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THE NEW SPEAl( ERPHONE-
EXECUTIVE MODEL 

By R. T. Cleary a nd T. G. Cannon 
A11to111atic Electric Laboratories. In c. 

Figure 1. This ne w loudspeaking Te lephone, with its unique housing and simple 
controls, provides "no hands" operation for an individual or a group of pe ople. 

Loudspeaking telephones offer two obvious advantages over other instruments: (1 ) " No ha nds" opera
tion, a nd (2) "Group conversation" (i.e., a number of persons ga thered in a n office, or an entire 

fa mily a round the telephone, can all hear a nd be heard a t the same time) . With these inherent ad
vantages, it was felt tha t the ma rket for such a telephone would be greatly increased if by means of 
voice-switching techniques it could be made acoustically satisfactory, and if by use of " human-factors" 
engineering it were made convenient to use, a nd given a distinctive appearance that would visua lly 
convey the idea of a loudspeaking telephone instrument. 

Probably the greatest problem was to make a 
loudspeaking te lephone which would give t rans
mission a t a norma l handset level to the l ine, 
a nd yet not have loudspeaker-microphone acous
tic feedback ("singing" ) or echo; with the de-
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cision to use gain-switching in the new telephone, 
we were on the way to solving this problem. 

But there were other problems. S imple gain
switching usua lly results in the " clipping" of 
first sy lla bles, a nd a lso ma kes it impossible for 
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Figure 2. The basic circuit of every loudspeaking telephone in
cludes amplifiers and a hybrid balancing network. 

a listener to interrupt the speaker; under these 
ha ndicaps, conversa tion is somewhat unnatural. 
Some modification of usua l gain-switching tech
niques was therefore indicated . At the same 
time, a lthough a loudspea king telephone is in
herently a more complex device tha n a n ordina ry 
telephone, it was necessa ry to ma ke the new 
instrument as simple as possible to install a nd 
mainta in. Automatic Electric's Speakerphone
E xecutive Model (see Figure 1) was designed 
with these difficulties in mind- and we feel that 
they have been a lmost entirely overcome. 

Besides this, the new design departs from 
existing designs of telephone housings, not only 
to ma ke a distinctive appea rance but to actua lly 
loolz like a loudspeaking telephone! 

Causes of Feedback and Echo Problems 

A loudspeaking telephone in its most basic 
form consis ts of a microphone (or "mike") , a 
loudspea ker, and their associated amplifiers, con
nected to the telephone line via a hybrid ba l
a ncing network ( see F igure 2) . 

T he hybrid network is a bridge circui t used 
to couple the microphone a nd loudspea ker ampli
fiers to the line while minimizing the electrica l 
coupling between these amplifiers. 

The ideal hy brid network should be exactly 
ba la nced aga inst the impeda nce of the line, but 
since this varies with the characteristics of the 
particula r line a nd its distant termina ting im
pedance, some couplin g always exists. 

Loudspea ker and microphone placement, as 
well as room acoustics, a lso have a considera ble 
effect on operation. If the re is excessive loud
speaker-microphone coupling and an unba lanced 
hybrid network, the electro-acoustic feedback 
loop will cause singing. Even with a balanced 
hybrid, with the gain and acoustic coupling below 
the singing point, the distant pa rty may still hear 
a delayed echo of his voice, because of acoustic 
coupling of loudspeaker and microphone. This is 
bothersome a nd ha mpers norma l conversation. 

S inging a nd echo problems can be decreased 
by a reduction in amplifier gain, but of course 
this is not a satisfactory solution. T elephone 
users expect to hear at a bout a normal volume, 
and we set out to meet this requirement. 

Voice-Switching Techniques 

There a re several criteria for a good voice
switching circuit : 

1. It must have a fast "attack t ime" (the in-

Figure 3. The Spe akerphone-Executive Model, has supplemental amplifiers 
and controls, to provide ample transmission volume without "singing". 
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Figure 4. This curve shows that the current through a diode 
varies with the voltage drop across it. 

terval beginning when a voice signal enters the 
mike or speaker channel and ending when that 
channel is operating at full gain) . If the attack 
time is too slow, first syllables will be clipped. 

2. It must have a slow enough "decay time" 
(beginning when the speech signal ends and 
ending when the channel is reasonably attenu
ated) so that switching does not occur between 
syllables, and so that stressed and uristressed 
syllables in speech are amplified at the same 
rates. On the other hand, if the decay time is too 
long, rapid back-and-forth conversation will not 
be possible, since the channels will remain active 
too long. 

3. Switching should be smooth, with no click 
or other disturbing noises. 

4. To make interruptions possible, the circuit 
should be arranged to prevent exclusive holding 
of a channel. 

The above requirements were achieved with a 
great degree of success in the present design, by 
the use of diodes as nonlinear elements in the 
switching circuits. 

Partial Gain-Switching 

A block diagram of this novel telephone is 
shown in Figure 3. Under "no signal" conditions, 
the speaker amplifier operates at full volume 
and the microphone amplifier is attenuated. This 
insures good results, even on long toll circuits 
where the signal level is extremely low and 
would not reliably operate a gain switch. When 
the local party speaks, his voice is amplified by 
the mike preamplifier, and fed via the mike con
trol amplifier to the expansion and compression 
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control. The signal causes the microphone ampli
fier to be expanded (gain increased 20 db) while 
the speaker amplifier is compressed (gain re
duced 20 db) . Total loop gain can thus be in
creased 20 db over that of a non-gain-switched 
circuit, without increased singing and echo. 

When the distant party speaks, his speech is 
amplified by the speaker amplifier and repro
duced by the loudspeaker. Part of the signal is 
sent to the expansion and compression control 
via the speaker control amplifier. (Although the 
speaker amplifier is normally expanded, it is still 
necessary that a speaker control circuit be pres
ent. This control acts as a protective device, so 
that when the speaker channel is in use, noise 
and signal which may enter the microphone as 
speech will not cause speaker attenuation) . 

Diode Control Circuits 

The forward characteristic of a typical ger
manium diode is shown in Figure 4. It is readily 
apparent that the resistance of the diode de
creases as the d-c biasing voltage across it (in the 
forward direction) increases. If an incremental 
a-c voltage is superimposed on the d-c biasing 
voltage, the dynamic resistance (resistance to the 
a-c voltage) is increased as the d-c voltage de
creases-- (see Figure 5) . Thus a diode can be 
used in an audio circuit to control the gain of 
that circuit, by using a d-c biasing voltage to 
change the dynamic resistance of the diode. 

Compression 

A practical circuit for attenuating a signal by 
increasing the d-c biasing voltage is shown in 
Figure 6. Figure 6A shows a T-network with a 

0.2 

(/) 
t-
...J 
0 
> 
(!) 0.1 
~ 
(/) 
<( 

m 
(.) 

b o-+------+---+-----f--+------+-~~+-1---
100 1000 10,000 

DYNAMIC RESISTANCE - OHMS 

Figure 5. This curve shows that the resistance of a diode to a 
small a-c signal varies inversely with the d-c voltage across it. 
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Figure 6. Principle of the audio compression circuit. 

variable shunt element, R shunt. We now replace 
this shunt by diodes, Dl and D2 (Figure 6B). 
It must be remembered at this point that the a-c 
voltage is small ( 100 mv or less for germanium 
diodes) and therefore causes movement over only 
a small part of the dynamic resistance curve, 
resulting in extremely small nonlinear distortion. 
An increase in the d-c biasing voltage causes for
ward biasing of the diodes, decreasing their dy
namic resistance and causing attenuation of the 
audio signal. Capacitors Cl and C2 bypass the 
audio to ground. 

Elements Dl, D2, R3, R4, Cl, and C2 form a 
balanced bridge. This is a very important part of 
the circuit, since it allows a change in d-c biasing 
voltage without any change in d-c voltage at the 
junction of RI and R2, thus permitting a fast 
attack time without any thump in the audio cir
cuit caused by d-c switching transients. 

Expansion 

In a loudspeaking telephone using gain-switch
ing, it is required that the d-c control voltage 
which compresses one channel expand the other. 

The method used is shown in Figue 7. Figure 7 A 
shows how the audio output level is increased 
(expanded) when R series is decreased in resist
ance. Figure 7B shows how this is accomplished 
with diodes. Operation is identical with that of 
the compression circuit, except that decreasing 
the resistance of the diodes expands the signal 
rather than compressing it. 

A signal in the speaker-control amplifier causes 
a d-c voltage which is subtracted from the mike
control d-c voltage. This prevents stray noises 
and speaker echo in the microphone channel 
from operating the expansion-compression circuit 
when the speaker channel is in use. 

There are several interesting points to be noted 
about the combination of the expansion and com
pression circuits. This combination requires two 
diodes in the compression circuit, and four diodes 
in series in the expansion circuit (although only 
two are shown in the simplified diagram-Fig
ure 7B) . If two diodes were used in each circuit, 
total loop gain (microphone channel gain times 
speaker .channel gain) would be increased during 
switching, causing feedback problems. With the 
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The same network, with variable shunt replaced by diodes. 

Figure 7. Principle of the audio expansion circuit. 
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Figure 8 . The t elephone line supplies power o s w e ll a s audio 
signal for the loudspeaking circu it. The diode bridge a ssures 

proper polarity, irre spective of line polarity. 

present arrangement, more d-c voltage is required 
in the expansion circuit to produce the same 
dynamic resistance. This gives a very desired 
characteristic, a nd loop gain remains a lmost 
constant throughout the entire switching ·range. 

R esistors shunted by 2 MF capacitors are used 
in series with the diodes, to "soften their knee". 
Their use is very important to smooth operation. 
The res istors limit dfode current, and the ca
pacitors are for a udio bypass. Without these ele
ments, opera tion is choppy, and stressed syllables 
are further stressed while unstressed sylla bles are 
made even softer. 

Power Supply 

Power for operation of the Type 880 telephone 
is derived from the telephone line, using a n 
arrangement (see Figure 8) which is generally 
applicable to electronic telephone circuits. The 
diode bridge is used so that the output voltage 
will be of proper polarity even under reverse
ba ttery conditions. A 10-volt power Zener diode 
holds the voltage within 3 per cent, from zero 
loop to 1000-ohm loop. Under certain conditions, 
such as greater than 1000-ohm loop, or certain 
high-resistance battery feed switchboards. (West
ern Electric 555, Leich L55 ) , an externa l power 
supply, operated from commercial power, is used. 

Flashing Lamp "On" Signal 

Since the handset of a loudspeaking telephone 
rema ins in its cradle even while the telephone is 
in use, it would be very easy to leave the unit on 
a fter use, if no other indication were provided. 
Mecha nical indicators have never been satisfac
tory, and usua lly not enough power is avai la ble 
from the telephone line to operate an incandes
cent lamp. A flashing neon lamp is therefore used 
in the new Speakerphone. The 10-volt supply 
powers a 50 KC transistor oscillator (3 ma cur
rent drain), the secondary of which provides 150 
volts of 50 K C. This is rectified and filtered, and 
feeds a neon R-C relaxation oscillator that flashes 
the neon indicator ( encased in the ON-OFF but
ton ) at a rate of 20 flashes per minute. 

Electronic Ringer 

The Type 880 Loudspeaking Telephone responds 
to ringing current of any standard frequency (16-
66 cps), on single-party or two-party selective 
ringing lines. The ringing current is rectified and 
filte red, and the resulting d-c voltage is used to 
power a two-frequency oscillator, opera ting at 
2,000 cps and quenched at 12 cps. The oscillator 
signa l is amplified by the ringer output transistor, 
a nd is fed to the same loudspeaker used for loud
speaking operation. 

Housing the "Speakerphone" 

The elements of the "Speakerphone" which 
are most intima tely related to the user a re the 
dial, the ON-OFF switch, and the loudspeaker 
volume control; the h a ndset is less closely as
socia ted with the user since, in a telephone of 
this type, it is used comparatively seldom. In 

Figure 9. Designer's original 
sketch for the new Spoaker

phone. 
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arranging these elements, the dial and the loud
speaker controls were placed next to each other 
on an inclined panel, so they are equi-distant 
from the user and easily seen (see cover picture) . 
The handset was placed back of this panel, mak
ing it of secondary importance to the loudspeak
ing feature, yet easy to reach with either hand. 
The long axis of the base was thus placed parallel 
to the handset, so the depth of the telephone 
could be reduced, while its length would be only 
that of the handset. 

To decrease the time needed to get the new 
telephone into production, the housing was de
signed so it could be either injection-molded or 
vacuum-formed. The latter is a process which 
forms sheet plastic materials to a mold by the 
application of heat a nd a ir suction. Parts to be 
produced by vacuum-forming must ha ve shallow 
draws and libera l draft, to prevent excessive thin
ning of the material. Angular forms which a re 
difficult to draw were therefore avoided in favor 
of those with curves of larger radius, and since, 
with vacuum-forming, there is no opportunity to 
introduce reinforcing ribs, the continuously 
curved surfaces were designed to provide neces
sary rigidity in the housing. 

The original sketch from which the Speaker
phone was developed is shown in Figure 9. Note 
that the housing was split into upper and lower 
sections, so as to meet the requirement for shal
low draws, and still provide enough vertical space 
for the components. This concept became the 
basis for the unique design of the Speakerphone. 

When the Speakerphone is assembled, the shal
low upper and lower housings cover the com
ponents, which are mounted to an a luminum 
center pla te (see Figure 10), made by riveting 
two identical shallow-drawn "pans" back to back. 
The flanges on the edge of this center plate a re 
then used for aligning the housings a nd covering 
their t rimmed edges. 

The lower housing is held in place by three 
screws which go into brackets mounted to the 
centerplate. These sa me brackets act as legs 
when the housings a re removed for maintenance. 

The upper housing is secured by the screws 
that fasten the brushed aluminum faceplate to 
the control mounting pla te. 

Particular a ttention was given to the type and 
arrangement of controls used. A large rocker 

) 

Figure 10. " Exploded" view of the Spe o kerphone. Working 
parts are mounted on the plate in the center. and on the face
plate and the printed wiring board which are connected to it. 
The two parts of the housing are shown at top and bottom. 

switch was chosen as the ON-OFF switch, be
cause it would be easy to operate and its function 
would be obvious even to a person unfamiliar 
with the telephone. The flashing lamp tha t is 
used to indicate a seized line was mounted in the 
rocker switch so their close rela tionship would be 
apparent, a nd the rocker switch was mounted at 
the bottom of the panel so it is closer to the user 
than the other controls. Above the rocker switch, 
a group of small holes in the faceplate indicate 
the location of the microphone. The speaker 
volume-control wheel, mounted with its edge pro-
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Figure 11. "Exploded" 
view of the loudspeaker. 

jecting through the faceplate, is above these holes, 
far enough away from the rocker switch to avoid 
being accidently moved, yet no further from the 
user than the uppermost finger-wheel hole. 

Speaker Housing 

The housing for the separate speaker holds a 
3" by 5" speaker, the speaker-amplifier printed
wiring board, and the electronic-ringer printed
wiring board. With the shape of the speaker as a 
starting point, the printed-wiring boards were 
mounted on either side of the magnet to keep the 
height of the assembly at a minimum (see Figure 
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11) . The tapering of the sides and top toward the 
rear gives the illusion of shallowness when viewed 
from the front, by eliminating any reference 
points which the eye might use to judge depth. 
A relationship to the main unit is created by the 
slight break about the middle of the speaker and 
by the use of a brushed aluminum faceplate. This 
diecast aluminum faceplate has studs in back, for 
mounting the speaker and holding the front edges 
of the printed-wiring boards. The rear edges of 
the boards are held by a clip that is mounted to 
the rear of the faceplate; a single screw, which 
goes through the back of the housing into this 
clip, draws the faceplate tightly into the housing. 

Conclusion 

Automatic Electric's Type 880 telephone, the 
"Executive" Speakerphone, was designed to over
come the difficulty experienced with other loud
speaking telephones, which sometimes sing be
cause of feedback from the loudspeaker into the 
microphone. Partial gain switching obviates this 
problem, since with this new method the loud
speaker and the microphone are never "alive" at 
the same time-yet there is no "clipping" of syl
labels, and the listener may interrupt the speaker 
at any time, as in normal conversation. All neces
sary controls are conveniently placed and clearly 
marked, and the design of the housing is so dis
tinctive that it may well become a prototype of 
other telephones of the future! 

Robert T. Cleary joined Automatic Electric Lab
oratories in 1960, after receiving a B.S. in E.E. 
from Illinois Institu te of Technology. Since 1955, 
however, he had participated in the Co-operative 
Engineering program. Now in the Electronics Ap
plication Group of th e Laboratories' Products De
sign Department, he has aided in the design of 
transisto r loudspeaking telephones. He has four 
patents applied for in his own name, and another 
as co-inventor. At llT he was st udent president of 
Rho Epsilon, honorary electronics fratern ity. 

Thomas G. Cannon received a B.S. in Industrial 
Design from 1.1.T. In stitute of Design in 1959. Dur
ing summer vacations he had worked for the La b
oratories' Product Design Depart ment, and joined 
the El ectromechanica l Design Group of this De
partment, on an advanced te lephone instrument 
d evelopment assignment. After his graduation, he 
developed the appearance designs of an e lec
tronic telephone exchange and of the Speaker
phone-Execu tive Model. Now a member of the 
U.S. Army' s First Support Group, he is stationed 
in New York. 
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