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INTRODUCTION

This document is the Task III report for the Low Cost Airborne Microwave
Landing System (MLS) Receiver program, sponsored by NASA Ames Research
Center, under contract NAS2-9332. This report summarizes all work performed
under the contract, and summarizes the first, second, third, and fourth quarterly
progress reports.

Included within this report is a detailed description of the prototype low
cost MLS receiver developed under the contract. This detail includes block
diagrams, schematics, board assembly drawings, photographs of subassemblies,
mechanical construction, parts lists and microprocessor software, in addition to
test procedures and results. This detailed information is considered sufficient
to allow anyone skilled in the art to understand the receiver operation. However,
It is not necessarily intended as sufficient information to allow direct manufacturing.
Accordingly, neither NASA nor AEL nor NARCO accepts the responsibility for
completeness or accuracy of final design details.

It is felt that this report contains sufficient information to allow a capable
commercial avionics equipment manufacturer to analyze the complexity, operation,
non-recurring and recurring costs as.,ociated with production of a general
aviation MLS receiver. In all likelihood, a manufacturer would modify the design
described herein in such a way as to utilize materials, parts and processes that
represent the lowest manufacturing cost to him. Furthermore, certain design
improvements will be made in later phases- of thisproject.

The manufacturing costs analyzed in section 9 of this report represent the
best estimates of NARCO and AEL, using their costing procedures, 7 oadings, etc.
Manufacturers contemplating the MLS market must apply their own cost factors.
Again, the costs are presented as estimates; they are not guaranteed by NASA,
AEL or NARCO.

Persons aiding the authors in the preparation of this report are, from AEL-
F. Decker, N. Jespersen, R. Shillady, and J. Kryzanowsky. The contributors
from NARCO were: D. Anderson, R. Powell and I. Stephen,

This effort was under the direction of Mr. J. Pope, COTR, NASA Ames
Research Center, Moffett Field, California.

0
Summary of Program Accomplishments

AEL, together with their major subcontractor NARCO Avionics, has succeeded in
designing and producing a Microwave Landing System receiver essentially suitable for
general aviation. AEL has produced flyable, working receivers that are adequate for
landing purposes. It is this operating receiver design that has been priced out as



saleable at a mnnufacturers suggested list price of $1,185, installed in a general aviation
aircraft, `11 is result can be favorably compared to tats original cost goal of $1250 in
1976 dollars.

The $1,185 sell prices, when related to manufacturing cost, is achieved by a total
loaded labor and material cost of $409, of which $213 is material, $55 is direct labor,
and $111 is manufacturing overhead (2000. Accordingly it was obvious from the onset

	 J

that the revelvex- must be- consistent with high volume automated manufacturing, utilizing
low cost commercial grade parts. AEL's task, on this design-to-price program, was
to analyze, evaluate and implement optimum cost/perfor-nance tradeoffs such as to
achieve a minimum projected receiver cost in production lots of 2000. In order to no-
complish this, an orderly process of technique evaluation and control had to be imple.

-merited, as described in the following section.

Cost Versus Performance

From the beginning of this program, it was immediately apparent that a very large
number of tradeoffs existed, with interdependency among tradeoffs being the general
case and seldom tic case whereby a simple cost versus l)erforniance choice could
be made. Thus it was determined early in the program to utilize the candidate versus-
challenging alternate approach to the design-to-price effort. This technique is based on
generation of a sound candidate approach meeting all specifications, ar.3 generation of
alternate "cliallenges" to any portion of the candidate. Each alternate, when qualified,
is priced out in detail. Figure 1 illustrates this process. In order for an alternate
to qualify, it must be determined to:

1) Meet the applicable specifications of that portion of the receiver with occa-
sional exceptions in areas that could be potentially relaxed.

2) Be compatible with available printeel circuit area, volume and Construction
techniques.

3) Be almost obviously of lower cost in either raw materi:il or production loaded
labor-.

4) Be of a. technology that is compatible with general aviation equipment manu-
facturing engineering shills.

As a result, alternates which are cheaper but do not meet the specification, which are
large and bulky, or which are advanced research items for military use generally do not
qualify as viable alternates.

2
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FIGURE 1. COST PERFORMANCE ALTERNA` P" F.VAl~UATION AND CONTROL

However, each candidate. receiver subassembly has several viaole alternates. The
SOW clearly and correctly pointed out the necessity of concentrating the contract resources
on those 11.. AILS receiver subassr ,* blieu whicli represent the hilliest percentage of re-
ceiver cost lience, greatest potenti?ka for significant cost savings considering Clio appro-
priate cost/performance tradeoffs,,

Accordingly, the areas discuissed in the following three paragraphs received a
heavily concentrated effort durbi,g the study phase of this program.

n1'icrowave components, It is apparent that the microwave portion of an item
sucli as the MLS Receiver can 'be very expensive. C- band filters, mixers and local
oscillators are ordinarily purchased by avionics equipment manufacturers on a compe-
titive basis, but are nevertheless relatively expensive. As will be shown later, the pur-
chase of conventional microwave, coniponentz would double the $1250 4ost goal. AEL,
which has had extensive experience in microwave component design and fabrication, has
shown that the technology for Clio low cost microwave front end trust be custom stripliue,
which integrates the two precision filters and the mixer. The precision stripline filters,
which would be prohibitively expensive in any other form, then allow a simple multiplier
technique. The microwave (RV [ ,lead) area was the most intensely studied portion of the
Technique Selection Study, and the justification is apparent, This area is described in
meticulous detail in the Microwave RV head Electronics portion of this report.

Log IF and demodulator. - One intrinsic characteristic of the TRSB system is the
necessity of either a potentially complex: logarithmic amplifier or a precision AGG able to
provide a gain characteristic that is compatible with the envelope processor detection.

	

x	 The Bendix AILS Airborne Subsystem, Basic Configuration, for example, utilizers a G-
stage successive approximation log IF that could Boa?tribute heavily to the receiver cost,
being surpassed airy by the microwave and microprocessor subassemblies.

	

r°	 3



AIL has extensively evaluated use of the commercial RCA CA 3089 IC inte-
grated circuit, which contains both a log IF and an FM demodulator suitable for
the DPSK data detection, and liasso far fours" Tt acceptable. The corresponding
circuit reduction in material cost, alignment cost, sire and complexity is very
significant for thispr;kr, ^a^ra. However ► , it must be admitted that this device,
altho*tgh the least expensive approach by far, does not provide the best
achievable signal sensitivity. Accordingly, in later phases, other* low cost but
more elaborate log IF and DPSK detectors will be explored, in anticipation of
possible future requirements for additional. MLS receiver *onsitivity,

Processor. - A third major area involves the pr ►owss^.v. Specifically, it was
deternli net'	 ly that a commercially available microprocassrar was ideally suited
for the MLS receiver. The concept of a dedicated LSl cxovelopment was discarded
due to the anticipated reluctance of the general aviation equipment manufacturer
to accept the development cost and risks. Furthermore, it was determined early
that microprocessors exist that provide adequate computing ability to handle
the MLS requirement at moderate cost, Thus the problem was systematically re-
duced to that of choosing a microprocessor and memory having high enough
throughput at minimum total cost. It was an early determination than several
medium throughput, moderate price systems are available, thereby giving the
equipment manufacturer some flexibility in choice, with a high probability of
being compatible with his other general aviation equipment products.

4



RECEIVER SYSTEM APPROACH

The MLS receiver described herein is a panel mounted unit with a remote microwave
RF head. The panel mounted configuration was chosen as being the lowest cost In com-
parison to n remote electronics package being controlled by ft cockpit mounted control
panel.

The remote RF head utilizes RF filters, a miser, and a loQal oscillator microwave
multiplier Intcgrated into the antenna housing. This technique eliminates the necessity
for a costly low noise preamplifier, that would be otherwise needed to overcome RF
Oitrses in the antenna cable.

The panel-mounted receiver Includes an On/Off Ident , volume control, glideslope
select switch, and integral channel selection. This system Is designed to operate on
Signal Formats as described In FAA-ER-700-08A, dated 30 May 1975, Amendment 1,
dated 22 August 1975, Specification Change No. 1, and to provide the fu notional require-
ments a. through f. described In NASA ARC Specification H, Section 4.

The receiver system described herein provides the proper ARINC-57S output drive
levels to existing ILS displays as required by Paragraph 2.0 of the SOW. Tile course
deviation indicator (CDI), therefore, is assumed to be an existing unit and not a park, of
the system description except as it affects electrical and performance Interfaces.

The key LCLMS performance parameters are shown in Table 1.

Block Diagram and General System Description

A block diagram of the candidate Low Cost PILS receiving system is shown in
Figure 2. The system is composed of two basic units: a remote mounting RF head,
and a panel mounting receiver. Interconnections between these two units have
been minimized by supplying DC power to the RF head via 	 LO coaxial cable.
Within the panel mounting receiver, interconnections between subassemblies also
have been miniwl e,,ad by grouping those elements requiring multiple interconnections
within the same subassembly to facilitate assembly and servicing.

Ali RF signal is received at the antenna, which is contained within the remote
mounting RF head. Thn, first item in the signal path is the RF preselector filter,
realized in stripline, 	 provides immunity to spurious and image responses
and provides added protection against LO radiation. Following this is the first
mixer, also fabricated in stripline, followed by the first IF preamplifier. Also
contained in the RF ]lead are the X16 LO multiplier and the LO bandpass filter.
The preselector., mixer, and LO filter are stripline structures. The major
components relating to receiver sensitivity are thus intimately located at the
antenna for the purpose of minimizing losses.
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FfGURE 2. LOW COST M bS RECEIVER BLOCK DIAGRAM

The IF output of the RF head is routed to the panel mounting receiver unit, wherein
it is first applied to the 60. 8 ?' Ilz IF amplifier in the IF/ detector subassembly. This
is followed by conversion to the second IF frequency, logarithmic detection, and DPSK
demodulation. The video and data outputs of the IR/detector module are applied to the
processor module. The video is routed to the analog preprocessor section, which utili-
zes an adaptive threza;:luld detector with outputs to the digital portion of the processor.
Uie DPSK data, which at this point is in the form of amplitude transients representing
phase transitions, is converted into one-zero data and outputted to the digital processor
and is also used to synchronize a data clock utilized for data decoding.

The digital processor, the heart of which is a low cost microprocessor, decodes the
DPSK data to determine facility identification, function, minimum glideslope, and ground
status. In addition, it performs calculations based on the input video to determine angle
data which is then smoothed digitally before being converted to :analog signals and out-
putted to the ILS display and autopilot. Both flag signals and Morse code identification
tones are generated in the digital processor. The pilot selectable glideslope information
is applied to the digital processor. The remaining input to the processor is the clock,



Tho first loon] osellintor (LO) consists of a 200-clitinnol phase-looked loop (PLL) fre-
quoneiy syntliesizer. Syntliosizor tuning Information is received froui Clio front panel
4witelics. Thofiest LO output Is a 0 d-13m signal fix Lite froquoney range of 304.4 Alliz to
'108. All.h. This sy=nthesized LO signal Is thon sort to Clio romoto niountod AV fiend
where the signal froquonoy is multiptiod by 16 to arrive tit Clio final LO frequency. Re-

V

:	 quired DC power for Me romoto bead is sent over Clio same vabto as Vie first LO signal,
It Is Importntit that tho LO,froquonoy sent to Ole RV fiend Is soffictootty removed .from
Clio 160. 8 M11% first IF frequency so that the first IF filter can provout this undesired
component fa-n111 reaching Clio second mixer,

Wiffibi Clio synthesizer subossombly is a 4. $ Al ft. orystnI controlled ► eferenep os-
efflator wbich serves 3 functions-, Clio 150 AlIlz second 140 and the offset froquoncy for
the first LO tire derived from a fixed tuned oscillator phase locked to Clio reference-, as
9.375 ktfz Signal is derived and used as Ole reforonce vlook for Clio 2900 Ouninot syntliv-
sixor; atid it 1.6 klHz signal Is dorived foi e 	as a. data procossliig alock. This tech-
itiquo providos phase coherence of n1l, Internally generated sigimis witli the exception of
tile 1.13 ldfr. data clock, which Is by uecessf4! plinse-lockod to the OPSIZ. data,

The remaining, subassombly Ili Ole receiver unit Is the DC to DC convertor mid power
conditioner. "I'lits switelting typo suppty will aec opt oithor tho 14 VDC or the 28 VDO Ili-
put from Me aircraft and, with as tninimum offloloney of 180 percent, convert It to Clio savoll
voltages required by Clio system circuits. The 17 VDC output Is lovalky roguInted to 15

VDC tit points of us"go (prinlarily digitat circuits) to provide Improved rogulallon. and lso
lation of Uieso supply lilies. The Isolation of digtOl loft supply lilies III this 11111 ►11ler

grently reduces internal RVI due to required bundling of Supply lind control lilies betAvooll
s nblu", se In blies.

A pbotogeaph of the M,1,8 receiver, showing both the panel. mounted unit and the UP
flend t Is shown In Figure B.

Noise Figure and Sensitivitp

flit', receiver noise figure is an Important paramoter Ili rointionship to roeviver st.m. I-
tiviky. 'Sl illev the low cost design precludes tho possibility of as noise 5 GlIz, GaAs VY.T
amplifier, It Is essential (-flat the losses priot, to Clio first active ninpItfier stage be kept, to
a

The losses to he minintizod m
' -
	 tiv w4v thosociated with the lif e proselov tor filter and Ow

first mixer. The UP pro,40votor lose 18 related to the RF selovilvity, whioli Ili turn I'v-

Into 's to the parmileterl of Intvrforouve rvjvvtion, Image rejection, sud 140
evri)(11(ition, rojeotion. Mixer ]Cass rvInCt's to LO drive level and lain:;, w1liell also relates
to signal hondling capability tind Inkirl-nodulitioll product rtjootion. Further tvadooff con.-
Sid ora tiolls tire dismissed In Alivrowivo RV Head Electronics portion of this report.



FIGURE 3. MLS PANEL MOUNTED UNIT AND REMOTE RF, HEAD

)RIGINAL PAGE lb
of POOR QUALITY



Tile itomitial noise figure and gaiii calculations -are shown bi Figure 4. Tile
stage parameters of noise figure and gain tire shown above each block and the
calculated composite noise figure, cumulative gain and minimum signal levels are
listed below. The -96 dBm sensitivity level is based on a 10 d1i signal to noise
level 

In a 
225 ](I .lz IF bandwidth,
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FIGURE 4. NOISE 
FIGURE 

AND GAIN ANALYSIS

TABLE .1. SALIENT LCMLS PERFORMANCE PARAMETERS

SPECIP"ICATION GOAL ACTUAL

OPL31ATING FREQUENCY 5031.0 - 5090.7

NO. OF CHANNE'LS 200 Sallie

CHANNEL SPACING 301 KNz Sallie

SIGNAL FORMAT FAA-ER-$00-08A Sallie

IMAGE RUJECTION (PRIMARY) 60 (113 40 (113

IMAGE REJECTION (SECONDARY) 60 (113 60 dB

NOISE FIGURE NS 14 d13

IF BANDWIDTH 150 K1I7 mill 225 KHz

ADJACENT CHANNEL (REJECTION INTER-
VERENCV) 50 dB 40 d)3

TANGENTIAL SEWSITIVITY DPSK -98 dBm - 90 dBm

AZIMUTH SCALE FACTOR 2.50 FS Sallie

ELEVATION SCALE FACTOR :L 0.7° FS Sallie

GLIDE SLOPE $ELECTION 2.5-80, 0.5 11 steps Sallie

ANTENNA POLARIZATION Vertical Sallie

ANTENNA GAIN, HORIZONTAL - Wbi, owni Odbi ±600

ANTENNA GAIN, VERTICAL -3dbi, +25 11 , -30 0 Odbi, +450 , -150

POWER 14 watts I Ampere max,
12-28 VDC

W 133 1 G [IT 6.5 lb G. 0 lbs.

q



MICROWAVE RP HEAD ELECTRONICS

This section describes the antenna, microwave filters and mixer, microwave LO
multiplier, and RP head packaging.

The primary consideration In the remoting of the 11F head Is the elimination of a
long, bulky, and expensive low loss cable at the AILS system frequency. The integra
Lion of the IIF head and the antenna' -which Is an extension of the RF stripline structure,
is a natural stop and is described in this section. In this system, only two coaxial cables
are required to service the remote antenna/111 head. These cables carry nominally
306 and 160 AU.lz respectively, and may be a standard type such as RG-58 of which most
installers are familiar. The installation of this 5 01-tz MLS system is therefore no more
complex or risky than Cie installation of a current NAV system. By remote mounting
(close to or integral with the antetin a) the RF head, the antenna, cable losses can be
minimized such that allowable system noise figures can be achieved without the use of
expensive 5 GI.Iv. preamplifiers.

Antenna Cost/Porforniance Trade-Offs

A number of different types of antenna were considered as candidates for the
low cost MLS antenna. Table 2 lists these types and the performance /cost
trade-offs. The project goal is a low cost antenna which tneets the pattern and
gain requirements previously described in Table 1. The cost of the antenna is
determined by two factors; the cost of the antenna element, and the cost of the
RIF stripline antenna interface. Another cost factor is the DC grounding of the
antenna for lightning protection. If the miteiii -vi element is not DC-grounded,
lightning protection must be added to the RF circuitry tit added cost.

After reviewing the above factors, the list of oodidates in Table 2 was reduced to
the last four types listed. It was decided. not to continue the dipole Investigation, since
similar results could be obtained with a. monopole, which is easier to feed by the strip-
line. The remaining three types of antennas were thorougliky investigated. All three
provide a good impedance match over the required bandwidth. The radiation pattern
shape is more dependent on the shape of the ground plane than on the element type.
The "hair phill antenna was selected as the best. overall element. Its cost is less than
the microstrip cone and is about the same as Za simple monopole, and the "hair pin"
element is DC groinided. The cleniciA is low cost, easily produced and meets the re-
quirements of the MLS system.

10



TABLE 2. ANTENNA DESIGN THADE-OFFS

Mtomm ll)qv
HolittWo

Cost
Pattorn
for * 90 1,

Aorodyiumile
Site

Nvolglit
E."80 of

striplille
reed

De
Mounded

1.	 Rootmigulzir florti 111gli No Largo Alocterato Diffloult Yes

2.	 131voolval Born 11IR1% YOS Uirgo himlonito Almlorato No

3.	 Co-Limar Artlay 11 Igli Yos Small LOW Difficult No

-1.	 WHO 1,0011lent
Low

Yts Modorate Low MOderate No

S.	 slot Low No $111alt Low Simple yea

6.	 DIP010 LOW Yes 8111all Low Modo.rate No

7.	 Wficrostrip Coile Low Yes slimll Low Modorato Yes.

$o	 A10110pole Wry Low yos 81 111111 Low Simple No

9.	 MkIr Pht Vary 
Low

Yes 811101
L

Low Simple y0r-

The "hair pin" performance was optimized by, adjusting the shape of 
the 

hair pin and
Its position oil Clio RF subsCrate. A monopole with wirious shorting stations mus tested.

Tile "ti ll type clement shown ill 	 5 gave the best results.

Antomia perfurnitince. 	 Tl1ts ftntontut is dosignod to operate oil either metal or

nou-niot011e mounting surfaces, without the added cost of ;tit 	 motal ground
plate. The VSAVR of the antomitt, sbown 

in 
111gurt, 6, is 

less than 
L 7S.-I from S. 0

Ultz W 0.1; cjlv,, relatively, Independent of the type of mounting surface. The following
performance discussion applio' s to all antenna mounted oil a oon-iitetallic surface.

The brassboard antenna pattern was Avithin 
the 

required 3 d13 of oinnidirectiontil, in

the horizontal plane for angles witbin ^, V20 degrees of 
the 

nose of the aircraft, as
shown In Figore 7. The gain was greator than 3 d13 above an Isotropic radiator at
the horizon. Thz approximate (i dl3 front-to-ba.vR ratio Is caused by the asyninictric
moa rating and tboback "log" of the witenim element. This vitio Increases the number of
avallablo mounting locations, beemiso an y interference caused by Items behind the

antenna! (i.e., vertical stabilizers, loading Boar, etc.) is reduced. The 3 dD points In

the elevation plane for 
the 

forward hemisphere are greater than the required PI S and

-30 degrees from Clio horizon, as shomi In ^Y liguxe s. Ttio reception of horizontalky,

polarized signals is 10 dD belmv the v=ertical signal for atky horizontal direction In the

front houltspbero. The tuitennas pittcrn performince ],ends itself to Oithor top or

bottoni aircraft mounting.
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When the antenna is placed on a metal ground plane, such as the cockpit roof of the
Cessna 402 or UeHavilland DITC-6, the elevation patterns will tend to cut off closer to
the horizon. This effect is minimized if the antenna is mounted near the front of the
surface or is mounted on a surface with a slight nose-down slope. When the antenna is
mounted on a metal surface the reception of horizontally polarized signals is reduced
by about an additional 10 dB.

Mechanical construction. - The "hair pin! antenna element is formed by bending
a section of #i20 wire to the shape as was shown in Figure 5. This is a rugged antenna
element which easily interfaces with the RT C' stripline.

The antenna element is connected to the input port of RV stripline via a stripline
feedthrough. The ground lead of the element feeds through the stripline layers con-
necting to both the upper and lower ground planes. This assembly technique provides
both good electrical contact and a rugged mechanical mount.

The entire antenna/RIB' unit is encased in a plastic radome. The radome mechan-
ically strengthens the antenna and protects it from the environment.

Mounting - The antenna is designed to operate with or without a metallic ground
plane. Its radiation patterns will provide adequate gain for either top or bottom air-
craft mounting. Acceptable p^ rformance will be, obtained, in a top mounted case, for
surfaces from 0 to 30 degrees vase down. On metal mounting surfaces, it is recom-
mended that the antenna be mounted approximately 15 degrees nose down and near the
front edge of the surface, if possible.

The small size and light weight of the antenna permits it to be mounted on any air-
craft surface with minimum structural modification. The antennas front-to-back ratio
allows it to be mounted in front of structural members or other antennas on the air-
craft.

Microwave Electronics Cost/Performance Trade-Offs

Several transmission media are currently available which my be contemplated for
use in the construction of the RP head. The electrical and mechancal characteristics
of each of these are considered below.

Waveguide supports both TM and TE propagation modes, and is the lowest loss
transmission media available. Wavveguide is mechanically rigid and structurally
strong; however, design in this medium results in a very bulky system. A relative
size may be obtained by considering the length of a quarter wave in this medium. At
5 GHz in Waveguide, b = 0.57 inch, which implies an overall size of about 8.5 inches

4
by 4 inches by 3 inches. Machining and assembly is expensive, since precision
welding and metal work is required.

16



Coax propaagates energy in a TEM mode and can be a low loss nutterial, dependent
upon the dielectric used in construction. Coax also gives rise to a mechanically rigid
assembly, but it is bulky (I = 0.41 inch at 5 GHz in coax implying an overall size of

4
about G Inches, by 3 inches by 3 inches). Machining and assembly is expensive, since
precision parks are required.

Microstrip is generally constructed on alumina substrates and propagates a
quasi-TEM mode (> 99.5% pure Al203). This medium is a low-to-medium-loss
material, but it is extremely brittle (glass-like) and expensive. Of the materials con-
sidered,, alumina yields the smallest size	 0.19 inch at 5 GHr,, yielding an overall

4
size of about 2.8 inches by 1.3 inches by 0.2 inch). Alachining and assembly is mini-
mal, since lithographic techniques call 	 employed.

Air line construction utilizes what the literature calls suspended substrate strip-
line techniques. The transmission media is formed when a Kapton (or other similar
material) substrate with the circuitry etched onto it is suspended between two ground
planes. An air channel is formed around the printed transmission line. The trans-
mission mode is TEM and the Kapton/air combination is low loss, flexible and inex-
pensive. With a quarter wavelength about the same as in waveguide (X = 0.57 inch),

4
the construction is somewhat bulky, with the thickness being about 1.5 inches as op-
posed to 3 inches in waveguide. Assembly time is minimal; however, tooling cost for
setting up the stamping dies (for forming the groundplane channels) is very expensive.
This construction may be sensitive to severe vibration. If the Kapton substrate
resonates mechanically in the channel, fracture may occur. Severe mistuning of the
printed board is also a possibility. Wide temperature variation may have a detri-
mental affect oil 	 circuitry.

Stripline is also a TEM mode transmission medium. Stripline is constructed by
sandwiching copper conductors between dielectric sheets metallized on the outer sur-
face to form a ground plane. The structure is law-to-medium-loss, depending upon
the dielectric material. The structure is flexible, yet it can be mounted in a manner
not adversely affected by vibration. Stripline yields a medium-sized circuit as part
of the RT head (I	 0.37 inch yields a package size about 5.4 inches by 2.5 inches by

4
0,6 inch). Pdachining and assembly costs are minimal, since stripline parts are con-
structed using photolithographic techniques.

Choice of transmission medium. - From the general description above, the
indication is that stripline affords the best cost/performance tradeoff. A more detailed
characterization of stripline follows, including an analysis of various stripline materials.
See Figure 9 for a summary.
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Polyphenelone Oxide (PPO) is a low-to-medItAm-loss material. It has good flexi-
bility and negligible cold Oow characteristics, but if placed under any kind of stress at
all, It manifests stress crazing. The problem arises with time and temperature cycling.
Also, PPO can not be punched or sheared, and it works best below 5 GHz. For these
reasons, although it is an inexpensive material, PPO was deemed unacceptable for use in
the AF head.

Epoxy-glass (G-16) is a high-loss material which performs best below i Giiz. It has
negligible to no cold flow characteristics and is easily punched or sheared. It has good
flexibility and has negligible change in its properties with time or temperature cycling.
Epoxy-glass is very inexpensive, but its lossy nature makes it unacceptable.

Glass reinforced polystyrene is a low,-Ao-medium-loss material. It has poor flexi-
bility and will break quite easily even in she glass reinforced variety. The time and
trmi)erature characteristics of this material are very poor, and it may not be punched
,^ snared. It has negligible to no cold flow, is quite useful at 5 GHz, and is an in-

expensive material, but its mechanical properties make it unacceptable.

Polyolefin is a low loess material which is similar in appearance to polyethylene.
It has good to fair time and temperature characteristics, and may be punched t.. , sheared.
Along with its excellent flexibility, polyolefin is subject to cold flow and ,severe warping
when metallization is removed from one side_ Polyolefin is a relatively inexpensive
material, but its mechanical properties are unacceptable.

Teflon-glass is a low-to-medium-loss material w!th good flexibility and slight to
negligible cold flow. It does not change much with time and has a wide working tem-
perature range (-100 to +400 degrees Fahrenheit). It may be punched or sheared with-
out problems, and it is excellent for use at 5 GHz and above. An appropriate choice of
material is 3M type K-6098-GT which is 0.031 inch thick. The pricing of this material
in a 2000 piece quantity yields a stripline package cost of about $5.56 per RF head.

Material choice. - Considerations from the previous paragraphs resulted in the
selection of teflon-glass material for the stripline (See Figure 10 for a summary).
Teflon-glass also lends itself to bonding; I.e., the two stripline plates are attached to
one another under heat and pressure. Attaching subsequent components (mixer diodes,
antenna and stripline connections) can be easily accomplished by a cut-and-plug operation.

Reliability. - The least reliable parts in the stripline package are the mixer
diodes. Th^ a most likely causes for diode failure would be:

• Overvoltage on the bias line.

• Excessive LO drive.

• Excessive RP power.
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A ti►piratl burn-out level for mixer diodes is 4,30 clUm, CW, either at tbq 111E or LO
ports. Sine LO drive is constant (4round 0 tiro) nixi diode bias is controlled, excel
live 1 P is lilml,y to be the cause for diode barn-out; i.e., exposure of the 11V hoad to
high field strengths in the frequency range of the passUmd of the input viretritry.

Tile stripling package is mounted in a manner to prevent it from behip, subjected to
moohaxnieal strain. fa llure in the stripling package, aside from diode fa hare, would
likely ontnil the discarding of the entiro UP head, since replacement of this unit woold
probably be loss exponsivo than repair.

Cate fnc o with other compononts. -R The striplino package interfaces with Ox"
following 00911ponoait$:

0 Xlti 1llultipi.ier.

0, Antenna.

Tosst:,signal in,iection cable.

• lT' Amplifior.

• Was source for the mixer diodes.

The followilig striplillo interfaces are esCat.l)lislied;

'lT ,111. 1. The X16 maltiplior is mounted oil board beneath the t;hApllno.
A section of trans miss loll line foods direetly ► into Clio striplia o at
dint point. A. soldering operation is required.

ITEM 2. ',rile auntellim is soldered to Cho stripline through it bolo in the upi or
ground Mane. The otbor and of the mitentia, is soldered to alto upper
ground plane surfn.co.

ITEM 3`. The test sigivil is inserted into Clio stripline via a cable from
connector oil the mounting surface of the 11F head. A, soldering
operation is requiro(L

T`C1 At 4. The first stage of the Tr tunpliflor chain. is located below the
stripline on the stime lovel as Clio 116 multiplier. Tnterface is
via a piece of transmission title soldered to the stripline.

P	 f IT E, D. A JX bias connection is required for Cho mixer diodes. A atrnndrd
l	 wire son*es CIA.,; pti •pose

r

1
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Cost ilall"fta1^1111 nco tradeoffs,	 -	 somp of Clio more tai nifie`tint oast	 ^iti	 1,'i^^"rll.^tlr.^^
treldooffs ar; 13111111ivil zed belowt

•	 A typical :st ipli lei 1tltltortalt  U-6098  (IT has t1 low rol11tt1^^ tl ie^l^^ti^l(,-
d

a
0oll0allt ^^ ^ `	 u. 65) which l"t,Sltlta III 11 ltl1,gor lxteluip th ll It 1411111111111
(er `	 110) \NIM Used.	 flow Ivor, Illllll inti, is mat Nt ti#110si 111o1,`e t2xpollsivc,
t:lllul X-609,1 9 till(] is more d itt`ivult to iartavogs.

•	 1triill ne t#eq%ilres (Nvo picvV1,1 Of 111111:0VIIl:l 118 CliltOS(lti to one Ili mforostriia.
Parts (s11eh tia diodos) tine moro difficult to 111torfave with stri1ll:illo. eir-

•	 A 1/16-hieh ground 1)ltllltl slatloilig 1otml.ts Ill S(a111owil"4t loss loss 11111,11 the
Iartalltasod 1/3 2»i neb Statli~t1g, but tit( ovor1111 vi rcul t I:Kroules ltltl'pr ill
wRith by an t1,}ai?1'tl.\i)uate fultor of two.	 ', 1avl 1g of materfill rosults, t'rojil
t''h, ('1101c	 of the thilulhr llll (eri11)z

• X-6098,  a lthough illtaro costly tlltlll other strtlllimA 11114th ia.1s, Is .floxihlo
aild is loss liierlir to (vietury 411c irr st1 oss or 4ov, ore vibration as rta111-
l	 ay +^1 to othor m torials vtlllsittorod.

•	 1nothor lllultoritll, of slightly llighor oxil iso but mart, sitabio pl`4lpertios
is 1109"s 1)"4"Oltl r,""10, with (r of t:,	 tl^ t1^t, (affOrl"IR tighter voiltrol Ill,
p taC itetion.	 !f

Ampliftor and Alultitalior

`,l he11111.1)1.1 `1'-i^^1"^lllt l,iel" 'soct ioll or tho 111.1' Hood j.aerrol°111:4 Clio 1,1111di,oll o
11111111.1 ^stllt' 1llld multilaly'

:► Itill
 lli	 thk? 0 (1.11111 s	 311.4. -4, 	 to +1118. 1 11111% 1114111 083 01116110 i11i)lit S g-

11tH to a +7 (113111, 48761, 8 to 4929. U Valli.. 111ixor drivo sigmal,	 1"iigu'res 11 11(111 12 silo1V
block di1111`l`tims of tiY(a t;`(a11C1 11`tlra ti(alls ivhle l 1Y ?1't? colisidoreel to t1ecolillalitill this Mlle-
tlon,	 ', bo talocX diagram shown In "igur+^ It l`.tlll:iikst:i or Wt Ca ;a'ttli),'llti of 1ii.i1liat?tl^i*1^1111^311t
Class 0 ti111laliftllrt3, 1Yllicll provide 23 (113 of 10311 tit tho W •inputrequt1ncy. hollowed
by a distributed 11.13 luultilalitalk with .i ti 111 1 tmtall r̂ tal^m 1 1 loss, i^^1ilul1 1a1.^(ar^idtIs the
i ii. wlirod mixer (i`1 No signal, 	 tlgury 1', eollshas of a	 11gle sttigo tlmplihter,
folk? vod by An tlllitaliflor (toubl('`r 44111011 (IrIvos tul oetu alei multi plior t ,	 i	 .	 111	 tilts.	 ,
follu1Yil1 t ŵ I, Sxil:'tttl81 , 'llkk)liti,	 it di t"lls-Moll tat' a +L`o 'st kiff^?et^^. ro tlmpli.t'^.i ?1' ^Iusign 1	 be "till
1lhtor lY11,1 ll (.,O	 SUI(1'1'1ltitall bs t^ll^i,lll to n ,I t (?rimt i fos ..1111 11t,^l116, rin	 Clio requtrod	 '.tG
multilali(^tltttll,, 	 '1'1t(? t' irc flit ;z11ta1Y11	 Ill	 l^ij3,'l1l; t?	 `t	 i:+	 tll:lt'u1,"S4'i j :111	 ill	 1111i1tl.illii?1' :ai?fltif111:
of th:t:l reltlart

A111j' l_l.hter (l! , 	b)`ll, - '1
1 11e 11111illthtor 111 11;11 11.1'ta\ ido (111Uup,,,h multiiali r dvivo (o

obt:R, ii 11 11 \or LOllri` o lovol of libot it -I-t tillm,	 13',v, ka;)ms-big the 111ixor	 the 1ia!:l,ve
1C':vol vo(Il tirt?IllmiC vould bo rothlill d to lit± ]taw ns ° 7 (.111111, thoroby o litidn ltIng tilts
110od for (1110 of (tit) Wto stl gos and 1'osulthit1," :ill ti .411^111t`il,Wit co-M. , saving,	 l'or t:liQ
lllll!i1oso of 1111:1 diselitiz;1oll, the two--'',tAngo	 Is do.sul.lbe..d, since
It farovido,.i higllor output t` 'r 1)0(er m ixor 1)tyrforlllainec	 Alut tiillier cmollvors,1011 los"i
\1'1')uld be 14t1e.t'lt'•lead 111 omit( to further simplify the Multiplier dki8ign, .;'fi r lai°ovidilt.
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L.0	 MIXER
INPUT	 2N4428	 2N4^ZH	 X }G 	 INPUT
0 DOM	 MULTIPLIER	 47 DOM

1304.8 ^ 300 
MHz
	 4078,8 - 4929,6 MNX

GAIN	 GAIN	 1C3 O1a
12 Dp	 11 Do	 EFISION

t.ON

^^ lC;llltl	 a r.	 11 a s ,Cl^ alp It 11llTx^'rrl^l.lr: 7 T 1SINO \tC 1!I[xLTIPT: IEll

l,.D.	 MIXeR
INPUT	 AMT"	 X N	 INPUT.	 _	 2N442A	 X 2 MULTI0 DOM	 pCTUPt11	 +7 DOM
304.a	 300.1 MNZ	 4876 .8 – 4928,6 MHz

GAIN	 GAIN	 10 Olr
12I)t3	 G DU	 WNVeRSION

LOSS
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 lc^c ait^.:t...	 ^ l^l^^x,l i.r^:a. rrll ^ ^ ^ ^a r ^{: ^ 11KINr X2 AMPUr mmt ^t	 r^;r a	 ^ Y:.^^

AND X8 0CT'L1PW,3t

lower level output,	 The I11llltXplier IS 1111101 more et)IIl'plox t n-d costly than, tlttl
aimplifier's, ther`afore, if n0cessal,-Y, l^` looter starvi'tigs could lie ob tained by stlel?i-
ficing performance III the mult1j.lio)r,

The t► mplifla.lr design is accomlilislled by using low Q ma tching e ircults to maxi-
mize amplifitar bandwidth std that whilmom or no tuning is required after as sembly,
Low r? nmtehhq̂	 circ alts also Provide nlere stable, aircult operation Over tho
system's temperature sranp.	 Since the amplifiers  tiro opor ated mider Class C
conditions, the 61- ansi +tor'' input and output impodtallc:es tire 11011-1111e 011{. 	(,

Multiplier design. - Several eonsxdorat ons  must hen ode whan choosing it
X,10" 11111 '1_il, ieii R T,U 1 will give mtlxrintml performance ti nt minimum cost-, for the AlhS
receiver.  Figure '13 shows - ti t11t)cR ditaRram of throo krtasle ft-sign techniqvias which
will give X16 multiplication, O111lousl^y, the multilrlieta.tion could lie tach-la ;ed b
using tllrtae of tour staps of m ultiplica tion , but these concepts, h"o Been di.sro-
waded because of cos t, assembly timo, and tuning tlmea. ',l.{ he blocks 1'e'prosentlng,
the individti al 111111tiplicrs Qmi be (less ned uslnli, ;llay clement that limn, a non linear

I

	

	 output volta.go versus linear Input voltage elha neat:erist c, Tlilee basic deviees
will he dis+atissed III the following lltaii;agi aphs with a brief description of device
operation iti the nitrltiplylaft modal	 x^taeh tier►.tee will be considered It to multiplier{
with tl discussion of eiroult slmplioity^ con ar.{sion effletetle^f , stability and cost,

r	 'l ho three types of devices Lire vsr aetor diodes, stele recovery doldes and trans-
-is tors .

rJ.,
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Frequency int>ltiplloatitln x,'.111 W lteltitivetl by m\v dovivo whie^l1 has it tlnn-l:ill ar
-	 r

eelnpnitettt tltttt clulsos, the tlutpttt voltago of be a not1-11twar funvtioa of the Input volt.
age.	 A eillnptlttcttlt etalnnlottky, used for ft'egtteltey, nitiltiplic'tltitln Is the mr—t1(or diode.

ItI itr	 1.1 Olows tt modt 1 for Ow ideal ;i N junttlen varavior diode.	 Alttltiplicatiatt 1i
Is possible bemuse the depletton layer, t'itp"teltillw l Is ,a 11011. 11 icat. fullc`tiait of the
applied voltoge.	 T110, dop,00 of	 Is deterniillocl by the fabrication towt utgtie
Owing dovit.e ftt,l rivatin, tttc IN diode jimetion vii be opitaxit'illy growil or the tm- ^	 a
purities omn Ise d if 'us ed I tto un . :1pi.^rolariatoky., Heaped embstx^%t(,.	 -'Xpit;t: 1 , 11\^ ^1'n«ftt
Ju^tletion5 and eenstwit souree cllfftisod Junctionsresult in a jimeticln vogion whieli bas
an abrupt eluingkt Its the 1.t to N Type iinipurity reglcltl. 	 Under t11ese conditions the clew
pletiou 1-ayor eat pa 	 t tttiec, Is glven byt

1' 
N N

l	 VII, 1 .^
tlt 4 a '!\-borot N . N	 AveopttlefNnor Impti1,'.lty

i	 dV ',(N.tNtl^
:1.	 it 	 t`:11tee1ttl'^ttltltl ,^

lillec-trk, Marge
l'	 ,l")ea inIttivtty,
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1'1011 111'.' 14. 11),[,'.'AL VARACT011

Whon the device is fabricatod from it fixed Impuritysmurvo a-,A ftpproxhimtoly lInoa.rk\r
gvided jmietlon Is obtalnod whore the depletion layer capoltance is -given b,

dOx,	 qnF, 
2 

1 A
C	 where: cl	 Rlootriv Cliqrgc,

	

I ".,	 Permittivity

	

it	 tinpurity Ora,dient

Note Olaf In both these vn,,;vs Ole captivitn 'llve Is n. 11011-11110av fulletioll of the Voltage tll ► t
nppeftrs across the depletion region. To mt%xiijil • e Ole votimsimi efftotenvy , It lg de-
sirable that the exponent of V approaviies 1/2. In actual dovivos fabricated by AI 
lishig collstalit Impkirity volwontratimi source diffuslonteehitiquos this exponmit has
exceeded 0. .15.

The non-limaxity of the imiction capti-cit.r.mov Is not the only toriii which must be
considered Ili mirtictor multiplier design. "file froquoucy ,md offivlencv itilliting vo ill

-ponont In the dimic is the resistwive Ill series with the junctioti capacitimice. ,rills
resistance Is primarily due to device goo- etry and mMortal. roststivit.y. Imprecise
local bonding, mid diode ebip momiting will bivreaso Ole value of tills resistance.

Whe'll desig ► big a mull plier using ,i vnxavtor til(Ao both Ole jullotioll onpritaneo,
,mid series rosistanoo, must be takon Into vonsidorn,tion. The inviltipher LN fficl micv
becomes b1glivr as the value of H S decreases. To give mi, Indication of the quality of
a particular v.-iravtor (II(xic, Pentiold mid nafuso l , Il.qvO defilled ffie Cutoff frequel'icy.,

tPenfleld, P. , and Rafliso, R. P* Vitravtor Applications # IMIL Dress, 1902.



f	 Snrax-Smin
co	 2 

n Rs

usually

Smax ^ Smin
where Smrx - 1fCmin

f *	 1

co 2nit G
s min

The cutoff frequency gives all indication of the usable upper frequency limit of the
varactor diode.

For higher order varactor multipliers and for greater multiplier efficiency, the
varactor diode is often. driven Into the forward conduction region by the input voltage
swim. The overdriven condition increases the overall iron-linearity by introducing the
effects of the PN junction diffusion capacitance. This effect is useful as long as the
minority carrier lifetime is longer their the period that the diode is in the forward con-
duction region, and as long as the minority carriers are not driven so far into the
region that they cannot be recovered. It should be noted that the diffusion capacitance
is a very low Q capacitance effect. Under: forward bias conditions, the depletion re-
gion width is minimum and the exposed epitaxial path through which the infected car-
riers travel is maximum; therefore, the instantaneous series resistance is signifi-
cantly increased. Normally this increased series resistance effect is overshadowed
by the circuit losses of the multiplier.

Vara .ctor diode circuits comprise a majority of multiplier circuits designed today.
Penfield and Rafuse l present an analysis which provides the designer with formulas
that predict abrupt and linear graded Juirction nmltiplior performance. Rurckhardt2
did all analysis of v ractors with arbitrary junction capacitance variation and drive
level. The analysis should provide the designer with a technique to choose Lind
cliar.^acterize the best diode for the particular application, in addition to
providing the foundation upon which the multiplier design is based.

Figure 13 showed three basic configurations considered for the MLS X16 multi-
plier, The basis for the multiplier design must be simplicity. This is absolutely
essential in order to achieve a reliable, stable circuit at a reasonable cost. The
circuit in Figure 13 is a single stage \16 multiplier which directly converts the In-
put frequency to the desired 16th harmoni c Output frequency. This configuration is the
most simple of the three choices, but is not really practical for a varactor diode be-
cause of the extremely high conversion loss.

The circuit in. Figure 13b is more practical for varactor applications. The doubler
circuit is relatively simple to build, anti requires very little final tuning. Estimated

2Burckliardt, C.B., I 'Analysis of Varactor Frequency Multipliers for Arbitrary
Capacitance Variation and Drive Level, "Bell Sys tem Technical Journal, Vol.
YLIV, No. 4 (April 1965).



conversion loss for this circuit is approximately 2 dD. The disadvantage of Figure 12b
circuit is that the 1-2-4-5 octupler has idler circuits at the second and fourth harmonics.
In general, as the number of idlers of it multiplier is increased, the more efficient it
becomes and the more complex and time consuming the tuning becomes. The complexity
results because three parameters  of the circuit must be tuned simultaneously; those are
input match, output match and idler frequency. Since the diode Impedance is (in general)
dynamic, the tuning process is complicated by the fact that impedance levels change as
a function of Input and output power. During the hieing process it Is of the utmost
importance that the basic characteristic of the circuit being tuned is not destroyed. For
example, the input matching circuit must prevent idler and output frequency currents
from flowing in the input circuit. Should this characteristic be destroyed the output
power and stability of the multiplier will become a function of tLe preceding driver
stage's output impedance at the 2nd, 4th and Sth harmonic. Since the driver stage also
has a dynamic output impedance, an almost impossible tuning situation oc^urs. Cir-
cuit designers faced with this type of problem often try to overcome it by using a cir-
culator or pads between stages. This only maltes the multiplier less efficient and more
expensive.

To overcome some of the problems associated with Clio circuit in Figure 13b, the
circuit in figure 13a can be used . Here the 1-2-4-8 octupler is replaced by it 1-2-4
quadrupler. The circuit configuration eliminates the _fourth harmonic idler, and thereby
simplifies circuit tuning.

To conclude, a varartor diode multiplier in a configuration as shown in Figure 13a
could be used in the MLS receiver. The predicted conversion loss for the two-stage
circuit is 11 dD. " The disadvantage of the c ikAeuit is that it uses two stages, the first of
which would be at least partially lumped-element, increasing the assembly time. The
fact that the circuit does consist of two individual stages will cause greater tuning time
than a single stage circuit, and overall tuning will become more critical for stable
operation.

STRIA RECOVERY DIODE (SRV] MtTLTIPLIRll

In it varactor multiplier. , the depletion layer capacitance is the primary non-linear
element that makes frequency multiplication possible. The diffusion capacitance is
used to enhance multiplier operation. In the stop recovery diode, the diffusion capaci-
tauce is the element which is used to achieve multiplication.

As previously stated, to use the diffusion capacitance rffcctively the minority carriers
must not recombine when the diode is in the forward conduction region, an(] the minority
carriers must be recoverable after the diode corms out of forward conduction. Step
recovery diode fabrication is such that these conditions are optimally met. To prevent
the minority carriers from diffusing out of reach, steep impurity profiles are doped
into the SRD. These steep profiles generate fields which repel the minority carriers
back toward the junction limiting penetration depth.

i
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The usefulness of the S11D as a multiplier conics from the fact that the diode rapidly
switches between 2 distinct Impedance levels. ideal circuit models of the SRD at these
levels are shown in Figures 151 and 15b. Using the schematic diagram of an SRI)
multiplier in Figure 16 a qualitative discussion of the multiplier will be given. As
shown in Figure 16, the multiplier Is to be made up of three basic building blocks:
The Impulse generator, the input matching network, and the output resonator and Nan&
pass filter.

j (A) 

I
IDEAL STEP RECOVERY
DIODE MODEL DURING
CONDUCTION INTERVAL

IDEAL STEP RECOVERY CR
DIODE MODEL DURING
DEPLETION INTERVAL

CR	 L V IMPULSET
(C)

IMPULSE GENERATOR
CIRCUIT MODEL DURING
DEPLETION INTERVAL

F MURE 15. SCI E WIATIC DIAGRAM OF SRD MULTIPLIER FIGURE

STEP RECOVERY
DIODE	 X/4 RESONATOR

FIN L
CC r ------

=F-4-16FIN

TT CC,

I INPUT MATCHING I 	
IMPULSE	 I	 OUTPUT RESONATOR

L_ _CIRCUIT ___J_ GENERATOR	 AND BANDPASS FILTER

VIGLIRE 16. SCHEMATIC DIAGRA M OF X"16 STEP RECOVERY DIODE MULTIPLIER

The heart of the multiplier is the Impulse generator, which is made tip of the S11D, L,
and C. The impulse generator will generate a, voltage pulse which is rich in harmonics
once durhig, each cycle of the input frequency. This voltage pulse is generated as
follows. Because of the charge storage capabilities of the $111), is normally in the
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conduction Interval state shown in Figure 15a. This is a low impedance state during
which tte current in the impulse generator builds up a field around the charging Induc-
for L. When all the current that has been stored by the SRD has been removed, the
SRD will switch Into the high Impedance depletion interval model of Figure 15b. The
bias oil the STtD is adjusted so that the change in impedance level occurs when the
current swing in the impulse generator is at its maximum negative point. The Ito-
pulse generator circuit in the depletion interval is shown in figure 15c, At the In-
stant the SRD gods into the depletion state, the circuit current Is going through a Illaxi-
mum negative point and the charge stored in L is maximum. The circuit will attempt
to "rings ' at a frequency determined by L and CR with all initial voltage pulse across RL
equal to the reverse breakdown potential of the SRD. Only one half cycle of the ringing
will appear across RL because the S121) will again go into the conduction state when the
voltage across It goes positive. The voltage pulse from the impulse generator is used
to excite the resonator in the output resonator and bandpass filter section of the multi-
plier.

The output resonator and bandpass filter concentrate the energy of the voltage
pulse generated by the Impulse generator at the desired harmonic output frequency.
The resonator is a one-quarter-wavelength shorted stub resonator which converts the
voltage impulse into a damped harmonic that concentrates tie energy at tale desired
output frequency. The resonator must be low-loss, so that all the available energy
call 	 coupled to the output bandpass filter- by the coupling capacitor Cc. Capacitor
Cc is one of the adjustments that must be made to the multiplier. This coupling is
critical to maximum power output, and is adjusted so that the resonator contains a
damped harmonic which just dies out before the resonator: is excited by the next: i.111-
pulse from the impulse generator.

The last circuit in the multiplier is the input matching circuit made up of L1 and
C1. This circuit transforms the impedance of the inlp;llsc generator to the desired
input impedance.

The SRD multiplier.} is the simplest multiplier for high order multiplication. The
circuit has no adjustable idlers and has excellent frequency isolation between the out-
put and input circuits. Only two adjustments are required. One, discussed above, is
coupling capacitor, Cc, and the other is the diode bias level. The circuit is the most

t	
f advan ageous or ease ok assent y m ttuung. Its disadvantages are that the SRD

costs slightly more than a varactor, and that special consideration must be given to
diode mounting `because of thermal dissipation.

The multiplier design that was used for the low cost AILS application is shown in
Figure 15. At present, the step recovery' diode is mounted in a glass package.
`.this , mounting introduces undesirable package parasities and decreases multiplier
efficiency, but greatly simplifies the multiplier assembly procedure and reduces the
assembly costa Using this technique necessitates the use of a two-stage
CtIllu fier driver, but the cast sal=rug in the nit^ltiplier oversltadows the cost of
the additional amplifier.
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TRANSISTOR MULTIPLIERS

Transistor frequency multipliers operate similarly to varactor multipliers. The
basic difference is that the transistor multiplier actually provides gain, thus com-
bining the standard two-stage power amplifier /multiplier configuration.

The basic transistor multiplier circuit provides multiplication through the use of
the non-linear collector to base junction capacitance. The efficiency is a function of
the cutoff frequency of this varactor which is given by:

co _ 2 C 1 N . where
min EQ

REQ = mainly due to series collector resistance and base spreading resistance

Cmin = minimum value of collector base junction capacitance

This type of multiplier is excellent for use in low frequency (less than 1 GHz) low order
multipliers because it eliminates the need for a two-stage amplifier/multiplier com-
bination. The transistor multiplier's main disadvantage is stability problems, which
occur because the non-linear multiplying element is imbedded in the fundamental fre-
quency gain device and is subject to the undesirable parasitic elements of that device.
Because the non-linear device is imbedded, it becomes more difficult to control the
undesirable parasitic currents directly at the device terminals. Several types of
stability problems are associated with this type of multiplier; these include low fre-
quency instability, high frequency instability, and parametric instability.

Low frequency instability is a common problem with amplifiers in general. It is
caused by the transistor's gain increasing as a function of decreasing frequency. Any
low frequency resonant loop in the amplifier can cause oscillations. The problem is
normally overcome by providing low Q DC return paths and careful power supply de
coupling.

High frequency instability is a greater problem. Higher order multipliers, for
maximum efficiency, require several idler circuits in the collector circuit to encourage
the flow of idler currents. Because the emitter base matching circuit is a reactive load
to the transistor at the idler frequencies, feedback from the output through the collector
emitter junction capacitance at high frequencies can cause undesirable high frequency
oscillations. This effect can be difficult to overcome, but can be eliminated by mini-
mizing the collector emitter junction capacitance and changing the reactive loading on
the transistor at the frequency at which it wants to resonate.

Parametric instabilities are another form of high frequency instability. The col-
LL	 lector: base junction capacitance can appear as an effective negative resistance by the

pump action of the high frequency output signal. Should any low frequency instabilities

x
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He In the region of this negative resistance they will be amplified causing a regenera-
tive feedback effect. If the magnitude of the negative resistance generated by the 'junc-
Lion. capacitance Is larger than the magnitude of the positive resistance, the device will
become potentially unstable,, oscillating with changing bias level or load changes.
Parametric effects are difficult to overcome, especially for high frequency multipliers
where tile 9 of the junction capacitance Is fairly high.

Froni the previous discussion it can be seen that the transistor multiplier Is the
most unstable multiplier of the various types considered, especially whon operating
under 

high 
order, high frequency conditions.

Cost/performance trade-offs. - Tile previous paragraphs discussed three types of
multipliers in detail. Figure 17 shows, in outline formo the advantages anti

 of each type. Bajed oil these facts, the M multiplier was chosen as the
most cost-effective approach.

Cost Is one of the primary considerations in choosing the multiplier type. Tile
total multiplier cost Includes parts, assembly, and tuning cost. The SRD parts cost
slightly more than that of the transistor and varactor multiplier because the diode cost
is more than that of transistor or varactor diodes. The additional parts cost of tile
SUD is greay offset 	 low assom y acrd.,, tuning, costs.

Circuit performance also favors the SRI) as the multiplier choice. The SRI) is
much more stable than the transistor multiplier, and its stability is not as dependent oil
circuit tuning as it is with the varactor and transistor multipliers.

tl	 by t	 l

The SRD multiplier is easier to Implement than the transistor and varactor multi-
plier. For maxiliium efficiency in high order transistor and varactor multipliers,
several Idler circuits must be added. Idler circuits increase circuit complexity and
greatly increase tuning time. At most, the SRI) multiplier can be considered to have
one broadband Idler which requires absolutely no tuning.

The simple SRD multiplier circuit makes it more reliable than tile transistor or
varactor multiplier. Since it has no tuned idlers, it is less susceptible to environ-
mental drift. Its reliability Is far greater than the tratisistor multiplier, because it
has lower Junction dissipation, Its dissipation is lower 'because it is a more efficient
multiplier and because there is no additioatt) DC junction dissipation as there is In the
transistor multiplier.

The SI1D multiplier is tile, most cost effective typ,,.-,., of multiplier to use for the AILS
receiver. ()ptimum performance is achieved when the diode is used In Chip form to
minimize undesirablepackage parasitics. The diode in chip form greatly increases
assembly complexity and significantly increases multiplier costs. To simplify the as-

xhire, the diode is used In a glass package.	 ackage degradessenibly proce	 71iis p,
multiplier performance by decreasing the conversion efficiency. Since the biased. mixer
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requires a power level of as low as -7 dBin, the decreased conversion efficiency can be
overcome by Increasing the multiplier RV drive level.

Filter requirements and purpose. - Two bandpass filters are required In the
RF head as shown In Figure 18. One filter to required for LO filtering am] tbo other
for RP filtering. The LO filter Is needed to pass the )(16 multiplier product and yet re-
ject, the X15 and X17 products. The RP filter is needed to pass the RF signal band and
reject any radiated LO signal. The filter will also reject the Image frequency band-

I.e. 0 the Image band consists of LO-IF product, whoroasp the RF band consists of LO +
W
	

IF product.

FILTER SPECIVICATIONS,

LO Filter - (See also filter mask 
in 

Figure 22)

PASSBAND: 4.8702 to 4.9299 GM (X16 Product)

REJECT BAND: 4.5058 to 4.6218 GRz (X15 Product) and below
5. 1,746 to 5.M,380 GHz, (X17 Product) and above

4	
REJECTION: 38 dB Uninium,

VSWR (IN PASSBAND): 1.5:1 Maximum,

INSERTION LOSS: 2.5 dB

1 F FILTER - (See also filter mask In Figure 22)

PASSBAND: 5.031 to 5.0907 GIN

REJECT BAND: 4.8702 to x.9299 01-1z (LO)
4.7094 to 4.770 GI  (Image)

REJECTION, 40 dB Afinimuni at LO
62 dB Uninium at Iniage

VSWR (IN PASSBAND); 1.5-1 Maximum

INSERTION LOSS: 3.0 dB

The physical size, of the filtersmust necessarily be small, since both must fit into
a space on the order of 6 inches by 3 inches by 2 inches along with other circuitry.
They must be lightweight and inexpensive to manufacture. E act) filter should be ree-
tangalar in shape, relatively thin and tonsunie little area on the circuit board. A
typical size guideline is ;2.5 inches by 0.5 Inch by 0.2 inch.
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Both filters intorftace with the down convorting mixer. In addition, the RP filter
must Interface with. a test signal coupler and the LO filter interfaces with the *16 multi-
Pifer.

'Types of filters considered. - Coaxial filters can be built sturdily and with
relatively low insertion loss. Dielectric supports rare required which advorsely affect
the Q as compared to a. filter surrounded by air only. Also, c^orrxial. filters require
precision parts; therefore, machining and assembly become prohibitively expensive.
A coaxial filter is bully, has to poor forum factor and more than doubles the proposed
site.

A wravoguide filter would have the lowest insertion loss and the highest unleaded n
of all Clio types cousidored. It can be built quite sturdily; however, it is extramoly
bulky and expensive to manufacture.

ll11crostrip rcprosonts an attractive solution, since it yields the smallest physical
sire of those types considered. Its sire is approximately one-half of the proposed
stripline design. lIoNwover, ralumbia is a relatively expensive waterial and it is quite
brittle. It may be subject to fracture under sovero vibration.

A filter made ire air 11ne represents a lightweight eot struet•ion. Time aptive required
for this type of filter is about twice that of the stripline filter proposed. The circuit is
photoetched on Rapton and suspended between two channelired ground planes. The
channel is hydraullcally sttinnaped in Clio ground plane metal and Clio plates riveted to-
Bother. Tooling costs fear this approach are high, but the approach nan.;y ► ,yield the least
expensive manufacturing costs of any considered. Stripling N%has selected over this
approach because of its sire. Also, because time substrata is suspa,aclad in air, it m ay
be quite seiasitive to vibration, causing filter mistuning or possible fracture.

i
S ripline affords a. workable comproaniso In characteristics for fabrication of the

filter. The material selected is teflon-glass, 3111 type K-6098 CT, with a thickness of
0.031 inch. It is flexible and easily cut to sire; although its flexibility causes Clio filter
to be subject to mistunin , the proposed corastructian will support the material so that
this problem will. not be of ooaicern. Assembly Is accomplished with on,se and material
costs area moderate.

Sgl.ectiop of filter type. - C o nsideria p the factors outlined In the previous disc
c•ussion, It was determined that tho stripling filter offered the Bost compromise In over-
all chaff meter istics; therefore, the stripl nc filter was selected.

Ei ach filter consumes an area b,f' about 2. X34, inches by 0. 10 :►',made on the stripline
surf:-ace. The materials east for the space required for each filter Is about 15 eonts.
construet'ion of each filter Involves aa. photolithographic process followed by a, bouding
of the two halves tragother under heat mud pr:°essure. In quantity, the operation Can be-
done quite inexpensive ljr.

r
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The proposed design is tin edge-coupled resonator configuration. The
resonator* Q's of this scope are less than those obtained with coaxial technique
or perhaps less than the gap-coupled resonator design. The reasons for the
choice over the coaxial design has already been discussed; however, the
gap-coupled design was rejected due to size constraints. The gap-coupled
design is approximately twice as long as the edge-coupled design. The
edge-coupled resonator filter will meet or exceed the specifications set forth
previously.

The filters will interface directly with the other components in the cir-
cuitry, since all components will be included on the same photographic mask.

Nothing shoat of fractures of the entire stripline package will cruse either
filter to fail, provided that proper care is taken in assembly to ensure that no
foreign particles are introduced between the resonator gaps.

The reject bond attenuation possible In either coaxial or waveguide filters
is not possible in stripline. Stripline will also tend to be more lossy in the
passband. Therefore, with lower cost stripline, we produce a smaller package
with somewhat less than optimum RV per;formaiice

Mixer Requirements (see figure 22)

The mixer will have a mwximum of 8 dD conversion loss.

The 2 x 2 mixer spurious response will be 87 dB below the IF output signal
at an RF input level of -30 dBm,

The mixer will provide 12 dB of h0 rejection at the RF port entering it.

The mixer will require no more than 4•7 dl3m of LO drive to obtain the
specified 8 dB conversion loss in an unbiased condition. 13iased, the mixer will
be capable of operating with --7.0 dBin LO input with 8 dB conversion loss.

The mixer is to operate with tin input frequency range of 5.031 to 5.0907 G[lz
and a local oscillittor frequency range of 4.8702 to 4. 9299 GHz. The output mixer
product is to be M.8 Riliz, which is the intermediate frequency. i

Thea is itsize  o£ the mixer must be slal t►ll in order to :fit reasonably well withht	 ^$pl ys 	 b y	 l
the other circuitry in the RF bend. It must be lightweight for aircraft applications, and

i
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be Inexpensive to manufacture. 7 A stripline-typo mixer Is required In order to
facilitate adalAatIon to the other stripline circuitry. A typical size guideline Is 1 ink ti
by I Inch by 0.2 inch.

Mixer types considered. - Several mixer configurations are available. A
short summary of the characteristics of some of the main types are listed below.

A single ended mixer is constructed using only one diode. It bas the lowest LO
drive requirement of all the mixers considered here, and its conversion loss Is ap-
proximately 5 to 7 dD. Tito LO to UP isolation is very much dependent upon the ex-
tornal frequency selection elonionts; therefore, fit general, the Isolation Is quite poor.

A single balanced mixer uses two diodes and a 3 dD hybrid power splitter. This
type of mixer requires twice the LO drive power as compared to the single ended vari.-
ety, and Its conversion loss is about the same; i.e., 5 to 7 (113. The LO to UP isolm-
tioit is fair (approximately 10 to 15 d13), dependent upon whether tri. 90-dogree hybrid or
a 180-degree hybrid is used. A 190-degree hybrid will yield the higher isolation.

A double balanced mixer requires four diodes, and the UP and LO input is via
transformers. As compared to rt single ended mixer, a double balanced mixer re-
quires four times the LO drive power. Its conversion loss is fair (approximately 7 to
9 dB), and its LO to UP Isolation is approximately 30 dD, which is very good.

For all of the mixers named above, the LO (]rive requiroment may, be reduced by
DC-biasing Clio diodes. Typically, the LO drive power may be reduced 9.5 d13 and still
maintain the same conversion loss if the diodes are biased (see Figure 10). Biasing
will also reduce Clio conversion loss if the drive power is not reduced and, consequently,
result in a reduction in the mixer noise figure. Coils must be attached to the UP lines
!it the mixer to supply the bas currents, thereby Increasing the mixer cost slightly.

Selection of mixer type (sea figure 30). - Ilia single ended mixer was re-
jected due to its poor isolation. The double balanced mixer was rejected because of
its complexity iii construction and the added expense of additional diodes. Also, the
double balanced mixer requires excessive Tk drive and has relatively high conversion
loss. Therefore, the single balanced mixer was selected for this application.

N

Tito 90-degree hybrid version of the single balanced niLver Nvas chosen, of the two
types available. In comparison, the 90-degree version has the lower conversion loss
and better VSWR, although it Was the poorer LO to UP Isolation. Also, a 130-degree
hybrid is somewhat larger, and its form factor Is not as symmetric as the 90-dogree
hybrid.

The single balanced mixer is inexpensive, with the cost primarily boing that of
the diodes. Its cost is roughly twice that of the single ended 'mixer, but less than half
of the cost of the double balanced mixer.
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The mixer is constructed in the stripline package integrated with a test coupler and
the filters. The diodes are then soldered in place on the mixer. The hybrid will inter-
face directly with the two filters feeding the required signals to the mixer. Diode
attachment is accomplished through a hole in one side of the stripline package after the
package has been bonded. The hole is then filled in alter Cite part has been attached.

Purchased in a quantity of 4000 pieces, Schottky barrier diodes cost approximately
$1. 50  each. A single balanced mixer has 10 c113 TO to BF isolation Inherent In the con-
struction. In order to obtain the required isolation in a single ended mixer, more
elaborate frequency selection networks are required.

It is possible to bins this mixer, which would involve the slight added expense of
insertion of the bias. This expense is traded for lowered LO drive resulting in lower.-

y	 ing the cost of the local oscillator, which is quite significant at 5 Gl-lz, due to the drive
l	 requirement being as low as -7.0 dBm.

i

Microwave Packaging Trade-Offs

Two packaging approaches were considered. The one that was discarded has the
RF head separate from the antenna and mounted inside the aircraft in close proximity
to the antenna. This design required the installation of two separate packages, plus
the antenna in the aircraft and cabling between them. The added loss of the cabling was
undesirable. Due to the degradation of performance, the added cost for two installa-
tions, and the added cost to the manufacturer and distributors of inventorying two
separate units, this approach was deemed unadvisable.

Integration of the .antenna, with the BF head appears to be the best method of con
struction for optimization of performance, minimum manufacturing costs and case of
installation.

The integrated configuration shown in Figure 2 1 in exploded art form has been
chosen as the bast solution to the problems of performance, manufacturing, and field
installation.

The RF head/antenna integrated assembly is composed of an RI B subassembly, a
bottom enclosure, and a radome. The .i F subassembly consists of a stripline assem-
bly witli all 	 antenna, an amplifier and a2 multiplier on a printed wiring board
and an .18 step recovery diode multiplier.

s

	

	 The bottom enclosure contains the connectors to cable the ftr head to other units
of the system. The radome is a plastic molding that houses all of the components and
provides means to attach the RF head to an aircraft. Figure 22 shows the basic
concept of the RF head.
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	 S'tripline assembly. -After consideration of various materials for the stripline
assembly, 3M products K-6098 Teflon-Glass cloth laminate was initially chosen as the
best compromise between material costs and electrical performance. To construct the

t package, two movies of assembly were analyzed. The first method (Method 1) consists
of two copper-clad dielectric boards between two aluminum pressure plates. The sand

r	 wick is assembled with rivets or eyelets that are located so that they provide mode
suppression and electrical paths, as required, as well as mechanical fastening.

A second method (Method 2) of manufacturing the striplinc that alimintates the need
for the pressure plates and mechanical fasteners is accomplished by bonding the two
dielectric boards together with a bonding film compatible with. the dielectric material.
After bonding, mode suppression and electrical paths are provided by plating copper
through holes in the dielectric boards. The copper plating also covers the edges of
the dielectric boards, thus sealing the assembly.

y:

After researching the problem it was determined that Method 2 was not only
slightly less expensive to manufacture, but also would provide a package which would
provide highly consistent electrical performance from assembly to assembly in a pro-
duction run, thus reducing rework costs, scrap costs, and testing time, as well as
providing high reliability. In addition, Method 1 would require seating for humidity
and (possibly) RIB' shielding, thereby adding to its cost; Method 2, by means of its con-
struction # would already have these benefits built in

The stripline package also provides the basic ground plane for the antenna. There
exists the possibility of a resonant cavity being formed in the space between tine strip-
line assembly and the connector mounting plate that would be detrimental to optimum
performance of the system. This space must, therefore, be shielded. The shielding
will be provided by flanging the connector mounting plate up to the stripline assembly
thus completing the ground plane of the antenna.

{
Printed wiring assembly. - The W and IF amplifiers are of printed wiring

construction. on a common substrate. There are no stringent electrical requirements
Imposed on the selection of the substrate material; therefore, the material selection is
based upon environmental consideration, processing limitations, and cost.

There are many printed wiring substrate materials from which to choose. These
range from the simple inexpensive paper-base phenolics through the exotic fiberglass
polyiniides, teflon, and silicones. The least expensive paper phenolics are usually

t

	

	 hygroscopic and lack good bond strength. The properties of the exotic materials are
not required for this application. Therefore, the chosen substrate material is one that
provides time bond strength, temperature resistance, and lion-absorbency required for
use in the uncontrolled environment of the external surface of an aircraft. it also
lends itself to manufacturing ease and is relatively inexpensive in production quantity.

• Some of the paper and cloth base phenolic and melomine resin material were
evaluated along with the epoxy fiberglass materials. Although some of the better
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j
grade paper phenolics were found to be suitable for this application, further investiga-
tion disclosed that there is very little difference in cost between these materials and
Vile higher quality glass epoxy represented by Noma Grade G-10.

Most PC manufacturers are very well versed in the processing of G-10, which is
universally available. G-10 was chosen because it is the most cost-effective of the
materials investigated. The bottom enclosure is a drawn aluminum can that
forms an enclosure for the RF subassembly, provides a skirt for the antenna
ground plane and supports the three RF interface connectors.

Integrated assembly. - The LO and IF amplifiers are constructed on a printed
wiring (PW) board using conventional PC manufacturing techniques and materials. The PW
Board is attached to the bottom side of the stripline assembly with swaged standoffs.

Several final assembly methods have been explored. One method uses bosses
molded=nto the plastic housing passing through the stripline assembly and PW Board
to the connector mounting plate to accept self tapping screws. The disadvantages of
this method are (a) the difficulty of molding bosses without dimpling of the outer sur-
face, (b) the controls required on assembly lines to ensure that the screws are prop-
erly installed, and (c) the possibility of untrained personnel removing the hardware and
radome and possibly damaging the RF head.

Another method requires tabs on the connector plate can for screws penetrating
into the side walls of the housing. This method eliminates the disadvantages of (a) but
does not alleviate the problems of (b) and (c). It also has some disadvantages of its

'

	

	 own; e.g., the tabs form openings in the skirt which may affect its shielding integrity 	 +';
and make sealing of the unit more difficult.

After consultation with several plastic molding manufacturers, it has been deter-
mined that the dimpling problem noted above can readily be overcome by extending the
trailing edge of the fin, that houses the antenna. Therefore, all 	 technique
that makes use of the bosses in the radome but eliminates the need for separate pieces
of hardware has been decided upon. The bosses will have a shoulder to position en
closure and have an extrusion protruding through the enclosure which is spin welded
to make a tight, strong assembly:

Environmental considerations.	 The entire microwave package, when mounted
3

a

	

	
on the aircraft, will be sealed by the elastomeric gasket against the external environ-
ment so that the components will be protected from weather. The materials selected
will be able to operate satisfactorily in temperatures from approximately -55 to 4.71
degrees Centrigrade under all humidity conditions. The package must withstand con-
stant exposure to sunlight without deterioration and be rugged enough physically to

'	 withstand handling during maintenance and cleaning operations oil 	 aircraft.	
a

Throughout the design and construction of this assembly, components and material
were individually chosen to withstand the environmental rigors to which the RIB' head is

-!	 44



subjected. Components such as transistors, capacitors, and resistors, when Installed
and conformal-coated, will withstand a humid environment. The stripling assembly,
by the nature of its construction, is a sealed unit and is able to withstand humidity,
temperature, etc., experienced in its end use.

gi	 The selection of materials, components, processes and manufacturing techniques
i	 employed in the design of the RP head were chosen to enable it to meet the environ-

mental performance of DO 160.

Interface with antenna. -- The antenna will be physically mounted to its ground
plane and be an integral pait of the stripline package. The antenna, of course, will
stand above the ground plane. The dielectric material must enclose the antenna por-
tion of the package to provide physical protection without interfering with its operation.

Aircraft interface mechanical considerations. - The prime mechanical interface
consideration concerning the selection of the installation position on the aircraft is to
select a surface as near to flat as possible in a section on the aircraft which is easily
accessible from the inside to simplify making the, necessary cable connections. By
picking a flat surface, the basic mounting flange shape can be adapted to various air-
craft with a simple elastomeric gasket/adapter. The only modification to the aircraft
skin will be the drilling of mounting Boles for the doubler plate and three circular holes

i	 to provide clearance for tile connectors.

To install the ALL designed RF bead into the aircraft, three holes are required to
`

	

	 allow the connectors to pass through the slain. Four mounting holes are required to
fasten the RF head to the aircraft structure. A resilient gasket will be provided with
the RF head to weather-seal the openings. The gasket will also enable the RI B' head to
conform to slightly curved surfaces. Four #8 screws are required for mounting.

The RP head utilizes a molded radome/housing which completely encloses the
microwave package and antenna, and includes a flat mounting flange with holes for the i
mounting hardware to attach to the aircraft. The housing is a relatively flat tear-	 t
drop shape with a small cylinder toward the forward end of the housing to provide a
radome for the antenna. The entire microwave package with the input connectors and

i	 the antenna completely assembled to the metal mounting plate fits into the open face
of the housing. Pins oil 	 housing are fit through holes> in the mounting plate and the
two parts heat-sealed together as a permanent assembly. An elastomeric mounting
gasket is considered part of an installation kit to match the shape of the housing flange

:	 and to follow the contour of the particular aircraft involved, so that the installed micro-
wave package is sealed to the aircraft outer skin.

AE  has considered several thermoplastic materials for this molded lousing
which appear to be compatible with the overall requirements, both electrical and
mechanical; namely, polyethylene resin, ABS high heat resin, and Noryl phenylene

I

	

	 oxide-based resin. Thermosetting resins were not considered because they are more
expensive, both in raw material cost and also in unit molding costs.



ALL recommends using the ADS high boat resin, since Its properties meet the needs
of this requirement and since it is priced somewhat lower than Noryl. ADS high heat
resin is being used in large quantities for components in the transportation field, and
is therefore regularly processed by molders. Noryl has better thermal properties
than ABS, but AEL does not feel the added cost of the final part can justify it higher-
temperature- rated material when it is not warranted considering the ambient tempera-
Lures. Polyethylene was ruled out because the operating temperature range is too
close to the maximum ambiont to be worth Asking thermal distortion for a relativoly
small savings in cost.

Environmental integrity.	 Since the entire housing and radome assembly is a
one-piece molded component, the design provides nuiximum environmental integrity.
The ADS material selected Is used in many applications for the transportation industry
whore severe environmental conditions such as rain, ice, detergents, sun, and temper-
ature extremes must be withstood for a long period of time. In addition, it must with-
stand physical abuse. Based on these facts, AEL feels the proposed design will pro-
vide adequate environmental protection and integrity.

DESCRIPTION Or PROTOTYPE RF MEADS

This section describes the microwave RV heads, as built byAEL.

Bonded Stripline front End Subassemlmbly,

naterial. Assemblies of the microwave bonded stripline front end In both
K-6098 GT material and Darold 5880 were assembled and tested during this develop-
ment.

The tests of the Ifi-6098 assemblies Indicated that the RF filter in each board had a
passband that varied by as much as 25 MIiz fronm board-to-board. The source of pass-
band variation from board-to-board was found to be the inconsistency of the dielectric
constant in the K-6098 GT material. This inconsistency is highly undesirable, because
it could result in a. poor yield in production

The packages of the bonded stripline. front end in Duroid 5880 material were also
tested and revealed to be highly consistent in all parameters.

The stripline package of X-6098 GT was therefore discarded in favor of using;
Duroid 5880 material. The tight dielectric control of the Duroid 5880 material
(Er = 2.2 ± .04) will yield consistent i"4rformance from board-to-board in production.
'.Cllis represents a variation of about 	 82% in dielectric constant, which relates
to an equivalent frequency shift of ± 3.3 x 10 -4 or about ±x..68 MHz at C-band.
Ail internal photograph of the stripline assembly is shown in Figure 22.
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Stri,line circuit 2erformance. - The following results were obtained; using
Duroid material

Results Goals

RF Bandpass Filter (Figure 22)

k
Type = 5 pole, 0.5 dB ripple with 4.6% bandwidth 1.2%111111. 

Insertion Loss:	 3.5 dB, Nom. 3.0 dB

4. 93 GHz Rejection:	 27 d13 40 dB

L.O. Band ass Filter

Type = 4 pole, 0.5 dB ripple with 8.2% bandwidth
E

1.3% min.

Insertion Loss: 	 1.5 dB, Nom. 1.5 dB

4.3X6 G H z Rejection;	 37.5 dB 50 dB

5.482 GHz Rejection: 	 43 dB 50 dB {
,rest Coupler

r :;

l .	 Insertion Loss	 0.21 dB 0.25 dB

Coupling:	 21.5 dBR 20 dB

Reverse Coupling (Isolation) :	 > 32 dB 30 do

Input-Output Return Loss:	 > 24 dB 20 dB

Coupled. Port Return Loss	 11 dB 20 dB

Mixer

LO Input:	 +2 dBm @ 4.3 GHz *7 dBm	 j
i

Conversion Loss:	 6.4 dB 7 dB

LO Rejection at RF Port: 	 4.8 d13 15 dB

2 x 2 Rejection at -30 dBm RF	 57.4 dB 50 dB

k	 These individual components were integrated for processing on a single substrate

z:

,t
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Microwave LO Source

The LO Amplifier Multiplier Assembly consists of a 305 MHz Class A amplifier, a
X2 amplifier-multiplier and a X8 multiplier. An integrated assembly schematic dia-
gram is shown in Figure 23.

Performance data for the compomnts of the LO amplifier/multiplier chain is listed
in Table 3.

The multiplier and IF circuits operate from a +15V DC supply which is applied to the
RF 'head through the LO input connector. A 306 MHz LO input signal at a level of 0 dBm
provided a +2 dBm output signal to the mixer at 4.896 GHz.

The configuration of the PC board design of the LO source and IF amplifier assembly
is shown in figure 24. The material used for the printed circuit board is G-10. The
printed circuit board contains components of the 306 Mlle, Class A amplifier, the ampli-
fier doubler, the X8 multiplier assembly and the IF amplifier. The X8 multiplier which
increases the frequency from 612 to 4896 MHz is built as a subassembly solder mounted
to the PC board. The X8 multiplier assembly is constructed on a brass plate which
provides an improved ground plane. The output resonator is mounted into the ground
plane as an integral part of the assembly. The brass assembly type of construction
minimizes the ground path inductance in the 4.9 GIN output circuit which could other-
wise cause circuit instability and lack of repeatably good electrical performance.

Amplifier-multiplier design details. - The 306 M4z amplifier (Q1) is designed
using an NE73432 California Eastern ,Labs transistor. The transistor is operated in the
common emitter, Class A mode of operation. The circuit has a minimum gain of 12 dB
over the 304 to 308 MHz frequency range. The circuit is designed to operate at an input
power.level of 0 f3 dBm and has a worst case input VSWR of 1.4:1.

The amplifier was shown schematically in Figure 23. Resistors R3 and IZ4 pro- r
vide proper transistor: quiescent operating point. Capacitors C11 and C12 provide de
coupling for ITT' chokes 1A and L5. Components C10 and L3 match the transistor input
impedance to 50 ohms and C9 provides a DC block at the input. LG and C13 provide a
part of the interstage matching circuit between Q2 and R3.

The amplifier-doubler (Q3) is designed using a 2N4428 transistor. The circuit
provides a minimum of 4 dB gain for a 608 to 616 M iz 2nd harmonic output frequency
when the fundamental input is 304 to 308 WN. The fundamental and third harmonic
outputs of the amplifier-doubler are a minimum of 25 dB down from, the second har-
monic. The minimum input VSWR is 1.2,:1.

A

The amplifier-doubler is also shown schematically in Figure 23. The amplifier
section , of the circuit operates in the Class C, common emitter mode of operation. - The

A	

_amplifier is capable of providing approximately 11 dB gain at the fundamental with a
collector efficiency of 55%. The snatching network of L11 and C20 resonate with the

,,.	
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ritransistor output Impedanc e at the fundamental frequency and encourage second harmonic
generation. Vic Idler circuit of L9 and 0,19 provide 

a 
return path of tho 2W harmonic

currents in the transistor Input circuit. The components W and Cl(?, are part of the
into;rstage matelihig eirouit for Q2 and Q3. J-13ductame L12 matches the multiplier out-
put impedance to 50 ohnis and 0-21 is at DO blookitig capacitor.

TABLE 3. PERFORMANCE DATA VOR COAMONENTS OV THE
LO AMPLINE31 MUMMER CRAIN

306 MHZ AMPLIFIER DATA
fill ' 306 MI-11 VCC ^' 1 ►  VOLTS

Pill (dull ► )	 11 out (101 1 ► )	 GAIN WD)

—3 	 410A	 13.4
—2 	 ► 111 .4	 13.4
—1	 14.1
0	 1. 3s
1	 4-1117	 12.7

2	 +14,3	 12.3

3	 • 14.7	 11.7

DOUBLER AMPLIFIER DATA

P ill (d8m)	 loft (dum)	 pout (doi ll )

(fill It 306 MHA)	 (2 fill a 612 MHz)	 (3 Ili, A 910 MH.-, ,% 7

+10	 14
+11	 41J

+12	
+16	 -7

+13	 + 17	 .6
4 , 14	 4118	 0

X8 MULTIPLIER CONVERSION LOSS VS. FREOUENCY

fill im"Z)	 fot ► t (MHz)	 collv.*	 Poill
4-loss (do)	 (Pi ►► ^*	 15 (JR11 ► )

'Conversion loss,
608	 4864	 11.4	 +316	 These convo ► sim
610	 4880	 11111 	+3,9	 loss numbers
612	 4896	 10,9	 +4,11 	include 2 (to of
614	 4912	 1110	 4*0	 filter il lsertioll
616	 4920	 11.1	 +319	 loss,

The X'S multiplier Is desigmd using "III !I^ial lead, glft$_S Package step recovery

diode.	 The. circuit is designodto operate., at an Input sigiial level of 4-15 dl3m.	 The

conversion loss of the multiplior Is 8 (113 and will provide a -1 -7 dBm output power level

at 4. 89 GIN, witli a +15 d13m 612 Alth hiput sigival. 	 The worst case input VW11 of the

circidt is 1.7:1.

The 18 multiplier is also shown sellealatically in Figure 23.	 The circuits consist
of 

an 
axial lead, glass package diode mounted across a 4. it CH z qu- 1er %vave str pline

resonator (%V1). The Idler eircuit of L15 and C26 are cnergy storage components which
charge the resonator once during each cycle of the Input frequency. 	 Component's LIA
and C25 provide Input matebing tit the fundamental frequency. A bias network is

50 i



ti , NT 1 _\

Ix
^	 W

n• ^1 ^	 ^ i^c ^	
o.

LO

ol

aT ^ D ^^	 x a

	

`7 \	 W

C4

	

J	 V

6.,

W rn

W ^\

z
w_

a
a
A

Q

a

Q;

^r

R
`7'N
w
x
U
4.

51



composed of G13, R10, C23 and C24. C27 couples energy from the transformer WI
into the L.O. bandpnss filter. Transformer W1 resonates with the undesirable
parasitics of the glass package diode.

Matching instabilities. 	 Initial integration problems were noted when the :1$
multiplier would not stabily interface with the amplifies doubler. Investigation slowed
that there were low level harmonics of the a8 multiplier output present at the input.
To overcome the harmonic problem at the lowest cost, a T EE- pad consisting of 117,
R$ and R9 was installed between the amplifier doubler and 18 multiplier.

Amplifier/multiplier assembly package. 	 Pigures 25 and 26 show the
amplifier multiplier assembly, complete with shields and STtD cavity.

Integrated HP Mead Packaging

Figure 27 shows the integrated microwave assembly, edge view, showing
antenna elements and LO connection.

Figure 28 shows the top view of the cylindrical antenna version of the radomo of
the :RP head.
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SYNTIIESIZL- A ASSEMBLY

The frequency synthesizer for the Low Cost AILS Receiver has been integrated onto
A.	 one printed wiring board assembly, consisting of the following Individual circuits:

1. Reference Oscillator
2, Loop Phase Detector and Filter

3. VCO and Divide-by-2 Prescaler

4. Mixer/Shaper

5. Divide-by-,N Counter

G. Switch Decoder

7. X125 Multiplier

The synthesizer is of the offset type, and the block ding am is shown in Figure 29.

The offset synthesizer is so named due to the 150 MlIz offset introduced Into the feed-
back loop.	 This translation reduces the magnitude of division (+N) required to reach the
reference frequency of 9.375 k11z.	 In this model, N is constrained between 234 and 433
with an input frequency of 2, 19375 A111z to 4.059375 Ik-lHz. 	 Given these parameters, sev-
oral choices of components tire available to make Lip the +N function, such as the single
chip programmable divider elon-ionts produced by Hughes (HOTP03201)) and RCA (CD1059).
In both cases, however, the devices are single source items and can be replaced by
multiple packages of conventional TTL elements at lower cost.	 Thee single, most impor-
tant advantage of this type synthesizer is the low divide-by-N ratio which results in less
DC gain required after the phase detector and improved synthesizer sideband noise per-
format►ce over models with higher divide-by-NI ratios.

The reference Oscillator provides 4. 8 MUz to a ripple counter which delivers a.
"1 9.375 1:I1z reference to the synthesizer loop phase detector anel a 1. 2 MHz reference to

the 150 AlIlz phase looked Oscillator. 	 The temperature stability of the reference oscilla-
tor is nominally 5.00125 percent which is achievlblo without oven stabilization, but will
place tighter constraints on the 10.8 MHz LF filtering. 	 The tradeoff factors involved in
this choice of stability versus IF bandwidth nre presented in the IF/Detectors discussion,
of this report.

The second, local osci l laOr injection frequency of 150 M1,17, c=an be alternately sieve, e-
loped in a phase lockod loop composed of ti MC1648 VCO, AIC4044 phase detector, and
IVIC12000 multiplying mixer to offset the 150 All-17, VCO to 1.2 MI-17. for comparison at the
plinse detector.
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Synthesizer Circuits

The reference oscillator schematic Is Included lit Figure 30 anti uses a 2N3662 In a
modified Colpitts circuit with the crystal also serving as a series resonant filter for the
ou4)ut. Temperature tests oil this oscillator show ;L- 10 ppm performance of A 50 C to
-1500. The goal established during Task I for this parameter waf; _+ 15 ppin. A ripple
binary counter U I provides 1.2 MH z and 9.875 kHz signals for use In the X125 11lulti-
plier and loop phase detector respectively.

Figure 30 also shows tile Divide-by-N counter, switch buffers and switch decoding
circuitry used to preset the Divide•by-N counter. The divide-by-N counter Is mode lip
of three- 74LS192 counters which divide the 2-4 MHz Input to a 9.875 kHz output. This
occurs as N Is varied from 234 to 433. The programme(] count Is derived front the
channel select switches which provide a BCD output from 000 to 199. These numbers
are offset by 234 in the decoding circuit.

The schematic of the X125 Multiplier is also shown in Figure 30. This multiplier
technique was chosen as a cost effective approach to generating the 150 MHz used for
the second LO and the synthesizer offset. Tile multiplier is essentially three linear
gain stages with intorstage diode clipping to generate harinonics. Because of the linear
nature of -tile stages, alignment Is straightforward and fast.

The loop filter schematic is included Ili Figure 30. Intograted circuit 1311 Is a J-
FET Input dual 741 op-amp possessing very low input bias current levels and exceptionally
high input impedance. The filter provides a D. C. gain, of 120 with the first low pass
corner at nominally 50 Hz. The synthesizer output spectrum shows the 0.875 Jkliz side-
bands to be suppressed 60 dB.

The schematic of the VCO and divide-by-2 pro-scaler is included in Figure 30, 'IlA$
circuit is nearly identical to the synthesizer of the Narco DAIE-190. Capacitors C66 and
C67 were added to reduce the sensitivity of the VCO from 12 1VII-Iz/volt to I Alffz/volt and
thereby a. 20 dB improvement in incidental F M.

The circuit of Clio mixer/shaper is Included Ili Figure 30. Tile mixer uses a dual
gate FET to translate the 152-154 MI-1z from the pre-scaler to the 2 to 4 MHz band.
The 150 M1,1z used in translation is the same, signal used for the second conversion to
10.8 MHz in the IF. The 2N3062 following the mixer is ii saturating amplifier which
squares kip the mixer output and adjusts the level for the TTL dividers.

Syndiesizer Construction

The assembly drawing for the MLS synthesizer is shown in Figure 31. Due to the
addition of eggcr ate shielding; it was decided to place certain resistors on the bottom side
of the printed wiring card. This would not be done In production, since it is not com-
patible with automatic lead insertion and flow soldering hence would require hand soldering
of these components.
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Figures 32, E33, and 34 show Photographs of the synthesizer assembly in enclosed,
top and bottom views, respectively.
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Ir, /DE'ITC,*WR SUBASSEMBLY

The IF/Detectors Subassembly consists of it single printed wiring card containing the
following circuits:

1. 1st IF Amplifier and Filter

2. 2nd Mixer

3. 2nd IF Amplifier

4. 2nd IF Filter

5. Log IF for Video

6. PM Demodulator for DPSK

One of the fundamental design-to-price trade-offs occured when considering the effect
of LO stability on the 2nd IF filter shape factor. It is necessary to provide about 50
dB of rejection to the adjacent channel at X295 kHz from the desired channel; yet, the 3
dB bandwidth must be sufficient to pass the 60 kHz information bandwidth. If the master
oscillator, hence receiver tuned frequency, was inaccurate by a tolerance of :L 0. 001
percent, for example, then the receiver passband would have been opened by an additional

51 kHz ,(102 kHO to a total of 162 kHz minimum.

In addition, the 2nd IF filter itself possesses tin inherent center frequency tolerance.
Since crystal filters are not cost effective at this bandwidth, LC filters were used, with an
inherent center frequency tolerance of 0.015 percent at best, or ±15 kHz, which adds 30
kHz to the required 3 dB bandwidth. 'Thus the required 3 dB filter bandwidth becomes:

BW3 dB Information B1vV + (RTC'Preq) (Osc. 1,rol) + IF CIS' Tol.

60 + 5.0 x 106 (Osc. Tol.) +30 WO

However, the filter shape factor is:

Sr -- BW50 
dB which is therefore inversely proportional to the master oscillator

BW 3 dB

stability. The cost of a filter in turn, is inversely proportional to the shape factor,
according to the relationship described in Figure 35, Similarly, the cost of a crystal
Is inversely proportional to its tolerance, as also shown. Note the abrupt jump in crys-
tal cost when an oven is required at 0.001 percent tolerance and below.
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Therefore, the minimum, hence optimum, total cost for the combination of filter and
oscillator crystal, assuming that the possible 1.2 dB reduction in sensitivity due to it
wider bandwidth can be temporarily set aside, is in the 0. 00120 crystal tolerance/210
kHz filter bandwidth .Area.

Use of Surface Acoustic Wave M AWN filters could possibly produce the required
wide bandwidth. at the 10.8 MHz frequency with better CF tolerance, but are
definitely more expensive than LC designs at this time, and are more lossy, hence
requiring additional gain stages.

Changes of 2nd IF ,frequency in order to optimize the filter is not recommended. A
higher 2nd IF would not allow crystal filters (25 MHz maximum C P for a fundamental
crystal but with about 75 kHz absolute maximum bandwidth) and would also preclude
the choice of the CA 3089 log IF/demodulator. A lower 2nd IF would create image
problems that could only be solved by a more expensive 1st IF filter.

1st IF/2nd Mixer/2ud IF

dual conversion III' chain was chosen for the MLS receiver since it allowsA	 p
manse requirements to be met with the minimum number of frequency conversions, hence,

-	 minimum number of components and cost. 7lne first IF frequency of 160.8 MHz is suf-
ficiently high such that image, spurious and LO signals are separated from the desired  
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frequencies such that these unwanted responses and emissions may be conveniently re- 	 a
jetted by the RP preselector. The second IF frequency Is sufficiently low to allow use
of a multifunction IF integrated circuit and an LC filter. The ratio of the first to sec-
and IF frequencies Is approximately 15: 1 0 which is appropriate for rejection of the
second image by straightforward first IF filtering. 	 Since the previously listed filtering
conditions can be met by the two IF frequencies chosen, a simpler and lower cost design
results because fewer LO frequencies must be generated and fewer mixers and filters e

are required.
r

The circuitry required for the 1st IF/2nd Mixer/2nd IF was not considered a critical
portion of the cost/performance trade-off. 	 This is because this circuitry Is not a high
cost item and would therefore not be an efficient area of highly concentrated study, and
because existing circuits are available which are highly similar and familiar to avionics x	 x

equipment manufacturers.

The 160.8 MHz First IF schematic diagram is shown in Figure 36 and is composed
of two gain stages, a bandpass filter, and a 150 MHz trap.	 The first gain stage is lo-
cated in the remote mounted RE head to provide gain and establish the receiver overall
noise figure prior to the interconnecting coaxial cable. 	 The active devices are a 2N4416.
A 150 MHz trap is included as part of the bandpass filter to preclude feed forward of the
150 MIIz second LO into the IF.

The second mixer is an RCA 40821, ;a dual insulated gate FET. 	 The dual gate PET
is a performance choice over bipolar mixers from the standpoint of improved inter-
modulation products, and superior Isolation of the input signal and local oscillator sig-
nals.	 The 40821 will provide the 11 dB conversion gain to 10.8 MHz.

The second IF is composed of a dual gate FET (RCA 40820) and a CA30 89 limiter-
detector integrated circuit.	 The CA3089 provides nominally 60 dB of log video out-
put as welt as DPSK detection by use of a quadrature detector. 	 The min-max toler-
ance of log ,range has not been established for this devOce by the manufacturer.

The schematic diagram for the IF-Detector portion of the MLS receiver is shown
in Figure 36.	 The 160.8 MH z I.E. pre-amplifier (part of the RE Head Assembly) is
shown for clarity of discussion as its dosign is an integral part of the IF subsystem.
The pre-amp and Q1 are both JFET's (2N4416) operating at 160.8 MHz and together pro-
vide a noise figure of 3 dB, a gain of 19 dB and a 3 dB bandwidth of 3.5 MHz. 	 Rejection k
of the second image, occurring at 139.2 MHz in the first IF, is 60 dB. 	 Resistor R1
provides a 50 ohm terminating impedance for the interface coax cable from the remote
RF Head.

Q2 of Figure 36 is a_ dual gate FET used as the second mixer: utilizing the 150 MHz
second .LO provided by-the synthesizer. The narrow band filter embodies the components
from C12 through C23. This filter tales advantage of the high input impedance of the
dual gate PET Q3 to operate at a. 5K it level, ensuring high loaded Ch's for the filter. The
nominal 3 dB bandwidth is 250 kHz with the adjacent channel nearly 45 dB down. Other
filters with steeper shirts can be provided with an increase in cost due in most part to
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tune up labor. Additional IF filtering can be provided which will decrease adjacent
channel response prior to limiting by :mother 15 dB however, this appears to be of
limited value since the IF possesses 80 dB of limiting gain.

It has been determined by AEL that the total receiver adjacent channel rejection is
a more important criteria than IF adjacent channel rejection.

In other words, the primary concern is that the receiver's output to the pilot not be
a response to an off channel signal. It has been demonstrated that the DESK processing
fails due to high phase distortion when the adjacent signal is operating well down on the
slopes of the IF filter, effectively providing about 60 dB of adjacent channel
rejection.

Log IF/DPSK Demodulator

Use of the RCA CA3089 IC was proven to be cost effective for the Low Cost MLS
Receiver, Considerable testing was performed to verify the performance of this IC.

Several tests of the RCA CA3089 versus temperature were conducted to verify the
RCA published performance of the level detector output (meter circuit output). The
photographs shown in Figure 37 indicate the level detector output response for a typical
elevation format signal; i. e., preamble and data plus "To-Fro" pulses. The meaningful
data to be derived from these photographs are the consistency in pulse shapes and the
variation in amplitude versus temperature. The amplitude variation, as subsequent
tests disclosed, is a variation In the internal semiconductor saturation voltages (due
mainly to internal bias shifts) as a function of temperature.

The photographs in Figure 37 show the pulse response of the CA3089 for typical MLS
inputs. The pulse input level is approximately -30 dBm, the noise level is -80 dBm
hence, the output represents about 50 dB of dynamic range (roughly 20 dB /volt).

The photographs presented in Figure 38 represent a characterization of the pulse
performance of the CA3089 level detector output. Of primary importance are the attack
and decay times, which must not produce effective pulse stretching so as to obscure an
effective pulse centroid measurement. The two photographs in Figure 38 presented are
of a 100 µsecond burst and three 25 µsecond bursts. The level detector output shown re-
presents 50 dB of range, and shows perhaps a 10 percent pulse stretchat the 50 dD down
point. Some of this effect may be due to the pulse modulator used, but that is relatively
insignifteant. Of prime importance is the peal: of the pulse and the -4 dB from peak area.
This vnge is approximately, 200 mv, and represents one of the smallest scale divisions.
No significant pulse spreading is shown over this region or over at least the first 30 dB,
demonstrating that the CA3089 provides an adequately large bandwidth and that no discre-
panev exists between the MLS pulse measurements and CW measurements
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The performance of the log IF detector is shown in Figure 39, measured at the
160.0 MHz IF input to the receiver and thus not including the front end gain ,.Mich
is about 5 dB, The data points are shown, with a best straight line of about 20
dB /volt.

h

n

1µV	 10;1 V	 100µ V
xX INCEPT	

1MV	 10MV	 100MV

FIGURE 39. VIDEO OUTPUT VS. SIGNAL INPU`r

The departure from this slope is very smell, less than ± 11'2 dB over the re-
gion from about 15 U volts to about 5 mv, corresponding to --85 to -40 dBm, which
is the most critical range for multipath rejection since this is the IF input voltage
corresponding to where acquisition normaiy will occur. The specification re-
quired a ± 2 dB maximum over a 50 dB range beginning at 10 dB above tangential
sensitivity.

This variation will have negligible effect on the centroid measurement, since
the "To--Fro" pulses are symmetrical and the criteria for accurate measurement is

i that time is measured at corresponding points on the rise and fall of the pulse.

it
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DPSK Detector

The detection of the DPSK data in the candidate receiver is being performed
by means of a quadrature discriminator integral within the CA 3089. This is an
attractive technique since the circuitry required is also incorporated in the IF
subsystem integrated circuit and as such requires no additional circuitry other than
a few reactive components. Thus, it provides a cost advantage over alternate
approaches such as a phase locked loop which would at least require a voltage
controlled oscillator in addition, although it could utilize the phase detector in
the CA 3089. Satisfactory performance can be obtained from a discriminator as
shown in Figures 40 through 43 taken early in the program prior to full receiver
implementation. Figure 40 illustrates a typical MLS Barker Code and ID preamble
as generated at IF by the ALL MLS signal simulator. The data pattern is 1, 1,
1, 0, 1, 0, 0, 1, 1, '0, 1, 0, 1; that is, a 5-bit Barker Code follor,; t by a 6 bit
azimuth ID, plus a trailing 0,1 which is a characteristic of the AFu test generator.
The amplitude nulls occurring at the phase transitions are measured to be 44 dB
in depth and are representative of the MLS waveshape. Figure 41 illustrates,
simultaneously, the output of the circuit used in the MLS receiver and the output
of the phase locked loop demodulator previously utilized in the AEL developed Navy
MLS receiver. The large transients are the result of the phase /amplitude trans-
itions and contain the desired information. The demodulator input signal to
noise ratio is that corresponding to a -94 dBm input signal and a 15 dB receiver
noise figure with a 155 kHz bandwidth (the required sensitivity of the Low Cost
MLS Receiver). The video bandwidth of both demodulators is 25 kHz. The out-
puts may be seen to be nearly identical with the major difference being the shape
of the transients. Figure 42 illustrates the same two signals with a 20 dB
stronger input signal while Figure 43 shows the two signals expanded in time.
In all photographs the discriminator and phase locked loop outputs can be seen to
be the same.

One shortcoming of this type of DPSK demodulation is that it requires an
abrupt phase switching, or "hand" switching. In later sections of this report
are evaluations of actual ground transmissions using both "hard" and "soft"
switching.	 a

The DPSK demodulator function has been carefully measured, using he
entire IF subassembly. he demodulator 	

g
y.	 quieting. sensitivity is shown in figure

44, again not including the front end gain. The IF has 6 dB of quieting at 	 k
about 4 microvolts (-95 dIlm), but is just into hard limiting at that level. The
addition -of the front end gain of 5 dB minimum would improve this performance
to about -100 dBm, if the excess noise figure contribution were not present.
Actual DPSK performance, as of this writing, is in the -90 dBm range.,

a

j	 IF FILTERING CIRCUITS

Figure 45 shows the 16.0.8 MHz 1st frequency response. One of the pur-
poses of this filter is to establish the secondary image rejection. The secondary
image frequency is 21.6 MHz below the 160.8 MHz or 139.2 MHz filter center,
which is also 21.6 MHz below the receiver tuned frequency. From Figure 45A,
it can be seen that the response at 4.3 divisions below center is a little less-^
than 60 dB down. This jitter also provides rejection of about 35 dB to the
residual local oscillator signal, which is 10 8 MHz below the center filter-
frequency. Figure 45B shows the passband in mope detail, and indicates

R

	

	 a 1.5 dB peak-to-peak passband ripple, due to the double-tuned nature of this
filter.
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FIGURE 44. DPSK QUIETING SENSITIVITX

Second IF Stage

Considerable attention has been placed on the 2nd rF filtered stage, due to the signi-
ficant impact ion material cost as a function of filter parameters. It was determined that
an LC filter would be more cost effective than a crystal type, and could be accomplished
with a three-resonator LC type. The circuit for this filter is composed of C12, C14
C15, C16 C 1 9, C21 , C 22and C23 with L6, L g and Lg, all of which were shown in V#'Ire

a	 36. This filter has been designed for easy alignment and low in 	 cost.

U

	

	 Figure 46A shows the ;10.3 I liz 2nd IF frequency response at 10 dB/division. The
3 dB bandwidth of this stage is about 225 kHz. The response to a signal in an adjacent,

i	 channel is -45 dB at -205 kliz and -47 dB at +295 kliz.

F	 Figure 46B shows the stage response at 2 dB/division. The ripple is less than 0.5

}	 dB peak-to-peak.
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FIGURE 45. 1cl:5PONSE OF 160.8 nlllz IN

A ► Swept Frequency Response
10 db/div. vertical,
5 N1Hz/div. horizontal,
160. N N111z center

B) b%%cpt Frequency Response
? (lb/div. vertical.
2 rAlizAliv. horizontal.
160. 8 M1iz center
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S) Swept Frequency Response,
2 db/div. vertical,
0.1 I%Itlz/div. horizontal,
10. 8 Mliz center

A) Swept Frequency Response
10 db/div. vertical,
0.1 MHz/div. horizontal,
10. 8 Mtlz center

I

FIGURE 46. RESPONSE OF 10.8 MHz IF
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IF/DETECTOR CONSTRUCTION

The top view of the IF/Detector assembly is shown in Figure 47, complete with
shielding in place. Figures 48 and 49 show the top and bottom views respectively.
Figure 50 is an assembly drawing of the IF/Detector board.
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PROCESSOR ASSEMBLY

The Processor Assembly operates on the detected log video and DPSK output of
the IF/Detector Assembly such as to produce course deviation and flag outputs to the
CDI display. The Processor Assembly Is composed of two circuit areas: the first is
an analog preprocessor circuit and the second is a microprocessor oriented digital
processing circuit.

Analog Preprocessor

The major functions of the analog preprocessor are to:

• Provide strobe pulses to the real time processor which define the lending
and trailing edge of each to-fro pulse

• Discriminate against low to moderate level pulse interference

• Provide sidelobe suppression

• Interface the DPSK demodulator with the mocroprocessor including clock
recovery.

The first three of these functions are performed by a peak detector/change coupled
device (CCD) delay line/comparator circuit which holds the panic level of a received
pulse and then compares the level of delayed (via the CCD) version of this pulse with a. 	 = i
voltage equal to 4 dB below the peak pulse level. Thus, the output of the comparator
consists of pulsesertual to the 4 dB width of the received scanning beam. A bidirec-
tional one-shot generates 1psec pulses on the leading and trailing edge of each pulse
from the comparator. The generated pulses occur at some time after (the delay

i	 through the CCD) the actual received pulses but, since both the "to" and "fro" pulses
are subiect to the same delay, their separation is preserved. Signals more than 4 dB 	 t

below the largest signal and occurring after it will provide no output since they will
fail to exceed the threshold. Likewise, in the sidelobe region, the SLS pulse will
establish 'a threshold which the sidelobes will fall to exceed. The peal. detector is
reset prior to the SLS pulses of each function and again. at midscan so that a new
threshold is set for both "to" and "fro" pulses, thus allowing operation under condi-
tions of propeller modulation where the pulses may differ in amplitude by 6 dB. Use
of this peak detector/delay/threshold technique thus economically provides the receiv
er with adaptive capabilities on a scan by scan basis, enhancing its ability to operate
under adverse conditions. While the required time delay could be provided by an LC
delay unit, the size of such a network would be prohibitive, thus, the use of the CCD
analog delay which, even considering the required clock circuitry, requires a minor
amount of space. The remaining analog preprocessor function is that of recovering
the data and data clock from the DPSK signal format. Figure 51 shows the block
diagram for this signal processing. A dual one-shot (74L123N) and clocked oscillator
(NE555) provide the simple, inexpensive, and reliable data decoder.
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Dwell gate generator. The circuit for the Dwell gate generator Is Included in
the Preprocessor schematic of V igure 52.

The log video input is filtered by U4A and applied to both the delay line UG and as
a DPSK squelch enable to U10A.

The CCD device provides a 231 microsee delay to the To-Fro video signal and
U 4A, B, and C provide the necessary filtering and pulse shaping. The low pass
response of this circuit is 3 dB down at 30 KHz. The non-delayed pulse is
amplified by U41) and drives the peak detector CR 1 and C3. The UNI 211 C U 5)
makes the final level comparison and provides To-Vro dwell gates equal in width
to the To-Faro 4 dB pulse width. Q1 provides resetting of the peak detector at
mid-scan and prior to the "to" scan.

The clock timing for CCD delay lime UG is supplied by the dual drivers U3A
and U313,  both being gated at 400 kHz rate by divider U2. Since the delay line
UG is a 185 section CCD type, 185 cycles at 400 kHz produces a 231 microsecond
delay. The input to divider U2 is the 1.6 MHz clock front the synthesizer assembly.

DPSK demodulator. - The circuit for DPSK data and clock recovery is also shown
In Figure -52. The bi-directional comparators U9A and U9B provides a clean, con-
stant level data format to U10A which is a. 15 µsec one shot. Integrated circuit U7A
triggers and synchronizes the free running NC555 cloclt. The data. clock is further
shaped by one shot multivibrator U14B and applied to U7B, U7C for output drive.
The recovered data Is derived from the Q output of U10A and the 15 1c1Iz data clocic
from the NE555.

Microprocessor Selection

In selecting a microprocessor for general aviation usage, the important factor
is overall processor system cost, which was tl.e principral reason for selecting the
MOSTFK 3850 as the primary choice for the low copt AILS system.

Although there are other microprocessors in the same price range with the 3850,
the major superior virtue is its I/O structure. Since the address taus has been omitted
from the 3850 architecture, 16 lines oil 	 the CPU chip and the ROM chip have been
freed to be utilized as 1/0 lines in the directly addressable I/O structure. This allows
the user to service 4 independent 8-bit I/O parts from software and remove the cost
of the data bus in the system trice.

In any system, the 3850 becomes a leading candidate for the entire spectrum of
general aviation equipment, since most general aviation systems must service more
than one 1/O i.e., switches, synthesizers, and other T/O's.

A Low Cost MLS niict •oprocessor tradeoff chart is shown in 11gure 53. The 3850
microprocessor is an excellent candidate in all respects.
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DETAILED PROCESSOR OPERATION

The digital processor assembly can be divided into two functional areas; the
Real Time A/D Converter, and the output.

RealTime A/D Converter

The A/D converter consists -of - counters U17, 18, 1,9, .20 and 21, supporting
Single Shot (SS) U15A, B an-ii 016ck selection gates U31, 32, and 33.

The princil,ple used in the A/D is that the angle to be determined is divided
up into 256 64ual parts. This is done by gating a clock to the counter chain U18
and U19, the frequency which will determine the basic resolution of the
function/mode. Therefore, the lowest frequency clock (40 kHz) would be in Az
search mode when 132 0 of arc are being searched, and the highest frequency
clock (1.6 MHz) is in the EL track mode when full scale meter deflection is only
0.70.

As an example of the A /D operation assume that the microprocessor has called
for the function "Azimuth" by a "high" on its X00 output and the search mode by

ca high on its 04 output. This will allow clocks from U31 pin 11 to toggle counters
U18 and U19. When a video data signal is received on the dwell gate line, it will
enable "AND" gate U33 to clock the pulse width counter U17, and at the same
time the dwell pulse leading edge will fire the single shot U15A. The width of the
pulse generated by U15A is narrow (less than 1 microsec) . This pulse resets
the pulse width counter U17 and fires the other half of the dual one shut U15B.
U15B is used as an "Oft" gate as well as a one shot in that it is also ,fired at its 	 ti
"A" input by the microprocessor. The output of U15B is used to clock the out-
put state of the counters U 18 and U 19 into the data latches U 20, and U 21

At the end of the "TO" scan the position of the received dwell pulse with
respect to the generated search gate is stored in the latches U20, U21. At this
time the microprocessor will read its parallel input ports ^ 10 thru ^ 17. After
reading that data (dwell location) it will generate a strobe pulse on port X03
which will strobe the contents of the pulse width counter Ui7 into the parallel
inputs of counter U18 and U19.	 -

Next the microprocessor will generate another strobe on port ¢03 that will
transfer the data from U18, U19 into the data latches U20. U21 and the micro-
processor will read the latched data. The processor now has the location of the 	 l
leading edge and pulse width of the dwell pulse (the last one only) received	

A ^

during the search gate in the Az function. At the end of the mid scan time
period the processor would again generate the same gates and read the data in
the same manner with the exception that when the position data was read, the
true /complement line of the data latches, pin 2, would be put in the complement
mode before that data was read. The reason for this is as follows: if on the
"TO" scan the dwell pulse were ten clocks below the 00 position (HEX7F) the

s
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counter would rend I11 X 75, on the "VRO" scan the dwell pulse would be 10 clocks
above the 0 0 position or IirX 8A (binar y 1000 1010) and if this number is complemented'
we have I•IEX 75. This simple routine in reading the dntn removes tiro need for cem
plementing and the "PRO", or "UP" data inside the processor.

Output

The output section is made up of an 8 bit D/A converter and it 1 line to 8 line
multiplexer with seven operational anips to form a 7 line sample and hold. 'These;
are used to drive the :peter/autopilot outputs. The D` /A converter chip, U25, uses
the nderpprocessor output port 's 1/0 13 ^ through }17 as inputs, This is a commercial
D/A chip whose current oub)ut at pin 4 is converted to n voltage source by operational
amp U27. The output of U27 is then steered to the appropriate sample and hold (S11i)
by the multiplexer U26. The multiplexer is addressed by the VO ports Ads, Al, A2 of
the microprocessor In the following code.

AL	 Al	 A2	 A0	 Al

0	 0	 0 AZ Conl	 0	 0
1	 0	 0 AZ	 1	 0
0	 1	 0 AZ Flag	 0	 1
1	 1	 0 EL Cons.	 1	 1

The ident bit which controls the station identification tone is I/O A3.

All outputs conform to the low Level  requirement of DO-132.

A2

1 UD
1 EL flag
1 G/ S Warning Lamp
I Not used

Processor Software

During the development, particular effort wa.s expended on optimizing the Data
Word identification subroutines and the confidence subroutines. A software flow
chart is shown in Figure 55, followed by the complete software listing. Tlie octal
designations placed at the tipper left hand corner of each software action block refers
to the listing number. Comments to the MOST1 K 8850 assembly language are shown
on the right of the listing.

A more detailed description of the microprocessor routines is as follows:

In Kin I iz a Lion

	

	 '.Chin part of the program clears all averaging
registers, ensures that the flags are displayed,
and clears confidence counters.

Read DPSK Data	 IIere, both the DPSK data and clocks are read, the
Barker Code?	 data is shifte L right in an internal register and

i	 compared, with the known bit pattern for the Barker
code until it is recognized. After the Barger code
is recognized, the DPSK bit pattern is compared
with the four stored function identifications (azimuth,
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elevation, data word 1 and. 2) .	 It a function identi-
fication is recognized and parity N correct, the
appropriate action Is taken by the Microprocessor.
If the identification Is not recognized, the pro-
cessor goes back to Its task of servicing the outputs
and reading DPSK.

Identify Function here, if the ID and parity are recognized, the proper )
action will be taken by the microprocessor; this
includes:	 1.	 Basic Data Word 1, bits 120 and 121
00 Flag Azimuth Function: 2. Basic Data Word 29
bits 127 and I28 = 00 Flag Elevation Function:
3.	 Elevation and Azimuth Functions are similar
but only Azimuth is discussed in this example.

Azimuth If the Azimuth 1D is recognized, the processor
Read Morse Cade continues to count DPSK clocks and data and uses
Check If Search or Track bit I12 for Facility Identification, and on Clock 37,

enables the Azimuth gate to allow the azimuth
clocking.	 The Morse code Is then read and the
Morse code set to Its proper state.	 The azimuth
clocking has two modes: Search (wide scan) and rTrack (narrow scan).	 In the Search Mode the
entire scan is covered by the 8-bit counter or 1320/
256 bit or ;z^ 0.8° bit.	 In Search Mode, if It is
found that the To-Fro pulses are in the center 1/3
locations the processor will go into the Track
Mode.	 In the Track Mode the gate is enabled only f
In the center 1/3 of the scanning period and the :.	 M
clock enable is 5 times the fL,equency of the search
clock or now 44/256 or —_ 0. 17°/Bit accuracy.

The sequency of events in the program are as
follows:

F
Begin TO scan.	 Enable gate if in Search
Mode.

Enable gate if in Track Modes

Inhibit Track gate.

End TO scan, inhibit Search gate.
1) read data latch
2) strobe pulse width center in data, etc.h
3) strobe data center (pulse width) into data

latch

4) read pulse width
5) reset counters and CCD memory

94



Start PRO scan enable gate If In Search Mode,

Ellable gate in Trncic Mode.

Inhibit gate In Track Mode,

Inbibit gate In Senrch Mode end PRO senn
1) read data latch
2) strobe pulse width center Into data center
3) strobe pulse widtil Into dnta latch
4) read pulse width
5) reset counters and CCD memory

Pulse Width Test	 TO and PRO.	 If the pulse width passes the test,
(Aot too wide or warrow) the next test Is perfornied.
If tile pulse width test failed, the confidence center
Is decreniented and the processor searches for a
new l3tarkor code.

Colocation 'rest	 The position of the TO pulse Is checked against
the position of the PRO pulse to ensure colocation.
If yes, the next sequence Is perfornied. 	 If no,
the proggrani returns on the snnie line n.4 a fniture
of pulse width.

Confidence Subroutine 	 If the prcceedin4 test has been passed, the
confidence center is Increniented and If enough
confidence has been estnblished the flag is lifted.

4

Average Routine	 The average and output portion of the program
perfornis trt running average of 8 data and 8 pulse
width readings. The averaging Increases tile basic
resolution of the data by a factor of 8, tberefore,
tile, q zinitith data resolution is 0. 17 0/8 = 0. 020.
The data Is outputed to all 8 bit D/A which has 2

ale drive output, since full scale Isthlies full ser
2.5 0 . 2X is 100 total alid 10 0 1200	 0,050/1)lt.

PROCESSOR CONSTRUCTION

Figures 56 and 57 respectively show the top and bottoni views of tile processor
assenibly. Figure 58 shows tile asseinbly drawing.

q

In figure 56, the annlog components are associated with the preprocessor and occupy
the bottoni. and lower left portion. The large packa-cd iiiicroprocessor nildl illennory

'

'portions of tile processer occapy the right hand side,

The processor utilizes 1024 bytes of memory.
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rNr,	 Au40	 fn' 1DFNr	 FI, 	• AFTEP PAF4EF CODE I' FOuMD.F oAa4	 Ah r D tai. Pk FOUR Pp ,k 1j: AFF DE T Ef Fri

.. All aA	 nit-E	 h" Pk Alto ta i l r'LO? k 	 1." i.tlflT E llt ' 	OF PEA
.t fiN'^P nn•F 1) pk 2EPO .PP.k DATA,	 I' ?HFitEP FOP

it	 a	 Hi nz q 4n LF A, it THE Fnt(P nCP	 NP IN[	 1EE tIT IH`LD
lift'-it	 joill'.1	 ;S	 D? fl H D": IMF LR'T TW,J	 L_D OF EARaEP "ODE
fnt'.F	 nu`=:!	 , :4	 ID P." A2Mt P]? Fv6 it IHMTH.	 1 10i FLIF ELEVH
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u040 nille i!I D,. , I H PC MUFF ''LO'!	 I;	 D1; TFfTFA HHP THF

Aft^^! v4	 AF D::' F .L u P.L':OF FAFk EF A lit, THE 4 M'I'OF
All'Fl	 lir pp THE DATA WOFD'. 	 Atilt

i HI.:1	 I'll	 p	 41' LR R.11 ARE'LOOiED FLIP. 	 ' A+t FOP DHTA
AIt44	 nN;'"	 GR A •'r +:i H AR ',IIlF'P Flom . 	 AM[, ,AF FOP DATA
61'4-5 nh ' F	 114	 4.' PATI WOFE 1410=	 IF HIJ Milo- TION IPEMT
A114r.	 fil lu 4r, LR A.A 1' MADE THEPE I:
14,14"	 iN141 ; S AF '	 I M AF A PF.TUPN TO THF EHi),Ck
0114 1 -1114	 a4	 hA &: PAT2 :FAPrH GO-.tIHEI
11114:	 11,10	 D4	 ,tl	 'D `FFb	 14P PFki
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6,1...	 Df, O'!T H	 [tit OF FORT it PIT R HIGN	 rAWtit,,

uuR4 111	 rp	 A FA Li H f: A THE P kII'FWI DIM , Q VITFPi 	 THF
nfi•t5 OnRG Ia LOOP	 IH•: DATA , O9hTEP', THF LATCH HI'D THE
1)fi-l;r	 lIIIRA	 44	 FE ttl'- LODP OtiF	 '.hell''	 IQ 9E -. ET.	 DOPHTIQN OF
id1R^ AAS.	 e 	 6F Ll H `F' FEET V TIMED Ei THF
rwto'.: nASF Rn Oii'1l it nit -094TFR4ALLED LOOP AFTEP A HIrH
npRN 1111iF	 Ir FQP THE r F.*ET HiGH 1" PE'ET LOW
nA3A •THF ,TROFE :UEFOLiTItIE OVTPOV.	 H Drifi fLF FIIL:E
fin •CB •THAT `TrOf -, FW DATA FFOM 01,11i, Di„IMTEP THPQt'fH

it ntiFr -THE DATA rOQMTEP THROUGH THE LHTCN TO PE44
noRD •PEAD AT DNTA IMPI,iT PQFT	 .PDPI	 1	 BIT.:	 u.,	 ,,•Pil,
oARl •THF FREFPU", EN ' CCD 1: AL'n PE'FT

.. F	 nnit	 i l,	 ,:'OA'	 A '. TROFF	 Ll H	 ?'1'' •THI'	
.I IEFQt.1TINE	 :FT'< FO P T	 ii DCT

Ah.4h	 fluf.l°	 Di, OUT: H An :, H1CN	 P'E	 ETLItir, THF CCP Htit,
Of-I LT H	 F .TPQPIM^: PIJ. TNRpiI!iH LATCH 

Or, 5	 it" u 1 H AD" 13FF Atilt Qtl Hf.NrN hQG ^tMD -TFQ
ya nis'n nq.n Z. 	 37 L1 H P2 • PEE AND HELD HIGH TILL rEAAP
is@:. unAJS.	 of	 ,•.	 1. it
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PROGRAM LISTING
litMr. • tNE 1 ' TIHFIEFl+ 1 F	 T ll t• ttI FTI ►+F 	 Ic; 1IfFl, t Ctil¢FFti Ir

s 0010, •THEFE kit FF o, mI),AIiD P#,mt-<Pt.° qk F Pot, i P Rv r
Orfki evI PTH.	 PW T PAIA VORD toltolPIHt C t .̀ FtictFFP
n(110 :MIA 000 Nit t;F` O§tFltt I,off k10, I" °:Ft A-DRE)
11401 itIN-1t	 tO HtF t+FEHP' O ON ': TAff+	 DF F91i 5f"

'r AItFP aFAT04fol'i PITP QF PnTA	 P x	 IIt - T eIFPAtF	 9nf*;, if ot+r I'i CHFCFEP. ,t"P 114 t 1EF 4 T r now . 040110 V
a t. P Otto	 Ilk Pt t 	+ki F I7PPN"i t	 IF	 IHx 	to	 it	 Mitt

t 61,11i it •THE DATA (7 1 4TFkiT Qjt T"	 :ET.	 111114 TAiA dT7FP
NOF rA"P 0tA DAtFfit @Il"wv t if 1411tH 10 1IflfPUt
Itn 10 •Frt	 PAIN	 LH ^ t TNf aiF pFz It f"+ ptY + TtI? l` Ff _Ft
I19'I orlrA PO sq Como,	 tI	 H	 ' tK	 •t gtok IILtu:F ` E+ k HA. FE tNTEFEp

t AO	 ovm c 41 1 09 FP	 I Door	 III A" I* EL1 FEG 7 r tUAtEP
fill	 tti*t	 L> t1	 t'T 01114	 1	 H 1 1; 	 WITH tA, if FF ' F HFPi7IP Ft}NF
octa l An'11 !K* 11114E	 ^R	 LrA	 t[tE Hn t° TH6 EIitINt' ,1PIHIIPft0'	 Ott"t bP LIL	 ti	 TAFtk EL lit rilt F	 IT C:6 1iP 	̀I it"
140:.1	 11117„	 vfi 1FP	 LE'.- FCtltttfP	 V	 Et Ht 'ATA66	 0117 n C., A	 ..	 taLlrP 1014 ttE pit , t	 «A" Al 4 ' z	 FL 1)
llri' 1 AWN "4 144 P'	 TFL	 7q •	 TF THt	 , 11t1MVP 1	 'EF{)
1 1 1 - '4	 11176	 -, IHFFE 1" to lAlk vrik,L'#1t1ttflFT111 !A Utl »« EO L I: t	 0 S	 kit	 L,c^PH of P ,414I t 011E
OG P Hll9A 4'.. Low	 At..	 #EBI	 TIP	 114' 4", 	 t	 kL	 . K1	 l-	 -Et	

I011.4	 i'w of	 N 1"11	 to ^tPfl two	 IT 'AR IH-z Ali, TPit
au?P nor *.F LPVIA	 FL4t OF .At Pl'RIHS", METER	 WIVE
WOE alt ,^` 14+1 fit- IF	 CPT	 V1 If tAtA t` l IGT, a &1IsTFA I-
11W IC '1 0F ttP 'TEL	 t5,1 .11	 1) n	 flat :EFE1 tHAtt tNiA £ti FP Mt	 1
Otr 1 110F 4c to	 kt,	 cw t}aff"T t(kfF PCaI" fIF V :Ft
unit nu jt ,I -P lit	 " nP	 HI01	 • Ut H	 11, •	 11,11NFF , A"E
ftf,	 i	 1101,,	 F I 	 0. It	 THE Fj1I HttP U01	 tt+'	 70
tnt, )it a_t	 l it i,FI	 iP	 Faint At ttFLHTF +(,H p v [r tlTtP
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PROGRAM LISTING
ADD 100117 C6 K IS

AM PODS 'S6 LR 6-A FRO DATA MIHUS 1 ,2 OF THE PI,I
An" 000 10 COM TS SUBTP.ACTED FPOM	 THE TO DATA

0003 OODA IF Itic 0. 1 , 2 OF P41t	 THEN :HIFTED RIGHT
AOD4 DADS C4 AS 4 FOUR TO CK IF CENTER OF CENTROID
OAD5 OODC R 15 NC COCO t5 WITHIN 15 PATH CLOCK$
ADD,,;OADE 44 LP A,4 NO CARRY INDICATES THAT TO DATA
AA07 OODP to COI•i I: LARGER THAN FPO IN WHICH
DOOR OOEO IF INC CR,E THE TO DATA c 1 ,2 OF PIA
ADDa OOEI l^6 AS 6 IS WP FROM FRO ^t<2	 PW AND
AADA OAR% t4 cOCO	 :R 4. CHECKED IF DIFFERENCE I
AAAN 06E1 44 59 Fill BP1:1 16 CKS
nODC OAFS 47 PIA	 LR A.7 •PULSEWIDTH CHECK BOTH THE

AM nnE6 25 19 CI I - :9- TO AND THE FPO PULTES
GORE DoE@ 92 1$4 PC D" 1 40 MICRO	 :EC WK MIN
A60F 000 25 C4 CI H'C4' AND 250 MICRO .EC 41 1DE MAX
WA 60EC 92 5A PIiC BPKI
AOFI OOEE 45 LP A.5 TO PULE WIDTH CK :AME RS FPO
nOF? nAFF 25 19 CI H'19'
n(IF3 OAFI	 02 4P bC BPYI

OAF4 AAF3 ?s C4 CT H-C4'
00E5 AAFS 93 47 PIiC OR),$
AOE6 0007 44 BRAVO	 LP A14 #RVERAGE TO AND FRO DATA
AOE7 OOFS 176 A; 6 TO DATA ♦ I'2 OF P41 I$ ADDED
AAFO AOPq 92 04 BC DIVD TM FPO DATA -1 , 2 OF PIA AND
0hF4 D.AFB 12 "R 1 DIVIDED BY TOO IF THE 'UM HA'
OOEA AoFC 9A 04 DR TPO A CAPPY THE CAPPY IS
06FH DOFF 18 DIVD	 ,P 1 ACCOLINTED FOP BY THE

AnFC `InFF 24 $0. Al H'80". Al H-90' PUPA"
001111	 0 11 1 1	 54 TP.O	 LP 4,A
AOEE	 At n •4	 I POP
(nEF •THF AV€RAr1115 : 116PO 1JTIHE 'AVES EIGHT PPEVIOW
AAFA . WWI THAT ARE ;AVED IN A .FILU :TACK	 Ili
n0F1 •:CPATCH PAD WITH THE : 111 OF THE EIGHT DATA'
AArz •qL:D :AVED. HEW DATA COWINNALL'YPEPLA:'E:
OAFS -OLDS T DATA Ill THE :TACK Alit' THE	 :UII	 I,
nOF4 •CONTIIIIIALMY APDE11 TO D+ NEW DATA ANp .IMF-
nOF'4 -tPACtED FROM BY THE OLDEST , THE .1.114	 It

hOF6 *DIVIDED BY EIGHT FOP OUTPUT TO THE LIFTER
6AF7 a  O3 0£• AVPG	 LI:L O'0' -*AVEPAG!J11+ "UFPQ I TIIIE POI NT FIR
AAFA 0104 4 1" LP A.: TO :TACV POINTEP THEN LOAD I:AF'
00F'4 0111S AD LP I;.A :0 IT NUm POINT- TO.LOC OF OLD-7
APFA 010;	 41! LP A,'. LOAD OLDE,T DATA INTO PEG 7 AHD
OAF.P n107 r'7 LP 7.A TrIkE NFWE,T DATA AND LOAD INTO
AAar,	

(I 10:1. 44 LP A.4 THE ;TRCY AND INC POINTER TO
AOFD Di W. 50 LP I,A IiE':T LOCATION	 .A ITO LOOP, LIEN

OAFS OIOH OA LP A.1° POINTER LOCATION 1, ;TOPED DHCl^
ROFF.Ping Kv 1,M 0 A^ INTO. THE 'TACT. POINTE D PEGI_I.EP
AI An At (r 511 LR 10A I"A4 INS TO DATA LOWER BYTE
(101	 AIAP 44 LP A.4 ME41E,t DATA I: ADDED TO -UM:
AM (it OF tO A: LOIAE:T DYTEPOINTEP I; I%PEMENTE
Al0'u 	(11 (IF 5P LP I•A AND All,' CPPP'e I' ADO€D TO

A104	 Ill IA 7A CLP UPPEP BITE AND TH5 POINTEP DEC

OIAS Al t1	 I9 Lrfk TO L0 1aEP BYTE
OIO 	̂ III Js' ' r, A'
AID?	 011.1 	'sA LP D'A
n1Dd	 ,1114	 4" LP.. R." OLDE_T.DATA I' 	 :L•bTPHCT€Il 	 ."Er
uina	 Atiti	 J A $.UM 1: DETECTED IF CEPO N I] c UP'T OPEP
AI OA	 fill,	 IF 1111, MADE TU liar 111'OFIEN.T CAPPY WITH
Ill AP	 01 . 1.7 c'4	 A^'- lIZ FIRM :EPO • FROM . LOMEP BITE OF DATA

III A0	 fil19 1.1' A.
Al AP	 (it IA '?d'	 n5 PC 11017A 110 CAPPY INDiCAt:E.	 THHT A
(.10E	 011C	 50. LR I.A BCFPOW 1"	 t0 BE MADE 0 1 1 TH€

. AI AF	 AIID	 4,. D: UPPEP 6'rTE	 -
AlIA	 A I I E	 14 it '0^ EP PI.IEN

Alit	 Alan 9I• NCtA	 LP LA IF :0 DE(. V K PEP FYTE Di' ONIF
nllc'	 Al21	 4L' PMFII	 LP. A,0 •••RAtA l:.PFEPAPEII FOP MITFUt
n11a	 (1125	 1 1. 'L 4 UPPEP PYTE :HIFTED LEFT FIVE
(114	 015 i	I:' SL 1 1	 APDFD To rHE LOLIEP BYTE

AM (11 .4 51 LP 5'.A :HIFTED FIGHT THPEE THI' 	 1: All
(115 b125 4 •: LP A.:' VCIOJVASENT DIVT:ION 0'i EIGHT
Al 1" A1.'d 1? :4 I THI: AVEPA I•EO O!ITPvT PED4:E7
nll^	 All 	 11 ;,P I THE EFFECT: OF JITTEP
(1 1I q 	 (i t. ,	 It, :P 1
A11A At elf C.' A: S
IiIIB 012A lq LP arA
AI IC	 AI	 It 	 IC POP

0111 1 	- *THE NAPkEP CODE :EPPCH.POUTIIIE CONTINQALL1r'
Atle FOP A VAL10 FAFf.EP COLE	 IF.flUNP. .1: 	 FC!JfID
f1IJF •TIMFP':	 TIME OUT Allfi M€TER:EVICE 1: CALLED
h1?n •iF A VALID FAPkER 1, POUND TH€N THEPE 1:
l?l •A JJmP TO	 IDE11T TO IDENTIFY THE FOLL0411Nr.

•FUNCTIONf
.112:1	 n12C	 fir PFY3	 PY ••1Hl".	 POIIt'IME	 '"F'1'HE. FOP BAFI,
(1124	 (IM 411 LP A.0 CODE'. LA'T PULP VIT: • TO PPEVE
.Al25 WE 2t nF	 .: III H OF 111TIAL	 1.1301311	 MI - .E'r	 .

S	 ", Olar 0131 23 OD "I. H' AD IT CON:I:T: OF.T

r 1 ^, d12' 01.32	 14	 10 DZ 1112 PUN OUT CALL. METER FEPVICIIIG IF 	 .
ill 21	 0134	 3t D: I BAPItEP I: FOUIID THEN IDFNT RDUT1
012	 Al•5 94 F6 PQ DPY3 ''OP A FUNCTION UOPD IF ENTERED

rii: q 	01-;7 20 FF	 FF12. I.I H'FF AT BFMI	 TIMERS	 IUTIALI_E Atill

I j AIaB 111314 10 LP 1.A 1IFTEP .EP IC IMEDIHIE AL.L OTHER

a A1:C	 019A+ 33 D: ENTR E. GIVE A RPHT I OM COLNTDO411I
j[ 0120 ( 1 11 0 p 4 Fn 011: bPf3 .LIFTER :EPYV
# nI2E	 AI DD e f, ( a	 I+PY 1 1. 1 H 03 sah12F OI SF 53 LP- 3.A

`!11311 0140 29 01	 9E JMP MET-
fit "I	 014? 2? All 2C	 ID2 Jmg. IDEMT
(1170 0140. 211 15	 BAY5 LI H'15' ;HOPT COUNT004111 OF DETERMINED .. .
h)93 014 ci 50 LP I'A LENGTH 
61 g4	 0149 a0. AIw LI H'0/'.

-, AIS5 014F 53.. LP 3.11L	 .. 013Ik 01.40 91, OF BP ,.	 BPi,

i^
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PROGRAM LIS-'ING
Al •I1IF 1101A W9Pr, UK PaUTIM, w4k, 11t 1G" PAPITY j
OtA^I •NITS UR Futichuti WURII AND LOOKS Fal l THE
Ill i4 207 STATUS' OF life CAMOUR1 Pits ,If: pUTN AK

!9

,U311 •tiny Z!hN1,[ THG DAN WakN CUNF FUR I ll INC
01,111 A14r DC D1PL1 Pk ..DrltA IJUPD OW FUUlltit
aiR(' 014k 410 Lk FItO	 ,°IIFI'k	 p Ut(t f`IUtI	 11T AND NAa(Tl' p1T
0111) UI'S0 ?w 94 4 r it 114	 OWIT flit DF9. WIC1.F Atilt
013F 01 4 ,# 14 nA It., 1104,11IFH 11W0, l'PUUND FAVIL1TN  '
A1 1AF 01'5 4 9A U# Ilk pRkI	 11TF09PY !TAILI3 111TH
11 1 4 0 al l,* 01' Datir Ph Dt'v4 ILU1k	 Is
01411 i11D7 20 09 1,1 It 0	 TN11S CaUNK0 CULItlTS DP9 CLUCkr
014' Olw°Y 'l,il' LP RYA	 TILL PEU 0 LOWAIN° TNC FACILITY i
A14 11 01 N A r4 LIStl U4	 1111$ A ll i I.11)

^{1144 nlntc oil Lj:%. it A e	 r1)14'1 011w 01 LUC Ph
014t, 01 1.)D 3%̂ iIF
11147 01 2iU 94 FD IIN; IU%
AIAA 01,0 40 Lit 11,0	 cq" !t, DUTtI DIYS A QcL yRn
0144 0161. i I	 At N! N. 01	 1NDlt'AIMF CAIR1'URY M10 1+
0t4t1 010 NAt. II: llffff	 i- 011	 UN t1NLY (At I 	 0a 1111a4F
1114H 0160 00 ,?0 L1 H 41,)	 UNh OR A p UYF LOAD Dl IA WaR(1
0141, 0107 '1( Lk "11)	 tntirlutit'C 1'UIIINt1PP
01411 01 ,-N Oil D4 DR [IRK 1
1)14v 01MI1 7a T1N44t i:Lk IF ZICRU 1'11,1,17 DATA 410" tank•
014F ATtiD 1W LIt ^1A	 latfMlLP
Ulna AI`:ly 0a Da AP L1P1sI
h i n t 1111tIR DAIIA 410011 TWO RaLi tItIF YFRFIv FARiTY
A1gt: :1tTTS OF 114C FUNCTION W1tR11 MID 1101, ` FUP
010. •StlTIII"

	
(IF THr LAr6uUPt 11 11"t	 IF` DUT It 114 1

004 staff MIT fit(, 	DATA h!URD 1,114- RN 1 1' Itit
ttI5n nj6iM 0C D'PLI Ph .#.Dara WARD TWa
al l,- 010., 40 LP I)	 OWW tiota , 1 11Ht FR DAT UK
01 1W 01,1 0 wk St 1'I lt'"sr	 01FC1, 	 17 014Tl IN "ND PAFITY+ A I S 1 01:: 44 01, it7 ADUti d11 1 10 0174 4A C12 DR DP),I
if nil 017o Ai. fIDUH Ph
111 lilt A1;: ^, a	 111 t,I 1l	 to
Alit "Ira It" 111, O,A
itIKD 01.11 t,	 _ 1,l rn U 7
litSG 0f 7D ^0 4.1`.1 U'r
111-IF of ;-c lit t11.UC Rk
it1"0 111 70 1 1" It,
itIit1 1)1 ?V i1.1 	 1,.D 111,1" ghat d
aiW", 111*41 411 4P 41,0
alltsl 01,`11 a"i	 if tit It 0vi	 111FIk	 1`11	 IL1TY	 DtTL	
111e,4 A i A t..rl ai:c 14' t11ItYR
u1 "n 1113! ,a' if N	 0	 1"I11 ail!= aR 1,4 41118 ` Ff D 141R WARD
TAIt, ^ a1a %," Ik if	 TWO t UHF t(Dit11FP
III t.. 111-' l 40	 t it DP DWI, 1 ]]alt, l itIt1A 7a R11tiG t'Le "it _'rM , LLAP i Ithr vntittivr-
Ill,4 fillip n1, kP it

'	 a4184 a	 ai au	 N
it i'lNt MWI F	 LkVIKF R1114tINt	 F I V I ,`FlTtt°	 t.UNI. y1

1 , 101 UP - 0111Fl,TIN. ,THY	 111i'rll -fit 1014	 UN11
0li 11 •fIFICR 1'[14,1;91 	AND 1'{1411	 I', 	It gritt
nl^,h 01^'t 1,,d #A;T.: L	 I'i f 11 4	 ++'NbTFP	 -t'PN, ltt RUUT1tiF N
01#,1,. 11 10 1' 1,^F l.l'.L a ,*'	 PUlril	 Fit MAP f	 l Utt t oil
itI.r tl it Ii1 a 'è 14 , LP

.	 111 :'i 0t*1 1. till 1,1 h
ai;';, ll(*l: 134	 11'% tif' H,. aT 3
al" 01 44 ;'a u = t 1 11 It 	 041Z	 ;'li Ci fit,	 ailrWUi	 tN4t1'
111.4- titI au	 ,1,.t 14` DI Pit	 Nl,Dla tiFf.,	 ,ta;I'	 ,L' tilt,, f1UN,
n1'K 1117 114 to111 ill It	 1,',l

	 ll. t.
	 ,(lift	 11(fT	 A kt1	 h101 , 11•N	 hit

1R.'t• UI- I ,1	 11= HI` if	 1,l'	 UuTtul	 11	 IT	 I'l l (-' it	f	 I14„N1,F
lU', am , ":` itIFH lc ?,if

	 Mill, I , ail	 Mitt
ifI."t fij l• .`a F v 1.1 11 i+;
0I'4 u(4F I. it 11
11,111;4 ulat n, TF Mt,	 ,t1RDiP(rD	 '
111 'I ll 11101% RH nR 11 it 	 (ill i tit lilt	 Ut1TPNT	 11,iTN.1ti	 ikt",

-	 ,11,1' mill 0- 1k• xialrl	 . 	 Dll,f	 1041, h(1G UnTFtAl , Iif
	 "0 11111, c`I, 1,4 11 H C4	 TWO	 , 0 1 t1 1'FR	 1.	 INF	 I Itit	 ill1,UlsrD

F 01144 W, (N 111 tH 	 Fah	 MC-IM	 a1TTIIN1,Df1411Ct11u,'
alp°F tllii% v,1 Lr.L a d

	 lilt	 I'Nltn	 III ,, n uh hutF CDtiR 1i
tt1	 ,n aUle. +a	 1q	 I1y FI tit P
41`11 ltlax s.,` i 1vt p	 1p]N[- PIIlN1li^ 1U 1,L t71.0e1F a

-	 ill .^:' a1A N k1, 1,;l'"t [I.+(	 >"(]Nn lDtftik	 (ant i t6P
,Ilan IuAD a1, ,R 1,1,	 14	 :TU4 E	 111t1u(tlrrDt4	 Dnla

'	 111^^ ,qN 0 191 i ll 1,It	 PUh U1+TMTq1,^ 01111, ';_:	 I,1,	 it i c l !1L'. hz  ,y
11 1111111 ,;`*+	 I,! :1HF 1ckI."	 PrIM" TU 11t1 4414,	1Rl: H j
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N16- 0 41u 1 H.fa	 aNll pDt, TU DUTt'NT	 ,11N1-	 IF	 pathIll	 . Nl pO 1C • It	 110,1 MOP11 ?UK	 Ii It	 ' Atilt 11111FtIT
Ill-1,D 01 Dr. 4. ;t, pl c(-fly	 DIT - IWF Id Wit tHttf " tH4kN	 1' 1 *kit 7; F 011111 4ti ,7F fk Dtlfll	 PRO-1011	 Ili	 rtaUN	 IF 11AI	 ftiti l ihi4 4
%WF ifIDF °A 11k•*'T LP 1•0111,	 Ill aillPtlf	 Dolt) a
0 1"Ill Allil -.1 ti 1,,P l,if	 tLLAP f(IT'N 01 111,11 ilt,U, 0001 tUh
41'1 1 all	 t' ft . lP 1,R
))I.# : 1 Nlt,' 411	 IF C,* ti rNT
1,11 141 lilt 1 ,i1 D,Ttlr 1,t' L U t=	 Miff to 0HI0 a11 TFlif eta TU DF ^.
01 414 111, 1% 741 i:tF tUPMMt	 IT F(4L LFT-PIL,NIt UP 1,L
ill 10t 1W. lk '- tB.. 40)	 Ilk' Miff tAtickiL011-11 	 OW)	 (	 Ili T6
111 141 ' 14 , , =ll' LF Fl, 	 RN 4 ((- P@D fit;: It, DAt :F OUTPUT
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111 4 1 lilt it w; ,	Ott D< I1T	 Pkit-L tLFT	 DIFLVC1IVti a
1144 d1 C,' 41 LR Ml
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PROGRAM LISTING
I at 9(1 	AIDI	 4C Lit At°_.

o14 p AID? .14 0p At 4 10 IF ONLY PI T a t' Hlf^	 nt £P"IN'
PiaF 0I114 A 1 1? PC DOW CALCULATED DATAA

AIQF n1 Pe 90 OD PR lE10 PITS 7tet5 LOW PIMAV' t"FliTr K
n An AIDS 2O FF LFT	 LI H FF' PEG nU WILL HLD OUTPUT DATA
AIAI	 OIPA	 Pit, LP OUtA METER COMMON 7Ft DIPPRTPNTIAL
AtI	 AIDP 9 Il AC hF -0ATE FROM 7F ICTFRMINES MEETEP DIFLEC

J A1A1	 Alltn 4,1 11 111 PCT	 L] H PI TICHI
AIF14nItIF	 Oa LR out 
AIA

li
	 oleo 911	 o? DR DATE

(IIAt± (I)Q91 r'0 7F CENT	 LI It 7F
AIA'.	 AIE4 On L ()WA

{ OIAS 11109 20 FF LI N FF DI^PLAT TI {F FLAta,OU-'RUT
p lA`t Ole? 59 LP 9,A OVER WPITTEN 14Y CCNF DATA ON0,
AIAA H IES 20 7F DATE	 LI It 7F METER COMMON DATA
0104D AM) 27 05 OUT A A!

AlAr 01EC 4A LP Ate MUTER COMMON MU'-

r;. OIAD DIED ? 14 D- S
OIAP g lee 2? 04 ONT it
AIAr ITIFO 03 LP At IX MCSTEP :ETTLI1lH TIMF

- AInA n1F1	 IF SET^	 INI,'
DIN 0IF2 94 PE PN„ 5ET2
n1P: AIF4 7O rLR TUPIV MIX: OUTPUT OFF
111 Ill AIFS " A' 7 MODIFIED DY MOP:E CODE S`ATUI:
01N t11F6'7 AA O1JT N 04
AID'S 01FP K' LP A,U11 METER DATA OUT

7 11113f,IllP9 0"	 04 OUT it
	

05'
01117	 nIFP ,14 LP A,S METER	 DE'TA Mot',

9 Illlt•+	 OIFC	 ;la n 3
AI 19 AIrP 2? 04 OUT it 04
Al DA	 tt1FF	 Pit LP MW,' TUPKII OFF
III pit A2nn t7 A' T MODIFIED 11Y MOF F I'OK
nIDS	 AP01	 °?	 11 4 Ol1T H	 114..
At DO A A+ 4'4 LP At,1 PLAA	 ; TAtLl'	 PAIR

.OUT H Lit,11 11 U[	 11:04	 '?	 A'S
OIEF	 P:Ot 4 1,1 LR 8, 'S FLAU 2T1T0'	 Hit
nt1 n	 A?P • 	.1ia P' oi
u1t t	 n-'Aa tP 7	 n4 nUY H 041 if I 

r	 A,4AH	 A: LP ill CL METEP; `9TTLIN3 TIME
UII	 t	 11"('p	 IF 'FT5	 INC.
nI1	 1	 N.'A I 	 0 4	 FE DM7 dE"
1114'5 ONIF	 70 `EP IDJ 1	 TLIF'tlrli	 OFF	 I
AICn Vilp H'. M'JAIFTEP I.".	 MilP:F COPE	 :tATLI'	 l

A1 el 7	 rF11 1 ; 4 	,1=I OfIT N A4 {
11 e ll A	 id	 1t` POP
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AII, E	 lt.1U 04	 n4 P^ A:IN
itICF	 I	 IA	 a	 DI	 ^P t'DGII	 Into EPLI
AI DA	 A	 1.P	 u-:. N`IM	 III, COUNT 4	 111'JI'L11.N	 1 I7- nt

1 Atlit	 t 1 ,lE	 ul F!
AID	 A, 1F	 on III .Q O	 -1 FUINI'EP Tp MMP?r f. p lte tAOHF 0I1P
ulna n:-11 -F Wk O 7
AI P4	 A::,it	 1,r P1,
u1 p5 u`	 a ;: q 41. H	 '̂ Il 4N11P IA LUAP ngtt F CUPS IUNP
p lDt	 A'	 4 S LP A

_ At N, IV 9 n PI. I1F	 t	 rt.pt!	 1I
tJIP4	 11	 411 l-P Alp ,4tt,	 DWI,	FOP.A"	 Ijtt FoWILITI' A.1.
Dina n;;^	 1 1, Of'I DIt-VOMP'LIMEHI'	 .I111	 1'	 OUTPUT
AMA It"'tl t^	 t^'4 Ill H A f Ill PPOFFF' POLAPItl'
tllPP	 W "A g'	 it'll UPJ1: N	 11.1

I. MIN.	 n;	 C	 u; rIt
Ill 111)	 O	 r	 P	 -° 1	 1 H :.^ PE:ET	 1 `.k D *.t :ltli:	 FF	 `TFUEF

AF 11,cF DA C11tT'. H	 till :I
;: 11uPF	 A? .tt	 If	 Pa LI it	 P;t. TIMFP	 FIJF	 TUPMI11 1 , 11.11 FF'@*T	 CIFF
lot FA	 u, , ,.	 jP iOft 	 Ttl1.
MIE1	 Itz.	 .^,J	 FF, FIL* iLU"I ,.
ulE	 11	 a	 'tt	 I P L I H IF WET 11 1104 " (1111-1W
utT 1 n.	 Pn OUT' H	 tut
u IF4 n>	 A LI L 11	 q PO1Nr TO g 1 1TFUT 0141-	 PF?„	 filT`
HIE	 A;	 d	 1- LP H,. 5 qP	 THI"	 FFNI"lEF	 f1l4tt H1tH	 hill
All,!,	A	 I,	 ,?I	 'It H c 1 eA)E'	 TI.	 WIPF	 IF	 Ln l l	 _''H MP

`.
111E7 Il>">C	 a4	 :11 pi., TSA''!
111 F9 •A711,111TH	 'FAPCH MOTIF	 FITITINF

A:" G at . 1,- LI. H Pit .•"FAPCII 1,101+ Fn, rt . I NF:^	 TIMF
uI[AY441.	 I F I'T'	 INr. l^, !JF	 E1WF41.TILL	 T'Et (NNi t
uIEP	 11141	 as	 FE pt1- Tf"

4

lit r ,	 tt;4	 'If	 f Lt H	 ,,-•̂ C EIu16LF	 IV !H.• CC,O
AIFP A;4 4' P11 ptIT6 H	 (fit
JIM A;14E 

.1..1. 
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uIFA	 it 	 I l l pHT; 14	 rtl
111Ft	 11 :4P	 ti t IIT' H Al KEHTt 1NFUT PATH
IMP•	 11: 4 ,	 1 4 LP 4,A :TU C r TU	 `AN Iin1H
tul`a	 n;4P . 4	 AI'n 111 fit :TPUTE :TPOFE	 t-1-1TIIFUb t -H LH7,'H
ISIP4 113SU AI Ill it	 tit PEAP in Pill
a1F!s n; 51	 K.4 LP 'Kitt 'TOPE TO PId DATA
u1FF.	 n; t%	 'u y,t . I.t H ^M TIME"..	 0111	 MIP:-1'All	 I,AIFC it K4 1 P lO:	 Iti1
nIFA	 q, ttt	 ,i.t	 cE PN' ^LO

g U1Fu n ,7 .-'n 1F LI H IF PE"ET	 THTA ,°tIIrtMEP':
AI G tl A;Ka p[1 pC1T:. H	 All
OIFP 0 1 99. @tl 6'E CI H	 F F'HAIL£ FPO	 IIt{ 1'EPT	 T l'	 LINE
ni p ,..	 (1, 5v	 Pit p1tT? H An .
AIFP	 n. 1tD	 • •l	 fill OV PI DUPAT DItPRtIllll	 (IF	 1.11144141	

.t (tire A„+11 7A rLP *:4P OHT t1 PUPT
k ,llr*F k6  A OUT H	 1i[
1l n„Alt A;_n' Sn LP H "TOFF FPn	 CFW DRIA	 £

17201	 11 1 w.,' (-:j PId nti PI ITPUTF 'TPOPF Pin THPU LATCH
til 1H' H At FrNP Pon PIJ
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PROGRAM LISTING
I1 10:1001NNUi IKAI F Nnor RIHil V*	 i
A 1114 itrit 4'11 lilt	 TRAIL`	 t 1	 N Oki	 ...TRA t	 MMDG RIA 1 11NFi	 toll	 RAP
nVI li	 e In	 04	 M;	 NE 41 t 'ID01111; 	NUNNtIIE°TART n	 1
0014 A I t 44Fr	 pm, 	 AW	 IRAtF uIHOLIM. IFAIF ullipm 

1,-
A ill R03 oil 0	 LI	 At 1141	 Tutu MIR 10RUFR ttN1.TH Nit
1114 A ?R IF	 AI. N 	 1Nt 	 TRW, HnPr HA	 TRONT IORL4
lF. , 00 IVY lu 44 FC	 III.`	 ILu4	 RitOuIN6 0VtPAilE Or PIi[2C , ;	 bitit
11 AF A +7^ $A 30	 t1	 H3i	 utxit p ntHCRUI`	 n4FR IAN NINItOu

-	 A At	 U".1 11 1141	 (lilt'	 If	 AA	 .T"111	 t, 	pilTPliT
R	 1 1 1011 Ott N	 Lk	 H. a	 UMIA L MIRRIF I pH
I).u ll,rnlF	 tnK	 IMF'
TV 	 0"i r 1) 4  ae	 Dri,	 1'LUNA„i-;: 1). A il	 '4A It, 	TIIKtI:	 UIL	 fin 'i11ri pNapt[ 	 OrF

-	 IV1.4	 II.°td.` till	 OtIT>	 11	 All'
A,as A +t3 1411	 A LP	 I tkRR THE pRi'A WHIT FnRT
BM* 1154 111 not	 4 Al
11; 1? A: 1?'I tit	 Ili.	 H 41	 Vfitip, I n : 1 AN IIA111
I1 -'tt1 line n4 	 "Is4w	 quo DATA
11.'1!1 11 t'47 eP tilt 	 t,1	 a	 .-^^	 T111-'. knAIWER	 tu11N	 TIME	 [^TGNDER
H III 11'89 IIIkIOtf	 -	 , R 	 ,•.,i	 V%W ARAN , 	 THE	 IFNI! 	v
A	 lit	 ll,'AN	 In	 Ilit	 u	 It	 Ia	 fit 1, 	 Tilt	 t t11 PC`Lt	 Ittl
ll It	 lVoll'A4 911	 ANc	 Ait•	 ir1N In PPPVW Alit Orr OF Phi	 » w	

1

A.IIF	 ii;Atl t'A	 All ihhl	 Tt1	 'A:.'.+	 A	 M IR AND IVD F'C46T	 T
11"IE	 fl 190AT	 Itt':	 N .;:	 KpAD TO P1.t
AM P nor Ks	 L	 NO	 "OKTIT PU Mail
01101 1t 1 J, .'It IF	 Lt	 At IF	 till TER RP_CA'ILL PAIR 0RAUPl,
0"M	 11 004 DA	 OHI-	 if till
i1	 11144	 A 4111	 LI	 it ,ill	 ttil, tnUHtkR 11HI	 Our 'ptinAllnti	 ^^	 3

it	 p	 IF	 fin-	 1H,:	 OF	 All 	 D ' t:Fill
lI	 4	 it	 X11	 14.1	 lC	 till!*
A	 11 8 WH .'A ,:F	 1 1	 N SI	 FRO	 iAN I444LI

1Vw(	 pii	 11111=	 At 4111
A;,7 pop .A ,'4	 E I	 it .4	 THti' A WHIFF TIRE,

j	 lV''.':h 11 , `117 	 IF	 'tul?	 bit	 1,11F41111" ti p 	FRO	 'lath	 lW11Nit -, s1	 t i'Ah t ,1 4 	 1, N	 fin°	 -'L TP A 	 FR(pit	 FOFt tit t
A	 .A	 it.tl	 °D	 ?F	 171	 It ,117	 1110	 CIFF FRn '(Fit-
t) 't P	 11014	 111,	 OUT	 it	 tilt
A..".°	 it, it- °il	 ,:LAI	 4't.1?AR DATA	 Milky PORT
11"	 p 11	 110,	 III	 'alit:	 H	 111	 `	 '4

1	 :	 Al,.'[	 It iv, At	 lit ._	 H OF	 FCRI, FRO _,Oh DARN
t	 (	 0 1 111'Rr.	 1.17	 v,A	 TOKC	 till] it

-	 11	 III 	 'U C'.'	 1 #	 H l:,?	 till	 I nliftTLR DFLAI	 THL' FE,
111	 It	 ll Ht	 OR	 FLOI	 IN,	 tD FL CT	 O It null T INTtR
41	 11'At	 114 rr	 1W	 t'tu4	 FEAR 411111 1,01pF Flit	 1`

A11,'11	 :AE	 nil wu	 P1	 iTROFF	 TRO11 PIA AND F p 'IT (LIT
ai	 4 11.1 14	 At	 141	 It tit	 RLAII "I
11	 4	 It p: 10	 LR	 ?00	 `WE FRO Pht	 :	 v

t	 tl. ,,, IT; P  c	 2T	 rIN.7EF' Fr7fT tilt 	 Palo rntitiTCR; ..	 .'	 -.-	 Il.'T^	 IT _ M,	tin	 117	 1117	 T4l,i	 -
N 	. FMHMlN in" T
N	 - N?Dv	 : t4i HD "• NHp	 PI	 11'F14	 1 Hl'iF	 Pu AND i LtntAtION
u	 ,1 11'F1	 9 NA 01	 Fl	 t:010'	 Il l 	lutiF Lim, C FA ^Ip 1'111 n"

.	 :	 it	 IT A. f 	 r-F	 i 1:4-	 n	 PrJtNt TO OIITFHT	 DHT4 Flttil' TER
A	 tl;,pp	 44	 AR	 11. ,4	 FEND PAIR Tp DI'ic"Ibir	 In 	 III
It, • :p	 4;;.11	 :.,t ;'N	 k1	 it	 :A	 [tFT OF' R10it n + t"LFANI	 tTF	 lit

 11, i.	 He' I7 ,%	 pt'	 t IF p	 I IHl[R iHp1114"llt' 1	 In	 III •- EHTFR
Il	 .F	 11114x. 44	 rF'	 1109	 I HNtm1	 In TRfltt	 ROFF	 .111,0
N ,141 111'i "K I^	 1	 .t , :K	 .,I	 It FRtltl I ORm , enitlrtht.
it 41 it t :•	 II.	 pip	 RIMT	 Tn a MIJ PONY: 10t6
N '4,	 A vv 111,	 h	 FK	 Uj
4i+4^	 it 	 OF 1-11	 LbFT	 II	 if fat	 'FT	 FiRI	 till	 FIT'	 Ili

-	 ,1	 44	 it ' I, It 'w,	 1R	 ;.N	 0111F11T	 pHrH Ftrl"TFR
-W,i ri AT, f1	 iii SK	 PF,	 1F 7 	-
14 4,.	 it	 111, r6	 t. I tt	

it 
t,

Y	 11,4	 11,111	 11'11 I,Ir	 R1 1 ,11r	 I 	 it 	 Ili	 IT Fill t:e	 wlwa	 It1	 tri
-	 at .I t 5114 a	 IR	 as	 IN ON1 F'4T ORIN Qwl IFR

PA . A:p4 44 111	 pF	 TI a
41-4,1	 •TR11t I.	 rtppr	 t E tt- T
is	 It it, M,,;,l tit, llx TR1t	 tt	 AtF61.	 .aTRWI	 HOPF	 1 1101	 :ntnPAl-ILI14it, 4 ,	 a-'11), 	 t,p 11 	 L	 n n	 tH	 : F it . (i t 111, fl y I OH	 'It	 1111TH
11,411. it T IT to	 It	 i

t	
IF '10	 K tul	 tIF 'S 	 PIT	 i 4N,4 FkRrIITTiN,,

N. 44	 I t; 117	 "	 FR	 4N OIltFiit 114	 J;Nti P-l"I TO Ht:IR
il. •It	 A' DD . ^^ iif	 11	 Ir1	 111 Fa;	 i ilt t	 Ni BFH"110.	 11RORT 1NI
..'4tI	 1,, I It x	 L8	 Nt,.	 pNRI	 TRHI. FtFFTlt It, 
It •tt	 it 1 I °" t	 IF	 it l	 it O l af t11	 pNTN 141a	 It P'

R	 At to 4'+	 +.W*	 110	 NtA	 .Nf,I	 IMI	 PON KFAr 11111	 i yu	 w_	 o,p>. ,,^	 111.	 . 1H ID	 't['I I +l 4tY4 1Fk TO	 V14F	 ,FiiK t li ripth
N.	 .1	 1	 L ,t	 ,	 II	 t,.	 FIMft	 11,	 I-WLIM, 014	 1,1 1 Pt 	 ili	 ialb	 i
it. wr	 it r., x4	 t F`	 414	 ( kk	 'WI lO 1k ;, Ok	 1H ..	 lit	 z

' It	 R.	 it	 t'^	 F	 ,I	 It E'.	 MR.f	 ,Fitt t.	 1HFOICi'N	 111	 1t.',	 }i	 ^:
N lk^	 it 	 +,	 it,	 FIt	 Ft Hit	 7 i	 1N	 R	 it fit°-,:.)	 I., _ N	 I I	 i SINN '	 plitif	 Ili	 1 t tt . c	 HtIPF	 lit, iTlt iF
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Integrated MLS Receiver

Tito following assemblies make up the 11 LS receiver

1. RF Head
2. IF/Detectors
3. Synthesizer
=. Processor
45. Power Supply
C. Neclianical

The power supply and mechnnical assemblies are described briefly within tills
portion, but a.re not to be considered critical. It is expected that any manufacturer
cot-templatin the iaroduction of this ec(" I IvIent wou1d'1vnnt to utilize his existing de.,
signs of power supply and mechanical package. Tn fact, the package and power supply
of the ML9 receiver described herein are minor modifications of existing NARCO
product line assemblies.
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POWER SUPPLY

The power supply for the Low Cost MLS Receiver is not considered critical,
since several very low cost circuits that will meet the requirements are available
and have already been optimized for performance/cost. Accordingly, since this
assembly is already low cost, it was not efficient to study techniques extensively
to reduce the cost further. The highly similar MARCO DMC-190 supply was used
ns the cost baseline.

A block diagram of they power supply subnssembly is shown in Figure 58. The
design is s`lmilnr to that utilized in the DME-190 distance measuring equipment mnnu•-
factored by NARCO and is fully capable of meeting the input power characteristics of
RTCA document DO-160. The nominally 1.1 VVC to 33 VDC power from the aircraft
is initially filtered for transient protection and then applied to a switching regulator
composed of transistors Q1 and Q3 and integrated circuit U1. The output of this regu
later is +7 VDC. This output is used by receiver logic (after local regulation) and is
also routed to the DC to AC converter composed of Q3, Q4 9 and T1. The resulting
AC outputs are rectified and filtered to supply ;h 15 VDC for use by the receiver ann-
log circuits. The operating frequency of the DC to DC converter is chosen so as to	 J
not be fundamentally or harmonically related to the 15 1:1.12 system data rate. The
overall efficiency of the supply is 80% minimum.

The schematic diagram for the power supply le Shown i ►, Figure 60. The parts
lief ie rwounnfnA In fin Annnnriiv of file »annA,
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MECHANICAL SUBASSEMBLY

The packaging for the Low Cost MLS Recelver is highly similar to the NARCO
DME 100. This unit has already been optimized for cost/performance. An extensive
additional effort for further cost reduction was not considered necessary.

The panel mounted MLS receiver is packaged using the proven features of the
productized NARCO DMr-190, The remote RF head Is packaged separately with an
Integral antenna.

The V ^S prototype receiver panel mounted unit is constructed as a unit divided into
four major mechanical subassemblies. The Frontispiece Trim. Panel. Assembly, the
Mainframe, the Power Supply (integrated into Mainframe), and the Binged Panel.

The trim panel assembly consists of a die-cast front panel incorporating all the
features required to hold, operate, and display the dials, knobs, and indicators. In
addition, the back face of the panel provides the mounting provision for the integrated
PC board and wafer switches. Mounting provisions are made to mount the panel
integrally to the receiver. Figures 61 and 62 show the panel mounted unit front and

r	 rear views.

1 The mainframe assembly is composed of the side panel stampings and rear extru-
sions to form the basic structural envelope of the receiver. Each structural member
is designed to be multifunctional. The rear panel extrusion, as an example, contains
the heat sinic fins to provide convective cooling to the ambient air (ram air is not re-
quired). In addition, it provides a firm mounting plane to assemble the center section
power supply.

The processor assembly is mounted on one hinged panel within the mainframe.
Since this asse-nibly is predominantly digital, with no RF circuitry whatsoever, no
alignment is expected and no shielding is necessary. A photograph of the processor
panel in the swing-out position is shown in figure 63.

A second hinged panel is provided which contains the IF/Detector and Synthesizer
assemblies. A photograph of the swing-out panel containing the IF/Detector and

tl	
. ,,	 __ 11 12	 h	

, ri	 4
Syn iesize^ assezu es is s own in guru G

}

	

	 The four major mechanical subassemblies, when assembled, form a rigid, unified
structure, which when combined with the aircraft mounting frame, is capable of

c:
meeting all dynamic environmental test requirements.

Additional paelcaging design objectives will be ease of maintenance and accessibility.
Subassemblies are designed for low cost assembly time while still allowing for in-
process inspection and on-line repair.
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Mvellanle;rl Alounting

The ulecllnllically paci pil cantlitlato system consists of a box, mitalliln the
tjlvtrc111io e"o►►►1'►ot►c1►t;s tllrrt control cic tlt" ►lts tts s1lowo [ri .Ci"i tire tit. A tray , i
111t1nnted to tile nirplalle Ill 3trilmotlt llao-Ol il`t the standard 111111tt1er, Nvllicll collfavills II I
size to Zile Industry stalid rds. Tito r000lver box is r,00structed to slick Into Mils
tray=` and hate with cou llactors mitatncrl within they tray. A ovItIng it ovit ttilai t so-
cures the Wv III tllo tray, "t"ile (voltt, of tile ! box 1Yloullts Cl t illl pall ?l, 1111 till/oft swit011,
all Mold volume control, and 4eleotov , vitoll andIndicator for nolocting a partivul111'
glieleslope angle. 1i't,'ool the trays OC 'power anti eo►Itrol cable C`otmection Are provided

?

	

	 to oxternal loads 811011 tts the lx wov source, and dovitltloo iltrlleator, 11111 other outputs
51101 or, tllej autoililot Mvo oolixi`al cables ti re provided to a hermottentl,y sc► alccl RP
Mond \Thiel coutaills the Nictiolls of l"tv 1' re sel.e ctor, first Illixer, first l'1k , t11111alti'ler,
and first LO ultlltiillicr. '.1.'his UP hoed will ho mounted directly on the ail-illnlio si hl
shlce it contaltls all rote griltod t111tc-111111.

l►1 order to allow autoill tltle eonlllotlent lead insortiou techniques onto the llr.inted
wiring onrds, the low cost UL-1; rovelvor llauc molinteti unit utilizes a chnasis of 10

!	 inches long tllld 160 clinic inches volume.

This loligth Is Beall"hale. to 111ait1taill n voils1.4 tell t avionics egltilril►cnt clopth In the
'.	 aft'lei;, silloo standard avloolcs Mane) 1nouvitetl units arcs 10 Indies tleetl or 160 cubica

	

	
inellet: 111 volume. A shorter milt Q01110 he rlet.rimenttll 01110 tile rota heat sidle would
not be properly e"xlltytiod to tho air spaco avniltiblo.

y	 p	 r

.fin e\Jlle ded vivmf of Cite AILS lWoolver is shown In Figur y CR, followed by the
11loc+luillical parts li.stt

q y 	 }	 T y	 +^ y 7^^ 1	 p	 ^Ty^	 1 1 y }^^

`a."he 1+arlous assomblies of the 'AILS r000lver , .t1re intorwived by c nbling and It rn s,
to prMoce the .filial laal ►el 111o11ntetl	 l''lpre Mr) shows the intOreolilloottoll
so11en1tl, 1c. 'Note tint the digital alld allatol 1?PS mid video outputs cat` J2 tiro Melt re-
clltirlccl for i amnc>nt aAftticltl e"rtutpme^nt grit ^1oric, Included oil (lie pr^atot -po r000tvers for
test, purposo,4, A pictorial wlvhig: dingra'm Is sl ►owtl :hl Vigury tah.

s{`	
^^11ta^trtla 1^T^111ntiil^

Tilt) UP 11cad 111n st be 111eacrll'tod on 11 1'vIlitivol 'N' free nnfl elvar s411`.t't vo t wtilloat
obstruction In (lit- forwArcl direction. Ali ideal lovattoo is moll the enllin for a sitlglel
eng_ltlo ill tllo ns she wil, In Vigurp 67, Vol- i-will c'11gino pl:l.nos, tile_ lcical sron, is the
toll of the eabill 11080.
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WCITANiCCAL PARTS W 

RIC	 S PART
ITEM NO. NUMBER DESCRIPTION

-1 53239-0101 TRAY ASSEMBLYr

-2 9070 1-0101 ANTENNA CABLE ASSEMBLY

..3 $1,307-0112 WASHER, FLAT

-4 81192-0024 RING, RETAINING

' -5 41286-0002 CONNECTOR, Receptacle,	 14 Pin

W
-6 41385-000 1 CONNECTOR HOOD (14 Pin)

!	 f' -7 41286--0004
1

CONNECTOR, Receptacle, 24 Pity

-8 41385-0002 CONNECTOR llat?ll (24 Pin)

-9 53236 -0001
S

BOTTOM BRACKET ASSEMBLY

--10 01340-0 10 1 ASSEMBLY,	 IF Detector Fl. L, S 1
Receiver Board

r --11 53230-0001 BLOCK BNC ADAPTER

-12 53241-0001 COVERS - Top 5. Bottom Receiver

-13 01:341-0101 ASSEMBLY, Synthesiser M.L,S,
Receiver Board	 a

--14 53229-0001 BLOCK BNC ADAPTER

•-15 53242-0002 COVERTS - Top	 Bottom Synthesizer

- 16 82958-0002 SCREU,	 Perch, Port lid, Slotted No. 4

= 82802-0003 WASHER, Locke No, 4 (Used where: noted)

82900-0004 NUT, ilex, No. G (Used where toted)

--17 53237-0001 TOP FRAME )$RACKET ASSEMBLY

-18 53248-0101 PROCESSOR P,C. BOARD

-19 01342-0101 TOP FRAME & PROCESSOR BOARD ASSEMBLY

-20 57726-0001 CMRS - Tole & Bottom

-21; 82al9-0303 '
f

SCREW, Mach,	 Flat lid,	 Slotted No.	 4	 r.

'	
F -22 01289-0102 ASSEMBLY, Power slilaply ► M.L.S.

-23 $2892-0003 SCRO4, Mich, Pan lief, Slotted, No. 4

82802-0003 WASHER, Loch., No. 4

I

niY14R®" * 2a..	 ......3..^.....L 	 ..	 ...3n.r:y1.^ ..,....ufn 	 rdwY...rvtl...w.



11MCHANICAL PARTS LIST

ITEM NO.	 NUMBER	 DESCRIPTION

-24 53226 -0001 HEAT SINK REAR v

-2$ 412 56-0001 CONNECTOR PLUG, 14 Pi

-26 41` 86-0003 CONNECTOR PLUC, 24 Pin
,

—27 7	 ^8.,526-^^^.. SCREW	 Mach	 V%d lid	 No	 ^^

$2807-0033 WASHER	 Lock, No.

-28 511255-0001 SIDE PANEL (Left)

--25 53255-0002 911% PANEL (Right) a

-30 01344--0101 ASSEMBLY, Trim panel w/Switch Board

--31 53225 -0001 TRIM PANEL

-32 01343-0101 ASSEMBLY, Switch 'Board

a	
_33 52819-03004 SGThiY,	 plach,	 Flat lid,	 Flat Black

Slotted,	 No.	 4

-34 $3235--0001 BRACKET, Volume Control ^ l
i

-35 56250-0001 KNOBO Volume Control

,-36
r

32070-00012 VARIABLE lkESISTOR G S W ITCH

:6
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COMPATIBILITY WITH ML5 GROUND SYSTEMS

The low cost MLS receiver was designed to receive and operate with ,ground signals
meeting the format requirements of FAA-LIt-700-0SA dated 30 .May 1975 nn .1 Ammend-
ment #1 dated 22 August 1975.

It was found, however, that this specification did not firmly establish all parameters
of the signal and that minor but significant differences between ground systems and test
sets did occur. Several flights with the early brendbo,ard receiver established that incom-
patibilities did exist and that they were not correctable by equilmient ndjustmonts while
in-the-air.

It was then decided by AFL and NASA that the approach would be to utillze a wide
bandwidth high speed inst.•umentntion recorder to record the DPSK and tog video
Information, while airborne, and modify the processor to perform on the recorded data.
A key to this debugging process was to utilize an AE L Connpu ter --Hecorder Interface
(CHI) digitizer/mass buffer equipment to convert the wideband analog data into_dif;itnl
data and tread it out at a rate compatible with min_icomnuter I/O interface rate. This
process was highly successful, and allowed signal processing and dispIny of the various
real intercepted ground signals shown within this portion.

Compatibility of Air/Ground Systems

On April 25, May 3, and June 23 9''a series of flight tests were conducted uv ADL
at;NAFLC utilizing the LCMLS receiver S/N 002, remote RV head S/N 003, and a
SANGAMO SAME III data recorder mounted In a Piper Cherokee Six aircraft owned
by NARCO Scientific Ind., Inc.

1

The data recording set-up, as depicted in Figure 68, was used for all flight tests
with tale SABRE III recorder operating in its FM record mode, providing a DC to 250
Kilz bandwidth, for both the Discriminator (DPSK) out put and the Log Video (TO-FRO)
output.	 The approach paths were, In till cases, straight in from a maximum of 5. 5 nm
except for the June 23rd run oil 	 8.	 This 5.5 nm range restriction was to pro--
vent approaches over the Atlantic Ocean.

Figure 69 is a plan view of the NAFEC facility for the April 25th and May 3rd
flights with the principal MLS sites located as follows:	 1) Bendix Basic Narrow Y }

(channel 99) on runway 31 and 2) Texas Instruments small community (channel 96 on
runway 26.	 Figure 70 is 1 plan view of the June 25th situation with the MLS sites
arrayed as follows: 1) Bendix Basic Wide (channel 130) on runway 31, 2) Bendix
Small Community (channel 197) on runway 8 and 3) Terns Instruments small com-
munity on runway 26.-

I

The .following covers the significant details and data: from. each flight test.

Texas Instruments small community (TISC) MILS compatibility. - Figure 71 shows r
a portion of an azimuth function taken on the April 25th flight.; The soft switching of 1
the DPSK preamble is evident along with an unusually shaped "TO TEST" pulse. 	 The
"TO" pulse is very broad for a 3° beam. i

1
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i The upper portion of Figure 72 shows the Log Video response for Data words 1 and
2 and a portion of an auxillary data word.. Note the soft switching and propeller modu-
lation envelope.	 The lower portion of Figure 72 shows the Discriminator response to
the soft switched DPSK to be irregular. 	 Figure 73 is a complete elevation function
approximately 1 mile from the threshold of runway 26. Notice the lobes of energy in
the outsides of the proportional guidance pulses. 	 These are suggestive of an up-down
sweep rather than a down-up sweep.

The TI Small Community System was not operating for the May 3rd flight.
i

Figure 74 shows the L	 Video output for the Data words and auxiliary data	 o^	 ^'	 tp	 tai	 0	 _	 y	 w rds
and an evaluation function on June 23rd. 	 Notice that the DPSK is now hard switched.
The side lobes on the elevation proportional guidance signals suggest a down-up system.
The data recorded for Figure 74 was taken at 600 feet altitude at 0.5 nm from threshold
of runway 26.

Figure 75 shows a more consistent discriminator response to the hardswitched
DPSK.	 The data for Figure 75 was taken at 2.5 nm from runway 26.

w During the flight of June 23rd against the TISC System, the LCMLS Receiver pro-

1
vided fullazimuth and elevation: ro ortional readouts over the 	 5.5 nm approach.p	 pcomplete,

Bendix small community (BSC). - The Bendix Small Community System was available
for the June 23rd flight and was installed on runway 8 at NAFFC. 	 Figures 76 and 77 are

4 Log Video outputs showing the azimuth function and the elevation and data word #1
respectively.	 It is interesting to note that the BSC System only transmits one data word.
The lack of data word #2 causes the LCMLS receiver to flag its elevation outputs as it
does not receive an MLS ground status update for elevation. 	 For this flight test how-
ever, the program memos in the LCMLS Receiver Processor was modified to Ignore

g	 Y	 g'
the lack of this data.

Figure 78 shows the discriminator .response to the BSC DPSK signals for data
word #1 and the elevation preamble. 	 This response is considered adequate.

The LCMLS receiver provided continuous azimuth and elevation proportional 	 '.

 y

guidance over a 5 nm approach to landing against the Bendix Small Community System.
t	 t:

Y Bendix basic narrow (BBN). - The Bendix Basic Narrow System was operating in
only on April 25th and since the graphed data for that run is similar tothe 

' May  3rd run	 it is not included herein.

'
Figure 79 is a Log Video presentation of the elevation and azimuth functions at

5.25 nm and 2500 feet altitude. 	 The variations in "Down-up" and "TO-FRO V pulses
is most probably propeller modulation.	 Note that the elevation preamble is weaker

f than azimuth.
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i Figure 80 depicts the elevation function and an auxiliary data word at 3 nm on
runway 31. Note the propeller modulation envelope on the auxiliary data word.

Although the LCMLS receiver did not respond in an adequate fashion to these
signals on May 3rd the tapes facilitated the troubleshooting and the appropriate modi-
fications'were made to the L_CMLS receiver such that it would reliably "fly the tape"
for tho full) nm.

On May 3rd a. low approach was made on runway 13 which is opposite the operating
direction of the MLS System on runway 31. In this case the _LCMLS receiver was
"Looking over the tail" at the azimuth antenna. Proportional guidance was received
as the aircraft proceeded along runway 13. Between position 1 and position 2 (see
Figure 70) the azimuth signal received decayed into the noise. This is shown in
Figure 81 in three successive graphs. At position 3 (Figure 70) , in a climbing left
turn, the azimuth signal had recovered to give proportional guidance and elevation
proportional guidance was also displayed. This is shown in Figure 83.

The Bendix Basic Narrow provided a hard switched DPSK format and the LCMLS
receiver discriminator output was. proper as shown in a previous graph, (Fi.gure`78).

{

oil

Bendix (BBW). - For; the flight test of June 23rd, the Bendix MLS 	 .1
_	 system was installed on runway 31. Although; the system was reported to

be operational, the elevation function was useless due to a low level signal In space
andl data words were not evident. The Azimuth Function was also low in power but
provided coverage to 3 nrn Figure 83 is a Log Video plot of the Basic Wide System
at 5 nm. The proportional guidance beams for elevation and azimuth are sufficient
but the preambles, especially elevation, are too low level. Figure 84 is the plot at 	 .
1 nm from runway 31. The elevation preamble is still useless. Figure 55 1s a
graph of the discriminator response to the DPSK signal at 1 nm. Notice that the
elevation preamble is noisy and garbled. The LCMLS receiver provided proportional

I	 guidance in azimuth at 3 nm and elevation at 0.5 nm,`

Hazeltine small communi (H On July 31st, 1978 the LCMLS receiver was
operated against the Hazeltine Small Community system installed at Hazeltine Corp's
Smithtown Range. The distance ;between transmitter and receiver was 1000 feet. ;^ a
Because of modifications being added to the Azimuth Assembly it was not possible to 	 K
operate 11Az11 and 11 EL11 sites simultaneously.

Figure 86 is -the 'log video response to the elevation signalat approximately a
5° glide slope. Because of the closeness of the transmitter, the transmit pedestal
Is much in evidence. Note also that the Preamble- Phase TransittoKis are barely visible
indicating slightly softer switching than f^ the hard switched" Bendix MLS transmitters.' 

Figure 87 is the Elevation DPSK Preamble as outputted from -the discriminator.
Note that adjacent phase transitions are unequal This likely is caused by unbalance
In the phase modulator.
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a

Figure 88 is a low resolution view of a random 73 cosec period showing the
repeated Elevation format.

Figure 89 is the Azimuth format. The semi-hard switch DPSK is evident in the
preamble. The Azimuth preamble shown in Figure 90 also shows the alternating
amplitude detected phase transitions.

The LCMLS receiver did properly respond to the Elevation format and provide
proportional guidance, however a large random meter movement was also present.
The receiver did not properly respond to the Azimuth Signal. The signals are being
further analyzed for clues to these behavior anamol.ies.

Summary of air/around compatibility. The LCMLS Receiver is compatible
with all ground stations tested with the following provisions: 1) all ground systems
must utilize a hardswtiched DPSK and 2) all ground systems must provide data words
#1 and #2 for MLS ground system status.

A potential compatibility problem presently exists for elevation sites which pro-
vide negative angle coverage of V or larger. For these sitos,'the elevation transmit

'

	

	 time squeezes in very close to mid scan to a time region where the LCMLS receiver
does not expect a carrier to be present.' The result is a double set of "down" pulses

'

	

	 and subsequent rejection of the data by the receiver. The solution can be imple-
mented by significant modification of program firmware.
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PRODUCTION COSH` ANALYSIS

This section describes the production cost analysis of the developed MLS
.f

Receiver, in production lots of 2000. This cost analysis is intended for use as refer-
`'

	

	 ence material only, and therefore it is necessary that any potential manufacturer
contemplating entering this market be sure to substitute his particular methods and
procedures for those presented herein.

Summary of Costs

Fused on the configuration of operating prototype receivers (PRX's), the manu-
facturer's suggested sell price of the MLS receiver, with installation and warantees,
is $1,486.59, or more likely rounded off to $1,485.00. This "bottom line price", is
dependent upon several variables and is based on certain assumptions.

The variables are costs of material, parts, labor tooling, automation and quantity
9

	

	 of production. The NASA Statement of Work dictated referencing all costs to a 1976
baseline; however, this became of dubious value due to the fact that labor costs have
significantlyficantly increased while component costs have been mixed. For example,

I microprocessor and memory component costs have decreased, while certain micro-
wave components have drastically increased. Accordingly, the $1,486 figure re-"
fleets 1978 material costs and 1976 labor rates.

a	 _

The assumptions made in this cost analysis are of prime concern, because factory
methods and conditions do vary significantly between manufacturers. The following
section describes the assumptions made by AE  and NARCO.

Cost Analysis Assumptions

The cost calculations are based on the following assumptions:

1. The Rr Head, being a sophisticated microwave assembly, would likely be
purchased as a material item from a microwave oriented manufacturer,
stxch as AEL although several others exist. This microwave ,manufacturer
would invest in tooling of the radome and stripline assemblies. The
loadings for this microwave manufacturer would typically be 120% over-
head and 7076 G&A/profit. Therefore, if the MLS receiver manufacturer
had the in-house capability of microwave assembly manufacturing, the R.r
head could be produced at a cost such as to effect a $32.40 material cost
savings, and theoretically produce a receiver capable of selling below
$1,375. It must be cautioned, `however, ` that if this in-house microwave
capability does not exist, there is likely significant risk associated with
the development of this capability.

2. The factory assembly, inspection and test labor costs are $4.47, $4.91 and
$5.74 per hour, respectively.

i	
a
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3.	 Tito factory manufacturing overhead is 200%. 	 Items such as software support ^k	 ;
for automated test and load insertion programs, engineering, etc. are in-
eluded in this overhead.	 Sufficient detail of all printed wiring assemblies is j
Included herein to allow a crosschecskr of labor estimates.

R

4.	 The manufacturing assembly, inspection and test labor is estimated on a
per-component basis of 0.015, 0.086 x 0.015 and 0.004 hours per component
respectively.	 In addition, there is a 30 minute final test and set-up minimum.
These factors are based on averages over several similar NARCO products,

6

and include biterassembly cabling, etc.

a.	 The mark-up factor, or gross margin, is 45`t, calculated as follows:

DIRECT COSTGM 	 FACTORY NET
f

In	 45%,	 thatother words, a	 gross margin means	 the ratio of factory net to
i direct cost is 1.81,8; therefore the avionics equipment manufacturer sells

the receiver to a distributor for 1. 818 times his direct cost, which covers
all indirect costs such as marketing, advertising, return on investment, and
also profit.	 A typical gross margin is 45'x, with 40% expected in the early !
stage, 50% when the market appears to be prime, and eventually 40% as a
mature market cut-off point.

6	 The manufacturer's suggested list price, for an installed equipment, is
exactly two times the factoi y net.	 This x2 multiplier is likely the most ^+
,variable. 	 dealer/ins
	

purchasesp	 MLS receiver for $748.00,
148. lie "asks"	 r$1,5 00 fromm he^GALbuyer
	

as 	 of the AE L/NAR CQ
developed MLS receiver. , the typical installation costs are minimal, due Ito
the use of flexible RG-58 cables, panel mounted receiver and top mounted
RP head.	 It is expected that this MLS receiver unit will actually sell for
as low as $1, 250.00 each, with a typical sale being $1,400.00. 	 The dif-
ference will primarily depend upon the particular aircraft installation,
complexity of existing avionics, etc.

s

v

ar

4

1.52

•-	 f



t F head Cost Breakdown

The produetio«^ =zest estimate of the RV Henri as manufactured by a microwave
component corporation and sold to the avionics manufacturer is as follows:



TABLE 4 MLS UEC. ASSEMBLY COST BREAKDOWN

Subassembly
No. of
Parts

Component Price
Quantity 2, 000
(No. PC Boards)

0 Comp. x .015
Hrs/Comp

Labor Hours
Ass ly

Assembly
Labor Cost

RF Head 1	 77.57 0
IF/Detectors 77 	 14. 68 1.155 $ 5.16
Synthesizer 2441, 3.66 $16.36
Pre-Processor/
Processor 157	 46.78 2.37 $10.59

Power Supply 48 , '	 17. 12 .72 $ 3.22
Front Ass 'y 17	 5.62 .255 $ 1.14
Mechanical

(incl. PC Bds) _	 r.	
44.86 ---

Installation _
Kit & Mtg Tray ---	 (10.82)

TOTALS

z^

544	 242.99	 8.16 Hrs.	 $36.47

TABLE 5. RECEIM , R USER COST CALCULATIONS

11,

Assy. Labor = $4.47/Hr x .015 hrs/Comp x 544 Comp _ 	 $36.47
Insp Labor $4.91/Fir x 8.6% Asst'. Hrs (8.16) =	 3.45
Test Labor = $5. 74/Hr x (0.;5 Hrs +0.004 Hrs/Comp x 544 Comp) = 15.36

i

Total Labor $55.28
Overhead Q 200% 110.56

Loaded 'Labor $165.84
Elect. Material 198.14
Mech. Material 44.86

Total Material $243.00
Total Direct Cost (LL&M) 408.84
Factory Net (45% GM)-" 743.27'

Mfg Sugg List Price $1486. 54

x ^^

y.
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Cost Comparison And Analysis

The estimated production cost appears to have progressively increased during
the three tasks of the program. The following breakdown helps to examine the causes
of the increases;

Item.
Original
Proposal

Taal: I
Estimate

Task II
Estimate

Task III
Estimate

Number of Parts 413 311 429 544
Electrical Material Cost $ 158.26 $ 190.18 $ 174.34 $ 198.14
Mechanical Material Cost $	 51.91 $	 38.38 $	 38.3$ $	 44.86
Direct Labor Cost $	 51.91 $	 40.13 $	 53.37 $	 55.28
Total LL&M $ 355.48 $ 348. 95 $ 372.83 $ 408.84
Customer Sell Price $1235.00 $1269, 00 $1356. 00 $1486.54

Tooling costs, RF head. Tooling costs for the various operations associated with
volume production of the RF head are itemized below:

1.	 Punch & Drill of Printed Circuits $ 49900
r 2.	 Photo etching Tooling 700

^ g and Striding3.	 Contour Punching 4,100

4.	 Tooling for Plated Thru Holes 600
A^ 5. Randome 49500

6.	 Bottom Enclosure 200
7.	 Assembly aids 1; 650
This tooling represents loaded labor and materials $17, 650

i

Again, this tooling cost estimate is a function of the technology and methodology
base of the microwave component manufacturer involved.

Tooling cost, panel mounted unit. - The following list shows estimated tooling costs
for the panel mounted unit:

Description	 - Tooling
Top & Bottom Covers 200.
Side Panels 000.

3
Heat Sint:, Rear, Extrusion 725.

f Trim Panel, Die Cast 60600.-
Base Plate 55.
Dial, Frequency 3,500.
Cam for Micro Switch 2,000.
Dial, Glide Slope Switch 2,100.-

' Dial, 0-1 2t 000.	 r.

Knob, Freq. Select
Knob, Bar, FM Chan., Glide Slope 3,000.
Tens, Channel Select 1,000.

(continued on following page)

-
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Description	 Tooling
Lens, Warning	 1,400.
Light Shield, Channel Select95Q0.
Switch Board, 3 Switches 	 800.

Total	 $ 250380.

Tooling cost would be a necessary investment for any avionics equipment manu-
facturer entering the MLS receiver market. 	 This cost will vary significantly from
manufacturer to manufacturer, dependent upon peaknging and use of hardware existing
on standard product lines:

Conclusions Of Cost Analysis

The cost analys is increased b	 about 20 percent during the program, due to theY	 Y	 p	 g	 p	 g	 r
updates in the design	 as the equipment entered breadboard, bresdboard, prototype
stages and onto bench testing; and actual interface to the ground MLS transmitters.
The major portion of this growth is due to labor rate increases from 1076 to 1976.

Nevertheless, the design described within this report represents the simplest,
most straightforward technology known by ACL and NARCQ. As technology upgrades,
likely the synthesizer circuitry may Become simplified it is not forecasted that the
other areas of the MLS receiver will become simpler within the near future of 5 to
1.0 years.

What may become feasible, however, is to be able to add functions and features
without significantly increasi.n 	 the unit cost.	 This improvement	 ould be a directu sg	 y	 g	 t w 	r
result of technological advances in microprocessors, D to A converters, memory
circuits, etc. , within the above mentioned time frune.
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`	 PHE FLIGHT TE ST UNIT
i

For the purposes of both bench and flight line testing, a Preflight Test Unit (PTU)
was constructed by AEL using several components common to the prototype receiver.
As a result, a 200 channel synthesized PTM was readily achievable. The capabilities
that the PTU was designed to meet are listed below 'fn Table 6.

	

`	 TABLE G. PREFLIGHT TEST UNIT CAPABILITIES

	

G	
Function	 Description

,G

1. RF Output	 200 channels, switch selectable, C-Pand
-45 dBm to -105 dBm continuously variable.
Power set adjustment f 0 dB. Frequency

IE	 stability ± 50 kH z . Fixed frequency outputs
at 10.8 MHz and 160.8 MHz.

	

2., Az Function	 Fixed DPSK Barker Code,, Function I. D.,

	

I	 Modulation	 Facility I. D.

Selectable Guidance Pulses

	

v	 Selectable SLS Pulses (right, left, rear)
and Variable Amplitude +2 and -8 dB rela-
tive t^ "TO-FRO" Pulse Amplitude

Variable "TO-FRO" Pulse Spacing Corre-
sponding to 39. 90.

15 Selectable "TO-FRO" Pulse Widths
From 20 µsec to 300 µsec in 20 µsec steps

Fixed 1 TO--FRO11 Test Pulse

	

3 E1 Function	 Fixed DPSK Barker Code and Function I.D.

	

Modulation	 Switch Selectable Minimum Selectable
°Glidesco a From 2.0 to 16.0 0 32 Selec.)p	 ^

T Selectable SLS Pulse With Variable Ampli-
tude +2 and -8 dB Relative to "TO-FRO"
Pulse

Variable "TO-FRO" Pulse Spacing Corre-
sponding to -2° to +29.9°.

15 Selectable "TO-FRO" Pulse Widths
From 20 µsec to 300. psee in 20 psec steps.
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TABLE 5. PREFLIGHT TEST UNIT CAPABILITIES - CONTINUED

Function Description

4. MLS Ground Status Variable Azimuth and .Elevation Ground
System Status Provided Via Basic Data
Words #1 and #2

5.	 Angle Displays Separate 4 Digit Azimuth and Elevation
Displays, Resolution to 0.1°, Accuracy
Typically f 0.05°

6.	 Propeller Modulation Continuously Variable Amplitude Over 0 to
12 dB Modulation Depth and Continuously
Variable Frequency Over 30 to 200 Hz.

7. Auxiliary Outputs LPSK Data
DPSK Data Clock
Guidance, SM. TO-FRO Pulses
Scope Trigger(s)
Prop. Mod. Output Q Fixed Level

8. Input Power 120 VAC 40-400 Hz 10
or 14/28 VDG

9.	 Service Conditions -15°C to +55°C - 959' Humidity-
No condensation

11,

Detailed Description of PTU

The frequency selection provides a fixed level output of any one of 200 synthesized
channels with amplitude variable from -45 dBm to 105 dBm. In addition, a power set
adjustment of - 6 dB is provided asa calibration aid. Two fixed frequency outputs of
10.8 MHz and 160.8 MHz are made available as test aids.

The aximuth function "TO-FRO" pulse width is any one of 15 selectable pulse
widths from 20 µsee to 300 µsec in 20 µsec intervals. Increasing the pulse width
range beyond the previous 25 and 250 µsec allows a go/no-go test of the PBX pulse
width discriminator.

The minimum selectable glideslope is selectable from 2.0* to 16.0° in 32 in-
erements as defined in the modif cGttions to ER-700-08A, and discussed at NASA
Ames on 3/29/77.

The elevation angle "TO-FRO" pulse spacing coverage is selectable from -2° to
+29.90 as defined in the modifications to ER-700-08A

158
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As a test aid, the propeller modulation signal is provided at a fixed level for
test oscilloscope synchronization.

PTU Block Diagram Description

The Bloc]; diagram of the PTU is shown in Figure 91. The RIB' chain 'begins with
a 10.8 MHz source which is a phase locked loop referenced to the synthesizer 4.8
MHz crystal oscillator. The combined stability of the 10.8 MHz
source and the synthesizer insure a "C +f band output within, f 50 kHz of the desired
frequency. A variable attenuator with 60 dB of range is incorporated at the 10.8
MHz IF to eliminate the large size, cost, and tedium of a 5 GHz unit. The DPSK
modulator is a passive double balanced mixer and the amplitude modulator is a linear,
active element.

A 150 MHz source in the synthesizer is used to up-convert the 10.8 MHz in a
passive mixer to 160.8 MHz where the composite signal is filtered in a bandpas's
filter identical to that used in the PRX 1st IF. The 160.8 Mllz IF is then up-converted
to the desired 5 GHz MIS operating frequency by us14 the Low Cost MLS receiver
microwave front end stripline assembly operating in reverse.

The 200 channel synthesizer is identical to that of the prototype MLS Receiver.

Tlu•ee RF outputs are provided as test aids for the LCMLS receiver. Each output
is a variable amplitude composite signal which can drive the PRX at the 2nd IF of
10.8 MHz, the first IF at 160.8 MHz, or the 1101 band operating frequencies of 5031

	

l	 to 5090 MHz.

PTU Modulation

The sequence generator provides proper timing and enabling signals to the
DPSK data registers and the "TO-FRO pulse' generators such that the master and
sub-sequence formats are generated. The master sequence is identical to the FR
700-08A specification. Basic Data Word #2 has been placed between the first sub-
sequence 02 and the second sub-sequence #1. This placement is arbitrary; however,
It meets the ER-700-08A guideline for placement within a jitter period.

The DPSK Data Register are labeled AZ DPSK, EL DPSK Data Word 1 and Data
Word 2. In simplified form-they are parallel in-serial out devices accepting hardwired
Inputs such as the Barker Code, function L D., etc., and front panel inputs such as

	

i	 EL Status, AZ Status, Min. Glideslope, etc. As the data is strobed out of the registers,

	

r `!	 it is encoded with a 15 Ifflz clock to form the proper ER-700 -OBA DPSK format. In
addition to data formatting, these registers also output a reference time to enable the
"TO-FRO' pulse generators.

The ,TO-FRO11 pulse generators for AZ and EL are identical in form with the
AZ generator providing several additional pulses such as L-R guidance, left-right-
back SLS pulses and "TO-FRO" test pulses. In addition to generating the precise

	

a,	 aiming for the "TO-FRO' pulses, circuitry, is included for setting the precise width.
t
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14 	 RECOMMENDED IMPROW, MENTS TO THE MLS ]RECEIVE It

As a result of testing of the two prototype MLS recolverso It has become apparent
drat certain shortcomings of the equipment exist, which are hereby recommended
as, future improvements.

RV Mend Improvements

The single, stage transistor IF amplifier within the RIB` head does 'not perform ade
gnately over temperature. This stage must provide about 15 dB of gain at 1610.8 MHz;
however, due to the varying mixer diode impedance at the amplifier source and the
potentially varying load due to the length of coax between the RP head and the panel
mounted unit, this amount of gain to overly optimistic and connot be achieved in a
stable manner over temperature extremes, resulting in degradation of receiver
sensitivity.

It is recommended that the RF plead design be modified to utilize either an im -
proved single or a two stage amplifier with impedance buffering at the output.

Panel Mounted [Snit Improvements

li	 A shortcoming of the receiver within the panel °mounted ut?it Is that the sensitivity
'

	

	 is not optimized and Is not constant over temperature. This Is caused by gain and
limiting level variations within the CA3089 IC. Again, as in ,the Hr, head, the gaink

	

	
ahead of the CA3089 is marginal over temperature. The improvement discussed above
for the RP Head will tend to improve this situation however, more gain ahead of the
CA3089 is also necessary within the panel mounted unit itself.

The CA3089 performs both the DPSK detection and the log IF detection, within a 	 {
K	 common predetection bandwidth of about 228 kliz. More DPSK sensitivity could be

achieved by use of a. phase loch loop detector with a 30 Idiz effective tracking band'-
width. This change alone could effect as much as an 8 dB increase in DPSK sensitivity.

„	 A simple PLL circuit is now allowable since hard switching of 'Che ground transmitter
appears practical. Several low cost PLL's are available.

.m.

	

	 Receiver added features. p- It is desirable to add' the features of 1) selectable azimuth,
2) wide angle coverage, 3) higher azimuth updates, and 4 data interta.re per AIiINC 582ur	 format.

t,	 The selectable azimuth function would permit the pilot to select approaches to

pf^
perhaps f 40" in 5 0 increments.

The wide angle coverage would allow pilot selection of displayed azimuth angle
range to f 60° max.

The high azimuth update function would provide the capability of up to 40 updates
per second.

i
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ANTENNA PLACEMENT STUDIES

It is recommended that the optimum RIP Bead antenna placements be determined
for several generic aircraft types. This antenna pattern data would prove necessary
in order to firmly establish installation procedures and costs.

AUTOMATIC ANTENNA SWITCI TNO

The present low cost MLS concept utilizes a single forward looking Rr Head/
Antenna. On certain aircraft, it may be necessary to utilize two RT Heads in order
fo obtain the desired coverage. In this event, an automatic antenna switchover
tec,+nique must be used. The simplest technique is to alternate the heads at a fixed
x i and require the processor to pick the signal with the largest amplitude. Other
more sophisticated techniques, which do not half the information received, are also
achievable.
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