coating of 
black polyethylene.



P A T E N T S

Following is a list of the inventors, titles and patent numbers 
of patents recently issued to members of the Laboratories.

Bailey, G. C .— E lec tr ica l D r i v e  

C ircu it—3,089,960.
Barnes, D. H .— Traffic M e a s u re ­

m en t A p p a ra tu s—3,099,819.
Bishop, W. M.— S tow a ge  A p p a r ­

atus f o r  Ca b le  In s tru m en ta lity  

H o u s in g s—3,093,333.
Bobeck, A. H .— E lec tr ica l In f o r ­

m a tion  H a n d lin g  C ircu its—3,- 
090,946.

Bobeck, A. H .— M a g n e t ic  C o re  

Flip-FZop—3,090,745.
Bouton, G. M. and Heiss, J. H., 

J r .— P re s s  f o r  T u bu la r  E x t r u ­
sion—3,095,089.

CiofR, P. P .— M a g n e t ic  C ircu it  

U sin g  S em icon d u ctor  P r o p e r ­
ties—3,098,181.

Cremin, J. D .— M ic ro w a ve  S w itch ­
ing  C ircu it—3,092,789.

Cutler, C. C .— A tt itu d e  C on tro l 
f o r  Sa tellite  V eh ic les—3,088,- 
697.

Dacey, G. C .— N e g a t iv e  R e s is t ­
ance D e v ic e  M o d u la to r—3,090,- 
014.

DeFina, A. L. and Keller, A. C. 
P r e s e t  C a ll T ra n sm itte r  — 
3,089,003.

Dunn, F. A .— V a ria b le  G y ro m a g - 
netic  W a v e  T ransm ission  D e ­
v ice—3,090,930.

Engelbrecht, R. S. and Mumford, 
W. W .— N o is e  F ig u r e  Im p ro v e ­
m en t in  R a d io  R ece iv e rs—3,- 
090,009.

Fredericks, G. W. and Lamneck, 
W. J.—P a ra lle l -T o -S e r ia l C o n ­
v e r t e r  A p p a ra tu s—3,090,034.

Garrett, C. G. B. and Pfann, W. G. 
— F ie ld  E ffe c t  P a ra m e tr ic  A m ­
p lifier—3,094,671.

Gerbore, A. E., Plyer, R. A. and 
Steger, W. C., J r .— P r iv a te  

B ra n c h  E x ch a n g e  Telephone  

S y s te m  In c lu d in g  C on feren ce  

F a c ilitie s—3,099,719.
Gotthardt, M. R. — T ransla tor  

Ch eck ing  C ircu its  f o r  Telephone  

S w itch in g  S ys tem —3,099,720.
Graham, R. E .— T elew ritin g  A p ­

pa ra tu s—3,089,918.
Gruenz, O. 0., J r .— N u m b e r  C o m ­

p a rison  and D isp la y  C ircu its— 
3,090,942.

Haring, H. E. and Taylor, R. L.— 
Manufacture of Solid Electro­
lytic Capacitators—3,093,883.

Harr, J. A. and Lowry, T. N.-—■ 
Line Concentrator System—3,- 
099,717.

Heiss, J. H., Jr., see Bouton, G. M.
Hines, M. E.—Multiplex Message 

Transmission—3,089,921.
Hutson, A. R.—Piezoelectric De­

vices Utilizing Aluminum N i­
tride—3,090,876.

Hutson, A. R.—Piezoelectric De­
vices Utilizing Cadmium Sulfide 
—3,093,758.

Jacquier, J. H.—Diversity Com­
munication System—3,099,716.

James, D. B., Malthaner, W. A. 
and Runyon, J. P.—Scanning 
Control Circuit—3,096,403.

Karnaugh, M.—Pulse Repeating 
System—3,093,815.

Karnaugh, M.—Logic Circuit Em­
ploying Magnetic Cores—3,094,- 
611.

Keller, A. C., see DeFina, A. L.
Ketchledge, R. W.—Optical Stor­

age System—3,099,820.
Kibler, L. U.—Solid State Diode 

Surface Wave Traveling Wave 
Amplifier—3,094,664.

Kleinman, D. A. and Schawlow, 
A. L.—Hall-Effect Apparatus 
—3,089,995.

Kretzmer, E. R.—Information 
Storage Arrangement—3,098,- 
996.

Krom, M. E.— Telephone Line 
Concentrator System—3,093,- 
708.

Kroning, R. D. and Orost, J.— 
Intercepting Trunk Circuit— 
3,090,835.

Lamneck, W. J., see Fredericks,
G. W.

Lander, J. J. and Morrison, J.— 
Process for Coating with Silicon 
Dioxide—3,093,507.

Levinson, J.—Electron Beam In­
tensity Control Circuit—3,090,- 
889.

Lewis, W. D.—Serial Digital Data 
Processing Circuit—3,090,943.

Ligenza, J. R.—Photo Sensitive 
Gas Phase Etching of Semi-

Conductors by Selective Radia­
tion—3,095,332.

Ligenza, J. R.—Photo Sensitive 
Gas Phase Etching of Semi- 
Conductors by Selective Radia­
tion—3,095,341.

Lowry, T. N., see Harr, J. A.
MacKintosh, I. M.—Integrated 

Semiconductor Switching De­
vice—3,090,873.

Malthaner, W. A., see James, 
D. B.

Marcatili, E. A. J.— Waveguide 
Elbow—3,090,931.

Marie, G. R. P.—Microwave Fre­
quency Converter—3,096,473.

Marie, G. R. P.—Microwave Fre­
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T. J. O'Connor

T. J. O’Connor, a native of 
Greenwich, N. Y., joined the Lab­
oratories in 1941 as a draftsman 
in the Commercial Products De­
partment. In 1952 he became a 
designer in the Military Manu­
facturing Information Depart­
ment, working on development of 
military electronic equipment. Mr. 
O’Connor was active in the de­
velopment of drafting and design 
standards for five years. In 1960 
he began studies of the applica­
tion of machine aids for engine­
ering information documentation 
and design. The following year, 
he became a supervisor of compu­
ter programming for the Data 
Processing Analysis Group at the 
Whippany Engineering Informa­
tion Center. He is presently a su­
pervisor of the Systems Studies 
Group for engineering informa­
tion in the Machine Aids De­
velopment Department at Murray 
Hill. Mr. O’Connor studied elec­
trical engineering at the Cooper 
School of Engineering and served 
as an electronics technician in 
World War II and the Korean 
War. He is a member of the Board 
of Governors for the New York 
Section, Standards Engineers So­
ciety. Mr. O’Connor lives in East 
Hanover Township, N.J. where 
he has been a member of the 
Board of Education for the past 
11 years.

Mr. O’Connor is presently vice- 
chairman of the Board and heads 
its curriculum committee.

Thomas R. Robillard, the author 
of the article on Pinhead Diodes 
in this issue, was born in Duluth, 
Minnesota. He served as a Radio 
Technician from 1943 to 1946 
with the U.S. Navy and Lockheed 
Aircraft Company. He later re­
ceived a Bachelor of Physics De­
gree from the University of 
Minnesota in 1949 and an M.S. 
Degree in Physics from the Uni­
versity of Illinois in 1952. During 
1950 and 1951 he was a member of 
the staff of the Physics Division of 
the Argonne National Laboratory. 
Since joining the staff of the Bell 
Telephone Laboratories in 1954, 
Mr. Robillard has been engaged in 
the development of a variety of 
semiconductor t ransistors and

T. R. Robillard

diodes at both the Laureldale and 
Allentown Laboratories. At pres­
ent, he is supervisor of a group 
responsible for the development 
of miniature semiconductor diodes. 
Mr. Robillard lives with his family 
in Spring Township, Pennsylvania.

Arthur L. Bonner, the co-au­
thor of the article on “T1 Carrier- 
System Signaling” in this issue, 
is a native of Colorado Springs, 
Colorado. He received a B.S. in 
E.E. from the University of Min­
nesota in 1927 and attended Co­
lumbia University in 1929-30.

Mr. Bonner worked with the 
Tri-State Telephone and Tele­
graph Company from 1924 to

A. L. Bonner

1927 and joined Bell Laborator­
ies in 1927. As a member of the 
technical staff at the Laborator­
ies, he has worked on step-by-step 
switching and on transmission 
development and voice frequency, 
radio, and carrier transmission 
systems. More recently, Mr. Bon­
ner has been concerned with the 
development of the T1 Carrier 
System. He now works at the 
Merrimack Valley Branch Lab­
oratory and lives in North An­
dover, Massachusetts.

A. Courtney Longton, the co­
author of “ T1 Carrier System 
Signaling” joined the Laborator­
ies immediately after receiving 
his BSEE degree from Tufts Uni­
versity in 1954. He received a 
masters degree from Northeast­
ern University in 1962.

Mr. Longton attended the CDT 
program and, in 1956, began 
work with a group concerned 
with the exploratory development 
of PCM facilities for exchange 
area transmission. When the sys­
tem was approved for manufac­
ture, Mr. Longton moved to the 
Merrimack Valley Branch Labo­
ratory where he worked on PCM 
signaling, alarm circuits, and sys­
tem maintenance. Last year, Mr. 
Longton began work on the de­
velopment of data terminals for 
use with the T1 Carrier System. 
More recently, Mr. Longton was 
transferred to the Radio Trans­
mission Laboratory where he is
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