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A"BSTRAC-T

ThlS report descrlbes the personal VHF/UHF transcelve; prototype devel—
v'opment effort and the five different versions of the transceiver that were
‘produced during the program. . The program involved the development of state-
- of-the~-art mlcroelectronlc moaules miniature parts, and modular packaging ,
'technlques to meet the de51gn objects of a small 11ghtwe1ght easy-to—malntaln"
»personal transcelver to satisfy requirements for municipal law enforcement
.. agencies -and Air Force Security Police. The requirements were met: by using
& combination of thick~film hybrid substrate modules, miniature discrete
. component ‘modules, and custom development of miniature- electrical parts and
- mechanical hardware. ‘
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SECTION I

INTRODUCTION

'fl 0 OBJECTIVE

The objective of this effort was to develop and deliver prototype
‘models of state-of-the-art personal VHF/UHF transceiver de51gned specifi-

‘1'ca11y to meet the needs of municipal law- enforcement agenc1es and a personal

- VHF transceiver to satisfy world-wide requlrements of the Air Force
_'Securlty Police.  This contract consists of Phase I of a two—phase effort
. to provide commerc1ally available transcelvers to satlsfy the stated-
requarements.

Spelelcally, six prototypes of a VHF transceiver were to be built for

. the U.S. Air Force, six prototypes of variations of VHF and UHF transceivers

were to be built for the U.S. Department of Justice, and assoc1ated test
data and reports were to be prov1ded.

2. O APPROACH

v Electrlcal‘design analysis, human factors tests, components evaluations, =
and packaging concepts led to tradeoffs being conducted to establish an :
overall design concept conducive to meeting the objectives of small size,
lightweight, ruggedness, electrical performance, and ease of repair. The
tradeoffs resulted in the selection of microelectronic hybrid substrate
modules as the basic packaging concept. Human Factors tests were instru-
mented in finalizing a mechanical configuration and physical shape factor
that equally’ satisfies both shoulder mount and handheld usage. The elec-
trical and mechanical designs were dlrected toward a maximum of commonallty
‘among the dlfferent transceiver versions to minimize: 1ater requlrements for
test equlpment and spares 1nventor1es. - - '

"3 0 RESULTS

L Compact, llghtwelght versions of VHF, UHF,. and crossband FM transcelvers‘
,;were developed and ‘delivered in the quantltles stlpulated with the requlred

'Pddata items. - The transcelvers feature RF power. outputs of 4 watts -and recelverfl

- sensitivities of 0.35 microvolts (VHF) and 0.5 microvolts- (UHF) - Each- trans—**

- ceiver con51sts of a quick dlsconnect, tlltable antenna, an electronlcs~}'

.».unlt contalnlng ‘all circuits and operating: controls, and 'a. detachable, : ‘
;stelf—contalned, rechargeable battery assembly.. ‘The de51gn prov1des for - .
' the interconnection of the three subassemblies to form an 1ntegral hand-
jﬂwheld unlt Furthermore, the antenna/electronlcs unlt can be mounted on




“the u[e'f's shoulder wh:.le the battery is remoted by an extender cable for
attachment (1n a hOlStel) to the user's belt. The. operator controls are
{-pos:.tloned for ease. of use and are. llmlted to ON-OFF/Volume, ‘Squelch,
LCha.nnel Selector and Press-to—'l‘alk for s:.mpl:x.fled operat:.on.




SECTION II -
GENERAL DESCRIPTION

o The VHF/UHF Personal Transceiver is a fully solld—state, four—channel
.,frequency-modulated transceiver, designed to be worn as an integral part of

a police officer's uniform and to be used in handheld operation. The radio ~ = =

" get (Figure 1) consists of- the three. separate sections of battery, elec—3
, m’tronlcs sectlon, and antenna. The ‘Air Force transcelvers,welgh 20.8" ounces;
" and has a 19.6 cubic inch volume while the DOJ transcelver welghs 18 7 )
*3ﬂounces w1th a- 17. l cublc 1nch volume, : - : :

k The battery for both the Air Force (AF) and Department of Justlce (DOJ)

' ':transcelver is made up of a series of seven 2-volt nickel-cadium cells -

. capable of being recharged for a minimum of 360 cycles. The. total ampere—

hour requlrement for the two services dlffers, however, nece551tat1ng two

. separate conflguratlons. An extender battery cable is supplied with the
_AF equipment so that the. battery can be -carried in an inside. -pocket. of the'

e operator ] clothlng during extremely cold operatlng condltlons (below O°C)

, The electronlcs sectlon consists,. for the most part, of several mlcro-,
c1rcu1t modules that plug into a single motherboard, allowing for ease of

‘%f'malntenance.f Five different ver51ons of ‘the electronlcs sectlon/were built.

~bfAll AR units are identical ‘and can be tuned to operate in a 5-MHz band" from‘j.
‘htl38 to 174 MHz (VHF). The DOJ transceivers are requ:red to operate in a
' 7-MHz band with tone squelch over the frequencies given in Table .I.
TABLE I

- Department of Justice Transceivers

" Type Transmit Frequency (MHz) - Recelve Frequency (MHz)

. UHF/UHF .. 450 - 470 (UHF). - . - 450 - 470 (UHF)
”FVHF/VHF,i ~ 150 - 160 (VHEF) S 1500 = 160 (VHEE)
k © 150 - 160 (VHF) - . 450" ;’470'(UHF)':“>
. 450:- 470 (Urw)-;;ii 3 _‘;150 - 160 (VHF)_,

QThe antenna 1s a standard off—the-shelf 1tem w1th a’ specral plug-ln

n’ector,\ This- flttlng allows the antenna to separate from the electronlcs‘Fff

section when pulled thereby prevevtlng ah assailant ‘from” grabblng the
transcelver by the antenna and u51ng -itias. a weapon on: the user. Two types e
of antennas are used-‘ one; for ‘the VHF and one’ for the- ‘UHF", transcelver.:‘ln‘j~
,e case ‘of the DOJ" crossband radlos, the’ transmltter frequency band deter—‘7i
i ] ype of antenna that 1s used Do , AL
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‘ The specifications and measurements taken for the DOJ transceivers
are shown in Table II. The measurements and specifications for the AF
transceiVers are shown in Table III. The differences between the specifi-
cations and measured data are attributed to the small size requirement,
limited battery power, and difficulty in obtalnlng performance and making
changes when using microcircuits.

Four conveniently located operating controls allow the transceiver to
be operated in the dark or under a garment. Figure 2 shows the operating
controls. Transceiver operation is simple and straightforward. The desired
channel 'is selected by using the select coatrol. The squelch control is then
adjusted to its minimal position (fully counterclockwise) and the OFF/VOL
switch turned to the ON position. The OFF/VOL control is then adjusted
to provide to a ¢omfortable listening level and the sguelch control ad-
justed to reject noise and receive the desired signals. To transmit, it
is only necessary to touch the press—-to-talk pressure plate and speak
into the microphone. A brief description of the controls and operation of
the transceiver is outlined as follows:

1. OFF/VOL Switch - This switch performs two functions: power is
applied to the radioc as the switch is turned clockwise; then, as
the control is advanced further in this direction, the volume of
the speaker increases. To turn the radio off, the control is
turned counterclockwise until the stop is reached.

2. Sguelch Control - As this control is moved clockwise, bias is
applied to the squelch circuit, which removes power from the
audioc amplifier. This, in turn, inhibits the low-level random
noise fed to the speaker in the absence of an RF signal. When
a signal is present, power is again applied to the audio ampli-
fier, allowing the amplified voice signal to pass on to the
speaker.

3. Channel Select Switch - This switch selects any one of the four
channels on which the transceiver operates. The switch has two-
poles in order to simultaneously switch both the receive and
transmit crystals into the oscillator module.

4. Press-to-Talk Switch ~ The transceiver, when on, is normally in
- the receive mode. To transmit any message, the press~to-talk

- switch must.be depressed. This switch enables regulator module

H113 to transfer power, both +9V and +6V, between the receive and.

transmit circuits. ‘




TABLE II.

Summary of DOJ Transceiver Performance Specifications

Parameter

Contract Speci-
fication Limit

Measured -

~.-Receiver, 'Spurious Response

™ Spurious Attenuation
" Dynamic ‘Range
“Selectivity
‘Hod Acceptance Bandwidth
‘Sensitivity
.fLO Frequency Stability

Acoustic SPL

" Audio Output Power
audio Distortion/Noise
‘Receiver, Audio Respohse

‘Sensitivity

To@e Squelch Turn-on Time

RF Front End Bandwidth

.Stability
, Tone Gen . urn-on Time
© . Transmitter

- Freguency Stability

“Audio Distortion

Transmittet, Audio Response

FM Hum and Noise;}
‘Deviation Limiter
“AM Hum and Noise
RF Power Output

-/ RF Bandwidth and Tuning

Transmitter, ‘Spuriols Response

85 aB

65 dB

80 dB

80 dB

+7.5 kHz, minimum
0.35 uv

+0.0005%

105 dB,’ minimum

80 mW, maximum

5% maximum/50 dB, minimum
+1, -3 dB

<6 dB
<250 msec

3 4B BW, 1.5-2.0 MHz (VHF)
4.5~5,0 MHz (UHF)
~36 dB atten. @ 4xBW

+0.5%
<50 msec

+0.0005%

5% maximum

+1l, =3 dB

40 dB, minimum
+5 kHz

35 dB, minimum
4 watts +1 dB

7 MHz,'minimum
150-160 MHz (VHF)
450~470 MHz - (UHF)

49 @B, minimum -

Performance Data

49 dB

55 dB

70 dB

70 dB
*7.5 kHz
0.5 uv

+0.0005%,
=20°C to +50°C

’

90 dB, minimum
80 mW,; minimum
5% maximum/50. dB, minimum,
+3, -8 dB; 600 to 3000 Hz

<6 dB
5350 msec

3. dB BW, 1.5-3.0 MHz (VHF)
4.5-7.5 MHz (UHF)
-16 4B atten. @ 4xBW

+0.5%
<50 msec

+0.0005%,
—20°C to +50°C

5% maximum

+3, -11.5 dB
35 dB, minimum
+5 kHz

35 4, minimum
4 watts +1 dB

7 MHz, minimum
150~-160 MHz (VHF)
450-470 MHz (UHF}

40 dB




TABLE III.

fSummary'éf”Air Force Transceiver Performance Specifications

Parameter

Contract Speci-
fication Limit

Measured
Performance Data

ISPuribus Responsé

M Sphiious Attenuation
Dyhamic;Range

. Selectivity

Mod Acceptance Bandwidth
Sensitivity

LOAEiequency Stability

Acoﬁstic'SPL
‘AﬁdiOAOutput Power
Audio Distortion/Noise
Receiver Audio Response

RF Front End Bandwidth

Transmitter Frequency Stability

,Audio Distortion
Transmitter Audio Response
FM Hum and Noise

Déviation Limiter

AM Bum and Noise
RF‘Power Odtput
RF' Bandwidth and Tuning Range

85 aB
65 aB
80 dB
80 dB
+7.5 kHz

0.35 uv
- +0.0005%

105 ds, minimum

80 mW, maximum

5% maximum/50 4B, minimum
+l, -3 dB

3 dB, BW 5 +1 MHz
60 dB atten. @ SxBW

+0.0005%

+5% maximum
+1, -3 dB

40 dB, minimum
+5 kHz

35 4B, minimum
4 watts +1 dB

5 MHz, minimum
138~-174 MHz

40 dB
55 .dB

70. dB-
70 dB
+7.5 kHz
0.5 uv

+0,0005%, -30°C to +50°C
¥0.0010%, -40°C to -30°C

90 dB minimum
80 mW, minimum
5% maximum/50 dB, minimum
+3, -10 dB, 600 to 3000 Hz

3 dB BW, 5 +1 MHz
50- dB atten. @ 5xBW

+0.0005%, -30°C to +50°C
+0.0010%,. ~40°C to ~30°C

+5% maximum
+3, ~11.5 dB
35 dB, minimum
15 kHz

35 dB, minimum_
4 watts +1 dB

5 MHz, minimum -
138~174 MHz




LVO"FF/VOL
(S1)

i Rt s&*‘ ™

G

=

K

f: .
t
% .
&

»

Eoa

S CHANNEL

- SELECT (S3)

SPEAKER (LS1)/
MICROPHONE (MK1)
(BENEATH GRILLE)

(S4)




SECTION III.

FUNCTIONAL DESCRIPTION

1.0 INTRODUCTION
~ The prototype Personal Transceiver is a fully solid-state, multi-
channel, FM unit. The AF units transmit and receive on. the 138- to 174- =
- "MHZ VHF band. The DOJ units prov1de for operatlon in one (but only. one)-;;77*
of the four combinations of frequency bands listed in Table IV.
TABLE IV.:

Department of Justice Unit Frequency Bands

Type : Transmit (MHs) Receive.(MHzY

. VEF/UHF 150 - 160 | 150 - 160
| VHF/UHF o ",1.50 - 160 450 - 470
- UHF/VEHF 450 - 470 | 150 - 160
i UH?}UHF | 450 '470 S 450 - 470

A block diagram-of the basic transcelver subsystems is shown in
'Flgure 3. :

- 2 .o - RECEIVE SUBSYSTEM

, ' In the recelve mode, the transcelver ‘accepts’ electromagnetlc energy ... .
- in” the de51red band (150 MHz or 450 MHz), ampllfles the energy, recovers‘jf’j""
© . the modulatlon -information,- and energlzes a. transducer with this infor- h
~ mation to produce the de51red acoustlc pressure level at the operator s'
Lear.. - v : :

o The recelver frontend bandw1dth 1s determlned by an- 1nput bandpass
r”fllter ‘and tuned RE- ampllfler. The": recelved ‘signal is passed through the
tanteuna sw1tch to. the hellcal bandpass lnput filter: assembly ‘where most ﬁji
‘ out—ofebanduslgnals are attenuated., ThlS fllter prov1des a substantlal
Mf - degree of the requlred receiver select1v1ty The output- of the hellcal: L
ffffllter is, applled to the RF- frontend module where 1t is ampllfled and then _1
mixed with ‘a local oscillator (LO): signal of the. proper frequéncy to G
";form a2l.4~ ~MHz IF: SLgnal The 10 is derlved by - multlplylng ‘the output
. of the ‘channel SELeCt osc1llator module by an apnroprlat ‘factor, depend-uﬁ
plng‘on the recelve frequency.,- e RS L T
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The major portion of the receiver gain is provided by the three IF
~ amplifier modules, which are each capable of 50~dB voltage gains at the
21.4-MHz IF. Two four-pole crystal filters, each with 3- dB bandw1dths

set at +7. 5 kHz, provide the necessary IF selectivity.

The“amplified and filtered output of the IF‘chain is applied to the
discriminator module, which strips the audio information from the IF
signal. The audio is amplified and applied to the speaker. A noise
squelch circuit, which removes power: from the audio -amplifier when the
input signal level is below some desired reference, is provided on- all!
units. Audio gain and noise squelch threshold are both operator controls,
allowing ease in selecting the weakest signal to be received and in
setting the volume level of the received signal. In the DOJ units, a
continuous tone sguelch system is provided in addition to the noise
squelch previously mentioned. The tone squelch module, in the receive
mode, is sensitive to a particular preset subaudio tone. When the -
noise squelch indicates that a signal of desired magnitude is being
received, the tone squelch circuit determines the presence of the parti-
cular -tone of interest in the output signal from the discriminator. The
presence of this tone activates the squelch mechanlsm, allow1ng the output
audio amplifier to turn on.

3.0 TRANSMIT SUBSYSTEM

~ In the transmit mode, the transceiver accepts voice sound pressure
through the microphone, which converts it to an electrical signal.. This
signal is impressed on an RF carrier in the form of phase modulation,
and the resultlng signal is multiplied up to the desired frequency band
(UHF or VHF) and amplified to a level of 4 watts. It is then transmitted
as electromagnetic energy by means of the antenna. '

When the transceiver power is turned on and the press-to-talk
switch is depressed, the transmit circuits are energized and the receive
circuits are inhibited. With the transceiver in the transmit mode, the
audio signal voltages from the microphone are amplified, filtered, and .
subjected to limiting (when the maximum audio signal level exceeds a

predetermined reference) before they are applied to the modulator. Filter-

ing the audio input signal ensures. that only the bandwidth necessary for
optimum intelligibility is applied to the modulator. The purpose of the
limiting function is to control the maximum audio voltage level that can
be used to modulate the carrier, thus controlllng the max1mum frequency
dev1atlon of’ the modulated output 31gnal :

, The RF carrier is generated’by a crystal -controlled oscillator. The.
. operating channel is selected by connecting the appropriate crystal to the
~oscillator circuit ‘with the channel select switch. The DOJ transceivers

- incorporate - a continuous tone squelch system, which generates (durlng

~ transmit mode) the required subaudio tone. ~This tone is. summed with the
*~Qv01ce audlo, thus modulating the RF carrler wvth both 51gnals. '




: The os 01llator output is d1v1ded 1nto two 51gnals hav1ng a quadra—

. ture phase relationship. ‘- The signals are selectively attenuated by the
lprocessea audio signal and then recombined, resulting in a phase modulated
“carrier. Since a phase modulator is used, no pre-emphasis is required -
for the audio input signal. : The output of the modulator is multiplied

by an.appropriate factor (8 for VHF or 24 for UHF) and then applied to

the . RF power amplifier. The power amplifier module ampll;les the modulated
carrier so that the output power from the transceiver is approximately - -
4 watts. The amplified RF signal is then filtered and applied to the
antenna. = The lowpass filter removes higher order harmonics and helps
assure that only the desired carrier frequency is transmitted.




SECTION IV

PHYSICAL DESCRIPTION

Three main assemblies of the personal transceiver are the_antenna,
the electronics section, and the battery assembly. Figure 4 illustrates
the completely assembled Aixr Force Personal Transceiver. Accessories
available for use with the transceiver are an extender cable for remotely
locating the battery, a transceiver shoulder mount klt, a belt—mounted
battery carrylng case, and a battery charger. Lot

: Phy51cal characteristics of the transcelvers (with battery pack as
v1ewed in Flgure 5) are: :

2
E

: Helght . 6.5 inchesl 7.1 inches?
width . o 2.6 inches 2.6 inches
Depth 1.3 inches 1.3 inches
Weight (with antenna and , 18.7’ounces ;', 20.8 ounces
"~ . battery pack) : SRR ' L o
VOluniei(Archemedian) , 17.3,‘~{?cub1c 1nches 19.6 ‘cubic inches

The electronlcs section is the. ba51c component of the personal trans—
':celver equlpment and contains the transmltter, recelver, and operatlnq
controls. = The: transceiver electronic enclosure is a rugged -aluminum

:hou51ng, finned on each side to maximize power dissipation. The channel—rr

: select knob is located on- top with the squelch and VOL/OFF sw1tch mounted

e on the 51des. The: press-to-talk is. located on the front of the hou51ng

below the speaker grill. All controls. are easily access1b1e whether .
attached ‘to a uniform or hand-held.  The controls and external hardware are
e elther recessed, flush, or otherwise protected to prevent damage durlng
;jhlgh 1mpact 0r shock situations, to prevent 1nadvertant movement of the
-controls, and for the comfort of- the user. - - : e

PP The}battery 1s a completely separate rechargeable nlckel-cadmlum type
';sealed assembly that attaches to the bottom of ‘the transcelver with a

, _~quarter—turn quick-attach- electromechanlcal connector (Flgure 6).. The @ .
o battery ‘has been de51gned ‘for ease of repracement in the dark; it cannot O
be attached backwards or 1nadvertently removed Furthermore, durlng batterywj/'
"#repla‘ ”ent, none of the electronlcs 1n the electronlcs unlt 1s exposed

e

5. 95 1nches excludlng connector'protru51onssm"° i
6. 53 lnches excludlng connector protru51on.
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; >1The-antenna‘is connected to the top of the transceiver with a plug-in
type connector so that the antenna cannot be used as a hand-hold for an
assailant. The antenna is easily dismounted from the transceiver without
damage to the unit and can be tilted as far as 20 degrees from the vertlcal
position to allow for optimum location with respect to the users body or
head. The unit consists of a flexible metal element with a soft neoprene
or polyurethane cover. : N

The electroniCS unit contains a single common motherboard onto which
is mounted all electronic circuits. Essentially all active circuit elements
are contained on plug-in modules that are positioned into logical, functional
subassemblies for ease of maintenance and repair. Removal of the electronics
unit rear cover exposes the electronics hardware as shown in Figure 7.
In all transceiver configurations, the receiver circuits are contained on
the right-hand side of the electronic unit while the transmitter circuits
are housed on the left~hand side, when cbserved from the rear of the unit’
as shown in Figure 7. Details of the part numbers and locations of all
modules and other subassemblies are given in later sections.

The plug-in modules are catagorized into two types; the thick-film
hybrid substrate configuration and the miniature discrete component con- -
figuration. Shown in Figure 8 is the DOJ VHF frontend module (discrete
component) and the AF VHF frontend module (substrate). Both types use .

" 0.22-inch diameter pins and plug into the motherboard on edge. The
microcircuit modules use 0.040-inch thick ceramic substrates-with circuit
components mounted on one side and a ground plane plated on the other
side.  The substrates are covered with 0.005-inch thick insulated copper
foil strlps for protection against physical damage and for ' RFI. The »
discrete modules consist of miniature discrete components mounted on
1/32-inch thick printed-circuit boards. -
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SECTION V.
ELECTRICAL DESCRIPTION
l O IN“RODUCTION

v Thls sectlon contains a description of the electrlcal conflguratlons
.and operatlon of the varidus Air Force and Department of Justice versions
- 'of the personal transceiver. These descriptions are followed by a

ok @etéiled circuit description of each transceiver module and functional
. subassembly. :

.1j;2,o: AF‘VHF TRANSCEIVER

o ‘The Air Force Personal Transceiver is a fully solld—state, pertable,
'battery powered, multichannel unit that transmits and receives in the

© 138~ to 174-MHz VHF band. The device may be divided into the following

" three functional areas: ' ‘

‘;l_vﬁeceiye subsystem.
bi g.‘Traﬁeﬁit subsystem.
'f§1§_>Coﬁmonvfunctions.
Theiscﬁeﬁetic for this Air Force transceiver is showﬁ in Figure,9;
51‘2 1 COMMON FUNCTIONS

“The transcelver press-to~talk (PTT) switch/regulator module supplles

: power to whichever subsystem (transmit or receive) is in use. When
. OFF/VOL switch ‘S1A is placed in the ON position, the +9-volt battery
~output is applied to pin‘6 on PTT switch/regulator module H113. Module.
~H113 generates a regulated +6V output at pin 1° and a +9v output at pin 8
f\that activates the receive circuits; the transmitting circuits are auto-‘ ‘
e matlcally ‘inhibited. When press-to- ~talk switch 84 is depressed, a ground]f
,j'SLgnal is applied through.thermostat S3 in the VHF power amplifier module
~to pin 7 on switch-regulator module H113.. The ground signal applled to -
. pin7 causes circuits 1n the module. to remove the +6V and +9V at pins l
‘and 8 and to apply the voltages to pins 2 and 5, respectlvely This -
;tcondltlon lnhlblts the circuits in the receiving function and enables
. the’ c1rcu1ts in the transmitting functlon._ The circuits. remaln in this
“state as long as. press- to-talk switch S4 is held depressed . When the '
Switch 1s ‘released, the circuits reverse, the rece1v1ng functlon lS agaln\e
enabled, and the transmlttlng functlon 1s 1nh1b1ted -
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2.2 RECEIVE SUBSYSTEM

In the receive mode, regulated +6V is applied to pin 7 of channel
- select module HOll, which activates the receive oscillator circuit and
“produces a constant RF signal from pin 6 that is applied to the oscilla-
o ctor-multiplier-filter circuit. The frequency of the RF signal is
" controlled by crystal Y1, ¥3, Y5, or Y7. The controlling crystal is
' selected when channel select switch S3 is placed to one of the four
channel positions. The crystal frequencies for the four channels are
selected so that they occur within a 0.625-MHz segment of the allotted
14.6~ to 19-MHz fregquency range. Trimmer capacitors Cl, C3, C5, and C7
provide for fine tuning of the associated receiver channel frequency.
The capacitors are adjusted both at the factory and at the time the
channel freguency (crystal) is changed.

The RF signals from module HOll are applied to a narrow bandpass
filter in the oscillator~-multiplier-filter circuit, with a bandwidth of
approximately 0.5 to 1.0 MHz. The bandpass filter is tuned with variable
.capacitors C301 and €303, so that the fundamental signal frequencies: are
filtered out and the second harmonic signal frequencies at approximately.
33 MHz are passed unattenuated. The frequency-doubled RF signals from
the oscillator-multiplier-filter are applied as a local oscillator signal
input to pin 13 on the VHF frontend module HO78. This signal is multiplied
by four to produce the local oscillator signal, which is 21.4 MHz below
the center frequency of the RF input signal for the selected channel that
is received via the antenna.

The RF input signal is accepted by the antenna and filtered by the
antenna matching network before it is applied to pin 2 of the VHF front-
end module. The antenna matching network contains a 3-pole helical band-
pass filter centered at the RF input frequency that attenuates out-of-band
RF signals. '

In module HO78, the RF input signal is mixed with the local oscillator
signal to develop a desired intermediate frequency (IF) signal of 21.4 MHz.
‘The 21.4 MHz IF signal is applied through pin 5 and impedance matching ’
network Z00l to filter FL1l.

-Filter FL1 is a bandpass filter that removes undesired signals

falling outside a 15-kHz band centered about 21.4 MHz., The 21.4~MHz

IF signal is applied through impedance matching network 2002 to IF
‘amplifier Number 1 (module "H105). Module H105 is a wideband amplifier

that has a gain of approximately 50 dB at the IF. The 21.4-MHz signal

output from module H105 is further filtered and amplified through filter
" FL2, impedance network Z003, IF amplifier Number 2° (module H105), v

impedance network 2004, and IF amplifier Number 3 (module H105), and is
. then applied to the discriminator module.

; In the discriminator module, the IF signal is demodulated to develop -
the desired audio signal voltages. The audio signal voltages are applied
through pin 5 to OFF/VOL potentiometer/switch S1B and to pin 16 on audio
amplifier module KOO6.




Potentiometer/switch S1B (OFF/VOL) is an operator control that
controls the amplitude of the auvdio signal voltages applied to audio
amplifier module HO06. The positioning of OFF/VOL potentiometer/switch
S1B controls the amplitude of the demodulated and amplified audio output
signal voltage applied through pin 3 to speaker LS1. Squelch potentiometer
S2 is connected to a squelch circuit in module HOO6. This control is an
operator adjustment that effectively biases the squelch circuit so that
low-level random noise voltages are inhibited from generating an output
signal to the speaker, yet the stronger, desired audio signals are ampli-
fied through module HO06 and applied to the speaker.

2.3 TRANSMIT SUBSYSTEM

When the press-to-talk switch S4 is depressed, +6V is applied to pin
5 on channel select module HOll, thus activating the transmit oscillator, .
which produces a constant RF output signal from pin 2. The freguency of
the RF output signal is controlled by crystal Y2, Y4, Y6, or ¥8. The
controlling crystal is selected when channel select switch S3 is placed
in one of the four channel positions. The crystal frequencies for the
four channels are selected so that they occur approximately within a
0.6-MHz segment of the alloted 17.2- to 21.75-MHz frequency range.
Trimmer capacitors C2, C4, C6, and C8 provide for fine tuning of the four
channel frequencies. The capacitors are adjusted both at the factory and
at the time the channel frequency (crystal) is changed.

The audio signal voltages from microphome MKl are applied to pin 3,
and the RF signals from channel select module HOll are applied to pin 5
of modulator module H024. In HO024, the audio signals are amplified and
subjected to limiting (when the maximum audio signal exceeds a predeter-
mined level). The purpose of the limiting function is to control the
maximum audio voltage level that can be used to modulate the carrier.
This limiting action is a direct factor in controlling the maximum frequency
deviation of the modulated output signal. The audio signal is routed
through pin 1 to pin 3 on audio filter module H065. The filtered audio
signal is applied from pin 1 on the module through potentiometer Rl to
pins 6 and 11 on module H024. Potentiometer Rl is adjusted at the factory .
to control the maximum amount of modulation present in the output from
module HO24 by controlling the amplitude of the signal voltages applied
to the module. The factory adjustment is set so that the maximum amount
of frequency deviation of the final modulated transmitter output is less
than 5 kHz. In module HO24, the audio voltage applied from module HO65 L
modulates the RF signal applied from channel select module HOll. The ,*;f
phase-modulated signal output from the module is routed through pin 13 e
to pin 13 on multiplier module HO039.

‘The modulated signal applied to multiplier module HO039 is multiplied
by a factor of 8; this is accomplished by developing and amplifying the
eighth harmonic of the applied signal. The signal from module HO39 is
applied through output pin 1 to pin 12 on the VHF power amplifier module.

22
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'°f‘w1ll be 4 watts i} dB.  The modulated RF signals:.are applled through

7 The VHF powar ampllfler module amplifies the modulated RF s;gnal
']bY approxlmately 36 dB so that the output power from the transceiver

noutput pin 1.and a lowpass filter to the antenna. The lowpass filter
~removes the second and higher harmonics from the RF 51gnal that is
centered at one of the four prescribed’ channel frequenc1es.j A thermostat
_is mounted:in the VHF power amplifier to protect the transmitting circuits
- from overheating caused by a high VSWR condition such as: removal of the
“antenna while transmitting. When the temperature of the transmitting
circuits exceeds 200° +8°F, the thermostat opens and removes the ground
signal being applied to switch-regulator module H113. This action causes
the transmitting circuits to be inhibited and the receiving circuits

to be enabled. ' Once the ambient temperature drops 20°F below the tem-
perature at which the thermostat opened, the thermostat closes, the
ground signal to switch reégulator module H1l3 is again applied from
switch S4" (assuming the operator is still depressing the pressure plate),
and the transmitting circuits are enabled.

3.0 DOJ VHF TRANSCEIVER

; The Department of Justice (DOJ) VHF transceiver is very similar
‘electrically to the Air Force (AF) transceiver discussed in Section 3.0.

The primary differences consist of the addition of tone squelch ¢ircuits,
changes in the antenna matching network, and a change in the battery

size: (Flgure 10).

The DOJ unlts lncorporate a tone squelch system in addition to the
noise squelch descrlbed in the previous section. In the transmit mode,
- the tone squelch module generates a subaudio tone that is common for
all channels. The tone frequency is preselected and factory set. - The
. output tone from pin 2 is applied to summing amplifier Al along with

“the processed audio from pin 1 of module HO65. ' The summing amplifier
combines the correct proportions of the two signal streams and applies
them to pin 11 of modulator module HO24. The subaudio tone is then
transmitted as a component of the RF output 51gnal with a frequency
‘deviation between 300 and 700 Hz.

In the receive mode, the tone squelch module functions as a narrow-
band ‘tone decoder. It monitoxrs the discriminator output and detects
the presence of the desired tone. Only when the proper tone is con-
s tinuously present does the tone module allow audio ampllfler module
'H006 to functlon. ‘

. Antenna matchlng network 62500042 contains a two—pole helical

L bandpass filter, which rejects out~of-band RF signals. The out-of—band,
--attenuation characteristics are approximately those predicted for a
' two-pole Butterworth response.
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",;.4 0 DOJ UHF TRANSCEIVER

e The DOJ ‘UHF transcelvers are electrically similar to the DOJ VEF
. units. The only significant differences occur in the RF processing and
. multiplier modules (Figure 11). The DOJ UHF units translate the RF

. signal by 24 times the crystal frequency, as opposed to a translation
of 8 tlmes 1n the VHF transceivers.

, ‘:In;the;receive-mode, the output of channel select oscillator module
HOll, pin 6, is applied to pin 1 of UHF. oscillator-multiplier-filter -

62500087, The module generates and filters the third harmonic of the

“crystal. frequency at approximately 54 MHz. The frequency—trlpled output

o from pln '3 of the oscillator-multiplier-filter is applied to pin 10
‘kfof UHF frontend module 62500107. A series of three frequency doublers

“in the UHF frontend module multiply the input signal (approximately
54 MHz) by a factor of 8, up to the 440-MHz region, which is 21.4 MHz

. of the antenna, two-pole helical bandpass filter, antenna matching.
'tnetwork, and RF front end amplifier, are tuned to the UHF input freguency.

- All processing and receive circuits following the RF mixer are identical

- to those in the DOJ VHF transceiver. o

' In the transmit mode, all circuits up to the output of multiplier

.module HO39, ‘pin 1, are the same as that ln the DOJ" VHF unit. The :
- output ‘of the multiplier module is applied to pin: 3 of* UHE tripler

"% module HO51, which multiplies the RF carrier up to the desired UHF

" frequency. The output of tripler HO51, Pin 12, is applied to pin 12

- of UHE power ampllfler module 62500092, which ampl;fles the UHF signal

. to approximately a four-watt level. The power amplifier incorporates
_a lowpass filter within the module, which attenuates higher order har-

A monics of the desired transmit frequency. The output of the UHF power

',ampllfler, pin 1, is then transmltted via the antenna.

5.0 DOJ‘CROSSBAND TRANSCEIVERS

, Theve are two crossband units with one containing a UHF Transmitter

‘and a VHF Receiver (Figure 12) whlle the other contains a VHF Transmitter

and a UHF Recelver (Figure 13). The UHF and VHF circuits in the cross—=" -

‘band transcelvers are identical to the corresponding UHF and VHF circuits.

~in the DOJ all-UHF and all-VHF transceivers. The unlts ‘are supplied.

. with crystals identical to those supplied with- the ‘all-VHF and all-UHF.

i .transcelvers. Therefore, the crossband units can 1ntercommun1cate by~
31,usxng the VHF band to transmit from the VHF/UHF unit to. the UHF/VHF

" unit-and the UHF band to transmit in the reverse direction. Furthermore,

& transm1551on made on channel 1 from the UHF/VHF unit can be heard on :

.channel l of . the all-UHF transcelvers, etc..

. -Thefantenna supplied with a spec1fic crossband transceiver is.
‘ y.hmatChedito the same band as the transmitter band of that transceiver,

below the RF 1nput frequency.  The RF input processing circuits consisting.
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(1 e.,-a UHF antenna is supplled with the UHF/VHF transcelver and a VHF
_antenna is prov1ded ‘with the VHEF/UHF transceiver). The transceiver
1,exh1b1ts ‘the best overall performance when the receiver is used with
“the "wrong" band antenna than when the transmitter is operated on the S
: "wrong" band antenna.

;6 0 MODULE DESCRIPTION
This subsectlon contalns .a circuit description of each transceiver
© module.  The follow1ng is a list of all modules, the corresponding

‘fipart'nuﬁbege@]and the paragraph number in which each is described:

‘Para. No. Part No. _ Description

6.1 ‘HOO06 Audio
6.2 HO1l1 Oscillator
6.3 HO24 Modulator ,
6.4 HO39 Multiplier-Transmitter {(8)
6.5 HO51 . UHF Tripler
6.6 HO65 Filter—-Audio
6.7 H105 - Amplifier, IF
6.8 H1I13 - Regulator, Switch
6.9. 62500028 Generator, Tone
6.10 62500040, Filter, Receiver Antenna
N : 41, 42 "
6.11 62500045 - Discriminator
. 6412 62500085 . Filter, Lowpass
6,13 62500155 Power Amplifier, UHF
6.14 62500107 - Frontend, UHF
6.15 HO78, ‘ Frontend, AF-VHE
' 62500145 DOJ~-VHF
6.16 ; 62500086 "-0Oscillator Filter, VHF
6.17 - . 62500087 Oscillator Filter, UHF
6.18 : 62500098 Power Amplifier, VHF
6.19 - 62500054 Network, Impedance Matching

'6.20 62525402 Filter, Crystal Bandpass -

36.1. AUDIO,AMPLIFiER'MODULE HO06
; The audlo ampllfler module (Flgure 14) is composed of an audlo
;°amp11f1er and noise squelch circuit. The audio recovered from the
“ dlscrlmlnator is. fed 51multaneously to both. the audio ampllfler and
‘_squelch c1rcu1ts. The squelch circuit 1nput cons1sts of a four-pole o
“active filter: network, to sense noise: present in the 4- to 7-kHz audlo T
f‘spectrum when a carrler is not quletlng the reoelver. S -
= , ; Pin 16 is the audlo lnput from the,dlscrlmlnator +to the squelch -
:“'portlon of the module. In the absence of -signal; the audlo consists of_”
- random. noise 1n the range of 0- to 7-kHz at a 10-mv. level. Ampllflers
f'Al and . A2 are conflgured as hlghpass fllters w1th a cutoff frequency '
ifof 8. kHz.
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,ngether, they give a 24~dB/octave rejection of signal to high-
‘frequency noise. 'The output of A2 is rectified by CRL and CR2 in a-

- voltage doubler conflguratlon, resulting in a DC indication across c13

- that is proportional to noise in the passband and inversely proportional
‘to received signal strength. Emitter follower Q1 converts the high-
'impedance output’of the~doubler to a low-impedance driving point.

_" The output of Ql is applied across the sguelch threshold poten-
tiometer. The variable arm of the potentiometer picks off a proportion
of the voltage developed by the noise. This-smaller voltage is applied

. to the base of 03, along with the control voltage from the tone decoder
~ {in DOJ unlts only). A voltage of 0.7V or greater at the base of Q3
effectively switches Q3 into conductlon and Q4 out of conduc+lon, thereby
opening switch Q5, which is in series with the 9V line to the audio
- ‘output stage.

.. When the receiver is quieted to the ‘desired threshold, as described
-above, power is applied to A4. Amplifier A4 consists of an audioc pre-
amplifier stage and a power amplifier stage with a total audio gain of
‘approximately 55 dB. The amplifier will provide 0.25W output. power

- into an 8-ohm load.

6.2 CHANNEL. SELECT MODULE HO1l

, The channel select module (Figure 15) contains two separate but
identical oscillator circuits. One circuit is used in the receive
mode, the other in the transmit mode. The switch-regulator module
supplies power to the appropriate oscillator in the desired mode.
Each oscillator is a temperature-compensated, crystal-controlled Clap
oscillator.  The crystals,; each with their compensating networks and
series capacitors are external to the channel select module. The
desired crystal (with its associated networks) is connected to the
channel select module by the channel select switch. The switch is an
operator control -that allows the selection of the desired channel
crystal and switches the hot side of both the transmit and receive .
crystals simultaneously, connecting them between the inputs of the channel
select module (pins 3 aud 8) and ground (pin 1). The crystal compensat-
ing networks and series capacitors are individually tailored for each
‘crystal. Each oscillator will maintain a stability of ‘5 ppm from =30°C
to +50°C and develop an output level of approx1mate1y 0 dBm ‘at pin 2
_(transmit) or pin 6 (recelve) The module requires a nominal current
:  of 3 to 5 mllllamperes at 6 volts for proper operatlon.

'6 3 MODULATOR H024

L The modulator module (Figure. 16) consists of a modulator section
”'and.an audlo amplifier section. The audio circuit consists of ‘an opera-
>At10nal ampllfler (Al), designed as a high-gain linear amplifier. The

ol audio signal from the microphone is accepted at pin 3, amplified approx-
‘”*‘J;matelyr604dB, and applledjthrough pin 1 to audio filter module H065.
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HOl1ll Schematic Diagram
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‘Since a regulated voltage supplies Al, the output iz "limited" between
+6V and ground regardless of the input, thus limiting the total FM devia-
tion. . .

The identical phase modulator circuits (Ql and Q2) are linked to
provide a total linear modulation of +80°. The channel select .crystal
oscillator output is applied to pin 5 “at a 0-dBm level. The audio mod-
ulating signal is supplied to both modulator circuits through pin 11 at
a level of approximately 1.5 volts, peak-to-peak. Referring to the first
‘modulator stage, transistor Ql and its related phase-shift circuits pro-

“duce oscillator signals at the anode of CRl and cathode of CR2 with a
quadrature phase relationship. The audio input signal, applied through
Rl4, varies the bias applied across diodes CR1 and CR2, thus causing the

" desired modulation. The second modulator stage is identical to the first,
and each has an approximate loss of 10 dB. This modulator is a broad-

band device and requires no tuning for any of the input crystal frequen=-

cies. .

The phase-modulated signal is amplified approximately 30 dB in the

three limiter stages (Q3, Q4, and Q5). The output signal, which is
roughly 4 volts peak-to-peak, is available at pin 13. The modulator mod-

ules use 16 milliamperes at 6 volts. o

6.4 MULTIPLIER HO39

The multiplier module (Figure 1l7) accepts the 19-MHz, 0-dBm signal
output from the modulator module at pin 13, and buffers, multiplies,
filters, and amplifies it to a +3-dBm, 150-MHz output signal applied to
pin 1. Amplifier stage Q1 buffers and amplifies the input signal to in-
- crease the harmonic content presented to the filter. A three-pole,
1-dB-ripple Tschebycheff bandpass filter is tuned to the eighth harmonic
of the input signal. The filter has a 3~dB bandwidth of approximately
7 MHz and skirt characteristics such that adjacent spurious responses
are attenuated by at least 35 dB. Capacitors C8, Cll, and Cl4 are utilized
to tune the filter. Transistor stages Q2 and Q3 amplify the output of
the filter by approximately 10 dB each, presenting a +3-dBm, 150-MHz
signal with an output impedance of 50 ohms at pin 1. The module requires
23 milliamperes at +9 volts for proper operation.

'6.5 UHF TRIPLER HOS1

. - The UHF tripler module (Figure 18) provides an additional X3 fre-
quency multiplication to the output of the X8 multiplier module foxr UHF

N vtranSmission. It accepts the 150-MHz, +3-dBm signal from the multiplier
" module at pin 3. Amplifier stage Q1 buffers and amplifies the input

signal. Thermistor RT1 compensates the module by regulating the gain of"
;the lnput amplifier to maintain a constant output over temperature. : Tran— -
v'51stor stage Q2 provides the proper matchlng néetwork and filter character—
‘istics to pass the third harmonic (450 MHz) of the input fregquency.
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_Capacitors Cc8, €9, Cll, and Cl2 are adjusted to maximize the presence of
the third harmonic at the output and present a 50-ohm output impedance

';; to the power amplifier. The UHF tripler module utilizes 50 to 60 milli-

amperes at 6 volts for normal operation.
6.6 AUDIO FILTER MODULE HO065

‘The audio filter (Figure 19) is a three-section, resistor-capacitor
(RC) lowpass filter. Its purpose is to substantially reduce'the high-
. frequency products of the limiting action caused by the audio amplifier
in order to control the total amount of deviation of the phase modulator.

6.7 IF AMPLIFIER H105

The IF amplifier module (Figure 20) is a three-stage, wideband ampli-
. fier exhibiting gain from 1 MHz to greater than 50 MHz. It is capable
of 50-dB voltage gain at 21.4 MHz. The bandwidth of the module is deter-
mined by the filtexs external to the module. The entire IF response is
a 15-kHz segment centered on 21.4 MHz. The amplifier is-arranged to draw-
only one milliampere of current by connecting all active devices in a
series DC circuit with equipotential drops across Ql, Q2, and Q3. Power
consumption is 6 milliwatts at +6 volts.

6.8 VOLTAGE REGULATOR AND SWITCH—MODULElel3

The voltage regulator and switch module (Figure 21) regulates the
+9-volt battery to provide a stable +6-volt supply and switches power
appropriately to the transmit or receive circuits. In the receive mode,
+9 and +6 volts are supplied to the receiver circuits. When the press-

to~talk switch on the transceiver front panel is depressed, the module
switches off the receiver voltages and switches on both +9 and +6 volts
to the transmitter section. Transistor Ql is the switch for the transmit
+9V source. Grounding pin 7 biases Q1, thus causing +9 volts to appear
at pin 5, diode CR1l to become forward biased, and the transmit +6V series
transistor Q3 to turn on. Forward biasing diode CRl forces diode CR2 to
turn off, thus removing the forward bias from the receive +9V switch
transistor Q2 to turn it off. The receive +6V series transistor Q4 is
controlled by the output of switch transistor Q2, and is also turned off.
Upgrounding pin 7 reverses the above process, forcing transmit transistors
~QL and Q3 to turn off and allowing receive transistors Q2 and Q4 to turn .-

- Transistors Q6 and Q7 form a differential comparator, which regulates

. 'the output of Q5 to +6 volts. The regulator reference is obtained from. -
Zener diode VR2, which biases Q6. The bias applied to Q7 is proportional

to. the regulated +6V output and is the feedback control mechanism of the.
regulator. For example, if the +6V output were low, the potential at -
the base of Q7 would be low compared to the bias level at the base of 6.
Thls voltage dlfference would ‘cause the collector current-in Q6 to - ;
to increase, thereby biasing Q5 further 1nto conduction and 1ncrea51ng the -
'regulated output level. : o

0
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~Figure 19. Audio Filter Module H065 Schematic Diagram

Figure 20. IF Amplifier H105 Schematic Diagram

Figure 21. Voltage Regulator ‘and Sw1tch Module Hlld
v Schematlc Dlagram L
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In the transmit (encoder) mode, the tone module is properly biased
to function: as a precision oscillator. The transmit +6 volts is applied -
. through pin 10 of the tone module and turns on FET switches Q1 and Q2.
With Ql on, a portion of the filter output signal is applied through R11
to a filter input at pin 6 of the filter, thereby ensuring adequate posi-
‘tive feedback for oscillation. Turning on Q2 biases filter input pin 8
at a static potential, thus allowing the positive feedback to be the domi-
nant factor in the filter operation. The generated tone is brought out
at pin 2 of ‘the tone module and combined with the transceiver audio input
'signal prior to modulation. '

The tone frequency is changed by changing resistors Rx and Ry in the
~sketch shown .below.

Ry

M
AA ANA ODULE
62500093

The tone frequency change is a factory adjustment and the tone determining
resistors are l-percent, low-temperature drift (+ 50 ppm) components such
as the RNC50 series. Thus, Rx and Ry can be selected to trim the tone
"frequency to 0.1 percent accuracy.

The values for the four tones tested during the prototype program

are:
Value Frequency
R_= R, = 28.3K Ohm 241.8 Hz
L
Re = R, = 30.5K Ohm 250.3 Hz
Ry = Ry = 4.28K Ohm 67.0 Hz
Ry = Ry = 4.68K Ohm - 71.9 Hz

. The change is physically made on the rear side of the motherboard. The
 reference designators for Ryx and Ry, as listed on the four DOJ interconnect
. diagrams, are:

- Transceiver Configuration - R, Ry
UHF/UHF I R24 R22
VHF /VHF | R20 Ra2l
VHE/UHF L R24 ‘R22

- UHF/VHF . R4 R22




At initial turn-on, transistor Q5 is turned off and the circuit

is not functional. Resistor R9 and VRI supply approximately 3 volts at
initial turn-on time to activate the circuit. In transceivers with tone.
squelch capability, +6 volts is supplied continuously (from pin 3, H113)
to the tone module: this voltage nominally approximates +6.3 volts.
Being unregulated, the +9-volt supply can vary down to +7 volts as the
battery condition deteriorates. The +6 supply volts remains at the level
+0.3 volts, however, as the battery varies.

6.9 CONTINUOUS TONE~CONTROLLED SQUELCH SYSTEM

Tone squelch is provided in all DOJ models of the radio. The tone
squelch system is described in the block diagram of Figure 22 and top
assembly drawing 62500028. The component parts of the tone squelch
module module and all other circuits utilized in the operation of the
continuous tone-controlled squelch system (CTCSS) is shown in Figure 23.
The tone module consists of a KTI active filter, an HO66 hybrid circuit,
and additional discrete resistors and capacitors.

In the receive mode (decode), the tone module is utilized as a
narrowband bandpass filter. During this condition, FET switches Q1 and
Q2 are off to bias the active filter for bandpass operation. The audio
signal from the discriminator module is amplified by a single transistor
stage before being applied to the input of the active filter (pin 14).
Resistors control the center frequency of the filter and are selected
for the desirad CTCSS frequency. The filter bandwidth (Q) is selected
by adjusting resistor R18 for the desired bias at pin 8 of the filter.
The filter output (pin 12) is applied to amplifier Al on HO66, which
amplifies the detected tone to a usable level. The output of Al is
peak detected by CRL and C6 and applied to one input of a differential
amplifier composed of Q3 and Q4. When the peak-~detected signal appearing
at the base of Q3 reaches a preset level, the collector voltage of Q4 will
exceed the Zener voltage of VRl and cause transistor Q5 to switch, thus
indicating the presence of a tone. This signal is applied to the squelch
bias circuits contained within audio amplifier module H066 (pin 8).

The capability to override the tone squelch in the receive mode is
provided to assure the operator that his radio is functional. Rotation
of the squelch control to minimum position will allow infrequent noise
bursts to be heard, demonstrating that the radio is working, and will
also allow the proper setting of the wolume control. '

Further advance of the sguelch control will stop the noise bursts.
At this setting, the weakest usable signal will cause output from the

radio. Full squelch requires a signal that is approximately 6 dB stronger : «fg
than threshold to break squelch for noise-free reception. At no adjustment ‘
of the squelch control is it possible to lock out a signal of moderate

amplitude.
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'6.10 HELICAL FILTER MODULES

- The two-pole helical bandpass filter module (62500042 for VHF receive
and 62500040 for UHF receive) at the input of the receiver rejects out-
of~-band signals. The desired bandwidth of the filter is one percent of
the center freguency, but due to physical constraints, the actual bandwidth
is slightly wider. The filter bandwidth is related to the insertion loss
and to the physical filter size. Since size was a controlling factor in
packaging the transceivers, bandwidth was traded for insertion loss. With
‘a bandwidth of 1.35 percent, the insertion loss is held to 2.5 dB in each
set of filters. The out-of-band rejection is approximately that predluted
.for a two-pole Butterworth response. -

The antenna port of each filter houses part of the antenna switch.

The switch consists of a PIN diode bypassed to ground. It becomes a low-
impedance circuit when power is applied to the dicde (during transmit mode).
The low impedance is transformed through a quarter wavelength transformer
“into a very hich impedance at the antenna terminal, thus effectively
opening the input to the receive circuits during transmit mode. When the
voltage is removed (receive mode), the transformer appears as a conventional
transmission line to pass the signal from the antenna to the helical filter.

The VHF Air Force version uses a three-pole helically constructed
filter (62500041). It is similar to the DOJ units, except that the band-
width is 3.5 percent, to allow signal reception in a 5-MHz band segment.
Like the DOJ helical filters, it also houses antenna switching circuits.

6.11 DISCRIMINATOR MODULE

The discriminator module (62500045) consists of a passive, single-
ended, crystal discriminator and IF module H105 (acting-in its limiter
mode) , packaged inside a single shielded enclosure (Figure 24). Due to
this shielded structure, all high-level IF signals are contained within
the package, and the output of the module is only the detected audio. An
input signal of approximately 10 mv at 21.4 MHz, with a 5-kHz FM deviation,
produces an audio output signal of greater than 10 mV. The module requires
+9 wolts at one milliampere for normal operation.

6.12 VHF LOW-PASS FILTER

The VHF low-pass filter module (62500085) is designed to attenuate
the undesired higher order harmonics of the transmit frequency (Figure
225). The amplified signal from the power amplifier module is fed into

pin 1 of the filter. From pin 2, the filter output is applied to the

. antenna. The filter has a five-pole Butterworth response, with a 50-0Chm
dinput and output impedance. The insertion loss is 0.4 dB, and the 3-dB

breakpoint is set at approximately 200 MHz. The attenuation character-

istics are such that adjacent harmonics are at least 30 dB below the

‘fundamental. -
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' 6.13 UHF POWER AMPLIFIER

_ The UHF power amplifier module (62500092) accepts the +10-dBm,
450-MHz signal from the UHF tripler module as its input at pin 12

(Figure 26). The signal is amplified in three stages, after which it
leaves the module through pin 1 at a level of +36 dBm. Amplifier stages
01, 02, and Q3 provide 10 dB, 9 dB, and 7 dB of gain, respectively. The
five-pole low-pass filter at the output of Q3 provides a 50-ohm output
impedance for proper antenna matching and attenuation of higher frequency
harmonics of the output signal. The filter breakpoint is set at approxi-
mately 500 MHz. The module bandwidth (+1 dB) is approximately 25 MHz
~and the presence of the second harmonic in the output signal is at least
50 dB below the level of the fundamental.

Switched +9 volts from the regulator module is applied at pin 11.
This voltage provides bias for the first stage. Collector current to the
three stages is applied from an unswitched +9V line connected at pin 4.
An unswitched supply is used because of the large collector currents
involved.. Until the switched +9 volts is applied to pin 11 (unit in the
transmit mode) , the transistors are cut off, and thus draw only very low
collector leakage currents (approximately 100 microamperes). During
normal transmit operation, the module uses 1.1 amperes of current at a
. positive 9 volts.

6.14 UHF FRONT END MODULE

The UHF front end module (62500107) consists of an RF amplifier,
mixer, and three multiplier stages (Figure 27). The multiplier stages
(@3, 04, and Q5) receive the 54-MHz signal presented by the oscillator-
filter at pin 10 and perform a doubling operation in each of the three
stages. The result is a 432-MHz signal (the :24th harmonic of the crystal
oscillator) at approximately O dBm. It is this injection signal that,
when applied to the mixer and combined with the incoming signal, causes
the incoming signal to be translated into the IF bandpass. = Amplifiex
stage Ql is a single-tuned, class A RF amplifier stage that is intended
to reduce the noise figure of the mixer. It presents approximately 10-dB
gain to the incoming signal to overcome the noise inherent in the mixer.
Mixer stage Q2 utilizes emitter injection of the 432-MHz local oscillator,
and provides approximately 4 dB conversion gain. A signal presented to

_the module input (pin.2) in the 450- to 470-MHz range will be translated
downward in frequency by 24 times the oscillator frequency and simul-

. taneously amplified by approximately 14 dB. The input impedance level is
| approximately 50 ohms and the output is approximately 180 ohms. Six
volts (applied to pin 6) at 8 to 10 milliamperes are required to power
this module.




Figure 26. UHF Power Amplifier Schematic Diagram
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6;15 VHF FRDNT END MODULES

P The DOJ VHF frontend module (62500145) is very similar to the DOJ
1{UHF frontend module, with the exception of the multiplier chain (Figure
}_28).. ‘The multiplier stages receive the 33-MHz signal presented by the
“VHE: oscxllator filter at pin 13 and multiply the frequency by four. The
ffresult is a 132=MHz local oscillator signal (the eighth harmonic of the.
Lcrystal osc1llator) at approximately Q dBm. The RF ampllfler stage, the
;ﬁmlxer stage, and the module signal levels and power consumption are
:SLmllar to the DOJ UHF front end module.

: The AF VHE- frontend module - (HO78) is electrlcally 1dent1cal o the
‘;DQJ VHEVfrontend module, except that base injection of the LO is utilized
“instead of emitter injection (Figure 29). The LO signal level is -15 dBm,
-instead of the 0 dBM level necessary for emitter injection. The Air

- Force module is built on a ceramic substrate using hybrid microcircuit

, techuiques} The DOJ versions are built on époxy printed circuit board.

- 6.16 VHF OSCILLATOR FILTER MODULE

o .The VHF oscillator filter module (62500086) is composed of a two-pole
'. bandpass filter centered at the second harxmonic of the input frequency,
followed by a commOnkcollector amplifier stage (Figure 30).  The two-pole
_ Tschebyscheff filter passes the second harmonic of the crystal oscillator
" ‘at approximately 33 MHz, while attenuating the fundamental and all other
vharmonics. Tuning the filter is accomplished by adjusting capacitors C301
. and C303." The filter is followed by an’ amplifier stage designed to provide
S a hlgh 1nput impedance and a low output impedance.. The amplifier output
v_flevel is approximately -10 dBm, which is 45 to 50 dB above the other out—-
Coput” responses. The module requires +6 volts at 1 milliampere for proper
.operation. - - B ‘ :

‘7‘6;17*'UHF'OSCILLATOR FILTER MODULE

~ The UHF osczllator fllter module (62500087) is composed of a three- ,
pole bandpass filter centered at’ the thlrd ‘harmonic of the input. frequency,
‘followed by a common collector amplifier stage A(Figure 31). The three-
- pole bandpass Tschebyscheff filter passes the third harmonic of the crys—
tal oscmllator at approx1mate1y '54 MHz, while -attenuating all other fre-
{quenc1es.‘ The filter is tuned to _center frequenicy by adjusting capacitors
,C401, C404 and C406. The ampllfler stage following the filter is identi-
‘cal -to one in the VHE- osc1llator filter module and provides high input Ky
jlmpedance to the filter and. low output impedance from. the module. The -
~amp11f1er output level is approximately -10 dBm, whlch is 45 to 50.dB
lﬁabove the. othexr output responses. The module requlres +6 volts: at 1 m1111— "
ampere for proper operatlon. e .
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' 6.18 VHF POWER AMPLIFIER MODULE

7. The VHF power amplifier module (62500098) accepts the 0-dBm, 150-MHz

- signal from the multiplier module as its input at pin 12 (Figure 32). The
signal is amplified in three high-gain stages, after which it leaves the

- module through pin 1 at a level of +37 dBm. Amplifier stages Ql, Q2, and
03 provide 12 dB, 17 dB, and 8 dB of gain, respectively. The module band-
- width is approximately 12 MHz at the +1-dB points while the presence of

" the second harmonic in the output signal is 20 to 25 dB below the level
of ‘the fundamental. Capacitors Cl4 and Cl5 are adjusted so that the module
pPresents a 50-ohm output impedance.

Switched +9 volts from the regulator module is applied at pin 11.
This voltage powers the first stage and biases the first and second stages.
Collector power to the second and third stages is applied from an unswitched
+9-volt line connected at pin 4. An unswitched supply is used in the higher
level amplifier stages because of the large currents involved. ' Until the
switched +9 volts is applied to pin 11 (unit in the transmit mode), tran-
sistors Q2 and Q3 are cut off, and thus draw very low collector leakage
currents (approximately 100 microamperes). During normal transmit opera-
tion, the module uses 800 to 900 milliamperes of current at +9 milliamperes
of current at +9 volts.

©6.19 IMPEDANCE MATCHING MODULES

The four matching circuits are passive, resistor-capacitor-inductor
networks (62500054, Z0001-Z0004). Each is designed to match the. im-
pedance presented to its input with the impedance at its output at the
desired frequency of operation (Figure 33). Each module is fully potted
and shielded. Use of impedance matching modules permits the use of three
identical H105, IF modules in the receivers.

6.20 IF CRYSTAL BANDPASS FILTER

Two crystal ‘bandpass filter modules (62542402) are used in each trans-
ceiver IF section and provide the major portion of the IF selectivity.
The module consists of a four-pole crystal bandpass filter, centered at
the IR frequency, with the following electrical characteristics:

erquency of operation 21.4 MHz, +200 Hz
3-dB bandwidth +7.5 kHz, minimum
 30-dB bandwidth +15.0 kHz, maximum
 40-aB bandwidth - +25.0 KHz maximum
Ultimate attenuation 75 4B minimum
- Ripple' l . . 1.0 dB maximum
_Insention loss = 2.5 4B, maximhm‘
~;meinal términétion ~ 1100 ohms
;.Spgrious:tesp¢nse§ ‘ - SO,dB,‘méXimum

t'}The7mpdﬁies ére.prccured'(hb Séhematic;is_prOViaea);
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SECTION VI
DESIGN APPROACH
1.0  INTRODUCTION

.~ The overall approach to the personal transceiver design was to pro-
~duce ‘an innovative design for minimum size and weight by using advanced
* techniques that would be conducive to low cost in high-volume production.
Rather than produce a reflned design of existing conventional transceivers,
;,fthe Martln Mareitta approach was to: 1nvest1gate new concepts that’ could
i 'potentially produce the greatest advance in the electrical and mechanical
;»jdesigns'for future personal transceivers. It was the objective of this
program,.’ therefore, not only to deliver the specified transceivers per a.
" contract’ llne item but also. to establish which new technigues are mot only
L 90551b1e and praetlcal but can be used to develop improved, next genera-
S tien personal transceivers. This section contains a summary of the most
.uSlgnlflcant approaches, concepts, investigations, and results that led to
" the. final transceiver design together with the recommendations for the
3?‘f1nal productlon design. : ~

;jz 0 ELECTRICAL DESIGN |
fr92.1erENERAL DESIGN APPROACH

L The major electrical efforts that involved new technology for a
‘smaller, lighter weight, personal transceiver were: o

=

Deveiopment of thick-film hybrid designs.
xinduetorless;circuit development.
'i‘:Transducer/speaker;performance evaluation.
’:?From the research end development conducted on these tasks; deflnlte con=

jfclUsions were obtained as to which new electrical -technigues are fea51ble L
Effor“both technlcal and cost parameters 1n a productlon de51gn. ’ o

\-‘Thekflrst major electrlcal decision 1nvolved determlnlng the packag— ‘
1ng method fOr the electrical 01rcu1t modules that would be most’ effectlve
in’ obtalnlng mlnlmum size at practlcal costs, while meetlng the- electrlcal
performance requlrements. Three packaglng methods ‘were con51dered.; '

Conventlonal small prlnted w1r1ng boards w1th mlnlature dlscrete
components. : : ‘




 Thick-film hybrid substrates.

Monolithic large-scale integration (LSI).

Miniature discrete component modules had several advantages:
.l; They are constructed from readily available components.

2 They are conducive to good electrical performance by using
components with consistent parameters.

Jw

They are quick and easy to implement.

~The use of discrete component modules would allow a maximum of design
‘improvements to be made over a given pericd of time, and was potentially
~the lowest risk approach in meeting electrical performance requirements.
The disadvantage, however, was that even with highly dense packaging it

- would be difficult, if not impossible, to package exclusively with discrete
components and not exceed the size specifications.

The smallest sized packages can be produced in LSI. However, LSIT
is not conducive to designs requiring inductors, large value capacitors,
good high-frequency isolation, or high heat d1551patlon circuits. There-.
fore, LSI is not practical for high-frequency RF circuits or some audio:
circuits. Certain circuits, such as IF amplifiers can be packaged in
very small sizes and have the lowest production costs with custom designed
integrated circuits (IC) or LSI. However, the high development cost of
up to $25,000 per circuit, along with the long development time required,
made this packaging technique impractical for this program.  Furthermore,
in practicality, a design should be committed to custom LSI or IC develop-
ment only after prototype hardware has been completely tested and verified
(i.e., after the prototype program).

Packaging with %hick-film hybrid substrates had the advantage of being .
potentially applicable to essentially all transceiver circuits except
those requiring mechanical devices (such as with the receiver helical res-
onators). Another advantage was that thick-film configurations were po-
tentially conducive to automated, high-volume production assembly processes,
resulting in low production costs. Obtaining low production costs for: RF
circuits would be difficult to achieve by any other means, especially where
minimum size is a requirement. Most importantly, packaging of audio and -
. low-frequency RF circuits in thick=-film would require considerably less
“‘volume than with miniature discrete component modules, and would present
;llttle risk in meeting electrical performance. . The major technical risks
lay in obtaining the required electrical performance in the’ hlgh—frequency-
~circuits and in having sufficient time to conduct the necessary thlck—fllm
'Adevelopment effort. :

From these tradeoffs, thick film substrate packaging was‘selected for
- all active circuit modules as the most feasible approach in obtaining the
*j;mlnlmum smze objectlves. The approach had: deflnltevtechn;cal risks, since




'complex, high-frequency designs such as a receiver front end and an entire
UBF 4-watt transmitter were definite challenges with technology as it ex-
isted then. However, the goal was to build an: innovative transceiver, and

’&1‘thlck fllm hybrid circuits were believed to provide the most practical

,"”means of bulldlng a transceiver significantly smaller than those currently
_:ava;lable.

.- 2:2 -DEVELOPMENT OF THICK-FILM HYBRID DESIGNS

, After laboratory breadboard circuits were tested, all designs were
committed.toe hybrid layouts. The first major difficulty occurred during.
packaging (i.e., fitting the amount of circuit components necessary within
the hybrid surface area limitations dictated by transceiver size require-
_ments). The transceiver mechanical design reguired a nominal 1.25 x 0.67 x
0.1 inch substrate, while the layout size guidelines issued by the micro-
electronics facility indicated that double this surface area per substrate
- would be required to accommodate all components if standard layout pro-
‘cedures were to be followed. At this point, a rigorous effort was made to
improve the packaging density. Certain discrete chip components, such as
capacitors, were mounted on top of deposited resistors, and components were
mounted on surfaces providing the minimum contact area. The electrical

~ designs were scaled to reduce capacitor values, and were modified, where

" possible, to completely eliminate capacitors. The overall effort was suc~
cessful, and all circuits were packaged on the desired size substrates.

The substrate layouts were completed; prototypes of all circuits were
then made. The circuits were tested for mechanical layout errors and ab-
normalities in performance due to differences between the electrical char-
acteristics of the initial discrete component breadboards and the corre-

- sponding substrate circuit. After two substrate layouts of each module,
‘the low-frequency circuits were made operational. However, after several
months of work on the substrates of the VHF power amplifier, UHF power
‘amplifier, and UHF frontend, they could not be made to functieon properly.
This ‘was due primarily té interaction at VHF and UHF frequencies as a re-
sult of the inability to provide adequate RF isolation, crowding caused

~ by the extremely high density of packaging, comparatively high resistance v
conductors, and in some cases, poorer performance of the chip semiconductors
as compared to their discrete component equivalents. : At this time, the S
- VHF frontend substrate design was functional, and additional efforts to
improve performance by upgrading the layout and using high performance semi-
conductors was started. Also at this time, the VHF-PA, UHF-PA, -and UHF

. frontend were repackaged on small printed-circuit boards, using miniature

. -components, with the ground rules that they had to fit in the same spaces .
.Sallocated for the‘equivalent“subStrate module; this was accomplished.

: The completed modules were then lnstalled on a common transcelver

”;1»motherboard and system integration checkout was ‘performed. . Here agaln,

electrical interaction between modules occurred due ‘to the close proximity -
- of the modules, and further modifications to the modules, in addition to -
'f‘prov1d1ng more bypassing and decoupling on the. motherboard had to be

. made to- prevent RF oscillations. The final transceiver c1rcu1ts were the
results of many performance tradeoffs, to prov1de the best possxble overall e

_'operatlon w1th1n the size requlrements. R
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2.3 INDUCTORLESS CIRCUIT DEVELOPMENT

<A second effort was made to develcp high-frequency RF circuits by
using a new inductorless technique in which a tuned response could be ob-
tained by using resistors and capacitors in conjunction with transistors
biased for inductorless transformation. The advantage of this approach
was a possible 25 to 30 percent reduction in the applicable RF. circuits
. ‘together with a configuration that was more amenable to automatic assembly
-of hybrid substrates. Several months of effort were devoted to develop-
ing inductorless VHF receiver frontends and transmitter and local oscil-
~lator multiplier circuits. Although proper functional performance was
‘realized, the primary current requirements were three to five times those
of conventional circuits. Since low battery drain was essential, conven-
~tional circuits were used. It was also believed that conventional elec~
. trical circuits would be more repeatable than the inductorless versions.

; The inductorless technique consisted of using a circuit comprised of
‘resistors,; capacitors, and transistors to produce a tuned response identi-
cal to that produced by an LC tuned circuit. This technigue is not to be
- confused with the wideband amplifier technigues or gyrator techniques where

‘phase shifts are realized by using. semiconductors operating within the
normal frequency range for which they were designed. 1In the inductorless
approach, transistors are operated at frequencies approaching their maxi-
~mum frequency of operation; fi, rather than at or near their cutoff fre-
quency, f£,. Specifically, the transistor  stages axe configured'and biased
to produce a 90-degree phase shift from input to output, or vice versa.
This technique permits a low-cost, low-freguency transistor to be used in
a high-frequency RF apollcatlon while at the same time ellmlnatlng bulky
lnductors.

: Flgure 34 is a pictorial representation of the basic 1nductorless
-technique. Transistor Ql is biased to generate a- 90-degree phase shift

© from base to emitter, thereby transforming R2 and C4 to L and R respec-

- tively at the output.  Similiarly, Q2 transforms Rl to Cl at the base of

'fj 92 and C3 is transformed to a negative resistance -R. . Capacitor C2 is

-added for tuning. The net circuit is shown at the bottom of Figure 34.
The values of R and -R are selected to provide the desired Q. Note that
~ the circuit can be made to oscillate when the absolute values of R and
j—R are equal. :

: Figure 35 shows the 150~MHz RF amplifier that was built'by ﬁsing the
“inductorless technique. The load is taken from the collector of QL to

' isolate as much as possible the load.from the inductorless mechanlsm.
-+ Capacitor Cl is used for tuning the reallzed inductor;, allow1ng selective

. frequency operation of the circuit. Capacitor C2 adjusts the negatlve
”1reslstance, in effect, setting . the Q of the c1rcu1t. «

The major dlsadvantage of the c1rcu1t was ‘that 3 to 5 mllllamperes

V‘]{of éurrent were required to. bias the tran51stor= to obtain the proper

”ubtransformatlons. Other. dlsadvantages were that performance was 51gn1-“v
;‘flcantly affected by ‘changes in input, loadlng, and temperature._ Since
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“‘addltlonal research was requlred at this time to further characterize

;~531nductorless operation to facilitate practical circuit designs, conven-

‘gtlonal design approaches were pursued for the personal radio beyond this

o point.

2.4 TRANSDUCER/SPEAKER‘ PERFORMANCE EVALUATION

One of the most difficult requirements was to provide a maximum sound
‘pressure level (SPL) of 105 dB at 5 inches from the transceiver by using
“only 80 milliwatts of audio power. An SPL of 105 dB was approximately
10 dB higher than could be produced with a speaker of the size that would
be compatible with the transceiver size limitations and approximately 20 4B
higher than cculd be cbtained with a transducer without a cavity. Con-
sequently, an intensive research/development/test program was conducted to
select the appropriate device and/or method for sound reproduction in the
transceiver. A detailed description of the research program, the data
~ obtained, the conclusions, and recommendations are given in Appendix C.

In summarizing, a conclusion was made that significant advances would
have to be realized in transducer performance- before the devices would
meet the stated SPL specifications, even with a small acoustical cavity,
so that transducer could be considered as speakers in small portable trans-
ceivers. Meanwhile, the sound reproducing function should be performed by
a speaker selected for an optimum combination of physical wolume, SPL, and
battery drain. Consequently, a 1l.75 inch speaker was selected for use in
the personal transceivers.-




.3}0 MECHANICAL DESIGN

3 1 EXTERNAL CONFIGURATION

353.1.1 PROPOSED-CONFIGURATION

i The proposed conflguratlon for the personal transceiver was a seg-
mented unit that was selected as the baseline conflguratlon (Figure 36).

‘}‘The proposed configuration has been altered as a result of human- englneer-'

ing: tests that were performed to verify the design concepts and as a re-

l*;sult of the development process . of selection and design of- internal compo—'
o nents’ Lo meet specification requirements. The extent of these changes

are discussed in the following paragraphs.

©3.1.2  HUMAN ENGINEERING TESTS

,3;1.2mlkdshape Fact:

E The DOJ personal transcelver dimensions were changed. from the proposed
;3 x:5.1 x 1 inch to 2.625 x 6.0 x 1.0. The human engineering. study on: the-
~subject of the shape factor and the reasons for recommending the 2.625-

‘”u‘lnch width transceiver are discussed in more detail in Appendix A. 1In

‘_faddltlon to the shape factor changes. recommended by human englneerlng, two
_w»other 51gn1f1cant changes were lncorpcxated to improve the user's ability
'37to hold and grip the transceiver. The sides of the unlt,were_tapered‘such,,
. that the front of the unit is narrower than the back.  This contributes
it51gn1f1cantly to the ease of holding the unit, espec1ally for people .with

oo small hands,'lt also aids in the operatlon of the press-to-talk switch.

As a result of the thermal analysis, fins or ribs were 1ncorporated into
d the s1des and front of the transcelver hou51ng.‘ These also aid in holdlng'
i Of the transcelver, partlcularly durlrg adverse weather condltlons. e

= 3;1;2.2f'Shirt»Attachment«Tests‘

, Inltlally, a clip was to be attached to back of the transcelver hous-%ﬁ
‘1ng. The purpuse of the clip was to attach the unit to the user's: epaulet

:5wat shoulder level ‘or to a cloth strap sewn to .the user's shirt a. few 1nches,f

ikbelow the top-of the shoulder on the upper left shoulder area. As an alter-:;i
'»natlve to this, the use of Velcro materlal was. 1nvestlgated and . proved to oo

”l”be ‘more: satlsfactory than the clip’ (this 1nvest1gatlon is dlscussed in-

»prpendlx A). 'As a result of these tests, use - of the clip was abandoned
~vand a Velcro pad accessory was. des;gned (drawing 62500130) . By using’ the
;Velcro pad attachment plate, which is fixed to the back of the unit: by
«ﬁmeans of three screws, the transceiver can be attached ‘to the user's sh1Mt

by elther a shoulder .strap (62500133) that is looped ‘around the epaulet

at the. top of the shirt or by means: of a. Velcro pad sewn to the upper left

‘shoulder drea of the shlrt. As discussed in Appendlx A, howevez, this "
method of attachment was’ uncomfortable due to the lack: of welght dlstrl—”‘

bution: although the welght of the unlt dld appear to be acceptable for _jff

upper chest mountlng . L







:ﬁt3.1;2;3:'Shoulder Mounting Accessories

"‘Since’direct attachment to the shirt appeared to be undesirable,

‘v~fseVeral;attachment'means were considered and two prototype shoulder mount

. accessories were constructed and evaluated. Appendix A discusses the

- shoulder mounting accessory philosophy and gives detailed descriptions

Jand evaluations of the two prototypes constructed. Both shoulder mount

-accessories were seml—rlgldodev1ces that were curved to fit the shoulder

and’ dlstrlbuted the load of transceiver across the top of the shoulder.

° The devices were held onto the shirt by means of a Velcro pad. While
‘these shoulder mounts did solve some of the problems that existed in the

. shirt attachment mount previously discussed, they were not without prob-

lems of their own. The most significant problem was the difficulty in
manufacturing a shoulder mount that would comfortably fit various size
- shoulders. Another problem was the large size or volume occupled by the

‘"shoulder -attachment accessories.

‘3,l;2;4 TransceiveroSectioning Tests -

Two transcelver sectioning configurations were- evaluated. One of
these wds a nylon strap, shoulder-mount accessory; the: test and evaluatlon

of this accessory is described in Appendix A. The test results indicated

that this configuration was very satisfactory from the standpo;nt of the’

. wearer and should be a suitable production configuration. The cther di-

vided-unit configuration is a shoulder-mounted transceiver electronics

"‘package with a belt-mounted battery; this configuration and its evaluation |

is also described in Appendix A (Figure 37). While wearing this unit -
presented no problems and resulted in a fairly satlsfactory productlon con-
'flguratlon one evident problem was the' cable hang-=up. - In an emergency,v"
‘a fixed cable could result in the transceiver electronlcs being yanked off
of the officers shoulder if the cable became entangled in a door handle or .
door knob or something of this nature. A qulck~dlsconnect or -detachable
connector or breakaway cable could be used to ‘prevent these problems. This -

"¢;conflguratlon was judged to be quite comfortable to wear. The weight of the

‘battery is not noticeable on the belt, and the weight of the electronics,
, 1nclud1ng the speaker and antenna, is very confortable when attacned to
’ the upper 1eft front of the shlrt or attached to an epaulet. o

3.1.3 DJ:.SIGN AND COMPONEN'I‘ SELECTION

v The final conflguratlon ol the personal transcelver lncorporates sev—'
eral changes from the proposed configuration- that are the result of the'j'”
- de51gn and selectlon of internal components. : :

’,laﬂ,Loudspeaker/Mlcrophone .Unit = The decision to abandon the use o
 of an acoustic transformer and use a microphone- loudspeaker unit
xnsubstantlally affected the layout of the transcelver. The use of =

“a permanent—magnet—type, 1. 75—1nch diameter- -cone" speaker resulted ‘f’

V1‘_1n a large portion of the front face of the transceiver belng

Ql’occupled by the speaker. cone. ‘The channel select. switch was moved,f"",_
‘ilfrom the front face to the top of the transcelver whlle the antenna}-:’*'







"‘was relocated toward the right side of the transceiver, with the
channel select switch being located at the left side of the
“transceiver. This was necessary in order to allow operation of

a channel select knob with a gloved hand. If the transceiver is
worn on the left shoulder, having the antenna near the right side
of the transceiver is an advantage becauge it 1ocates the antenna
further. away from the wearer's head.

o

Press-to-Talk Switch - It became apparent early in the design

..and development phase that a four-pole, double-throw, press-to-
talk switch would be reguired. Mechanical switches made by
Chicago Switch, Gerdos, and Hi-Tek Corporation were investigated
by tests and by layouts. The volume occupied by thesge switches
and the installation complexity necessitated a different approach
to the design. All press-to-talk switch functions were incor-
porated in a hybrid module and were accomplished by solid-state

. devices. The actual press-to-talk switch functions only to pro-

. vide or interrupt the ground for the press-to-talk switch hybrid.
" This requirement resulted in design of a panel—type;press—tb-talk
switch developed especially fox the personal transceiver. This
new switch accomplishes the press-to-talk function if:the operator

depresses the face at any point. The switch operation is completely
noiseless and requires very little motion. Its location and size
is such that it can be easily operated by the user's chin while
the transceiver is being worn on the shoulder, which allows the
user to operate his transceiver while both hands are busy.  The
. press-to—-talk function can also be easily accomplished with the
. thumb by both left~ and right-handed users.

3.1.4" OTHER FEATURES

Many other features that were recommended in the proposal were also
retained in the design of the personal transceiver. Among these are the
- following: ~

» é; Channel Select Knob - This knob is shaped to allow the user‘to
"determine the selected channel by feel. The position of the
- knob is also indicated by detents.

Volume On/Off Control - This control is located on the left side-
© of the transceiver near the upper left corner. The knob adjust-
~ment can be made :"ith a light touch of a single finger on the =
. front face of the package., To mlnlmiZe"accidental movement or
~damage - durlng dropping of the unit, the knob is recessed into the
;b,SLde of the package with the edge of the knob: flush w1th the front
. face. and top of the package. : -

in

v'Squelch Control - This control located on the housing near, the
-upper right corner, is identical to the volume on/off control. ‘

. The positions of the volume on/off control and the squelch control
. are reversed from the proposed p051tlons because the volume controlf

W




is the one most often operated and for a right-handed user,
it is more convenient if the volume controel is on the left
side of the unit.

o

Antenna[— For ease of attachment and removal, the antenna is
attached to the electronics unit with a ball-and-socket-type-
plug-in connector. The ball and socket also allows the antenna
to be positioned up to 20° from vertical to optimize antenna
location with respect to the user's body.

Battery -~ The battery is attached with a rugged, twist-block-

type connector that provides both physical and electrical cou-

pling to the electronics section. ‘This connector allows for
~quick easy changes. of the battery without exp051ng the electronics

to the outside atmosphere.

v

3.2 MODULE PACKAGING

~In the proposed configuration, the electronic section enclosed the
entire transmitter; receiver, and audio circuits that were partitioned
.- into individual plug-in modules of two basic ‘types (discrete component
‘modules and microcircuit modules). The RF ampllfler, filter amplifier,
and multiplier are predominantly discreet compoénents and dissipate the
majority of heat within the package. These components are designed as
one- type of plug-in module that uses printed wiring boards. The high
‘heat dissipating components are mounted to a heat sink that is the side
of a module located near the ocuter housing walls. After the modules are
plugged into place, the module heat sink is attached to the wall of the
- outer housing by means of two screws in order to use the aluminum outer
housing as the heat sink. The bhalance of the components (with the excep-
~tion of the crystal) are partitioned into a second type of plug-in module
that uses microminiaturization techniques. These modules are ceramic sub-
strates attached to a plastic carrier frame with dimensions of 0.7 x 0.22 x

. 1.25 inches. The ceramic substrates are metalized on their rear surfaces

to assist in RF shielding between modules. = All modules are conformal
coated to prevent contamination. .Test points are located on the top of
the individual‘modules for ease of access when the cover is removed.

The search for the plastic carrler frame to support ceramic substrates
resulted in the conclusion that such a substrate carrier frame was not -
pPresently commercmally available in a size required for the personal trans— .
ceiver.  One such carrier frame that appears to be usable except for 1ts '
Slze was made by Dale Electronlcs Incorporated (SHP-40) S

After partltlonlng the ‘electronic c1rcu1ts, the substrate or board

o ared requlred for each module was calculated. The three cases considered

" were ‘the dlscrete—components printed-wiring board-type- module, the her-
'metlcally sealed substrate approach utilized hermetically sealed packages

v};51mllar to those manufactured by Isotronics Incorporated (typical part

"‘,numbers are: CD2040, CD2030, and :.CD2010, all manufactured by Isotronlcs)




%.jThls volume study determined that based on the initial circuit des1gn,
the volume of all substrates would be 2.85 cubic inches if the substrates
were open and unsealed. The volume of the substrates using the hermeti-
cally sealed packages described would be 8.00 cubic inches or 180 percent
aver the open substrate volume. Another approach then considered, was

. to design the substrate as for the open substrate design and provide a

. cover mounting surface around the perimeter of the substrate so that the

 cover could be. sealed in place with epoxy:. The epoxy sealed cover and

. substrate assembly would result in total module volume of 4.73 cubic

~ inches or 66 percent over the open substrate volume. Figure 38 shows the
“typical types of substrates that were eventually designed and manufactured
for the personal transceiver. The discrete-component VHF frontend shown

[ is typical of the discrete-component modules that were fabricated. The

" HO78 VHF frontend is typical of the thick-film hybrid substrates that were
umanufactured. Both modules utilize Robinson Nugent pins that engage with

V‘Robinson,Nugent sockets in the motherboard. The epoxy sealed cover-mounting .

. area can be seen on HO78 as the gray border along the outer edge of the

- substrate-and across the bottom of the substrate just above the pin. This

,1s the area to which the drawn metal cover would be epoxied to seal the

substrate.

Durlng development of the pexrsonal transceiver, the need for fre-

quently changing components on the modules and for changing circuits made
it impractical to seal the modules. For this reason, the covers were not
applied to these modules and where RF shields were reguired over and above
the ground plane shields that were on the back of the substrate, a Scotch
brand X-1245 copper foil was attached to the ground plane and wrapped across
the front of the circuit elements to effect an RF shield. ¥Figure 39 shows.
an HO65 audio filter with its copper foil shield partially removed to show
its components underneath. In those instances where this shielding was not.
sufficient, a thin brass box was soldered to the ground plane of the mother-
"~ board: to effect a better sheild and greater isolation, :

In the final persocnal transcelver design, the following modules were
thlck—fllm nybrids:

1 Channel SelecthOII.
41Moduletor HO24.
;QMultiplierrHO39.
‘.;:Audio.filter HO65.
'e~_1F Amplifier H105.
urAudio Ampiifiei‘H0O6.
‘iuPush-tefTalk/Regulator
&ﬁaﬁlTripler HOS1.

9 VHF Frontend (AF) HO78.
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The personal transcelver incorporated the following discrete-component

,modules.a

f% VHF Power Ampllfler €25000298. -

’f UHF Power Ampllfler 62500092.

ﬁTone Generator 62500028.

r*lAntenna Matchlng Networks 6250042 and 62500040;

= Osc;llator Multlpller Filter 62500086 and 62500087.

fLowaaSS«Filter 62500085.

fUHF.Frontend 62500107.

‘»VHF Frontend (DOJ) 62500145.

'7‘F11ter 62525402.

’Matching-Networks 62500054.

‘ bisCriminator 162500045.

\ the productlon desrgn, the followrng changes to the module packag-

recommended.

Use a lead frame instead of the machined Robinson Nugent pins.

A typlcal lead-frame- type cllp is Amp Inc.,part number CP71-19309.“

Instead of a cover,‘the thlck-fllm ‘hybrid substrates should flrst
“be protected by a material like Dow Cornlng 646 on the. actlve 'VV
~devices only. Then the substrates should be potted in dysol : :
EPpOXY . Typlcal substrates using this’ pottlng technlque are shown

. on the Martin Marietta Pager Receiver RE board (Figures 40 ‘and .41) .
;. The three potted- modules that are shown in these figures ‘are the
< IF hybrld 62453708, RF hybrld 62453706, and local oscrllator o
r{\mlxer 62453707. ‘ S :

'“:Instead of Roblnson Nugent or Amp. pln sockets, both of whlch have’»'
- been-used extensrvely in this and in the Pager Recelver program,ﬂf
- the: Berg mlnlature spring sockets (B/N 75540~001) as recommended
fa;The Berg pin sockets are substantially more rellable than ‘other -

fkde51gns and. 1nterm1ttent problems have been encountered w1th the'vﬁ[ﬁfdﬁ

'7therg sockets.. .

= The development power ampllfler packages used stud—mounted trans-7~7°
‘13f515tors.. This resulted in a very dlfflcult installation. ' In the
e productlon design, studless transistors should be procured.  These
: _“Ttran51stors ‘should be" soldered dlrectly to a ‘module heat s;nk and
’rfassembled ‘to the alumlnum case, as shown 1n Flgure 42-'1~" L




- Figure 40.
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3.3 HOUSING DESIGN

. The proposed housing design envisioned the housing to consist of four
parts (e.g., the microphone loudspeaker housing, basic electronics sec-
“tion frame, front cover, and rear cover). The microphone speaker housing
was to be designed as a single subassembly incorporating the microphone
- loudspeakexr transducer and antenna receptacle. The housing was an alumi-
num die casting and was separately detachable from the electronics housing.
: The electronic housing was described as a basic frame that acted as a mount
.. for the printed-circuit motherboard with plug-in module receptacles. The
‘basic frame also contained the volume on/off control, squelch control,
channel selector, battery receptacle, and press-to-talk switch. The frame
was to be made of aluminum and would dissipate heat from the high heat
dissipating components within the package. The front and rear covers,
attached to this frame by means of screws, were moisture and EMI sealed.

The decision to use a permanent-magnet-type, 1l.75-inch, cone speaker

instead of the proposed acoustical transformer {(or horn) and microphone

 resulted in a large portion of the front face of the transceiver being
taken up by the speaker cone. This necessitated elimination of the sep-
arate microphone loudspeaker housing and incorporation of a speaker grill
into -the front cover. After several layout studies had heen completed,
it was determined that the front cover should be fixed to the basic elec-
tronics section frame instead of remcovable as proposed. Having the front
cover integral with the frame resulted in the elimination.of one seal and
the cover mounting screws. This saved approximately 1/2 cubic inch in the
total volume of the transceiver and allowed the sides of the transceiver

. to be tapered toward the front to provide more comfortable hand-held opera-
tion. ‘With a fixed front cover on the electronic housing, it was necessary
for the motherboard module assembly to be inverted (i.e., the motherboard
was now placed close to the front cover and the modules were toward the
rear cover).

The unigue press-to-talk switch design resulted in a panel type switch
that, when attached to the front of the electronics housing, acts as a small

tronic housing reguires only disconnecting the battery from the housing,.

pressing down on the press-to-talk switch panel, and sliding it in the

direction of the battery connector. Removal of the press-to-talk switch.
. panel exposes a large area of the motherboard that could be used for test
, polnts in troubleshootlng the transceiver.

: ~A thermal design analysis, conducted on the personal transceiver,

_fistdescribed'in Appendix B. Figure 1 of Appendix B shows the electronics

_ housing frame dimensions that were used in the analysis. Drawing 62541554

©~ 'shows the cross-section through the power amplifier module and how it is

. attached to a heat sink that is embedded in the case wall. At that time,
the elecétronic housing frame was visualized as.a plastic frame with an
‘aluminum heat sink inset in the frame. Run NO. 1 and 2 of the thermal
_analy51s were made with this configuration.  These two runs show that the

" . plastic frame with an inset heat sink was inadequate and that the USAF duty

g,~cycle resulted in higher temperatures than did the DOJ cycle. Run NO.3 of

front cover. To remove the entire press-to-talk switch panel from the elec-




thermal analysis used the USAF duty cycle and an all-aluminum frame with
fins. This run showed that during 122°F ambient normal cperation, the
high heat dissipating transistors did remain well within their maximum
reliable operating temperatures. Thermal analysis run No. 5 was conducted
to investigate ‘operation of the power amplifier with the antenna removed
from the perscnal transceiver. The temperature setting for a Texas
Instruments 4BTL2-41 thermostat was determined by this thermal analysis.
Best operation of the personal transceiver was a setting of 200°F +8°

for opening with the closing at less than 20°F below the opening tempera-
ture. Run No. 6 was performed to determine the length of time that the
thermostat would allow continuous transmission for various ambient tempera-
tures; it revealed that at -40°F ambient, the transmitter can be operated
continuously for 96 minutes but for +95°F operation, the transmitter can
be operating continuously for only 12 minutes, and at +122°F, for only 8
minutes. These times were concluded to be reasonable and normal. Although
it was not considered in the thermal analysis, attaching the front cover
permanently to the electronic housing will result in lower operating temp-
eratures and should improve the overall performance of the transceiver in
high-temperature environments.

However, after considerable experience in handling the transceivers
over the course of the development program, a removable front cover is
recommended for ease of maintenance. Although this change would result
in increased unit cost and in slightly larger volume, these disadvantages
would be outweighed by the savings in maintenance costs.

3.4 BATTERY DESIGN
The proposed battery {(Figure 43) was a separately sealed package
incorporating a twist lock electromechanical connector. The desirable

battery features are:

1l Simultanebusly electrically connects and mechanically locks the
battery rigidly to the electronics section.

2 The battery can not be incorrectly connected due to the different
pin diameters of the mechanical portion of the connector. This
feature also allows the user to replace the battery at night by
feeling the pin diameters.

3 The electrical contacts are imbedded with plastic with exposed

surfaces only on the two opposite side of the projecting portion
of the connector. This prevents shorting of the battery when it
is placed near a conductive surface or by having a conductive
material pl&céazoﬁ]%he battery. This feature alsoc prevents
electrical connection to the electronics section if the trans-
ceiver is on until the battery is near final rotation and lock.
This insures that a good low-loss electrical connection is made
and the battery is rotated in the final lock position to prevent
inadvertent loss of the battery or power.
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4 'Oering seal of the electrical contact.

The proposed total weight for battery assemblies were 8.5 ounces for
DOJ and 10 ounces for USAF. ' The proposed total volume for the battery
vassemblles were 5,7 cubic inches for DOJ and 8.46 cubic inches for USAF.

- The choice of the battery cell and design of the battery connector
were the two most time consuming and difficult jobs in the battery assem=~
bly design. These two items are described more fully in other parts of
this report. Once the choice of the cell and battery connector was made,
the design of the battery assembly itself was rather straightforward. A
polycarbonate housing was used to completely enclose the cell assembly.
The cell assembly was made by the battery manufacturer and consisted of
a stack of cells interconnected by welded nickel ribbon. Figure 44 shows
two typical cell assemblies as they were assembled by Union Carbide. Fig-
ure 45 shows the installation of one of these cell -assemblies intc a poly-
carbonate housing. Following installation of the cell assembly into the
housing, the comnector was assembled to the cover and.then welded to the
cell assembly. The cover was then sealed onto the .battery case by using
a polycarbonate solvent. After the assembly operation and the curing re-
.quired, the battery assembly was painted. Figure 46 shows a completed
DOJ battery assembly being connected onto a transceiver electronics assem-
bly. - the DOJ battery cell assembly is shown on drawing 62500046, the
battery assembly on 62500047; the USAF battery cell assembly is shown on
©2500060 and battery assembly on 62500061).

The actual weight of the completed battery assemblies were 7 ounces
for DOJ and 9.33 ounces for USAF. The actual volume for the completed
battery assemblies were 5.5 cubic inches for DOJ and 8.54 cubic inches
for USAF.

The design of the USAF and DOJ battery assemblies was very similar with
the only significant difference being the size and shape of the cells. in-
volved in the assembly. This difference is readily apparent by examining’
the drawings. The battery assemblies have the following desirable features:

1 Simultaneously electrically connects and mechanically locks
the battery rigidly to the electronics section.

2 The polarity of the electronic connection is correct regarxdless
of the orientation of the battery with respect t¢ the transceiver.
3 The battery can easily be replaced at night by an untrained user.
4 The battery can be replaced without exposing any internal circuits.
5 kThe battery centacts cannot be inadvertently shorted by 1ay1ng the
' P_battery on a flat conductive surface.
. 6 When the battery .s assemblied to the transcelver} both the trans-.

ceiver and battery are completely sealed from the effects of ex-
ternal env1ronment : )




Figure 44. Typical Cell Assemblies For Battery




.

Completed DOJ Battery Assembly

‘Figure 46.




The deliverable battery cases were "hogged" out of solid material due
to the small guantity of units built. The production battery assembly is
projected to use an injection molded battery housing and cover. Stampings
and foxrgings would be used for the baittery connected parts, thus completely
eliminating machined parts from the battery assembly. Final assembly of
the battery will be accomplished ultrasonically. The end result should

be a low-cost throw-away unit that could ke discarded in the event of a
cell failure.

.

3.5 PBATTERY CONHECTOR

The proposed katiaery assembly and battery connector configuration were
shown in Pl”“ Q) ﬁ? Aftar building a model of thls battery and connector

1l While attaching the battery onto the electronics housiﬁg, before

- the battery can be rotazead nz force necessary to compress the
O-ring s=zal must be s liad by the user. It is required that the
battery and electronic nousing be forced together in order to
compress thsa

2 The size of the connecter and pins was unnecessarily large and
occupled tco much of the transcsiver volume.

3  The battery connector was quite vulnerable to damage, especially
if it were drcored while bsing handled without the transceiver
electronic housing. The round projecting plastic part that con-
tains the connector contacts is a vulnerable part of the assembly.

4

If the user inadvertently assembles the battery cnto the housing
with the pins located behind their mating slot, then the battery
cannot be rotated into position. This may result in some confu-
sion especially if the battery is being assembled onto the receiver
in the dark

A design proposed by the Eagle Pitcher Corporation was very similar
to the proposaed design (Figure 43), except that the connector contacts were
in the form of a helix and pins were eliminated. This desion obviously
solves the O-ring ccmpression prcblen but it is also seriocusly weakened
because the only structure available for holding the battery on the trans-

o)

.

ceiver housing is the plastic bedy of the connector.

Subsequently, a 1/8-turn, auick—discopnéct was conceived. This con-
nector design is intended for a plastic housing and plastic battery case.
The positive voltage connzction is made by means of a spring-loaded ball
that is pressed onto a contact imbodided in the plastic surface of the bat-
tery heousing. The nogative coniaccticn is achieved by means of a ring and
plate, which also holds the battory and transceiver housing together. The
plate contains four notches through which the four pinsg pass. When the
battery was rotated into its final correct position, the pins were retained




'  'ihié‘detéh£;in the plate. The seal was accomplished by means of an O-ring
in,the_housihg,‘.However, this connector was not fabricated because:

 £ The size was still too large to be compatible with the internal
transceiver design. -

2 Thé'o-ring'seal would not stay in place when the battery is
disengaged.

3 The stresses that were encountered in the plate design were too
high to be practical.

4 The necessity for a plastic electronics housing.

Further design work on this connector configuration resulted in a design
that still did not solve all of the problems enumerated above.

The next design approach eliminated the spring-loaded ball and imbedded :

- contact. and substituted a flat-headed and hemispherically headed rivet. S
The flat headed rivet was installed in the battery housing while the hemi- i
spherically headed rivet was installed in the transceiver housing.  The

connector plate was flattened to eliminate the detents. Two more unsuccess-

ful-seal configurations were tried, one with the groove at the top of the

battery connector ring and the other in a angular retainer on top of the

battery connector ring. Both failed to retain the O-ring during the engag-

ing and disengaging process. The soluticn to this problem was to bond a

flat rubber washer to the transceiver housing.

: A connector of this type was fabricated. After the evaluation, it

was determined that all objections to the proposed design have been elim-
- inated. This became the final configuration that was used in all transceiver
prototypes.

This battery connector was completely satisfactory during the prototype
design and development phase. No problems were encountered during shock
test, rain test, vibration, or any other adverse environments. Therefore,
‘it was concluded that the basic design is sound and could be used in produc-
tion. Some changes are necessary however for a cost reduction in the pro-
duction design. = ‘

1l Self-tapping screws should be used for attaching the plate to the
-transceiver housing.

‘The connector plate should be fabricated by stamping or fine blank- =
ing. . ’

I

3 The connector ring should be forged, sintered, or cast.

:;Ag‘-'The‘COnnector»ring attachment to the battery housing should be
© changed to eliminate the screws and to substitute instead rivets
. .ox some. other faster means of attachment onto the battery top.




3.6 ANTENNA

The continuously loaded whip was selected as the baseline antenna and
Antenna Specialist Company model PB-4 was modified and tested. The final
configuration measured 5.75 inches long including a ball that-is inserted
into a receptacle in the microphone speaker unit (Figure 47). The proposed
‘concept was to equip.an Antenna Specialist antenna with a 3/8-inch diameter

- steel ball rather than the standard 3/8-inch threaded end. The antenna was

intended to snap in and out of a receptacle in the housing. The snap-out
force should be high to prevent the antenna from being knocked out during
normal activities yet should be low enough to allow an assailant to yank the
antenna off without also removing the transceiver. Furthermore, it was de-
termined that the antenna must tilt 20° in all directions and remain in any
tilted position during normal use such as running, walking, driving, etc.

. Soon after beginning the development program of the personal transceiver,
three concepts evolved for the antenna connector:

1 The concept that was proposed (i.e., a 3/8~inch diameter ball
attached to the end of the antenna, mating with a snap-on type
connector mounted on the top of the transceiver).

A 3/8~inch diameter ball permanently retained in a socket in the

top of the transceiver much in the same manner as a rod-end

bearing or Uniball bearing. The ball would have a hole into

which a mating banana-plug-type connector on the antenna would be
inserted. The banana plug would provide engagement and disengagement,
while the retained ball would provide the tilting.

(1N

Iw

A spring-loaded ball detent that would be mounted in the transceiver
and would engage a grooved cylinder attached to the bottom of the
antenna. Tilting would be accomplished by means of a hinged

knuckle joint at the base of the antenna.

An Antenna Specialist PA~4 antenna was modified to incorporate a 3/8-
inch diameter ball end. The antenna weighed 31 grams and the center of
gravity was located 2.5 inches from the ball end. In the initial design,
it was assumed that the tipover force should be sufficient to hold the anten-
na without slipping under up to 2 G conditioms.  This was converted to
force of 62 grams at the CG and 50 grams was assumed to be the minimum tip-
over force regquired. Insertion and withdrawal force was assumed to be 2 to
6 pounds. ' ‘

'An antenna test tool model was fabricated to test the ball and socket
idea. This model revealed that the 3/8-inch diameter ball end antenna and
antenna test tool could be adjusted so that the insertion force was 5 pounds
‘and the tipover force was 50 grams at 2-1/2-inches above the ball end. It
‘was observed, however, that the tipover force of 50 grams occurred in only"
two directions (i.e., in the direction of the spring axes). If the antenna
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Was pulled at right angle to the spring axes, the tipover force was very
‘low (less than 5 grams). Therefore, it was concluded that this test tool
was not a good design from a practical standpoint.

A 1l/4-inch ball was substituted for the 3/8-inch ball end on the antenna
and the test tool was modified to accommodate the 1/4-inch hall., Test of this
device revealed the same problem. Except for the same insertion force, the

tipover force was lower, which is to be expected with a smaller ball.

Next, a connector .for the third concept was fabricated and a new test
tool was built. The connector used a cylindrical tip on the bottom of
the antenna with a hinged joint and groove that mated with a spring-loaded
ball detent in the housing. Insertion and tipover were easily controlled
since they were separate; the tipover force was determined by the tightness
of the hinge and joint insertion determined by the diameter ball. The
disadvantage of this design was that it would only tip in one plane. This
appeared to be a very impractical design from the standpoint of breakage
of the antenna connector because of the hinge joint.

In a design review attended by AF and DOJ representatives, it was
determined that the insertion and withdrawal force be increased to 3 to
7 pounds and that the tipover force be increased from 50 grams to 175
grams at the 2.5-inch point. After reviewing the design calculations, it
- appeared that it was not possible to accomplish this tipover force with
such a relatively low insertion and withdrawal force which using a ball
‘end ‘on the antenna. The obvious solution then to achieve such a high
tipover force compared to the insertion/withdrawal force was to use concept
2 above (i.e., permansntly captivate the ball in the socket and apply what-
ever pressure was necessary to achieve the 175 gram tipover force). Then,
by drilling a hole in the ball and inserting a banana-plug-type connector
with adjustable springs, the 3 to 7 pound insertion/withdrawal force could be
achieved. .

A specification was written for the antenna connector and was sent to
three vendors with requests for a proposal on prototype units of this con-
nector. The vendors were Americon, TED, and Microdot. Subsequently, a
purchase order was placed with Microdot. The connector and antenna design
were successful in meeting the connector specifications and appears to be
satisfactory for production if a suitable price can be achieved.

The only problem that occurred with this connector during the prototype
development program was that of breakage, which occurred in the antenna
portion of the connector. Three of the connectors were broken by handling,
which led to the conclusion that this would continue to be a problem if it
were in production. The antenna cannot be pulled sideways (i.e., at right
angles to the axis of the antenna from the transceiver) without breaking
or bending the male portion of the connector. During the earlier test
program with the ball-end connector, it was observed that the antenna can
be pulled at right angles to the axis of the antenna with a sudden blow or
with a slow pull and successfully disengage itself from the socket without




any damage. Because of this problem, it is recommended that the ball-end
antenna be subjected to further development. With enough time and develop-
ment work, such a configuration would be successful and would be satis-
factory for production. Mr. Herb Balmer of the TED Corporation is likewise
convinced that this design could be satisfactorily solved for a production
connector. Another alternative is to use the screw-thread-type connector.
This design obviously would be less expensive than the guick-disconnect
connector, but has the disadvantage of allowing an assailant to grab the
antenna and yank the entire radio off the officer's shoulder. However, the
screw-thread-type connector is recommended for production on the basis of
cost and ruggedness.

3.7 PRESS-TO-TALK SWITCH

The proposed press-to-talk switch function was two single-pole, double-
throw switches that were mounted on either side of the battery receptacle
and operated by press-to-talk bar on the outer cover. At that time, some
switches (Hi-Tek Corporation part number 772-40007 and Chicago Switch part
number 23-020-001) appeared to very attractive from the standpoint of size
and cost. Samples -of these were obtained and evaluated. Both switches. ot
appeared to be satisfactory for the application. '

Subsequent circuit developments resulted in the requirement being
changed from two single~pole double-throw switches: to four single-pole
double-throw switches. A&t this point, the design could use either four
of the SP~DT switches, attempting to synchronize their operation mechani-
cally, or a four-pole double-throw switch (such as Chicago Switch Incorporated
part number 23-004-001). Some of these switches were obtained and also
evaluated. The biggest drawback with the 4P-DT switch was its size; it
occupies a large amount of space in the receiver for the function that it
accomplished.

To alleviate the volume problem for the press-to-talk function, idea
of using diode switching was suggested. The switch module that was devel-
oped is the H113, which is operated by a single-pole single-throw switch;
this requirement resulted in a concept for the press-to-talk that was
utilized in the personal transceiver.

Figure 48 shows an experimental press-to-talk switch that was fabri-
cated to check the concept of conductive rubber and printed wiring board
as the switch. Details of the model are shown in Figure 49; tests of this
model were successful enough to proceed to completion of the final design,
which is shown in Figure 50 both in the assembled form and in the detailed
breakdown form. The components of this switch are very simple, relatively
inexpensive, and can be mass produced as an assembly for less than $3.00.
The press-to-talk switch assembly is shown and described in detail on
drawing 62500029,

The only significant problem encountered with the development and use
of the final press-to-talk switch design is described in detail in report

8l
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OR: 12,304, "Equipment Test Report for US Air Force Prototype Personal
Transceiver”. Appendix A of this report describes the problems and solu-
tions of the problems. The presence of Dow Corning 92-018 sealant in the
switches. resulted in a shorting of the printed wiring board; use of 0.020-
inch conductive rubber resulted in shorts at low temperature. Simply
changing to Dow Corning 92-024 sealant which is non-conductive and changing
the conductive rubber material to a 0.031-inch thickness solved the shorting
problem.

In production, it is recommended that the press-to-talk switch be
obtained as a complete assembly from a Vendor such as Chomerics Incorporated :
for use in the personal transceiver. The internal parts should be die- -
stamped, the frame of the press-to-talk switch should die-cast, and the
assembly should be done with Dow Corning 92-024 adhesive and staking.

3.8 CHANNEL SELECT SWITCH

The initial design and development of the channel select switch was
directed along the lines shown in the proposal. Figure 51 shows how the
channel select switch was preassembled to its knob and bushing and then
plugged into the chassis frame with the pins located at the back end of the
channel select switch to engage directly into a printed circuit motherboard.
As originally proposed the channel select switch was required to be a simple
single-pole, four-pecsition rotaxry switch. Thes chamnnel selsct switch was
to be located on the front of the transceiver; that is, the knob projected
from the front face of the transceiver just below the loudspeaker, microphone,
transducer housing. A 1/2-inch body diameter switch was developed bv Grayhill
for this application; it was a modification of their standard 50 series to
provide one~pole, four-position, 90-degree angle of throw. Samples of
these switches were received, tested, and were found to be satisfactory.

Based on this switch design a preliminary specification drawing (SK41465)
of the switch was developed. The installation design for this switch as
well as the channel select knob requirements were developed as shown on
SK41466. An alternate vendor (CTS of Elkhart) was also considered for the
supply of this switch. Without further development, their switch had the
two problems of a 36~degree angle of throw and a length that was approxi-
mately 1/16 inch longer in body than the Grayhill switch.

The 50 series, single-pole, four-position rotary switch with 90-degree
angle of throw was subsequently production tooled by Grayhill and production
parts were available in July 1971. Subseguent changes in the crystal oscil-
lator electronic circuits made it appear that the switch could not be used
in the personal transceiver. At this time, Grayhill was asked to build a
4-position, 3-pole, single-throw, single-level switch; their reply was that
this would be extremely difficult to do and, in fact, they did not have a
good idea of how to accomplish it. Following this, Martin Marietta devel-
oped with Grayhill a modification to their series 51 rotary switch (part
number 51MY29013) to provide a single, common pirn plus 12 other pins. The
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function of the switch was such that the single common pin was shorted to
. pins 1, 2 and 3 with the channel select switch in position 1; all other
. ‘pins were open at this time. Moving the channel select switch to position
- 2 shorted pins 4, 5, and 6 with all other pins being open. This switch was
tooled and subsequently fabricated for the personal transceiver prototypes
by Grayhlll

The decision to abandon use of an acoustical horn and microphone-.
loudspeaker unit substantially affected the layout of the transceiver. Use
of a permanent-magnet type, 1l-3/4-inch diameter cone speaker resulted in a
‘large portion of the front face of the transceiver being occupied by the
speaker cone. Because of this, the channel select switch was moved from the
front face to the top of the transceiver. ILocating the channel select switch
at the top of the transceiver above the speaker armature made it necessary
for the channel select switch to be connected to the motherboard with long
stranded wires and caused the channel select switch location to be con-
-siderably further from the crystal than was originally planned. The bushing
type mount and plug-in features originally planned for the channel select
switch were abandoned and a simple panel mount with- stranded wire connections
was utlllzed.

A tactile type channel select knob was developed that allowed the user
to determine the selected channel by sight or by feel. The knob's design is
considered to be satisfactory for production, provided the necessary tooling
is developed.

Further development of the electrical design resulted in the requirement
for a 12-pin, 3-pole, 4-position switch of the nonshorting type. A 9/16-
inch diameter, single-deck switch of this type is manufactured by RCL (part
number. S13-RB-4) and is shown on the channel select switch control drawing
62500080. This switch configuration is the one that was used in the proto-
type personal transceivers.

For the production design, the circuits should be modified so that the
channel select switch is switching DC only and that the switch be a simple
single~pole, 4-position switch. This switch should be connected to the
motherboard by means of flexible circuits. The switch should use printed-

" .circuit terminals that are soldered to the flexible circuits. For a production

design, the new Grayhill 75-YY-33000 switch is very attractive from the
standpoint of size and weight and should be developed for use 'in the produc—
tion design.

" 3.9 VOLUME AND SQUELCH CONTROLS

: The-Centralab Division of Globe Union Inc. was requested to quote on

- the original proposed design, which consisted of a 3/4~inch diameter knob.
Immediately underneath the knob was a circular mounting plate utilizing
number 0-80 mounting screws. The volume and squelch control bodies were

- 0.502-inch diameter with printed-circuit type pins projecting axially from:

"' this body on the opposite end from the knob. Amperex Electronic Corporation,

CTS Corporation, and Bourns,.Inc. were also requested to bid on the knob
- .design. - All refused to bid; however, they did submit copies of thelr standard
de51gns that were currently in productlon. o




v Allen Bradley, Mallory, and CTS submitted samples of their panel-
mounted type production volume and squelch controls. The Mallorxy controls
we¥e the least expensive but were also the largest; all controls were

. considered to be too large for the proposed transceiver. The body sizes
were roughly 0.50 inch in diameter and 0.65 inch in length. The Mallory
controls were of the MLC type; their most attractive feature was their
low price.

The Allen Bradley type G volume control and type SP squelch control
- were evaluated. These controls, while more expensive and cbv..ously

of much better external quality than the Mallory controls, appear to
have: about the same performance and were very similar in volJume to the
Mallory controls; thus, they offered no advantage over the Mallory
control. CTS only submitted a type 660 sgquelch control. This control
was- approximately half the size of those of Mallory and Allen Bradley

" but sold for more than $6 each and were therefore too expensive to
consider. Furthermore, there was no volume control counterpart for the
CTS squelch control.

In an attempt to find smaller volume and sguelch controls, several
other devices were investigated. For example, Bourns potentiometer
(model 3365) was evaluated. This device is very attractive from a
standpoint of size and weight with its 1/2-inch diameter and 0.2Z23-inch
length including the knob, but there was no equivalent device containing
anon-off switch. Furthermore, this potentiometer was apparently not
capable of taking the continuous motions and variations required of a
volume or squelch control. It was intended primarily to be set to one
value and left alone and probably would not operate over more than two
or three hundred cycles. The CTS series M250 composition variable
resistors were also investigated but no switch version of this poten-
tiometer is available. The Centralab model 6 volume and squelch
control were evaluated and found to be satisfactory, both from a stand-
point of size and weight and from a standpoint of cuxrent carrying
capability. These units also have adequate moisture protection, a long
history of successful production, and were therefore chosen for use
on the prototypes. The volume control is 0.6 inches in diameter over
- the knob and is 0.25 inches thick overall. 'The squelch control knob
is the same diameter; the depth of the control is 0.20 inches. A minor
problem encountered with these controls is that the knobs are susceptible
to several of the printed-circuit cleaning solvents. A major disadvantage
of these controls is that it is extremely difficult and time consuming to R
install and seal these controls in a transceiver housing. It requires U
approximately one hour to install, seal, and wire up a volume and L
squelch ‘control. This is, of course, unacceptable for a production
design.

‘ For the‘production'design, the goal is to retain the reliability,
function, and knob size of the present volume and squelch control, yet
'provideran easier method of mounting. - Several approaches should be




",1nvest1gated prior to maklng a final productﬁon de51gn recommendation.

~ An- 1n3ectlon molded, plastlc adapter could be designed to fit onto the

back of the Centralab volume and squelch controls that would allow the
volume and. squelch controls to be installed from the inside of the
cha551s after removal of the knob. At the present time, the volume

;and squelch ‘controls must be lnstalled from the. outside of the chassis
and two small nuts plus associated wiring must be connectedvor,lnstalled

" on.the back of the volume and squelch controls after they arxe in place

in the chassis. Installing .the volume and squelch controls on an adapter
ring would allow them to be assembled on the adapter ring externally

to the case, and then to be assembled into the case by simply pressing

the cylindrical body of the volume and squelch controls through a hole.

- An appropriate RTV adhesive would be put in place on the adapter ring
Prior to pressing the contrcl into the hole. After the RTV adhesive ; e
sets, the knob could be put in place. The combination of the knob plus~* B
the adapter ring would prevent the volume and squelch controls from o
falling out of the case or into the case. As for the wiring of the
volume ‘and squelch control, we strongly recommend for production:the
flexible wiring, or the flexible wiring and hardboard backing combina-
tion which is manufactured by the G.T. Schjeldahl Company of Northfield,
Minnesota. Their Capton-insulated, flexible, printed c¢ircuits could
easily be soldered onto the volume and squelch controls while the
circuits are out on the bench. Installation of the motherboard could
then be accomplished. After installation of the motherboard, the
volume and squelch controls hang onto the motherboard, attached to the
motherboard by means of the flexible circuits. At this time, the RTV
could ‘be applied and they could be pushed into place in the case with
‘no solderlng required whlle the unit is in the case.

Recently,received prototypes of a volume and.squelch control are
those developed by CTS of Asheville, Inc. The squelch control is a 25K
linear potentiometer (part number 14659-MM). The volume control is
a 5K +30% audio taper (part number 14658-MM). The knob of -these units
is 0.330 inch diameter with an overall thickness of 1/10-inch, including
the knob. The configuration of the potentiometer is somewhat similar
to that of a Motorola Micro-T transistor package with ribbon leads -
extending radlally from the rear of the potentiometer package. These
controls could very readily be mounted on Schjeldahl flexible prlnted
circuits by reflow soldering and when the motherboard is installed in
the chassis, the volume and squelch control could be pressed into their
-, respective mounting holes by using RTV or an adhesive for sealing.

. Installing the knob on the outside of the control would lock the-
units in place. This design merits further test and investigation and
1Aappears to be the most attractive from the standpomnt of size, weight,
“and' cost for the production transceiver. A similar set of volume and
~squelch control knobs is presently belng sold to another transcelver
,manufacturer for a productlon design. .-




'SECTION VII.
TEST RES-ULTS.
hls sectlon outllnes a summary of results of the varlous tests

ik run on: both the DOJ and AF transcelvers. The figures and tests presented =
i are as: follows.‘ ' [ o RN

"f"ffiﬂre N. . mitle.

52 AT AF Acceptance Tests on Six Units '
- 53 o AF Environmental Test for Temperature ,

54 .‘, ‘ ' ‘AF Environmental Test for Humidity,
Altitude, Rain and Vibration o

55 'AF EMI Test Results.
56 ' ' DOJ Acceptance Tests on Six Units
57 ' DOJ Environmental Test for Temperature“

58 , B . DOT Envmronmental Pest for Humldlty,
: ‘ Altltude, Raln and Vlbratlonk

‘ Detalled descrlptlons of the test results 71d thée reasons for -
. varlances between the specifications and measured values are contained

cin the followmng data ltems previously submltted-

P*; é_‘AOZO Equlpment Test Report for U.S. Alr Force Prototype: Personalj
. ’,Transcelver ‘ : . _ _

ftBOZO Equlpment Test Report for Department of Justlce Prototype '
*QPersonal Transcelver ) : : :

afBO20 EMC Test Report for Prototype Personal Transcelver ,
VjﬁAOZl Pcceptance Test Report for Prototype Personal Transcelver

'*fBOZIPAcceptanceﬁTest Reportkfor PrototypejPersonaltTranscelver;tff i




g “I'TEYM:_- VPerksor’Az'xl VHE Transceiver

- CONTRACT: - F33657-715C-0832

CONTR: - USAF (AFSC), Hanscom Field, Bedfbrd,.Hass.

MFR: Martin Marietta Corporation, Orland.o,‘ Fla.

" TEST DATES™

>
¢

MFR'S TYPE:

62500025

10/10/72 to 11/28/72

_ Data Sheet Test L : ) : Measured Values - o
- Ref. Para. | Group Test Item. . Spec Limit S/N1 - S/N 2 S/N 3 S/N 4 S/N 5 8/N-6
5.1 | Revr - | Spurious Response 85 dB min 9 102 60 47 40 73
5.2} " - | IM Spurious Atten: 65 dB min 66 72 58 68 59 64
5.3 “ Dynamic Range 80 dB min 93 79 72 83 77 78
5.4 | " | Selectivity 80 dB min 78 79 71 86 77 76
5.5 M | 'Mod Accept Bandwidth + 7.5 kiiz min + 9.5 + 8.5 + 8.5 + 7.5 + 8.5 + 7,5
5.6 | Sensitivity 0.35 pv max 0.53 0.34 0.32 0.28 0.34 0.40
7 s * | L0 Freq Stability + 0.0005% max % * * * * *
:B 5.8 - o Aco‘ustic SP Level 105 dB min 93, 96 93, 95 94, 96 94, 95 95, 99 94, 98
9 5.9 " "Audio Output Power 80 mW max ‘165 150 88 138 125 150
‘10 R A , 5% max 4.5 2.5 3.4 2.2 2.3 1.0
1 5.10 Auddo Dist/Noise 50 dB win 52 52 50 52 51 63
11 5.11 " | Audio Response +1, -3 dB *% A *% *ok #x *k-
127 512 " Tone Squelch NA.
13 5.13 fmtr | Subaudible Tone Gen NA
14 5,14 v | Xmtr-Freq Stability + 0.0005% max * * * # ¥ * *
15 5005 v Audio Distortion 5% max 4.6 4.0 4.2 4ub 3.2 4.8
a » ; -
.16 5,16 om Frequency Response +1, -3 dB bl k% *k *k ki k&
17 5.7 . FM Noise and. Hum 40°dB min .37 44 38 37.5 42 38
18 5018 " | peviation Limit + 5 kiz max 4.8 4.9 5.0 4.3 4.6 5.0
19 5.19 " AM Hum and Noise '35 dB min > 40 >40 > 40 > 40 >40 > 40
20 5.20 0 1M RF Power Output 3.2 to 5.0 W 3.7 4.1 4.4 3.3 3.4 4.8

*% Gee Data Sheets’

 %.Data deferred until r’ecryétallization.

“ NA Not Applicable (Department. of Justice transceivers only)

. Figure 52. AF Acceptance Tests on Six Units




| TEMPERATURE - -

© . PARAMETER +25°C ~40°C -20°C 0°C +20°C
" Transmitter - | Specification: 3.2 - 5.0 w 1.6 = 5.0 w N/A N/A N/A
Pover: Output *Requested Limit: 3.2 -~ 5.0w 1.6 - 5.0 w N/A N/A N/A
R Measured: 3w 8w N/A N/A N/A 6w 3.3w
FM Noise Specification: 40 dB min 30 dB min N/A N/A N/A 30 dB min 40 dB min’
"-and. Hum *Requested Limit: § 35 dB min 25 dB min N/A N/A N/A 25 dB min 35 dB min
Measured: 37.5 dB 36.2 dB N/A N/A N/A 37 dB 47 4B
- Transmitter ‘ Specifiéation: + 0.0005% max + 0.0005% wax + 0.0005% max + 0.0005Z max + 0.0005% max + 0. 0005% max + 0.0005% max
' -Frequency - *Requested Limit: 4 0.0005% max + 0.0010% max + 0.0005% max + 0.0005% max + 0.0005% max | + 0.0005% max | + 0.0005% max
Stability - Measured: Reference 0.00074% 0.00007% 0.00001% 0.00002% 0.00006% 0.00050%
“Receiilerv Lo Specification: N/A N/A + 0.0005% max + 0.0005% max + 0.0005% max N/A N/A .
: Frequency | -*Requested Limit: N/A N/A + 0.0005% max + 0.0005% max + 0.0005% max ; N/A N/A &4
~ - Stebility Measured: N/A N/A 0.00044% 0.00003% 0.00004% N/A N/A ‘
k»ReceiLver, : Specification: 80,dB min 68 dB min N/A N/A N/A 68 dB min 80 d3 min !
' Selectivity *Requested Limit: 70 dB min 58 dB min N/A N/A N/A 58 dB min 70 dB min
' : Measured: 86 dB 82 dB N/A N/A N/A 80 dB '] 89 dB
Receiver . Specification: 0.35 uv max 1.1 pv max ~ N/A N/A N/A 1.1 pv max 0.35 puv max
Sengitivity - *Requested Limit: 0.50 uv max 1.6 pv max N/A N/A N/A 1.6 pv max 0.50 pv max
‘ Measured: 0.33 uv 0.22 pv N/A N/A N/A 0.55 pv 0.38 uv
" Modulation “Specification: + 7.5 kiz min | + 6.0 kiz min | N/A N/A N/A + 6.0 iz min | 4 7.5 kHz min
_Acceptance _*Requested Limit: 4 7.5 kHz mir. | + 6.0 kHiz min N/A N/A N/A + 6.0 kHz min | + 7.5 kilz min
‘Banduzdth, Measured: +7.5 kiz +9.0 kiz N/A N/A N/A +9.2 kiiz + 7.5 kiz
3 Audio ‘ S?e_cification: 80 ‘oW min Ambient -6 dB N/A N/A N/A Anbient ~6 dB 80 mW min
" Power OQutput *Requested Limit: 80 mW min 20 mW min N/A N/A N/A 20 W min. - 80 wW min
e Measured: 132 mW 165 mW N/A N/A N/A 151 my 151 oW
s Requested acceptable prototype ,peifdfmanée. ’
RS Figure 53. AF Acceptance Test

for Temperature




Parameter -

g ~ Humidity

" Transmitter
Power Output

Specification:
*Requested Limit:

Measured:

H3.2 watts

1.6 - 5.0 vatts
§1.6 - 5.0 watts

3.2 - 5.0 watts
3.2 - 5.0 watts

3.2 watts

~ Altitude

3.2 - 5.0 watts

Vibration

L

3.2 - 5.0 watts
4.0 watts

372 - 5.0 wétts
3.2 - 5.0 watts

4.5 watts

FM Noise

| Specification: §34 dB minimum 40 dB minimum 40 dB minimum 40 dB minimum
and Hum *Requested Limit: %29 dB minimum 35 dB minimum 35 dB minimum 35 dB minimum
|  Measured: §39 dB 44 dB 48 dB 40 dB
Transmitter Specification: K+ 0.00057 maximum + 0.00057% maximum + 0.0005% maximum + 0.0005% maximum §
Frequency *Requested Limit: {§+ 0.0005% maximum + 0.0010% maximum + 0.0005% maximum + 0.0005% maximum' g
 Stabtlity Measured: # 0.000347 0.00045% 0.00049% 0.00046% |
:}8‘ Receiver Specification: §6O dB minimum 80 dB minimum 80 dB minimum 80 dB minimum
o Selectivity *Requested Limit: %50 dB. minimum 70 dB minimum 70 dB minimum 70 dB minimum
| Measured: 81 dB - 87 dB 90 dB 75 dB
Receiver Specification: fl.l Mv maximum 0.35 uv maximum 0.35 pv maximum 0.35 pv maximum
- Sensitivity | *Requested Limit: ¥1.6 uv maximum 0.50 puv maximum 0.50 puv maximum 0.50 pv maximum
' Measured: 0.46 uv 0.49 pv 0.43 pv 0.48 puv
' Modulation Specification 51:6.0 kHz minimum + 7.5 kHz minimum:. | + 7.5 kHz minimum + 7.5 kHz minimum;i
- Acceptance *Requested Limit: g+ 6.0 kHz minimum + 7.5 kHz minimum + 7.5 kHz minimum + 7.5 kHz minimum §
Baqdvidth Measured: B+ 9.2 kHz A + 10.1 kH=z + 8.5 kHz + 10.5 kHz

 Audio Power
- Output

Specification:
*Requested Limit:

Measured:

“# 20 mW maximum

f 551 mw

§ 20 W minimum

" Figure 54. AF BAcceptance Test for Humidity, Altitude, Rain, and Vibration

* Réquésted;aicéeptable,prototﬁypé‘péfformahcea

80 mW maximum
80 mwyminimum

320 mW

80 mW maximum
80 mW minimum

720 mW

80 mW maximum
80 mW minimum

383 mW




‘Figure 55. AF EMI Test Results -

Results

Ve _ ~ Channel - Within MIL-STD- ~
Test. Type Hade - Number' 461A Limits Above. MIL-STD~461A Limits
PR Frequency (MHz) - dB above Spec
€803 s N/A N/A 152.554 : 6.0
* (Intermodulation ' 153.81% 8.0
' 'Respbnse)’ " . - 152;418 6.0
T 147,510 - 4.0
S o Frequency (MHz) = dB above Spéec
" CS04° Receive 1 168.8733 '19.0
" {Spurious-Responge) 175.2423 10.0
’ ‘ 185.2661 20.0
201, 6465 9.0
2243975 10.0
142,4694 14.0
136.1006 20.0
cso? N/A N/A v
(Squelch Circuits)
" RE02- Receive, 1, 2,3
(Radiated Emission Transmit b//
& Electric Field -
" Broadband)_ '
SREQ2: - - - L} -Recedvefmpd 1, 2, 3~ 7.
(Radiated Emission- B o i 4
Electric Field < .
Narrowband)
M o Frequency
(Harmonic No.) dB above Spec-
Transmit 1 : 2 10.0
- 7 20.0
8 11.0
9 11.2
10 5.0
14 7.0
2 2 21,0
3 14.0°
7 20.0
8 5.0
-9 6.2
10 0.5
11 2.4
14 5.2
3 2 20.0
3 16.0
7 1143
8 ~15.5 .
9 445
11 0.2

CE06 -

" (Aatenna Terminal. '

Conducted . -

' iBroadbaﬂd) -

CCRO& .

“Conducted’

’ff“NarrOVBand)

>~_(AnCenna'Tetminal“

'VReceive'

Frequency’
(Harmonic No,)
g

‘;dB'Abdve Spec

“Fransmit. |

11.0

.

(Harmonic No.)
T

.9

. dB ééuve'spec;‘:

713407
B = 8.0




ITEM: . Department of. Justice Transceiver

CONTRACT: ___F33657-71-C-0832

" CONTR: __USAF (AFSC), Hanscom Field, Bedford, Mass.

MFR: - Martin Marietta Aerospace, Orléndo, Fla.

MFR'S TYPE:

. TEST DATES:

62500001

12/72 to 6/73

v Tbaté'shéét:

Measured  Values

62500001-009

.62500001-009"

; R R : 62500001039 | 62500001-039 " | 62500001-019 | 62500001~029
No. Ref. Para, |Group | ' -Test Item Spec Limit s/N1  ° S/N 2 “8/N L S/N 1 S/N 1 S/N 2
F 1 5. |rewr |spurious Response’ | 85 dB min 50 59 54 53 49 49
5.2 w *} 1M Spurious Atten 65 dB min 56 65 62 57 57 56
SR n 1 Dynamic Range 80 dB min 7 7 80 74 70 7
s w | selectivity 80 dB min 72 77 70 75 77 74
BENE " Mod Accept Bandwidth | +7.5 kHz min +8.7 412 +9.5 +8.5 +20 . 49.8
se | n fseneteiviey 0.0 m max f 025 08 1000 ke 1000y S o |83 0 Jodh od
5.7 w10 Freq stability 40.0005% max | - * * * * * s
5.8 " |Acoustic SP Level 105 dB min 93 93 94 92 93 9
5.9 " Audio Cutput Power 80 mW max 185 125 280 125 125 B4
5.10 v | audio Dist/Noise 5% max 2.2 2.5 3.2 2.8 2.8 3.9
' 1 : 50 dB min 59 55 55 63 >50 61
5.11 " Audio Response 41, -3 dB tod,-19%% | 44,-ghk $.2,-2,9%% #.7,~5.9%% +.2,-3, 4k* 42,22, bRk
5.12 " ?Qne Squelch’ 2?85§B32en5 v v Ve v % v
5.13 fatr Subaudible Tone Gen - | +0.5% +.28,~0 +.28,-.16 +.1,-.3 +.2,-0 +.5,~0 +.06,-.05
5,14 " Xmtr Freq Stability = | +0.0005% max * * ' * & * ok
15 5.15 ' " Audip Distortion 5% max 4 4 4.6 4.8 5 4.5
16 .5.16 # . Frequency Response +1, -3 a8 +0,~7.5 +.1,-7.5 +.1,-7.5 +0,-8.5 +0,-8.5 +.6,-11
17 507 . FM Noise and Huw | 40 dB min 37 40 52 40 45 36
‘1811“ 5f18 " Deviation Limit + 5 kliz max ',/ N v v v v
19 5.9 w ) oM Hum and Noise 35 dB min > 35 > 40 > 40 5> 40 > 40 5 35
fo s v fermeowe  fazese §3000 [ERSE fub R [Ny | iy

% 0.0005%, ~20°C to +50°C (0.001%, ~40°C to -20°C)
k% Frequencies between 600 to 3000 Hz

- Figure 56.




+25°C

-20°C

+20°C

-40°C 0°c
nit  Specification: § 3.2 - 5.0 w 1.6 - 5.0 w N/A N/A N/A 16 -
,‘f‘er.():‘,l,t‘.putf *Requested Limit: 3.2 - 50w 1.6 - 5.0 w N/A N/A "N/A 1.6~
R T Measured: {(min) 34w 1.6 w N/A N/A N/A 1.6 w
FM Noise Specification: f§ 40 dB min 30 dB min N/A N/A N/A 30 d8 min 40 dB min
fahd"ngii *Requested Limits: 35.dB min 25 dB min N/A N/A N/A 25 dB min 35-dB min
T Measured: - 35 dB 32 dB N/A N/A N/A 33 dB 35 dB
, .Tiénsmit_ter Specifig:ation: + 0.0005% max +0,0005% max | + 0. OOOSZATnéx + 0.0005% max + 0,0005% max + 0.0005% max + 0.0005% max
Frequency : *Requested Limit: § "+ 0.0005% max + 0.0010% max + 0.0005% max + 0.0005% max + 0.0005Z max + 0.0005% max + 0,0005% max
Seability . Measured: | Reference 0.0007% 0.0003% 0.0004% 0.0002% 0.0005% 0.0001%
Receiver Lo Specification: . N/A N/A + 0.0005% max | + 0.0005% max | + 0.0005% max | N/A N/A
Frequency - ‘*Requested Limit: N/A N/A + 0.0005% max | + 0.0005% max | + 0.0005% max N/A N/A
o g Stebtiity Measured: N/A N/A 0.0004% 0.0003% 0.0003% N/A N/A
Rece‘i:Vet'.’ 'Specification: 80 dB min | 68 dB min N/A N/A N/A 68 dB min 80 dB min
Selectivity *Requested Limit: 70 dB min 58 dB min N/A N/A N/A 58 dB min 70 dB min
i _ Measured: 70 dB 70 4B N/A N/A N/A 69 dB 71 dB
,'RVecei'ver" Spécifiéation: 0.35 v max 1.1 uv max N/A N/A N/A 1.1 uv max 0.35 uv max
Sensitivity - *Requested Limit: 0.50 pv max 1.6 pyv max N/A N/A N/A 1.6 pv max 0.50 pv max
SRR Measured: (max) 0.45 uv 1.1 uv N/A N/A N/A 0.36 v 0.44 uv
Fgodulation Specification: - B +:7.5 kHz nin + 6.0 kHz min N/A N/A N/a + 6.0 kHz min- | +.7.5 kHz min
' ‘Acceptance *Requested Limit: § + 7.5 kiiz min + 6.0 kHz min N/A N/A N/A + 6.0 kHz min | + 7.5 kHz min
jiendviden. Measured: + 7.8 iz + 7.5 kiiz N/A N/A N/A + 7.5 Kz + 7.5 kiiz
; Audio ‘Specification: 80 mW max Ambient -6 dB N/A N/A N/A Ambient -6 dB 80 wW max
Power Output *Requested Limit: 80 mW min 20 mW min N/A N/A N/A 20 mW min 80 m¥W min
: Measured: 121 mW 80 mW N/A N/A N/A 121 oW 121 mW
Tone = . . ‘Specification: N/A N/A +0.5% +0.5% + 0.5% N/A N/A
Stability - *Requested Limit: § N/A N/A + 0.5% + 0.5% + 0.5% N/A N/A
S Measured: /A N/A 0.04% 0% 0% N/A N/A
* Regue'sﬁe'dkac"ceptable prototypé ﬁerfo‘rmanbeQ
Figure 57. DOJ




‘,Vibratioﬁ *7 o

}fBatameter} '““‘ Altitude

2 TR 35 T o TNy

1.6 - 5.0 watts | 3.2 - 5.0 watts | 3.2 - 5.0 watts | 3:2'- 5.0 watts §

é:Tféﬁémitter | Specification: ‘ ; s §
1.6 - 5.0 watts 3.2 - 5.0 watts 3.2 - 5.0 watts 3.2 - 5.0 watts §

- § Power. Output | * Requested Limit:

:'MeasurEd:'(min)-k i 2.3 watts 3.9 watts 3.4 watts 3.2 watts :

{ 34 dB min 40 dB min 40 dB min 40 dB min
§ 29 dB min 35 dB min 35 dB min ~ ] 35 dB min .

f 30 aB 37 as 36 dB 35 dB

§ FM Noise ‘Specification:
~§ and Hum *Requested Limit:

Measured:

§ Transmitter Specification:  § + 0.0005% max + 0.0005% max + 0.0005% max + 0.0005% max
'§ Frequency *Requested Limit: § + 0.0005% max + 0.0005% max + 0.0005% max + 0.0005% max
§Srebtiyy Measured: j 0.0003% 0.0005% 0.0003% 0.0002%
® A Receiver | Specification: f 60 dB min 80 dB min 80 dB min 80 dB min
4 20 dB min 70 dB min 70 dB min - 70 dB min

# Selectivity *Requested Limit:

Measured: 167 a8 70 dB 71 dB | 72 a8

f : Receiver Specifications ‘ 0.35 av max 0.35 pv max 0.35 uv max
1 : S?nsitivity *Requested Limit: § 1.6 uv max 0.50 uv max 0.50 pv max 0.50 pv max
?1 ‘. Measured: (max) f 0;80,nv‘ 0.41 pv 0.45 uv ‘ 0.46 uv
: yfoodulation Spécification: gli 6.0 kHz min + 7.5 kHz min + 7.5 kHz min + 7.5 kHz min
§ Acceptance | *Requested Limit: § + 6.0 kHz min + 7.5 kHz min + 7.5 kHz min + 7.5 kHz min
j Bandwidth Measured: i+ 7.0 kiz + 7.5 kiz + 7.5 kHz + 7.5 kHz
‘f'f Audi¢ Power Specification: E 20 mW max . 80 mW max 80 mW max 80 mW max
§ Output - | *Requested Limit: § 20 nW min 80 mW min 80 mW min 80 mW min

1 Measured:

R o T R R T B I T i T e

113 oW 210 mW

Rk Réqugsted aécept£blé pfototype performéhce.

: ;Eiguré'sa. DOJ‘ACceptance‘Test for Humidity, Altitude, Rain, and Vibration




SECTION VIII.

" CONCLUSIONS AND RECOMMENDATIONS -

{_1 o INTRODUCWION

» Martln Marletta has performed the desrgn and development of proto— 3
A';type models of an improved personal transceiver that is smaller in size
f{and ‘lighter in welght than any comparable unit on the market ‘today.
'[Furthermore, thé transceiver modular microelectronic desrgn is far 1n
:{*advance of any other equlpment in the field. = :

N The hardware developed ‘on thls contract prov1des the credlblllty
 ‘that personal VHF-and UHF transceivers-can be built by using modular,.
*lmlcroelectronlc technlquas and that a: subsequent productlon design is e
‘feasible. © During the performance of the contract, extensive de51gn,~

- breadboard,' and experimentation efforts were performed to meet the

“chomblnatlon of requlrements that included- size; we1ght, and electrlcal

fgperformance. As a result of these efforts, recommendatlpns can be . -
nﬁmade on the: features, performance spec1f1catlons, and des;gn ‘of the -

j;vproductlon versions that are conduc1ve to hlgh-volume productlon at.

lgpractlcal costs while having the necessary features and performance -
‘for the intended usage. These Martin Marletta recommendatlons and.
‘*the recommendatlons that evolve as the. result of independent: Alr Force
“and Department of Justice oerformance -ahd ‘human factors test programs
Lshould be combined’ to totally deflne the subsequent productlon trans—'
‘,celvers., The follow1ng general recommendatlons are made-i»m.

’«5rl;;The transcelver conflguratlon con51st1ng of ‘an electronlcs unlt,
‘ijfa detachable battery, and removable antenna should be retalned

f'The transcelver should retaln thetcapablllty to be‘used as
"felther a- hand—held or shoulder—mount nnlt. s : :

'rTModular constructlon should be retalned for ease of malntaln—'”i"A“”

*ablllty.

:7§1M1croe1ectron1c and.- mlnnature packaglng technlques should be
“[retalned . From- exper1enc= obtalned on’ ‘the prototype program,

the- optlmum packaglng ‘method for each functlonal module. should,?*“:"ﬁ

fnfgbe re—selected based on tradeoffs of performance, s;ze, and
cost’”~ : . : S LRl :




The size and weight goals specified for the prototype trans-
fceivers should be retained for user convenience and comfort..

Certain performance specifications should be relaxed in order

6
" to obtain the size, weight, and cost goals.
‘7 On the DOJ transceivers, a single tone should be common to all

channels rather than a separate tone for each channel for
- reduced cost, savings of volume, and reduced RFI problems
-1nvolved in channel sw1tch1ng.

T When comblned for size, weight, modularlty, electrlcal performance,'

- and features, the specifications for the prototype transceivers exceeded
the state-of-the~art techniques. The most significantly improved '

. features. that are apparent to the potential users are size, weight,

. and modularity. Therefore, it is recommended that these improvements

T,;take priority in the production units over additional electrlcal per-: .

‘,formance and features beyond what is deemed. necessary for the " user.

Most. of the goals that were not fully met in the prototyne program

“ were in some way associated with the packaging constraints and the

,’fexceedlng y stringent temperature requirements.- Specifically, require- -
. ments involving improved filtering (such as the receiver spurious v
. response) and requirements requiring high battery drain (such as inter- .
‘modulation attenuation and dynamic range) directly or indirectly have

. significant impact on volume needs. Therefore, tradeoffs were continually
' made during the course of the program to obtain the best overall results.

o The temperature spec1f1catlon of -40°C to +50°C and the seund
W,pressure level (SPL) of 105 dB caused the most design difficulty and

. are- considered an overdesign for production units on the basis of .

: productlon costs . (approx1mately $150 for crystals) and volumetric

‘”eff1c1ency, respectlvely.

2. 0 ELECTRICAL SDECIFICATIONS

g - Most of the electrlcal speclflcatlons, although dlfflcult to meet,‘
‘:Vare reasonable when considering that the prototype transcelver was .to
. be de51gned for the ultimate de51rable performance. However, actual
flmplementatlon indicated that some of. the reguirements. were not compaflble
. with reasonable unit. cost, unit size, and acceptable battery life.
;~Consequently, priorities can now be. established designating the per=-
~formance criteria that absolutely should be met to provide operational
‘requlrements and the parameters that should. be ‘relaxed to practlcal
'pllmlts 1n order to meet the hlgher prlorlty phys1cal characterlstlcs.

R Table V contalns the recommended electrlcal spec1f1catlons for a. f
cost—effectlve productlon version of a personal portable transcelver '
that consists of a practical tradeoff between desirable electrical

‘performance. and physical criteria while prov1d;ng the functional and




TABLE V.

. Recommended Production Specifications

1

Recommended

 IQuieting Sensitivity

fﬁfLo Frequency Stability

‘Acoustic Sound Pressure Level

~ {"audio Power Output

% Audio Distortion and Noise

;pAudiokRésponse, Receiver
'GfTransmitiertFrequency Stability
‘;,Auaio Distorﬁion, Transmitter
£ Aﬁdio ReSponse,.Transmitter
:‘FMYNpise and Hum: '

'§¥Deviation Limiter

E§T-AM.Hum And Noise
E'RF.POWe:’Oﬁtput

l,Températuré Range

Sensitivity

??F?,SFQ?}?h Turn-on Time
. ‘Stability.

‘Tone Gen - Lo
e Turn-on Time

0.35 uv

+0.0005%, max
105 dB, min

- 80 mW,'max v

5%, max

50 dB, min
+1, -3 dB.
+0.00L5%, max
5%, max

+1, -3 dB.
k40 dB; min

5 kHz, max

35 dB, max -
4 W, +1 dB

 =40°C to.+50°C

< 6 dB

< 250 msec
+0.5%
< 50 msec

T Contract :
Parameter . Specification Specification
x‘f_Recéiverlspuiicﬁs Attenuation .- 85 dB, min 70 dB, min
”Interm¢dulation‘Attehuation ‘E 65 dB, min 55 @B, min
'Hifpynamic Rangev' g E 80 dB, min 75.dB, min
| selectivity ' 80 dB, min 75 @B, min
‘ ,CMbdulation Acceptance Bandwidth- +7.5 kHz +7.5 kHz
SRR : 0.35 uv (VHF)

0.50. uv (UHF) -

+0.0005% o
Delete :
125 mW, min

5%, max

50 4B, min

+2, -6 dB
+0.0005%

5%, max
40 4B, min

5 kHz, max
35 dB, max-
4 W, +1 dB
-30°C to +50°C
< 64B
1 <°250 msec
+0.5% -
< 50 msec




‘pioperatlonal requlrements of the user. ‘The recommended specifications

f'ielther meet or -exceed EIA specifications and FCC requirements for type
""acceptance,, Some ‘of the recommended spec1f1catlon limits exceed the
'gfperformance measured on the prototype transceivers. By analyZLng the

~.results obtained on the prototype transceivers, it is ‘projected that

B gspeclflc 1morovements cdn be -incorporated into: the partltlonlng and

<. packaging:of the modules: and by relaxing: ‘certain "over-spec1f1ed“
a jparameters, that the productlon transceivers w1ll meet or: exceed the
'.recommended spe01f1catlons. : v :

The receiver sen51t1v1ty and transmltter power output are the most :

'n,klmportant electrlcal functional parameters and are maintained ‘at 0.35
" microvolts and 4 watts, respectively, for VHF units. A O. 5-m1crovolt ,

sensitivity is recommended for UHF units due to the extreme difficulty

" in obtaining better pérformance within the size constraints at UHF
- frequencies due to ‘difficulty in. obtalnlng adequate RF 1solatlon and

j,‘ground plane.. A UHF transmltter power output of 4 watts-can be readily
’obtalned and ‘should be spec1f1ed for the productlon units.

. L The recommended receiver sourlous attenuatlons llmlt is 70 4g,
;mlnlmum.‘ Improved performance over that of the prototypetunlt can be
achieved by relaxing the low temperature specification limit to -30°C
instead of -40°C and by increasing the allocated volume for associated:
‘c1rou1ts for additional filtering. The volume allocation can be in-
' creased’byjdecreasing the*sizelof the rece;ver IF and audlo modules.

The 1ntermodulatlon attenuatlon and dynamic range llmlts renresent
',an optlmum tradeoff between performance ‘and battery drain. ’

_ ' The recommended selectrv1ty limit of 75 dB is 1dent1cal to the
.dynamlc range llmlt since the EIA method of measuring selectivity
‘results in the usable, or net, recelver select1v1ty belng llmlted by
the dynamlc range of the recelver. : : :

= v'f A 'sound pressure level (SPL) of 105 dB mlnlmum as speclfled in -
. -the contract can only be obtained with one to two watts of: ‘audio power
;flnto a speaker: at least 2-1/4 inches in.diameter (or 1arger) or with-
~a low-power transducer housed in a large acoustical cav1ty. ‘Neither
solutlon is practlcal for a small (18 to 19 cublc 1nch) transcelver.

,tlon 1tem, ‘since the 1mportant factor 1s the apparent sound level

x}-detected by the ear, whereas: a measure of SPL-gives the false 1mpres51on"°"

of loudness. Transducers are 1nherently poor in low—frequency response,‘ajvf"(

'i?and sound "tlnny" to the ear, whereas PM speakers have a response that :
. is more symmetrlcal (upper and lower frequency cutoff 11m:|.ts) to human f.

speech and: are more 1ntelllg1ble and plea51ng to the ear. Consequentlytt"”

‘ffor a given SPL, ‘the apparent loudness: and fidelity of a PM speaker S
[fexcee_sﬁthat ofa transducer., Therefore, .apparent: loudness isa. | »
Q;functlon of the- audlo power output, the net-audio response of the trans-

zmlttervand recelver ClchltS, and the response of the audlo reproduttlonff”




_;fdevlce used Spec1fy1ng the audlo power output and the net audio
,Zfrequency response 1s deemed adequate to characterlze the audio output.:

. The orlglnal spec1f1catlon of- 80 mllllwatts maximum for .audio:
p,*power output was ' made on the assumption that it would be feasible to
”'package a hlghly ‘efficient, high SPL transducer in ‘the ‘small confines

- of a’ mlnlature personal handheld transcelver, however, ‘this is not

' feasible with state-of-the-art transducers. In order to provide adequate
- loudness ‘and use minimum volume w1th a small 1-3/4 inch PM speaker or . any
,;speaker of. thls dlameter, a2 minimum of 80 milliwatts of audio output is
'7“requ1red to obtaln acceptable loudness. ' However, . an audio power ‘output. =~
'x“of 125 milliwatts minimum is recommended to-assure suff1c1ent loudness:
without causing excessive battery drain. Approx1mately 92 to 96 dB-of
f-SPL can be ekpected for 125 mllllwatts of outbut power to the speaker.

o - An operatlng temperattre range ‘of =30°C to +SO°C is recommended
‘as’ compared to the prototype spec;flcatlon of =40°C to +50°C The

"“technlcal ‘problem is one of consigtently maintaining oscillator frequency

‘~stab111ty within +5 ppm over the temperature range in hlgh—volume pPro-

'~ duction. The frequencv shift of the crystal over the range of ~30°C

o tor -40°Crls excessive (on the order of 10 ppm). . The shift for this

_ lO?C.range is as great as the shift over the entire -30°C to. +50°C

-orange.o ‘To accommodate a low-temperature limit of -40°C Yequires

- expensive, compensated, high tolerance crystals and hlghly complex ‘
oscillator circuits that result in consrderably more cost than involved
“in a‘—30?‘ limit. The recommended temperature range .is comensurate

:with the best personal transceivers avallable and practlcal usage.

L , The recommended speclflcatlon for the receiver. audio response +2,
S -6 dB) is consistent with production tolerances and adequate operation.
'f;'More stringent limits. on the audio response:would be: masked by the. poorer
- response. of the speaker, particularly at the lower frequenc1es. There—-
'fore, the recommended limits are economlcally and’. functlonally pract1oal

Gl : The recommended =pec1f1catlons for the productlon transcelver that
a'remaln the same -as those for: the prototype units are~" : :

h odulation’acceptance bandwidth.
';LO frequency stablllty. ,
”‘”f‘Audlo dlstortlon and noise.

ndransmitterffrequency,stability; S

5 Audio distortion, transmitter.
‘7ﬂAudiQTresponee;"transmitter.

fifﬂthmgand'noise;l_‘_ii~




*;;Deuratlon‘llmltlhg.h
,EAM hum and norse.f'
lg;RF’power,output;
\_T'ohlef squelch.
vqTonetgeheration;

, A n1ne~hour llfe requlrement was spec1f1ed for the prototype
- batterles, usmng a duty factor of 5-75-20 (transmlt—recelve-standby)
vggtor the DOJ and 10-10-80 for the AF units. ‘The measured:life of the
;VDOJ units was’ approx1mately 6.5 hours at .the requlred duty factor,
»fx”whlch ‘corresponds to a 9-hour life at a 4-4-92 duty: factor. The AF
‘,Lfbatterles measured a 7.5-hour life at a 10-10-80 duty factor and a
;.'79-hour 11fe at a duty factorx of 7- 7—86

; The ‘battery requlrements were evaluated 'as late in the program as
: »fea31ble, to obtaln as much current drain data as-possible on completed
- eircuits and: still allow- time to de51gn, fabrlcate,‘and assemble the
‘;gbattery packs, .The total current drain- requirements were progected
’by u51ng actual data on. completed circuits and estimating the drain -
~on the circuits- not completed. Thls data was used to determine the
ﬂl;total energy reguirement for each transcelver, ‘based ‘on the approprlate
jni,duty factor. Appllcable nlckel—cadmlum batteries were procured from o
- gseveral. vendors and tested. Among those that met the minimum- requlre-, o
’fﬁments, ‘the batteries: hav1ng the hlghest capac;ty were selected A
"‘;battery case . was then de51gned ‘to. accommodate the selected battery and
,the dellverable unlts were fabrlcated and assembled o

S Later in the prograi:, the recelver current draln had to be 1ncreased‘~-*

‘;tho malntaln proper operation at‘—40°C, and the reallzable transmltter
fefflclency fell slightly below the ‘design ‘goal. As a result, ‘the
ﬁj‘battery pack will provide the performance as: stated earlier in. thls
"sectlon., The lower—than-rated performance was a tradeoff with overall

.- ‘transceiver 51ze, transcelver electrlcal performance, and battery
v;;capaclty.- S e

R The llfe of the productlon battery packs are expected to exceed
’;‘Lthe performance of the prototype unlts as a result of the followrng

‘[{2l Lower recelver current draln p0551ble w1th & —30° to +50°
o tempe ture range rather than a‘—40°c to +50°C range.;‘teﬁﬂz_;




3 Use ot newer and more efflclent power transistors in the
transmltter that w1ll be avallable in the productlon time
~frame.

T The”duty factors specified for the.prototype;unitS'should,be'further‘
- ‘evaluated by the Air Force and Department of Justice to determine if the

© requirements are realistic. Specifically, a 75 percent receive factor

. does not seem realistic for a unit requiring tone squelch (i.e., why

- have a squelch that is actuated 75 percent, squelched 15 percent and
'vturned off 5 percent of the tlme)

Slgnlflcant effort is belng concentrated on obtaining minimum
'transcelver size and weight by developlng microcircuits,; miniature
components, low-current circuits, eté¢.. A battery pack that is 25 percent
over capacity can add more size and weight to-the transceiver than can ‘
ibe,eliminated by miniature package techniques,vetc-

: The battery volume can be reduced by approximately 20 percent {or
’the capacity increased while maintaining the prototype size) by having
f:a custom battery developed by a battery manufacturer. Furthermore,

" a.custom battery pack would probably be lower in cost in high-volume
production than one of the prototype conflcuratlon that uses standard,
off-the-shelf batteries. It is-also recommended that low-capacity and
high-capacity batteries be built in production. The low-capacity
"~battery'would be appropriate for short-period, handheld applications
while the larger unit for standard 9-hour. usage- when mounted on the

belt. '

3;0‘ MECHANICAL SPECIFICATIONS

, ~ The following specific recommendations relating to the mechanical
design are presented for incorporation in the production transceivers:

1 The ba51c appearance and ‘configuration of the prototype trans—’

celivers should be retained,.

v’The‘electronics assembly housing should be die cast, made of :
‘ aluminum, and have a removable front and rear cover.

The battery assembly should use an injection'molded Lexan
- hou51ng and cover, and stamped forglngs should be used on the
: battery connector parts rather than mechanlcal parts."» '

‘A standard screw-type antenna connector is recommended. Use of
" this type antenna connector will not only reduce the cost of ‘
“this item by approxlmately one-51xth but also will result. ln
.3 more rugged unit. The rationale of qulck dlsconnect (to
'pp3prevent the: transcelver ‘from being pulled off the wearer: by
':~‘the antenna) nmust be. Welghed agalnst lncreased cost, reduced




operating capability when the antenna is pulled off, and
- possible loss of antennas due to accidents and mishandling
in the field.

Robinson-Nugent sockets should be replaced with Berg Minisert
sockets to greatly increase the reliability of the substrate-
’to-motherboard interconnections. Also, lead-frame-type flat
pins should be ugsed on the substrates instead of the round
machined pins presently used. This will effect a substantial
cost savings in production.

juin

Internal construction consiSting of a single motherboard with
plug-in and solder-in modules and subassemblies should be
retained.

jo»

The press-to-talk switch design should be retained.

I~

The channel selector switch wiring to the motherboard should
consist of a flexible printed wiring harness.

joo

‘Volume and squelch controls that can be installed from the
inside of the electronics housing and can be interconnected
to the motherboard with a flexible harness -should be used.
Controls that install from the outside of the housing, as
specified for the prototype units, are not conducive to ease
of maintenance or disagsembly.

|©

Table VI lists the recommended packaging methcd for each module
- and subassembly to be used in the production transceivers. The
recommended methods have been optimized based on tradeoffs involving
cost, performance, and size.




TABLE VI.
Recommended Module Package Methods |

) Recommended
E PR : S Prototype ‘Producticn
- part. o : v . . . Packaging : . Packaging
Number = - Description = ' Method | Methdd

'HOQG " Audio, Receiver Hybrid ‘ IC and/or LST
7‘°H011:f Oscillator Hybrid = - Hybrid
' HG24i:1' Modulétork b Hybrid IC/Hybrid
;fH039>“" Multiplier-Transmitter Hybrid V 'Hybrid
' HOS1 . UwF Tripler Hybrid | | Hybrid
HO65 . . Filter-Audio Hybrid ‘Hybrid
HIO5 ~  Awplifier, IF Hybrid e
CoEns Regulator, Switch Hybrid Hybrid _
 lé250b028 - Generator, Tone Hybrid/Discrete - . Hybrid/Discreta

62500040, . , L
41, 42 Filter, Receiver Antenna Subassembly ~  Subassembly

j62500045‘ DisCriminator - Discrete Discrete
 ,62500085 Filter, Low-Pass (VHF)  Discrete 'Discrete
11162500155 : Po&ér amplifier (UHF) Discrete Discrete
;62500107‘ “Frontend (UHF) k Discrete Discrete
Hd?Bi  N 'Frontend (AF-VHF) H&brid , o Hybrid/Discrete
.‘sezsooiés . 'Frontend (DOJ-VHF) . Discrete T Hybrid/Discrete’
4‘625Q0986~ ~-Oscillator Filter (VHF) ' Discrete = - ,'Hybiia
62509687,7 Oscillator Filter (UHF) Discrete B Hybrid ‘
f:62560698 . . Power Ampllfler (VEF) Discrete Discrete or Hybrid
*‘ﬁ62$60054' i Network, Impedance Matching ‘Discrete ' Ellmlnated

'162525402 Filter, Ctystal'Bandpass~ o Discrete Dlscrete - to contain
SO ' S ) 1mped§nce,match1ng to
input and' output

o SN " Conventional Integrated Circuit
g LSI\rﬁj, = 'Large-Scale Integrated Circuit '
Hybrid = = Thick-Film Hybrid Substrate Module
Discrete - -  PC Board Module with Miniature Discrete Components o
ubaSsembly',' Subassembly Con51st1ng of Mlnlature Components and Hardware e







1.0 SHAPE FACTOR

: ‘The personal nature of the transceiver makes it shape an important

~ factor in its convenience of use. As a result of additional tests with
transceiver mockups and investigation of operational factors, it appeared
that the transcelver shape given in the contract proposal  should be sllghtly
modlfled

Operational characteristics of small transceivers were studied by
observing Orlando, Florida police officers in their daily use of shoulder-
mounted speaker/antenna units. The electronics and battery packages are
belt mounted. Most officers observed normally removed the speaker unit
from the shoulder and operated it in a hand~held position. Furthermore,
consultation with professional law enforcement personnel revealed that a
universal capability of carrying the transceiver would be desirable. It
should be adaptable to shoulder use, being hand-held, or carried in the
pocket of a uniform or civilian clothes when on special assignments.

The 3-inch wide proposed configuration was found to be too wide’for corn- -
venient 'one-hand operation. Tests with the mockup revealed that people.
with small hands and with gloves would find it inconvenient and uncom-~
. fortable to grasp firmly. It was also found to be too wide for easy poc-
ket use either in shirtfront or in inside uniform pockets.  Investigation -
- showed that a 2.625- inch width is comfortable  for- hand-held use, permits
easy thumb manlpulatlon of the press~to-talk sw1tch, and fits very well
into shirt front and inside uniform pockets. When both the narrow and
wide transceiver mockups were tested in the wear tests, the narrow trans-
:celver was also found to be more comfortable when worn on the shoulder.

o The: narrow width permltted free movement of the arm, greater flexibility

of,locatlng the unit on the shoulder, better balance, and better conformance

7, to the physiological ‘characteristics of the shoulder area. A summary‘of

features,comparedifdr the two widths is given'in Table A-I.

As a result of this human engineering study, consultation with law
enforcement personnel, and with the test program, the narrow, longer
shape of the transcelver was recommendeu by Martin Marietta Corp01atlon
' Human Englneerlng.,

2. 0 SHIRT ATTACHMENT TEST

Rt ,‘a A 3 X 5. l X 1 inch model of the- personal. transcelver was used for
- this test. The model was weighted to simulate the weight of the actual
funlt descrlbed in the proposal The electronics: hou51ng, loudspeaker—;

S microphone unlt, and. antenna. assembly welghs 10 ounces while the battery.

o assembly welghs 8.5 ounces.

' A commerclal grade of 3/4-inch w1de black Velcro plle materlal was
applied to the back of the model. - The Velcro pile material was cemented~

'3<,to ‘the: back of the ‘electronics housing only in parallel, horlzontal rowsf;'f

i by uSLng epoxy patch klt adhe51ve.  The Velcro hook materlal was sewn to




TABLE A-I.

" Comparison of Narrow and Wide Transceiver Case

Narrow Case . Wide Case

f”Moreﬁeomfbftable on shoulder
~mount- (DOJ: requirement) X
f,feEesier supported on shoulder X
;Permits:greater flexibility to
. shoulder and arm when shoulder
mounted v X
”\Pits'Beﬁter in average uniform
~ pocket v X
,Fite'bettef in average hand. X
“Permitsgbetter placement of ‘
: operating controls : EQUAL

fk}Best conflguratlon for a complete
[ self-contalned hand-held radio
(AF requ1rement)

‘Allows better placement of
L components ' »

v1g Mere compatible‘with.batteries of
"~ standard size and shape

S f}stfonger'ahd lighter design of case

*~Conven1ent to use when wearlng : L
gloves . ‘ FEEIE R

A';;Of the ll features formlng the ba51s of thlS comparlson, 8 favored the
]anarrow case w1dth one favored the w1de case Wldth and two were. judged
‘}eequally as good for each case: w1dth =




,kAgt¢fthe upper.left,frOnt shoulder area of a khaki Army shirt of summer
. .-~ weight. ‘The Velcro material was positioned on the shirt to locate the
- .transceiver in the position: shown in Figure A-1l.

‘ On July 13, 1971, the wearer put on the shirt and installed the trans-
- ceiver by using a simple direct push to engage the Velcro hook and pile
“material. Subsequent to this single application of the transceiver, it
was not removed and no attempt was made to replace or reposition it or
.to put it back onto the shoulder in any way during the entire test period,
" which covered a period of one week. During the first hour that the wearer
wore the transceiver, the channel select knob was moved 20 times while
the volume control and squelch control knobs were both moved 10 times
‘each. Also, during this first hour, a 15-minute exercise program was
" performed. This exercise program is described in a book titled, "Royal
- Canadian Air Force Exercise Plans for Physical Fitness". The exercise
- plan followed is shown on pages 72 and 73 of this book. Level C on
page 72 was the exercise level performed. By examining the exercises

- performed, there are several times (particularly in exercise 3 and 4)
where ithe wearer is. facing the floor and the tendency is for the trans-~.

" ceiver to fall away from the shirt. However, there was no loosening to
the attachment of the transceiver to the shirt during the exercise period.
During the period when running was performed, the transceiver bounced
rather hard against the chest area. This was quite annoying but did not
result in any loosening of the Velcroc. Following the performance of the
exercise period, a photograph was taken of the transceiver and then the
shirt was removed with the transceiver intact and the shirt was buttoned
on'a'hanger. During the following four days of the test period, the.
transceiver and shirt were left on the hanger inside an automobile that
was driven approximately 200 miles during this period. ~On +the fourth day
of the test program, the shirt and transceiver combination were once

~-again put on. Following this, approximately four hours.of normal acti=
vities were performed (such as driving the car, getting in and out of

the car, operating the car radio, operating another portable transceiver
in the car,. simulated operation of the portable transceiver); following

“this 4-hour test period, the exercise program was once again performed.

 ‘The transceiver and shirt combination were then returned to the coat

;hangergandvhung in the automobile without any attempt to replace the

“transceiver onto the shirt. - On the seventh day of the test period, the

- transceiver and shirt combination were worn .again for a period of three

*thours, durlng which the exercise program was.once agaln performed ‘The

' car was drlven approAlmately 30 miles, the wearer walked, and ran up . ‘and-

: M;down stairs, then- performed normal office activities for the remalnder of ..

“rﬁthe test period. At the end of the test period, there was no visible

]{loosenlng of the transceiver from the shirt. Almost all of the- Velcro o
'l'materlal that had been engaged at the beginning of the test was still
o,*{engaged and- it is the wearer's’ opinion that this kind of act1v1ty could
‘*f~go on: for .a long tlme without the transceiver falllng off

L ‘"h Next the force requlred to "peel" thertranscelver off the shlrt ,*y'
Swas: measured by u51ng a- Hunter- .spring gauge. ' When a pure ten51on load E
”was app 1ed to the transcelver speaker enclosure, gradually 1ncrea51ng
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“‘the load untll the transcelver peeled off the shirt, the average load was
~:A2'3/4 pounds. Whén the tension load was ‘applied to the base of the
r;antenna, the average load was 1-3/4 pounds.

 'These tests indicate that the Velcro hook and pile material is com-

' 3p1etelyfadequate for attachment of this transceiver to the shoulder area

‘of a police officer's uniform as described in the proposal. Based on the
‘low cost, simplicity of attachment, ease of attachment, and comfort to
the user, it would appear that this material is better for a pollce offi-
- cer. than elther a strap or a hook as described in the proposal.

: As a result of this test, it appears that the personal transceiver is
‘an uncomfortable device to wear when attached to ‘the shirt in the position
shown in the proposal as Configuration A. The primary reason for this dis-
comfort is the poor support provided by the shirt. After wearing the unit

continuously for-a period of approximately three hours, there was some paln =

and muscular discomfort in the area. of the right rear of ‘the neck; there
-was con51derable chafing of the skiri under the arm and also on the rlght
side of the neck and the radio was no longer in the shoulder: ‘position
shown in the ‘proposal. . The radio would pull the shirttail out. and slide
forward on the wearer's chest to' a lower position than that shown in the
proposal. After evaluation of the test reaults, it was the conclusion

of the wearer, human engineering, and program manager that more adequate’ -
means of mounting the unit to dlstrlbute the welght comfortably over the

o shoulder should be determined.

3,0 SHOULDER MOUNTING ACCESSORIES

Preliminary tests were performed on methods of mounting the trans-
ceiver. The first series of tests were performed on mounting the trans-
. celwver directly on the shirt as described earlier. The methods tested
: consisted of attaching it to 'the epaulets or by means of Velcro'strips'~
on the shirt front and on the transceiver. These were found to be un=-
satlsfactorv because the weight of the transceiver pulls the shirt out

~of shape and -is transferred by the shirt which exerts pressures on ‘the
- .neck . and uvnder the armpit of the user. This is especially annoying when
~'the user has to bend down, run, jump, or perform other activities. It

" _was concluded that a shoulder mounting accessory was needed to provide a

firmer attachment method, distribute the weight over a wider -area of the
: hody, and prevent slapping of ‘the unit Wwhen ‘running. Although: a famlly
o of nountlng provisions such as harnesses, belts, etc., is possible, a
flore practical method consists of a U-shaped semi~-rigid harness shaped to
- the: shoulder, whlch holds the transceiver firmly to the shoulder and - .

- attaches- loosely -£o the shirt to prevent its slippage. The Welght is
spread over the entire supportlng shoulder and not concentrated ‘in the}(
“restricted sensitive areas as when shirt-mounted. Use of straps and
belts around ‘the body were rejected due to the ability of an assallant
o to use them as an aid ln 1ncapac1tat1ng “him. S

o As a result of this prellmlnary study, four shoulder mountlng -acces=
},fsora.es were. constructed for - evaluat:.on. ‘ Transcelver models that s:x.mulated




-the external conflguratlon, welght and ‘center of grav1ty of the live unlts
h,were attached to the mounts. Wear ‘tests of these types of accessorles are
’”descrlbed in’ the follow1ng sections. : :

1,4.'0 : WEAR;TEST‘ - PLASTIC SHOULDER MOUKT ACCESSORY

T : The plastlc mount (Flgure A—2) was fltted with an area. of Velcro '
“V(approx1mately 3"X 3 -inches) on the under51de for attachment to the: top

: trfof the left shoulder and a 3 X 4-inch area to the lower front for attach-
'5t1ng the transcelver model. Nine square inches of mating Velcro hook

. materlal was attached to the shoulder of a medium weight summer. shlrt.
The attachment was posmtloned on the top of the shoulder from the edge

'14to 3.5 inches. lnboard on the wearer. The transceiver model was. posi=-

f‘tloned 2-3/4 inches above the  shirt nocket prov1d1ng unhampered access

nganduextended approximately oné inch-above the shoulder, which p051tloned
.. the speaker section close to the ear w1thout touching the head (Flgure

f'A-B'and A-4).  The weight of the transceiver model 1nclud1ng the carry-
'ding'attachment was 21.8 ounces.

; Tests were c0mmenced at 10 AM on October 26, 1971 with the narrow
‘jconflguratlon Two hours were spent. in general’aCtiv1t1es involving -

sitting, walking, and simulating operation of the on-off switch and

. wolune control, squelch, and push-to-talk switches. The. followxng thlrty

“ minutes involved entering, leav1ng, and erV1ng & car and- 51mulat1ng

‘bfoperatlon of the unit. The car had a 4-speed gear: shlft that caused the

‘;wearer/drlver'to move almost contlnuously while dr1v1ng within the greater '

- 0rlando. area. General activities. were resumed for the next’ hour but in=-

cluded were 12 push ups. '‘The next 2-1/2 hours were occupied with per=-
forming activities that involved sitting and standing while bending . over.
,ksllghtly 25 percent of the time and perform11g some physmcal exertlon.

The unlt was’ comfortable durlng the Ainitial portlon of the tests

' where little physical activity or unusual work was. involved. Since the

© carrying device was essentially rigid, ‘it would slide sllghtly‘fOrward
.when bending forward. and would not return to its original location when .
‘the wearer returned to his exact position. As.activity 1ncreased, this.
- sliding forward characterlstlc became an annoylng feature 51nce the

"ifwearer could gradually forget about the units' existence until thlS«f_'

‘happened. After approximately four hours, a sore spot was noticeable at

‘i?the top outer edge of the shoulder where the carrying- dev1ce rubbed

e“when bendlng forward. ‘At this time, the stiff plastlc device-did- not

”f,feel comfortable agalnst the collar bone; whlch might have been alle-"‘
" viated by a slightly narrower width or some form of paddlng under the

k‘fdev1ce. The test was concluded at six hours-due to discomfort of the
::,wearer.‘ ' e : i : ‘ , o

There were no restrlctlons to the 51mulated operatlon of the unlt

'ffand operating the unit while attached to the shoulder did not seem awk-

- ward after wearing and operating it for a short time. There was complete
~ease of movement except when bendlng over ln a forward dlrectlon or when
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. the arms were completely outstretched in a forward direction while trying
" to perform some activity. In the former case, it was more a case of dis-
. Gomfort-when the carrying device slipped forward rather than a restriction
g of'movemeﬁt; '

L The transceiver was retained by the Velcro during the whole 6-hour
g'test.« The test indicated that Velcro 1s a good method for attaching the
model to a mount.

The plastic carrying device concentrated the weight on the shoulder

and at the lower front where the transceiver was attached. This was

mainly due to the fact that the device did not conform snugly to the back
and little pressure was exerted there. A more flexible, tighter fitting,
~and softer cushioned device seemed more desirable.

At the end of the test, the 3-inch wide transceiver model was sub-
- stituted for the 2.625-inch unit to determine any difference in restric-

_tion of movement or comfort (Figure A-5). There was no noticeable dis-

‘tribution of weight difference between the two units. The only restric-
tion to the user in moving about was due to the width of the unit. The
mount was so wide and rigid that little repositioning or shaping for
- gomfort was possible. The mount was too wide to fit between the edge of
. the shoulder and the collar bone, which was the most comfortable posi-
- .tion for the wearer. It was obvious that a narrower mount and trans-

- ducer would permit greater individual user positioning and arm and body

flexion.

:5.0 WEAR TEST - NYLON AND STEEL SHOULDER MOUNT ACCESSORY

The transceiver and the nylon and steel accessory (Figure A-6) were
~attached to the wearer by means of Velcro hook material that was sewn to
the upper left shoulder area of a khaki army shirt of summer weight.
Five and one half square inches of Velcro were used on the shirt. The
vertical position of the transceiver was high enough so that the left

. front shirt pocket was readily accessible, the speaker was close to the
‘wearer's ear, and the unit did not touch the wearer's face during normal
activities. . The transceiver lateral position on the shoulder was such
that the outer edge of the transceiver was coincident with the intercep-
~tion of the shoulder muscle and the chest wall, or about 6 inches from
the center line of the chest front (Figures A-7 and A-8). The actual
b'total weight of the transceiver dummy and shoulder mount accessory used
~in thlS test was 23.6 ounces.

0On October 25, 1971, the wearer put on the shirt and 1nstalled the

'T:transcelver by using a dlrect push onto the shoulder to engage the Velcro

- hook and plle material. Following this, a l5-minute exercise program was.
performed. . This exercise program is described in & book titled "Royal. -
Canadian Air Force Exercise Plan for Physical Fitness." The exercise
v plan is shown on pages 72 and 73 of this book. Level C on page 72 was
. the exercise level performed. While performing exercise 2 (situps), the
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' transceiver slid sideways on the wearer's chest and became detached from
- ‘the shirt. Upon completion of exercise 2, the transceiver was once again
~ "located on the shoulder and the subsequent exercises were performed with-
- out any further need for re-attachment to the shirt. It is significant
““fo note here that during exercise 3 and 4 where thé wearer previously had
. problems with the transceiver falling away from the chest carrying the
c.shirt with it that in the case of the nylon and steel shoulder mount
‘accessory, this falling away was not a problem. - Also, the previously
encountered bouncing of the radio on the chest area was not a problem
durinthhe,running exercise. Subsequent to this exercise program, the
radio was not removed and no attempt was made to replace or reposition

- the radio or to put it back onto the shoulder in any way during the en-

; tire test period, which covered a total of 10 hours. During this test:

. period, the wearer drove an automobile for approximately 65 miles, dur=-
“ing which the car was entered, started, driven, and stopped at least four
-~ times. ‘During the periods of automobile operation, activities were per-
"~ formed such as operating the automobile radio, operating another portable
..radio in the automobile, simulated operation of the transceiver, and
- ' .reaching across the automobile into the glove compartment. During the -

“remainder of the test period, the wearer was engaged in normal office or
~ work activities such as writing, reading, answering the telephone, walk-
ing up and down stalrs, consulting with designers, draftsmen, and other
- engineers.

. During this test, fatigue wa2s .a minor problem to the wearer. This
transcelver configuration and nylon and steel shoulder mount accessory

‘wasethe best of any tested to date. Several times during the test period,
' the wearer was able to completely forget that the transceiver dummy was

being worn. There were no pressure points or other abrasion points to
annoy the wearer during the course of the use of this particular dummy.

- Normal movements and activities as described were not impaired or impeded
~in‘any way by the presence of the transceiver. .The only problem occurred
" during the performance of situps during the exercise period-when the .

transceiver tended to fall off the chest area. The unit was very comfort-
able to wear during periods of normal walking, sitting, running, operating
" an automobile, and other activities of this nature. The unit was judged -
"to be in a location that would make operation of the unit simple and easy.
~ The volume and squelch controls could be operated with either hand while

“the press—to-talk switch could be operated w1th elther hand or’ w1th the.

jaw., : S :

" At the end of the test, the 3-inch wide transceiver model was sub-
stituted for the 2.625-inch unit to determine any difference in restric-
tion of movement or comfort (Figure A-9). There was no noticeable distri-
bution of weight difference between the two unlts. ‘The only restrlctlon to
the user in moving about was due to the width of the unit. The mount was so
- wide and rigid that little repositioning or shaping for comfort was pos-.;
- sible.  The mount was too wide to fit between the edge of the shoulder
: and the collar bone which was the most.’ comfortable. position for the E
.- Wearer. It was obvious that a narrower mount and transducer would permit S




'1~'gréater’inaividual user positioning and arm and body flexion.

A p0551ble problem, which became apparent during preparatlon of a
‘model for this test, is the design of this shoulder mount accessory to
“comfortably fit humans whose size ranges over the fifth to ninety-fifth

!7 'percentile'group of the population. Of special significance is the chest

depth variation and the shape of the chest and shoulder in the area where-
‘the transceiver and shoulder mount rests. A 2-1/2 inch chest depth varia-
tion can be accommodated by the spring in the shoulder mount, but if the
unit is designed to fit the smallest chest depth then the pressure exerted
‘in the rear shoulder of the larger chest depth would cause discomfort.
‘Conversely, if the spring were shaped to fit the largest chest depth com-
fortably, then it would be noticeably loose on the smallest chest depth.
The shape of the shoulder mount was conformed to the configuration of the
" wearer who actually performed this test, and it was comfortable for this
wearer.. It is apparent that this shape may not be comfortable for all
~wearers.

© 6.0 WEAR TEST - NYLON STRAP SHOULDER MOUNT ACCESSORY

For these tests, a dummy transceiver electronics assembly and a dummy
battery were utilized. The dummy transceiver electronics assembly was
2=-5/8 inches wide by 1-3/16 inches thick by 4 ‘inches high and weighed 11.4

- ounces. The dummy battery was 2-5/8 inches wide by 2.8 inches high by

1.15 inches thick and weighed 9.4 ounces. These two dummies were attached
toa 2.5 inch wide nylon. strap, 12 inches long. The dummies were attached
s to the end of this strap in a manner similar to the proposed. configura-
~tion, known as the alternate configuration in the proposal. It was in-
tended to be worn across a man's shoulder (i.e., with the electronics
_ transceiver resting on the front of the chest and the battery resting on
..the back of the shoulder, the center of the nylon strap being located
fapproximately at the top of the man's shoulder). The transceiver and
nylon strap shoulder mount accessory were attached to the wearer by means
of Velcro hook material that was sewn onto the upper left shoulder area
of a khaki Army shirt of summer weight. Hook material, approximately 6
square inches of Velcro,was sewn both to the front and back of the shirt
 to anchor the two ends of the nylon shoulder mount straps. The trans-
. ceiver's lateral position on the shoulder was such that the vertical
N centerline of the transceiver was 5-1/2 inches from the vertlcal center-
llne of the chest front.

, on February 5, 1972 the wearer put on the shirt and installed the
v\transcelver, first using a push onto the electronics housing to engage

: the Velcro hook and pile material in the chest area and then applylngn
,pressure,to ‘the battery housing that was at the rear of the shoulder to
vengagé the Velcro hook and pile material there. After this, an'll-min-

~ ute exercise program was performed. This exercise program iS‘deSCribed\'
in a:book titled "Royal Canadian Air Force Exercise Plan. for Physical.

__Fitness" (the exercise plan used is shown on pages 72 and 73 of this
book). TLevel C on page 72 was the exercise level performed. During the

course of the exercise program, no problems were encountered with the




Q-wtren5ceiver.;,The'ttansceiver aid noﬁ‘significantly pull‘thelshirt avay
;;from‘its normal fit to the body. It was attached firmly enough so that .

\:,no part of the transceiver became dlslodged during the ‘exercises and there
" 'was no interference with the usual amount of mobility required in the per-

formance of these ‘exercises. Following the exercise program, the trans-

 *ce1ver was not- removed from.the shoulder and no attempt was made to re—

‘place or reposxtlon the transceiver or to put it back onto the shoulder_
rvln.any way. durlng the entire test period that covered a total time of
©9-1/2: hours. During the 9-1/2 hour test period, the wearer drove an auto-

. mobile approximately 115 miles during which the automobile was entered,

. started, driven, and stopped six times. During the periods of automobile
-~ operation, activities were performed such as operating the automobile
- radio, operating another portable radio in the automobile, simulated
operation of the transceiver, and reaching across the automobile into

- *the glove compartment. -During the remainder of the test period, the

wearer was engaged in normal office and work activities such as writing,
freadlng, answering the telephone, walking up and down stairs,: etc.

) During this test, the wearer's opinion was that no fatigue was caused
by the presence of the transceiver dummy with the nylon belt shoulder
‘mount accessory. This transceiver configuration was the best of any tested
to date. The attachment was sufficiently firm so that the radio did not
bounce against the body or shift position when the wearer was running,
jumplng, doing pushups, operatlng an automobile, or any other activities
~of this type. There was no interference with operatlon of the arms or

174 rotation of the head or twisting of  the torso in either dlrectlon, bend—
~ ing the body backward and forward, or tilting to the right and lef*

There were no annoying pressure points or abrasion points observed durlng
the course of this test and the Wearer'judged that the transcelverncoule
be operated with the right hand while wearing the transceiver on the left
shoulder, and the press—to—talk switch could be operated w1th elther hand:
'or with the daw. : :

'Because of the conformal nature of the nylon belt, a transceiverithat
is built in this configuration could be successfully and comfortably - ’

o applied to fit humans whose size ranges over the 5th to 95th percentile

group of ‘the population. Chest depth. variations and shoulder shape varia-
tions should present no problem to fit or comfort of this particular tran—
scelver conflguratlon. : ,

:_7 Vi WEAR TEST - SHOULDER—MOUNTED ELECTRONICS WITH BELT—MOUNTED BATTERY

- The conflguratlon tested here was 51m11ar to proposed conflguratlon B
(Flgure A-10). The dummy battery utlllzed in this test was 2.8 X 2.65 X

. 1.156 inches, weighing 9. 4 ounces. It was 1nserted 1nto a tight flttlng

* ‘leather case that had a belt loop. The case was wern on the wearer's belt
-and was located at a. point about halfway between the front center and the -

'7 wearer's left side. From the dummy battery and case, a cable was extended*-

gllto the shoulder area of the wearer and attached to the bottom of a dummy
..5transce1ver electronlcs assembly. The dummy electronlcs assembly was-
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E':Lgure A—lO. Front Vlew of Transcelver with Extender
Cable for Belt—Mounted Battery




’“2-5/8 X l 18 X 3- 3/4 1nches and Welghed 11.4 ounces. The transceiver -
_electronlcs dummy was attached to the wearer's shirt by means of a 2.44 X

- 2.0 inch area of Velcro hooks that were bonded to the back of the dummy.
“A10 X 2 1nch'w1oe shoulder strap of Velero napped loop was snapped around
dﬁthe epaulet of the wearer's shirt and then the transceiver Velcro hook was

. pressed onto this shoulder strap so that the transceiver was located on:

. the wearer's upper left front chest’ cavity. The centerline. of the trans—
*ficelver was approximately 5 inches to the left of the wearer's chest center-
'?jllne. The installation of this transceiver dummy was then very similar to

~that presently used by the Orlando Police Department for the Motorola’
otranscelver (Figure a-11).

e ' Durlng the perlodsfrOm;February 23 through February 25, the wearer
used the shirt and transceiver described above for 6-1/2 to.8-1/2 hours
 per day. A typical day started with the ll-minute Royal Air Force Exer-
“cise Plan for Physical Fitness. The exercise plan shown on page 72 and.
©73 was used and level C was the exercise performed. While performing the.
exercise, no problems were encountered except. the transceiver would hang
~down from the user's body while the wearer was doing pushups and, or-

.. course; durlng the pushup the transceiver would hit the: floor each tlme

“.the wearer touched his nose to the floor. Also, during the runnlng

- pericd, the transceiver electronics housing did .bounce on the user's chest
and.was somewhat uncomfortable to run with although it was judged to be

. not nearly so uncomfortable to. run with. as: thes test durlng whxch the entire .
'transcelver was. worn-on the shoulder and attached to the shirt by Velero.

';At no. tlme.durlng the exercise program or follow1ng the exercise program

- 'was there any tendency for the transcelver electronics or the battery to

- separate themselves from the wearer or become detached from the wearer.

~There was no attempt to replace or rep051tlon the transceiver onto the

' -Velcro,on the shoulder during any of the test period. Following the exer-"

‘cise program, the wearer drove an automobile for approximately. 65 miles
_each day during. which the car was entered, started, driven, and: stopped
8t least four times. Durlng periods of automobile operation, activities
. were performed such as operating the automobile radio, operating another

B - portable radio, simulated operation of the transceiver, and reaching -

" across the automoblle to the glove compartment. During the remalnder
:of a typlcal day; the wearer was engaged in normal office: activities such

'fr~as writing, reading, answering telephone, walklng,up and down stairs, etc.-V

-During the course of this testing, fatigue was only a minor problem to
- the wearer. . This transceiver configuration was judged to be substantlally

"f\more comfortable as that’ conflguratlonudescrlbed as the Nylon Strap Shoul-

Cdex Mount Accessory. ‘There were no pressure points or other. abrasmon
"_polnts to,annoy the wearer during ‘the course of the use of “this partlcu—

;htlar dummy transceiver.. Normal. movements and act1v1t1es as described
~}were not 1mpa1red or: 1mpeded in any ‘way by the presence ‘of the trans—

[,celver. The. only two' significant problems encountered durlng this wear

kh¢~test were the’ tendency of the transceiver electronics unit to hang away
- from the upper chest durlng pushups and an occasional hangup of the ex-

"{tender cable on furniture, knobs, door handles, etc. The unit was. qulte
lcomfortable to wear durlng perlods of normal walklng, 51tt1ng, runnlng, o
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‘ Figure A-11l, Front View of Shoulder-Mounted
L ‘ .-+ . Transceiver ‘




 ;¢perating an automobile, and other activities of this nature. The unit
~was judged to be in a location that would make operation simple and easy;
- the volume and squelch controls could be operated with either hand, the
-+ channel select switch could be operated with thé right hand if the unit
. was worn on the left shoulder, and the press~to-talk switch could be

" operated with either hand or with the jaw. : S

A 'production design of this configuration should attempt to solve
the cable hangup problem. In an emergency, a fixed cable could result
._‘in“the‘transceiver electronics being yanked off of the officer’s shoulder
: if the cable becomes entangled in a door handle, door knob, or something
of this nature. The transceiver electronics could alsc be yanked off the
‘officer's shoulder by an assailant who merely grasps the cable. A quick
disconnect, detachable connector, or breakaway cable could be used to
'prevent these problems.




APPENDIX B

PERSONAL TRANSCEIVER THERMAL DESIGN




1.0 INTRODUCTION

- A HEATRAN thermal analysis has been performed on the personal trans-
C.celver.
gfcorresponds closely to our current concept (i.e., the basic transceiver
1Qfd1men51ons arel.x 2.625 x 5.79 inches, the battery is housed in a plas-
~ tic case that is detachable from.the electronlcs section, and the trans-
‘ducer is a 1.75-inch permanent magnet speaker). . A brief summary of the.

~The overall transceiver configuration used for the analysis

'~,:conf1guratlons analyzed and results obtained is given in the following

i

jw

b

sections. Based on this thermal analysis, the following concluSLOn and
L recommendatlons may be made.

Durlng normal operation in a 122°F ambient with either the DOJ or
USAF duty cycles, the transistors will remain below their maximum
reliable temperatures.

'The USAF duty cycle results in higher temperatures than does the

DOJ. duty cycle.

During 122°F ambient normal operation, a 0.625 x 2.48 inch alu-

minum ‘heat sink, with the remainder of the case being plastici-'
will be hot enough to burn the user (233°F). Under the same
conditions, with an all-aluminum frame for the electronics sec-
tion and plastic covers, the frame will reach a maximum hot spot
temperatare of 153°F. Therefore, the electronics section frame
will be made of aluminum. o ' E ’

A thermostat that is wired to override the press-to-talk function

can be set to protect the transceiver from failure due to abnormal =

operating conditions such as transmitting without an antenna or

‘continuously transmitting. The thermostat setting chosen for -the

VHF transceiver was open at 200°F + 8° , and close at less than

20°F below the opening temperature.

32:0 SUMMARY OF CONFIGURATIONS ANALIZED AND RESULTS OBTAINED

. Justice Duty Cyclel - Normal Operation - 5/8 x 2-1/2-inch aluminum

"start at tlme =0

3
1
2
-4
5
6
7
8.

heat 'sink = Plastic Frame (See par. D) 122°F amblent, l22°F soaked,

2 3 = - ~'jAl?‘
anso46®  cu®  aN5944  NISTL ik

4 §f

min. (XMIT Compl) 188°F F 184 183 183
hr. 3min. - - 206 . 200 . 20L . 201
hr. 3 min. - 211 8 206 206 206
‘hr. 3 min. 212 ..208 - . 208 . 207
hr.f

min. 2130 10 208 208 - 208

1u»¢:w w wx»(»tn

min. - 213 » 208 208 208 -
min. 213 208 - 208 y208ve'"3h‘"
min. 0213 . 210 208 . 208 . 208

min. - 213 210 208 208 208



. :USAF"Duty CYc1e4:— Normal Operation = 5/8 % 2-1/2-inch aluminum heat
. sink - Plastic Fram (See par. D) 122°F ambient,; 122°F soaked, start

Notes: . 1.

‘at time = 0 :
e . ‘AL,
‘Time 2N5946 Cu 2N5944 2N3571 Sink
0 . i 122 122 122 122 o122
56 min. (last XMIT 206 203 202 201 201
L in first hr.)
~ 116 min. - 229 226 224 224 224
<176 min.. 236 233 231 231 231
236 min. 239 237 235 234 233
296 min. 239 236 234 234 233
7 356 min. 238 236 234 234 233
"416 min. 238 236 234 234 233
"~ 476. min, 238 236 234 234 233
536 min. 238 236 234 234 233
‘Justice Duty Cycle 3 minutes continuous transmit, 45 min-

utes continuous receive, and 12 minutes continuous standby

per hour.

‘paragraph E.

Maximum reliable temperatures for transistors are given in

Cu = Copper between 2N5946 and thermostat.

U.S. Air Force Duty Cycle = 6 minutes continuous receive,
followed by 30 seconds of continuous standby with the
transmit and standby cycle repeated for the balance of

the hour.

='0-

) ‘Timé o

0 .
56 min.
©.116 min.
176 min.
: 236 min.
o296 min,
- 356 min.

aluminum frame with fins

2N5946

122
155
158

158 -

158

158 -
158

~.U. S. Air Force Duty Cycle = Normal Operation - 122°F ambient, all-
122°F ambient, 122°F soaked, start at time

. | Al.
Cu 2N5944 2N3571 . Sink
122°F 122 122 122
153 - 151 '150.5 150 -
155 153 153 153
156 . 154 153 153 . .
156(68°C) 154 o153 . 153
156 : 154 153 153

156 154 153 153




- Figure B-1 shows maximum temperature at various locations-around the
. frame. ' : ‘

Nodes shown here were added to thé program at this. point during the

“analysis.

”U.S, Air Force Duty Cycle - Normal Operation = all-aluminum frame with
~fins 95°F ambient, 95°F soaked, start at time = 0

R : ‘ al.
Time o 2N5946  Cu 2N5944 2N3571 Frame

0 : 95 95°F 95 ~ 95 95

~ 56 min, 128 126 124 124 123
116 min. 131 128 126 126 126

176 min. 131 129 127 127 126

Continuous transmit with no antenna - all-aluminum frame with fins

Use Texas Instruments 4BTL2-41 thermostat to Llimit transistor tem-

- peratures.

Drawing 6254155A shows the configuration.

‘ 1l 122°F ambient, start at time = 236 min., U.S. Air Force duty cycle

Thermostat set at 252°F
Thérmostat.openedfat 0.76 minute at 252°F,

| 2N5946 was at 257°F (252 limit)
2N5944 was at 240°F (350 limit)

.  2&357ikwés at 240°F (335 limit)

2  122 °F ambient, ;22°F soaked, start at time = 0
Thermosﬁat set at 252°F
,Thermostat openéd in 1.14 minutes at 252°F
k2N5946‘was'at,257°F

IN5944 ‘was at 240°F

| 2N3571 was at’ 240°F -




145

#2
#61144
#9§145
11
148
BATTERY

Figure B-1l. ~Frame TemperatureSﬂ(Time = 236 Minutes)




.. '3, 122°F ambient, start at time = 236 min., U.

’:E:Therﬁéstat setﬂat‘l855F
 :Thermqsté£io§en§d injo.l‘minuﬁes at’185°F
;£$594é:w55 at 190°F
k"‘éN5944tﬁas ;£»l74°F‘
:§N3$71‘was at 174°F
- Aluminum Frémé:was at 172°kaax.

“122"F ambient, 122°F soaked, start at time

1w

5 fhermoéta;’set at 185°F
‘Thermostat bpened in 0.32 minutes at 185°F
2N5946 was at 190°F
>2N5944 was;at'l74°F
2&357i was‘at‘l74°F

‘Aluminum Frame was at 172°F max.

' Based on this data, a thermostat setting of 200°F nominal was chosen -

- setting tolerance +8°F - differential 30°F -

5  -40°F ambient, -40°F soak, start at time =

”»Thermdstat éét‘at‘200°Fv ‘
‘ Théers£at O§enea in 5 miﬁutes at 200°F
*.2ﬁ594é‘Waé at 205°F

2N5§44 wasia#xl90°F_~

| 2N3571 was at 189°F

Aluminum Frame was at 188°F.

S. Air Force duty Cycle .

g ,




"”Nbrma; épefation,-exCept continuous transmit (no duty cycle).

" All-aluminum frame with- fins.
',Thermostat'set”at 200°F
‘;Soak’ét ambient temperature, start at time = O

B Ambient” ‘ ' ' k ‘ Al. Thermostat :
‘Temp. . 2N5946 2N5944 2N3571 Frame Openis_In (Minutes)

~40°F  201°F 198°F 197°F 197 96
+95°F 201 198 198 197 12
4122 201 198 198 197 ‘ 8




APPENDIX C

TRANSDUCER/SPEAKER PERFORMANCE EVALUATION




- The sound pressure 1evel (SPL) speclflcatlon of 105 dB at flve inches
,_:from the transceiver, using a maximum of only 80 milliwatts of audio power,
" was a task that required a significant amount of research and development
‘since this output was approximately 10 dB higher than could be obtained by
a small speaker. The only apparent potential solution was to use a small
transducer since transducers are more efficient than small speakers at

. input power levels below 50 to 100 milliwatts (depending on the specific
. device).

In configuration A, which is a self-contained unit suitable for
shoulder mount or handheld operation, little volume was available for any
'type,bf acoustical chamber to amplify the output of an acoustical device.
Therefore, the initial approach was to select the most efficient transducer
- available that would produce the maximum SPL with an 80-milliwatt input.
‘Then, a small, acoustically~-tuned cavity would be developed to amplify the
transducer output to the required 105 4B,

‘ Transducers were obtained from several vendors and evaluated. The most
" applicable transducer, with the highest efficiency (output) in the size '
allowed, was a Knowles 1657, The Knowles unit produced an SPL of approx-
imately 85 dB in free space, with wideband noise input at 80 milliwatts
. rms, which was 20 dB below that required. The maximum space that could be
allowed for the transducer and an acoustic cavity to amplify the trans-
“ducer output was approximately 2.0 cubic inches.

Test data available from transducer manufacturers indicated that
cavities of approximately 5 to 10 times this volume limit would be reguired
to obtain 105 dB. However, the possibility was apparent that a tuned

. cavity might produce the amplification required within the space limita-
tions.

, Therefore, three cavity configurations were built, each with the trans-
ducer centrally mounted in a 0.67 x 1.0 x 3.0 inch housing at the feed
,p01nt of a folded horn. Exponential, conial, and rectangular horn shapes
were evaluated in search of a configuration that could be tuned to amplify
~the transducer output above that realizable by ‘directivity gain of the
aperture (similar to the directivity gain of a directional antenna). . In
_all ‘cases, a galn of approximately 10 dB was obtained for a net output SPL

.of 95-dB. . The results indicated that the amplification was strictly a"

-~ function of directivity and that for the given aperture size and horn length,
the shape of the cavity had no affect on SPL. No means of amplifying the
‘transducer output beyond that which was obtained in this size cavity was

. apparent unless some means could be found to synthetically lengthen the ; _
. horn to dlmen51ons near the wavelengths corresponding to:the voice spectrum,

'qr a means: of baffling could be found to obtain the same results. B

“Since the sblution‘to the SPL problem;Was not obvious,.a thoroﬁgh
. search of the industry was initiated to locate manufacturers of small
v"speakers1and‘transducers. Subsequently, samples were again obtained and




ftested, and the four most promising manufacturers were 0151ted to gather
information to aid in the design effort. The evaluation of standard

' speakers were included in the program since the preliminary test results
-Jlndlcated that miniature transducers had little or no advantage over

speakers in the required: appllcatlon, furthermore, the voice quality

' of transducers was less pleasing to the human ear than that produced by

: ?speakers. The following information was obktained from manufacturers on
= transducels operated as sneakers for ‘the regquired application:

o1 Redesign of any of the transducers from: the manufacturers con-

-~ 'sulted would not significantly improve their performance; they

were new products and already optimized to the full extent of
their technology.

"None of the transducers examined or discussed would produce 105
dB of SPL at a distance of 5 inches with 80 milliwatts of white
noise without assistance of a horn or cavity. A transducer could
produce an SPL of 105 dB over a narrow frequency range by using a
tuned horn but the distortion would be high.

o

1

The reaxr of a transducer cannot be artificially loaded to sig-
nificantly improve the output level.

4 The 105-dB requirements cannot be obtained with only 80 milliwatts
and only 2 cubic inches of cavity or horn volume available.

‘,fMany questions were asked of the transducer manufacturers, but no infor-

mation was obtained on how to improve the performance by more than 1 to

2 dB over what Martin Marietta had obtained in. tests. The only constructive
information from the speaker manufacturers (that would show results of the
best efficiency from speakers without causing dlstortlon) was ba51cally to
use a magnet W1th hlgh flux density.

, After~consu1t1ng with the manufacturers and obtaining samples of.
speakers and transducers, a simple voice quality test was run to eliminate .
extensive testing on units that definitely would not be considered due to-
unacceptable, poor voice quality. The test used a 2-1/4 inch dlameter

' - speaker as a quality reference since it was the size typically used (or

: smaller) ‘in large, existing personal transceivers. TFor further comparlson,
,'ran oval 2 x 3 inch speaker was included in the test program. The test
" “congisted of a quality judgment by four persons,prev1ously tested and

. trained for voice intelligibility testing. Recordings of Harvard Uni-

versity phonetically balanced word lists and sentences spoken by a radio -

- broadcasting station narrator were played into a high fidelity, wideband
amplifier and applied to the device under test. The drive level to each
f;dev1ce was calibrated for 80 milliwatts rms of white noise through the
;tfampllfler prlor to voice testing. The results of these tests are listed
oin Table C-I." Of the thirteen devices evaluated, seven were selected for
:1;further performance testlng. S : ST




. response.

Transducer/
Speaker

2 x 3 Inch Speaker

2-1/4 Inch Speaker

thh 2 Inch Speaker

‘Méjinch Speaker
2 Inch Speaker
1-3/4 Inch Speaker
1—1/2‘Inch Speaker

1 Inch Speaker
2 Inch Speaker/Mike

MC1ll Transducer

L ',iBQ Transducer

:1657 Transducer

TABLE C-I

Vendor
Cleveland
Shigoto
Archer
GE (Master)
Oaktron
Shigote
Shigoto

Lafayette
Shure

Shure
Knowles

Knowles

1+1/2 Inch Transducer Roanwell

Voice
Quality

Excellent
Excellent
Very Good
Very Good
Very Good
Good

Fair

Poor
Poor

Fair
Fair
Poor

Very

Fair

No

No

Yes
Yes
Yes
Yes
Yes

No

No

Yes
Yes
No

No

Transducer/Speaker Veice Quality Test

Results

Selected for
Further Testing

too large

too large

unacceptakle quality
low SPL

high distortion
low SPL

unacceptable quality

high distortion
low SPL

.A'test,setup.(Figure C-I) was used to measure SPL, voice qﬁality,

‘.and'frequency response of the devices.

room bullt for voice intelligibility tests.
was a bandpass anit designed to simulate the net: transcelverwaudlo

i.of the test results is glven in Table C-II

All tests'were run in a sound
The filter shown in the setup

t To house the speakers and transducers, enclosures that had the'
. 'same volume as the transceiver electronics case were built.
" inserted in the enclosures to simulate the internal modules.

"Blocks were
A summary

The sound pressure levels were measured at five 1nches from the test R
'unlts, which wereg mounted in a 51mulated transcelver case w1th 80 mllllwatts, -
'rms n01se measured at the dev1ce after belng band- 11m1ted by the system
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Figure C-1. Block Diagram for Sound Pressure Level Measurements
and Voice Quallty Tests




o ) ¢
The 1. 5-inch and 2-inch speakers measured an average SPL of 95
. dB, while the two transducers tested produced levels of 2 and 8 dB less.
© Both transducers were mounted in cavities within the case that were
judged optimum in configuration for the allotted volume.

-ffllter.i‘

TABLE C-II
Performance Test Results

Average SPL
with 80-mW RMS Noise Voice

" Device Vendor {dB) Quality
. MC11l Transducer Shﬁre : 87 . 5 )
BQ Transducer Knowles 93 4 ; 
1-1/2 Inch Speaker Shigoto 93 3 "
1-3/4 Inch Speaker Shigoto 95 1
2 Inch Speaker Archer 95 1
2 Inch Speaker Oaktron 95 1
2 Inch Speaker GE (Master) 95 1

'The frequericy response of the units is shown in Figures C-2 through
C-4, The larger speakers exhibited a higher output at the lower freguency
and, in general, had more output across the band than the transducers and
-the 1.5-inch speaker. The notch in the responses at approximately 2000 Hz
is a result of taking the measurements at f£ive inches from the device where

‘a null that is a function of signal wavelength occurs.

The voice quality tests were run with the phonetically balanced word
~. ~ 'lists and sentences, as previously, except the simulated system filter was
blﬁf - used. -The quality was rated in increments from 1 to 5, with 1 representing
i ~ the highest quality. The significant findings in the quality test were: '

1 The 1.75-inch speaker provided the same level of quality as the
larger 2-inch speakers when the input signal is band—llmlted by
the system filter.

2 The' l 5 inch. speaker and two trahsducers‘exhibitea significantiy‘u
: poorer voice gquality than the other units and also sounded
dlstorted. ‘

L Furthermore, when listening to wvoice through the- dev1ces, the loudness
?:‘of the transducers appeared to be even less, compared to the speakers, than -
~ the SPL indicated. This was judged to be caused by the inherently poor,
»flow~frequency response of transducers, which results in’ "tlnny" and weak ,
'sounds toﬁthe human ear. Even though the transducers were -as 1ntelllg1ble
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. as the speakers, the latter sound louder to the human ears, exhibit better

. "fidelity" and are much more pleasing to the ear. For instance, listeners
‘ in the test program comparing a transducer and a speaker (each producing

the same SPL) would, without hesitation, judge the speaker better in quality
s*and’loudness. Due to the poor apparent quality and loudness of the trans-
4. ducers, combined with unsuccessful attempts to significantly amplify the

. " output, these devices were eliminated as practical candidates for use in

a small portable transceiver where the cavity is required to be an integral
part of the transceiver housing.

" 'On the basis of good voice quality, high SPL, and small volume required. . -

relative to the units tested, the 1.75-inch Shigoto speaker was selected

‘as the optimum unit for the transceiver. BAdditional tests were then con- ; R £
ducted with the 1.75-inch speaker to determine if improvements in SPL could
be obtained. First, three additional 1.75-inch speakers were obtained for
comparison, but all were inferior to the Shigoto speaker in either volume,
'SPL, or distortion, or a combination of these three. The Shigoto speaker

- was tested with various cavity configurations at the rear of the speaker

- and with various baffles in the front of the cone without any noticeable
“improvements in SPL. Output responses for input levels of 80, 160, 320
and 640 milliwatts were measured with the results shown in Figure C-5.

The output versus input response was linear, with approximately 1-dB
increase in output SPL produced for every dB increase in input power.
Consequently, about 650 milliwatts of input power would be required to
produce 105 dB at five inches from the speaker. An additional test was
conducted to determine SPL as. a function of distance from the speaker.
Figure C-6 shows that an approximate 6-dB increase is obtained each time

. the distance to the speaker is halved. The test also confirmed that the
null at 2000 cycles was either a function of wavelength from the speaker

“or a reflection in the measurement process, and did not represent the true
response of the speaker, since a null did not occur in the 1- and 2~ 1nch
“tests. .

To determine the response that could be expected at a user's ear when
. the transceiver is shoulder mounted, an SPL versus angle test on a 5-inch .
" radius was made in the horizontal plane from -90 to +90 degrees. The results
are given in Table C-III where, again, the null at 2000 Hz is prominent.
- No degradation in SPL is experienced over an angle of + degrees, and a
3-dB reduction in SPL occurs at +90 degrees. Since the plane of the speak- -
er will be a 45 to 60 degree angle from the user's ear when mounted at
shoulder level,_a loss of 1 to 2 dB of SPL would be experlenced._

_ After the transceiver cases were bullt, two speaker grllls were tested,
"uu51ng 1.75~inch Shigoto speaker by determlnlng SPIL, versus vert1Cal angle..
The preferred design was with the grlll grooved to prevent rain from enterlng
. the speaker enclosure when the transceiver was in an uprlght position.  This
'ide51gn was compared to-a grlll with wider grooves cut dlrectly through the
xcase, perpendlcular to the surface of the front of the case and horlzontal
in dlrectlon. The test data in Table C-IV indicates that no SLgnlflcant o
;dlfference ‘in SPL was measured between the two conflguratlons, and a reduc—ﬂ'
ftlon of 1 to l '5 dB- in SPL would be experienced at the ear, which conflrmed
the prellmlqary data.‘ Consequently, the preferred groove de51gn w1th raln
“rotectlon was selected and 1ncorporated 1nto all transcelvers.i R AN
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TABLE C-IIT
SPL Versus Angle in Horizontal Plane

Degrees  SPL dB  SPL dB  SPL dB
Off Cernter 700 4B 200 dB 3000 4B

-90° 97 82 920
~75° 78 . 80 921
-60° 99 78 91
-45° 99,5 . 78 91
-30° 100.5 82 92
-15° 101 83 92.5
0° 101 83 93
+15° 101 83 92.6
+30° 100.5 83.5 92.5
+45° 100 83 . 92
+£5° 99 78 90.5
- +75° 98 77 91.0
+90° 97 80 90.1
TABLE C-IV

Speaker SPL in Vertical Plane

Vertical Angle SPL

. Transceiver Speaker (Degrees Relative to ~ with 80-mW Input SN
“Grill Configuration Horizontal Plane) (as) ‘ : L
Wide Horizontal +90 - 89.5
Slots . +45 91.0
: 0 92.0
-45 91.5
~-90 89.0
Narrow Angled Slots +90 89.0
for Maximum Pro- +45 90.5
tection from Rain . 0 - 92.0 "
o ' -45 91,5

-90 89.5 .




Initially, a preamplifier and ccmpensating filter module was made to
enable the speaker to also be used as a microphone. However, the concept
‘was later improved in both performance and cost by using a transducer as
a microphone and eliminating the preamp/filter module.

After conducting the speaker/transducer evaluation program,  the con-

" clusion was made that significant advances would have to be made in trans-
ducer performance before the devices would meet SPL specifications required

in this program and could be considered for use as speakers in small port-
able transceivers. Meanwhile, the sound reproducing function should be
performed by a speaker selected for an optimum combination of volume,
SPL, and battery drain; this has been done for the personal VHF/UHF trans-
ceiver. In retrospect, producing 105 dB of SPL from 80 milliwatts in
approximately two cubic inches or less appears to be beyond the capability
of - present technology. If 105 4B is required with a low input drive, a
large cavity unit with a transducer external to the transceiver case should
" be provided. A unit capable of 105 dB of SPL should only be required for
" special applications, since 95 dB is a respectable loudness for most needs;
in addition, the requirement appears out of perspective, relative to '
the needed volume in a transceiver developed with miniature techniques to
obtain a minimum size goal. The selection of the 1.75-inch speaker for the
personal transceiver appears to be an optimum choice for the application.
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