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SECTION I
INTRODUCTTON f
1.1 PROGRAM SCOPE

The Advanced Receiver Modeling Methods (ARMM) program is addressed to the
problems encountered by the Aerospace Systems Engineer concerned with systems that
include radio receivers. The program applies the capability of the high speed
digital computer to system engineering tasks, related to receivers, so that they may
be carried out with greater accuracy, completeness and flexibility, at higher speed
and with less effort.

In considering the application of the computer to the computation of receiver
performance it is observed that computations may be made of overall performance,
its variation with environmental changes,module performance, module component
performance, worst case variation of module performance due to component variations,
component tracking performance, the gamut of component, module and overall reli-
ability predictions as well as the fine grain internal design parameters of com-
ponents. It is apparent that some of these computations involve knowledge of design
parameters not readily available to the systems engineer nor easily measureable by
him.

To bound the scope of the program, an analysis is made of the tasks under-
taken by the systems engineer relative to the performance parameters he requires and
can measure or that otherwise are available to him. The Advanced Receiver Modeling
Methods (ARMM) program is limited to computations of such performance parameters.

A second limitation to the scope of the program is the arbitrary exclusion of
computations, such as reliability and temperature rise prediction, that are generally
applicable to other types of equipment as well as receivers. Such computations may
be effected by existing computer programs.

The term "receiver" as used in the program is taken in the broad sense as a
device, fed by a modulated r.f. signal that recovers the modulation. The term
"recover" may refer to: determination, with suitable probability, of the presence
or absence of the signal; estimation, with suitable accuracy, of modulation para-
meters; determination of received data messages with an accepteble data error rate;
or determination of the modulation waveform. The only exception taken to the above
definition serves to broaden it: a receiver may also accept an unmodulated signal
and estimate relative parameters. This definition is broad enough to encompass all
accepted forms of receivers from the devices used by Hertz and Marconi in their
basic experiments to Laser communications receivers.

With receivers broadly defined, the scope of the program is limited to those
performance parameters which may be computed from a restricted library of functional
module types. The preponderence of accepted receiver types may be modeled from the
library of generic module types as employed by the computer programs developed under
the ARMM program.




1.2 KEY RELATIONS USED IN COMPUTER PROGRAMS
SIGNAL PATH PROGRAM

Cumulative Noise Figure

FT = Fl + (F2 - l)/G1
Sensitivity
Ps = (PO/PN) FT Ky BN
where: Fl’ F2 = Noise Figures, Blocks 1, 2
Gl = Gain Block 1
PO/PN = Qutput Signal/Noise Power Ratio
= Boltzmann's Constant
T = Ambient Temperature (Degrees Kelvin)
BN = Noise Bandwidth

Third Order Intermodulation Intercept (Cumulative)

plaplipl . ¢

3T 31 32 1

Third Order Intermodulation

Two Sinusoidal Signal Level to Yield Intermodulation Equal to PN

Py Py + (2/3) Par (A1l Quantities Expressed in dbm)

Second Order Intermodulation Intercept (Cumulative)

R e

Por=Fpn*¥%0 4

Second Order Intermodulation

Signal Level Yielding Intermod Equal to PN

P2 = PN 1+ (1/2) P2T (All Quantities Expressed in dbm)
where: P31, P32 = Third Order Intermod Intercepts, Blocks 1, 2
P21, P22 = Second Order Intermod Intercepts, Blocks 1, 2




Spurious Response Performance (Spur Type j,k)

Spur Bands Wy to Wy 3 Wg to w,

wp = Koy = wpd/]
by = B, = g
wy = Koy = op)/]
w =

g = By = uppid

Spur Signal Level at Receiver Input to Provide Spur Response Equal to P

N

X= [(}~1) (Pj’k = 6} + Bl
(All Quantities in DB's; no Filtering Considered)

Spur Intercept

P,. =P + R,  [(G-1)
gk T el Rk
where: O Yor = Minimum, Maximum Oscillator Frequency
w w = Minimum, Maximum Mixer Output Frequency
IL, IH
G = Cumulative Gain Prior to Mixer
Pa = Input Signal Power to Mixer
Rj ey Mixer Output Signal/Spur Power Ratio
b

Waveform Performance:

Define: a(t) = Input Signal
b(t) = Output Signal
h(t) = Impulse Response

For a(t) = Re[u(t) exp jwot]

b(t) = Re[v(t) exp jwot]
v(t) = j;t hL(t—r) u(t)dr
where hL(t) = h(t) exp (—jwot)




SYNTHESIZER PROGRAM

VCO Phase Vector [ev]

o] = [w ] &+ [o,] + K, Sz

Standard Signal Phase Vector [BS]

[6,] = [w] t + [4,]

Mixer Output Vector [BM]

[6,] = Ulsg] + E[0,] + WI6,] + [4,]

Phase Comparator Reference Signals [eR]

[BR] = T[es] + C[SV] + D[GM]

Phase Comparator Feedback Signal Vector [OF]

[65] = Al6y] + B8]

where: [wq] = VCO Quiescent Frequency Vector
[mS] = Reference Signal Frequency Vector
KV = [KVii] (Diagonal Matrix)
KVii = VCO Gain Constant, Loop i
[Z(t)] = VCO Input Signal Vector

A, B, C, D, E, T, U, W Defined by Block Diagram

Phase Locked Loop Component Parameters

Loop Filters

F(S) = [Fii(s)] (Diagonal Matrix)
Fii = Filter Transfer Function Loop i
=1
= = (/)
£(t) = [£,,(0)] = [ F.y (9]




Phase Comparators

Gain Constant
Ky = [KDii] (Diagonal Matrix) o

Normalized Phase Comparator Characteristic

¥} = [g(X)]
where: [X] = [eR] - [eV]
Define AA = (C-A) + (D-B) (I-0)"L E
BB =T + (D-B) (I-W) . U
cc = (0-B) (1-w)~*

Steady State VCO Frequency Vector

. -1
[8ylgg = —AA " BB [ug]

Mixer and Reference Frequency Vectors

-1 =1
[BM]SS = (I-W) (U-EAA "BB) {ws}

[oglss

V]SS
Transfer Function Matrices
Define: K= KD Kv

(I-AA KF(S)/S)-I

R(S)

p(s) = (KF(S)/S) . R(S)

Closed Loop Transfer Function Matrix To Loop Outputs for Signals Generated

a. At Mixer Outputs:
H,(s) = p(S) . CC

b. At Phase Comparator Outputs:
H () = p(S)

c. At Reference Inputs:
Hs(S) =p(S) . BB

d. On VCO Outputs:

HV(S) = R(S)




Acquisition

Loop Output Phase Error Vector
(6y.) = AA [X]

Initial Frequency Error Vector
1

[w,] = [wq] + AA " BB [ws]

A]
Differential Equation

[6y.] = [w,] + K[Z]
where [z] = [£(r) * K {Yl]

and [¥1 = [gas™t o)1

1.3 OUTLINE OF THE FINAL REPORT

Section 2 of this report defines the requirements for the computer programs,
generated under the ARMM program and intended as the basis for an advanced receiver
methodology. These requirements are related to the tasks undertaken by the systems
engineer, the configurations of the block diagrams of the various types of receivers
and the characteristics of receiver module types. Section 2 also discusses the
requirements for the user's manual prepared for use with the ARMM computer programs.

Section 3 provides a description of the signal path computer program and
Section 4 describes the synthesizer computer programs developed on this program.
Section 5 describes an auxiliary computer program (SPURS) used to generate a
file, called by the signal path and synthesizer programs, containing the
performance data for a catalog of mixers.

Conclusions and recommendations for potential enhancement of the ARMM

computer program are given in Section 6. Section 7 is a glossary defining
significant parameters. )

e G e




SECTION II

ARMM COMPUTER PROGRAM REQUIREMENTS

2.1 SYSTEMS ENGINEERING TASKS

In this section the tasks generally undertaken by the systems engineer are
analyzed to determine their impact on the architecture and content of the ARMM
computer program and to define the performance parameters required for computation.

*2.1.1 Systems Definition, Integration and Subsystems Specification

The r.f. systems engineer operates on system requirements given in terms of
operational performance parameters and range and transforms these to subsystem
parametric requirements relative to desired transmitter outputs (frequency, wave-
form and power level) and receiver responses to desired signals. Additionally he
specifies undesired transmitter outputs and receiver responses and the degree of
suppression required for each subsystem.

Requirements for system maximum and minimum operating range impose a need to
determine receiver senstivity (noise figure), dynamic range and intermodulation
performance.

Requirements for systems electromagnetic compatibility impose a need to determine
receiver intermodulation and spurious response performance.

Requirements related to weapon and aircraft reaction times impose a need to
determine receiver signal acquisition time.

Requirements for signal distribution, such as:

(a) a single antenna feeding a number of receivers by means of a multicoupler,
or,

(b) a single receiver front end feeding a number of IF channels in a
channelized receiver,

imply a need to relate overall performance to the performance of cascaded modules.
Requirements for signal selection or combination such as:
(a) switching a receiver to one of several antennas, or

(b) combining the outputs from several antennas through weighting networks
to obtain a desired antenna pattern,

also imply a need to relate overall performance to the performance of cascaded
modules. In this case the modules are:

(1) the circuits prior to the receiver, and (2) the receiver circuits.

2.1.2 Proposal Evaluation

R.F. subsystem proposals generally represent a technical optimization yielding
a balanced compromise of many specification requirements. Usually, well prepared
proposals are quite lengthy, so that the evaluation process, generally carried out
under intense time pressure, is quite complex. Despite their great bulk, many
proposals do not include sufficient information to demonstrate that required




subsystem performance will be achieved. Often these unconsidered elements of the
proposal become the areas of failure to achieve specification compliance, to the
mutual distress of the vendor and customer.

When the systems integrator receives proposals for receiver designs from a
number of vendors it is necessary to determine:

(a) whether enough information is provided relative to the proposed circuits
to permit determination of overall performance and, if so,

(b) whether the overall perforﬁance complies with specifications.

The proposed design configurations will usually differ substantially despite
attempts by the vendors to satisfy a common set of requirements. The determinations
in (a) and (b) permit a comparison of diverse design approaches, a primary task in
the proposal evaluation phase of a program.

Requirements for accommodation of a wide variety of receiver configurations
implies a need for a flexible method for entry of block diagram information
especially when the receiver employs a frequency synthesizer (which has a two
dimensional block diagram with a potential for numerous cross connections). Thus
a complex network topology problem has to be solved.

The requirement for determination of (a) and (b) implies a need to determine
overall performance from performance data of the functional blocks.

2.1.3 Subsystem Development Program Monitoring

The prototype development phase of RF subsystem engineering programs is
generally of extended duration, during which there is little interim technical out-
put to indicate progress in compliance with schedule and requirements. There is a
need, during the development interval, for interim milestones relating to technical
achievement. During this period program technical output becomes available in
terms of module performance, which may differ from the performance anticipated in
the proposal.

There is thus a need for the ARMM computer program to relate performance of the
modules to overall receiver performance. This implies the development of a cascade
algorithm for each of the performance parameters computed.

A computer program with this capability permits evaluation of the impact on
overall performance associated with the failure of any module to achieve its
technical performance goal. This permits exercise of judgement concerning the merit
of improving the design of such a module with attendant increased design cost and
possible delivery delay, a basic requirement in a design-to-cost engineering
environment.

2.1.4 Subsystem Test and Evaluation

Ordinarily, testing a receiver for specification compliance can be effected
by means of measurements made using test equipment connected to the input and/or
output terminals. No knowledge is required of internal module design or perfor-

mance.




Tests of compliance with spurious response requirements of synthesized
receivers can be extraordinarily extensive. A complete test would require the
receiver to be set to each frequency assignment and the receiver response noted at
each setting as a high level interferer is swept through the band. Since some
receivers may afford hundreds of thousands of frequency assignments, the frequency
search is often abridged and the complete spurious response performance is not
assessed.

The effort required to obtain a complete assessment of receiver spurious
response performance can be greatly diminished if use if made of internal module
performance information. The worst case frequency for each spur product type may
be computed from this information so that overall compliance with spur response
requirements may be demonstrated with a small number of measurements on signals
at these computed frequencies. In the event of non-compliance, require corrective
action is readily determined from the measurement information.

2.1.5 Summary
Based on the brief analysis undertaken in this section it is concluded that:

(a) The ARMM program is required to compute receiver sensitivity, dynamic
range, intermodulation, spurious repsonse and signal acquisition per-
formance.

(b) Cascade algorithms are required for the performance parameters so that
ARMM overall performance computations may be obtained from module para-
meter information.

(c) The ARMM program is required to be sufficiently flexible to accommodate
the wide variety of receiver block diagram configurations and the exten--
sive range of module parameters characteristic of the current receiver
art.

2.2 RECEIVER TYPES

Receivers are characterized by their block diagram configurations defined in
terms of the types of modules employed and their permissible methods of inter-
connection. In this section, the various receiver types are considered to deter-
mine the extent of the library of module types that the computer program is required
to model.

2.2.1 Crystal Video Receiver (Figure 1A)

The crystal video receiver consists of a predetection section and a baseband
or post detection section. The predetection section generally contains a filter for
selectivity. The baseband signal is generally filtered and amplified.

The module types employed in crystal video receivers are:

(a) 1linear attenuator (fixed or variable)
(b) r.f. filter (fixed or tunable)

(c) detector

(d) baseband (post-detection) amplifier
(e) baseband filter

-y
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2.2.2 TRF (Tuned Radio Frequency) Receiver (Figure 1B)

The TRF receiver differs from the crystal video receiver in that it provides
r.f. amplification to the predetection signal.

The module types employed in TRF receivers are those listed in 2.2.1 and:
(f) r.f. amplifier

2.2.3 Superheterodyne Receiver

In a TRF receiver the ability to select desired signals within an operating
band requires use of a tuneable filter with tracked poles and zeros so as to
provide a prescribed characteristic relatively independent of filter tuning.

The difficulty of this problem results in poor receiver selectivity, filter mis-~
tuning, waveform distortion and relatively large component volume and weight.

The Superheterodyne receiver, invented by Major E. H. Armstrong in 1918, circumvents
the problem by means of a frequency conversion process. A non-tuneable filter with
controlled selectivity characteristic is employed with a pass-band that is outside
the receiver operating frequency band. A tuneable oscillator heterodynes or converts
the signals in the operating band to a frequency range that encompasses the filter
pass-band. Refer to Figure (1C). Selection of the desired signal is accomplished

by choice of the oscillator frequency so that the frequency of the desired-signal

is converted to a frequency within the filter pass-band.

Superheterodyne receiver block diagrams are divided into sections based on
signal frequency content. The r.f. section includes all blocks from the receiver
input through the mixer. The subsequent stages prior to the detector comprise
the intermediate frequency (i.f.) section wherein signals are within the fixed
filter pass-band. The detected signals are processed in the baseband section of
the receiver. ’

The superheterodyne receiver block diagram is divided into: (1) the signal
path, employing the modules listed in 2.2.1 and 2.2.2 and:

(g) mixer
and (2) injection signals (the local oscillators for the mixers).
The types of injection signals are classified as
o fixed frequency
o tunable
o swept

o stepped (synthesizer)

g T




2.3 COMPUTER PROGRAM ARCHITECTURE

2.3.1 Signal Path Computer Program

From the foregoing it is concluded that the receiver types listed in
Section 2.2 may be modeled by a signal path program operating on a library of
module types that includes linear attenuators, r.f. filters, r.f. amplifiers,
mixers, detectors, baseband filters and baseband amplifiers. These modules are
interconnected in a cascade arrangement and the signal path computer program is
required to operate on them as they occur in any sequence.

The performance parameters treated by the signal path program are sensitivity,
dynamic range, intermodulation, and spurious repsonse performance (the latter being
applicable to superheterodyne receivers). An additional performance parameter that
is often of interest is the effect of the receiver filters on the waveform of a
modulated signal. The signal path program also computes receiver waveform response.

The signal path program accommodates fixed and tunable injection signals
directly and swept injection signals indirectly, accounting for the swept oscillator
phase by means of a corresponding signal phase modulation to determine the receiver
waveform response. Stepped injection signals are treated separately by a synthesizer
computer program.

To minimize the complexity of the signal path program, block diagrams that
do not permit modeling in terms of a simple cascade interconnection are not
accommodated directly. Thus, multiplexed receivers are not treated in their
entirety. Each separate signal path may be entered as a different receiver. Cases
where interconnection affects sensitivity performance are treated through the
addition of the "combiner" to the library of model types.

Limitation to a single cascade interconnected signal path eliminates direct
modeling of all types of r.f. feedback. In many such cases the feedback loop
may be reduced to an equivalent circuit consisting of a simple cascade of modules
contained in the signal path program library.

2.3.2 Synthesizer Program

Synthesizers are employed to tune receivers to a set of frequencies that
are rational fractions of a reference frequency standard. They thus achieve
frequency agility while providing the stability and accuracy of a frequency
standard. Consequently synthesizers are widely used in military receivers to
permit rapid tuning to a set of assigned frequencies.

Synthesized injection signals are subject to phase modulation by spurious and

noise modulating signals generated in the synthesizer. Consider an injection signal
eo(t) to a mixer at frequency W, (rad/sec) phase modulated by a sinusoid with

peak phase deviation ¢P (rad) and frequency § (rad/sec).
eo(t) = E_ cos (w t+ ¢, cos St + ¢°) (1)

where ¢P << 1
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The injection signal may be written in the form

eo(t) = Eo{cos(ubt + ¢o) cos(¢Pcosdt) - sin(ubt + ¢°) sin(¢Pcosdt)}

For ¢P << 1, cos(¢P coslt) = Jo(¢P) + 22; (-1)“J2n(¢P) cos2nét = Jo(¢P) =1

sin(¢p cosst) 22? D™, (6,) cos(2n-1)6t = 23, (6p) cosbt

?

¢P cosdt

where Jn(X) is the Bessel Function of order n.

eo(t) = Eo{cos(wot + ¢o) =~ bp sin(wot + ¢0) cosSt}

* - 2 -5t - 2
E{cosu t + ¢) - (45/2) sin [(u  + )t + 9.1 = ($,/2) sin[(w -O)% - ¢ 1} (2)

Consider an input signal, es(t) to the mixer with amplitude ES and frequency

wg (rad/sec) yielding an output signal at frequency wI, wy = ]wo + wsl. The out-
put signal, derived from the first term of ) is

eI(t) EOES cos(mot + ¢°) cos(mst + ¢S)

EOES/Z cos(wIt + ¢I) + image term

where ¢I = |¢° * ¢s|
Consider spurious input signals at frequency Wg + 6 and amplitude KES (K >> 1).
Each such signal combines with one of the terms of (2) to yield an output at wp?

-(E°¢P/2)-Kzs-sin[(métﬁ)tipolcos[(wétﬁ)qt¢sp]
--(EOES/Z)(K¢P/2)sin[w1tt§-¢sp]+ Other Term

Thus each component that phase modulates the injection signal gives rise to
a pair of spurious responses (Figure 2A). Phase modulation of the injection signal
by a noise spectrum results in a corresponding noise spectrum about a strong in-
terfering signal as shown in Figure 2B. That portion of the noise specirum that
is near the desired output signal degrades receiver performance. Hence noise phase
modulation of the injection signal provides a limitation on the permissible frequency
proximity of the desired signal to a strong interferer.

It is concluded that spurious and noise modulation on the output signal are
essential performance parameters required for computation by the synthesizer program.
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Figure 2. Phase Modulation of Injection Signal
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Synthesizer block diagrams consist of interconnected phase locked loops,
generically similar to that shown in Figure 3. The VCO output of any loop may feed
another loop at either of the two input points (phase detector input or mixer input).
The block diagram may thus exhibit considerable complexity, being two dimensional
with a potential for numerous cross connections (as distinguished from the simple
cascade interconnection of signal path modules). An essential feature of the
synthesizer program is the ability to model a cross connected two dimensional
block diagram. To accommodate applications where system reaction time is a signifi-
cant performance parameter, the acquisition characteristics of the interconnected
phase locked loops are required to be computed for the synthesizer.

The modules to be modeled are those shown in Figure 3: VCO, Mixer, Frequency I
Divider (and Multiplier), Phase Comparator and Filter.

2.4 COMPUTER PROGRAM FEATURES

The library of components modeled in the signal path and synthesizer computer
programs and the performance parameters required for computations have been listed
in previous sections. In this section features of the computer programs are
discussed that enhance their utility as the basis for an advanced methodology for
systems employing receivers.

2.4.1 Flexibility

Within the limitation of the signal path computer program, wherein, receivers
are modeled as a cascade connection of as many as 30 modules, free play is permitted
of the sequence of module types and an essentially arbitrary range of parameter
values is accommodated.

Similarly the synthesizer computer program accommodates all block diagrams
consisting of interconnected phase locked loops and an arbitrary range of parameter
values. (program size limitations are: 12 phase locked loops, 12 mixers, 5 outputs
and 2 standard frequencies).

2.4.2 Interaction

The broad flexibility of the computer programs and the wide range of performance
parameters computed would ordinarily lead to a complex and extensive sequence of
directions for program operation and data entry and management. To unburden the
user, the programs have been made interactive so that they communicate to the user
their own instruction sequences, tailored to his requirements for performance
parameter computation and the number and arrangement of module types entered.

Instructions to the user are self-explanatory, defining dimensions for data
entry and performance printouts. Computation options are offered to the user and
only the appropriate data required to effect the desired computations are requested
of the user. Likewise, the data printout is tailored to the user requirements.
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2.4.3 Data Entry, Edit and Storage

The user is guided by a computer generated questionnaire to enter data related
to the block diagram configuration and module parameter values appropriate to the
performance computations requested.

Upon completion of data entry a printout of the data entered is generated and
the user is requested to verify that the data printed is correct. An affirmative
response causes the data to be entered into a file for subsequent recall. A negative
response brings the data edit sequence into operation permitting the user to
change the block diagram configuration and/or the parameters of selected modules.

The data edit capability permits correction of errors made in the data entry sequence
and determination of the impact of any module parameter perturbations on overall
receiver performance.

A printout is made of the changed data and the user is again asked to verify
that the data is correct. When the user response is affirmative, the performance
computations requested are carried out.

2.5 USER'S MANUAL
The user's manual has been written to satify two requirements:

(a) A handbook containing a tutorial exposition of the subject to serve
as a training document for aerospace receiving systems engineers.

(b) A set of instructions for the program user.

Accordingly the user's manual has two parts. The first part which is
essentially tutorial, derives all of the algorithms employed in the computer programs.
The second part contains detailed user instructions cross-referenced to appropriate
sections in the first part.

The level of preparation assumed for the reader of the user's manual is
equivalent to that provided in a first course in linear electric circuits generally
given during the junior year in the Electrical Engineering curriculum. Thus, an
understanding of the Fourier and Laplace transform, matrix manipulation, and the
elements of set theory is assumed for the reader. Although a suitable list of
references is provided, the material is self-contained and a reader with the assumed
level of preparation need not look elsewhere to follow the material presented
therein.

Reference

Ph Lok Output
ase p
~p| Comparator —> Filter —> vco —
Offset
Frequency . Oscillator
Divider Mixer

GP76-0600-25

Figure 3. Phase Locked Loop Block Diagram
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SECTION III

RECEIVER SIGNAL PATH COMPUTER PROGRAM, RXSG

3.1 PRELIMINARY INFORMATION

The user is asked to respond (yes or no) to a sequence of printed questions.
Each request for information or user guidance statement printed is indicated
by an asterisk. Each user response discussed is uanderlined.

3.1.1 Previous File Status

* HAS A FILE BEEN OPENED PREVIOUSLY FOR THE DATA FOR THIS RECEIVER?
If not a new file is opened.
If yes the data in the file is read into the computer work memory.

3.1.2 Desired Computations

PERFORM FREQUENCY PLAN COMPUTATIONS?

PERFORM NOISE FIGURE COMPUTATIONS?

PERFORM DYNAMIC RANGE COMPUTATIONS? D

PERFORM INTERMOD COMPUTATIONS? I

PERFORM SPUR PERFORMANCE COMPUTATIONS? S

COMPUTE SIGNAL WAVEFORM?

The computations corresponding to those questions for which the user
provides a yes response are carried out in sequence.

If a yes response is given to the question on spur response computation an
auxiliary program containing a mixer catalog file is called and its contents are
read into the signal path computer program work memory. Instructions for data
entry and update of the mixer catalog program are given in section 5.

* ¥ ¥ X ¥ %

3.2 DATA ENTRY AND PRINTOUT

3.2.1 Data Entry

If the response to the question in section 3.1.1 is no the user is prompted
with a sequence of requests for information relative to the parameters of the
receiver modules. The user is required to provide information as follows:

a) The number of blocks in the signal path block diagram.

b) The type of each block selected from the library listed in Table .

c¢) For each block type, the information listed in Table 1.

c.l) For filters, information for item 5 of Table 1, relating to

Gain (db) and Noise Bandwidth (MHZ), is obtained through the use
of an auxiliary computer program. This program should be used to
determine these values for each filter before filter data entry
for the signal path computer program is attempted.

t+ For questions requiring a literal response, if the response is unacceptable,
the question is repeated. If unacceptable responses are given four times the
program terminates after printing: FOUR TYPING MISTAKES, PROGRAM BOMBS.
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Table 1. Data Requirements for Receiver Block Types

Block Type Required Data

Linear 1. Gain Fixed or Variable?
2a. |If Fixed; Gain (db)
2b. If Variable: Max Gain (db); Min Gain (db)

Filter 1. Fixed or Tuneable?
2. Number of Poles and Zeros
3.  Gain Constant
4a. If Fixed: Pole and Zero Locations
4b. If tuneable: Pole and Zero Locations - for Highest and Lowest Tuned Frequencies
5*. Gain (db) , Noise Bandwidth (MHz)
6. If Gain Greater Than 0 db:
6a. Noise Figure (db)
6b. Second, Third Order Intermodulation Intercepts (dbm), m
6c. 1db Compression Level (dbm) @

Amplifier 1. Gain (db) , Noise Figure (db)
2.  Second, Third Order Intermodulation Intercepts (dbm) E]
3. 1 db Compression Level (dbm) @

Mixer 1**. Mixer Catalog Number
2a. Noise Figure (db)
2b. Second, Third Order Intermodulation Intercepts (dbm) m
2c. 1db Compression Level (dbm) [D]
3.  Min-Max Osc. Frequency (MHz) E]
4. Sideband Converted (Upper, Lower or Both) [E]
Detector 1.  Detector Type (AM Envelope, AM Sq. Law, PM, FM)
Combiner 1.  Number of Additional Inputs
2. For Desired Input:
2a. Gain (dB) Noise Figure (dB)
2b. Second, Third Order Intermodulation Intercepts (dbm) m
2c. 1db Compression Level (dbm) [D]
3. For Each Additional Input:
3a. Gain (dB), Noise Figure (dB) %
Notes: GP76-0600-28

S Option available to print mixer catalog file and performance data
Obtained as output of auxiliary filter computer program

Required only if spur performance computations are to be performed
Required only if intermodulation computations are to be performed

[o] =[] -

Required only if dynamic range computations are to be performed
Brackets indicate referenced sections of the manual.
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c.2) For filters: "Gain" is the available power gain; "Transfer
! Function" is the voltage gain with open circuited output.

d) For receivers without mixers; center frequency of input filter
passband. For receivers with mixers; center frequency of last
IF.

e) 1If waveform computations are required: carrier frequency of input
signal.

f. For receivers with automatic gain control or variable gain, each
block with a gain variation is modeled by adding, at its input,
a linear block with variable gain. The minimum and maximum gain
for each such linear block is required.

INPUT: NUMBER OF BLOCKS (INTEGER ANSWER: 1 TO 30)

If the answer is an integer N, the user is asked the module type
for each block from 1 through N in sequence. A list is presented of the
library of acceptable block types:

ACCEPTABLE BLOCK TYPES: LINEAR, FILTER, AMPLIFIER, MIXER, DETECTOR,

COMBINER

INPUT: TYPE, BLOCK I

I is an integer given in sequence from 1 to N.

The program operates interactively, asking for module parameters
appropriate to the block type indicated by the user in accordance with
the interactive sequence indicated in Figure 4.

A running count is made of the number of mixers and filters.

If a detector is included in the set of blocks, the number of post-
detection filters is counted. (The number of predetection filters is
obtained by subtraction.)

Blocks labeled (D) are required for dynamic range computations only
and are bypassed if the question in Section 3.1.2 related to dynamic range
computations is answered negatively. Similarly blocks labeled (I) and (S)
are bypassed if the appropriate questions in Section 3.1.2 related to
intermodulation and spurious response performance, respectively, are
answered negatively.

When any of the paths in Figure 4 arrives at an exit triangle (¥)
the program asks for the type of the next block and the process is repeated
until data has been entered for all N blocks.

ENTER CENTER FREQUENCY (MHZ) OF LAST IF

ENTER INPUT FILTER PASSBAND MID FREQUENCY (MHZ)

When data has been entered for the last (NTH) block the user is
requested to enter the center frequency of the last IF. If there are no
mixers in the receiver, the question is changed to request the center
frequency of the first r.f. filter. The information is used to recon-
stitute the receiver frequency plan and compute front end second order
intermodulation and spurious response performance.

ENTER WAVEFORM CARRIER FREQUENCY (MHZ)

If a yes response was given to the question on signal waveform
listed in Section 3.1.2, the user is asked to enter the input signal carrier
frequency.
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Figure 4. Interactive Data Entry Parameter Questionnaire
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3.2.2 Data Printout

In accordance with the question asked in Section 3.1.1, data is entered
for computation either by reading a previously generated data file or by
the responses given to the interactive questionnaire described in Section

3.2.1. In either case the data is available for printout.
* BYPASS DATA PRINTOUT?

An option is available to eliminate the data printout. If the
response is no the receiver signal path data is printed in accordance
with the sample'given in Figure 6. If questions related to computation
of Dynamic Range [D] , Intermodulation [I], or Spur [S] , performance in
Section 3.1.2 are answered no, corresponding sections cf the data printout
are omitted.

3.3 DATA CORRECTION

Three data correction processes are provided which permit change of
all data entered:

a) Add-a-block which permits increase in the number of blocks.

b) Block data correction which permits change of all data associated
with any of the blocks.

c) Other data correction which permits change of data not associated
with any block.

After completion of data printout the user is asked:

* IS DATA CORRECT? :
If yes, the data is entered into a file for future use.
If no, the data correction process is executed.

3.3.1 Add-A-Block

3.3.1.1 New Block Definition - The user is asked:
* ADD A NEW BLOCK?

If the number of blocks, N, is required to be increased or an existing
block type is to be changed to a filter, mixer, combiner or detector the
question should be answered yes.

If no, the program advances to Section 3.3.2.

If yes, an interactive sequence of questions and computer operations
is executed:

* ENTER NUMBER OF NEW BLOCK
The number entered, I, may be any integer from 1 to N+1.
* ACCEPTABLE BLOCK TYPES: LINEAR, FILTER, AMPLIFIER, MIXER, DETECTOR,
COMBINER
* INPUT: TYPE, BLOCK I
a) If the block type entered is Detector and another block type is
detector:
* ILLEGAL ENTRY: TWO DETECTORS NOT PERMITTED
The program returns to:
* ADD A NEW BLOCK? and the questions of this Section (3.3.1.1) are |
reiterated. ;

If no other block type is detector, a process of renumbering block |
data is executed (Section 3.3.1.2)

+The sample corresponds to the block diagram of Figure 5.
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Figure 6. Data Printout for Receiver Shown in Figure 5.
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P2,P3=SECOND,THIRD ORDER INTERCEPTS(DBM),BLOCK I

NOTE$F=L0OSS(DB) FOR AN ATTENUATOR
OL=1-DB COMPRESSION LEVEL

F=NOISE FIGURE(DB),BLOCK I

G=GAIN(DB) ,BLOCK I




R e e s g MIXER DATA ++td+t+tttdttttttits

LIST MIXER CATALOG FILE? (ANSWER YES OR NQ)

?2YES
(MIXER MANUF CAT. NO. P-0SC (DBM)
| RELCOM M) 4A 7.
2 RELCOM M9E 27.
3 RELCOM M} 7.
4 BLANK BLANK 99
5 BLANK BLANK 99
6 BLANK BLANK

99

MIXER SPUR PRODUCT DATA IS TABULATED IN TWO WAYSs
.SPUR PRODUCT INTERCEPTS (TABLE 0) OR
SPUR PROD.CONVERSION LOSS FOR GIVEN SIGNAL LEVEL(TABLE 1)
PRINT MIXER SPUR TABLE? (ANSWER YES OR NO) F
?2YES

ENTER | MIXER NUMBER FROM CATALOG AND
SPUR TABLE DESIRED

EXAMPLE:6,0

23,0

MIXER MANUF CAT. NO. P-0SC(DBM)
3 RELCOM M1 7.

CONVERSION LOSS= 7.5DB
SPUR TABLE 0 :
J/K 0 1 2 3 4 5 6 7 8

(0} 99.0 =-36.0 =-45.0 -49.,0 =-60.0 =-51.0 =63.0 =59.0 =61.0
l 24,0 J.0 35.0 13.9 40.0 24.0 45.0 28.0 49.0
2 63.0 63.0 64.0 60.9 61.0 54.0 59.0 54.0 59.0
3 23.5 22.0 24.5 15.0 28.5 13.5 27.0 12.0 27.0
4 18.17 20.0 18.7 19.3 19.3 18.3 18.7 18.3 20.0
5 12.5 1V.0 12.5 7.7 12.5 7.0 12.5 6.2 12.0
6 8.0 8.0 8.0 8.9 8.0 8.0 8.0 8.0 8.0
7 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
PRINT ANOTHER SPUR TABLE?(ANSWER YES OR NO)

?2YES

ENTER | MIXER NUMBER FROM CATALOG AND

SPUR TABLE UESIRED

EXAMPLE6,D

23,1 1
MIXER MANUF CAT. NO. P-0SC(DBM)

3 RELCOM Ml 7.

CONVERSION 1.0SS= 7.5DB

SPECIFY MIXER SIGNAL INPUT LEVEL (DBW)

?2-190.

SPUR TABLE 1
J/K 0 1 2 3 4 5 6 ¥ 8

0 99.9 26.0 35.0 39.90 50.0 41.) 53.0 49.0 51.0
I 24.) 0.0 35.0 13.9 40.0 24,0 45.0 28.0 49.0
2 1340 73.0 /14,0 709 1140 54,0 69.0 64.0 6%.0
3 6/.9 64.0 09.0 5049 77.0 47.0 74.0 44,0 /4.0
4 86.1 9u.0 - B6.1 87.9 87.9 84,9 86.1 84,9 0.0
) YU 80.0 90.0 /0.3 90.0 A8. 90.0 64.8 38.0
6 90.J 90.0 P0.0 90.9 90.0 90.0 90.0 90.0 J0.0
1 Q0.9 9U.0 9.0 90.) 20.0 0.9 90.0 90.0 .0

PRINT ANOTHER SPUk TAbLE?(ANSWéR YES OR NO)

2N
A1X CAT BLK FOMIN FOMAX SB

! 3 6 310. 000 34).000 LoN
MIX CAT BLK FOMIN FOMAX SB

2 3 1 221.750 222.250 uppP

CAT=UIXFk CATALOG HUMBFR 3
FL{=4IXEFx BLOCK NUM"BFK 1
FOMINGFOMAX=0SCTLLATOR MINT 4 Mg MAX TMUM FRENUE ICIES(4HZ) :
SB=SIGNAL SIDERAND

NOTESSB=LON(UPP)MEANS SIGNAL INPUT FREQUENTY IS
BELOACABOVE) OSCILLATOR FROUENCY

Figure 6. Data Printout for Receiver Shown in Figure 5 (Continued)
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FILTE® DATA

3 PREDETECTION FILTERSS

FILIER NO.2 | BLOCK NY.s | GF= .
POLES( "HZ*2%P[)
IV REAL 1 4AG
| -.56832E+02 «64906E+03
2 -.56832E+02 =.54906E+03
3 =.36997E+02 «42253E+03
4 -.36997E+02 -.42253E+03
5 -.12357E+03 «56250E+03
6 -.1235/E+03 -.56250FE+03
/ -.10296E+03 « 4686 7TE+03
3 -.10296E+03 -. 4A86TE+03
FILIER NO.t 2 BLOCK N9Y.s 7 GF= .
POLES( YH7«2%PI)
NO. REAL I MAG
! -. 1881 /E+01 . 15098E+04
2 -.1881/E+01 -.15098E+04
3 = 1B7TTIE+0I .15061E+04
4 -.18770E+01 -.15061E+04
FILTER NO.t 3 BLOCK Nd.32 12 GF= .
POLES( MHZ*2%P1)
KO REAL IMAG
1 =.22219E-01 «11312E+03
2 -.22219E-01 -.11312E+03
3 -.2221VE-01 . 11308E+03
4 =.22210E-01 -.11308E+03

GF=FILTER GAIN CONSTANT
BA=FILTER WOISF BANDWIDTH (MHZ)

0 HBASEBAND FILTERS

B T Y

361 40F+10 B=. 40.000
ZEROS ( A{Z#2%P1)
IFAL IMAG
0% 9.
0. 0.
0. .
055 0.
28254F+02 Bi= .943 .
ZEROS (44Z*2%P1)
REAL IMAG
0% 0.
0. 0.
394/8E-02 Bi= . 006
ZEROS ( 4HZ%*2%PT )
REAL 1 YAG
0. 5
ae 0.

B o T e ARt e T RS R A R

FREQUENCY AT CENTER OF LAST IF IS
IS DATA CORRECT? ANSWER YES OR NO
7YES

18. 0000 MHZ

Figure 6. Data Printout for Receiver Shown in Figure 5 (Continued)




b)

If the block type entered is combiner and another block type is
combiner:

ILLEGAL ENTRY: TWO COMBINERS NOT PERMITTED

c)

3.3.0.2,
a)
b)

c)

d)

e)

£)

3.3.1.3

The program returns to the start of Section 3.3.1.1. If no other
block type is combiner the program advances to block data
renumbering Section 3.3.1.2,

If the block type entered is neither detector or combiner the
program advances to Section 3.3.1.2.

Block Data Renumbering -

If the receiver blocks include a detector, its block number is

advanced by one if the number is greater than I.

If the receiver blocks include a combiner, its block number is

advanced by one if the number is greater than I.

If the block type entered is mixer:

c.l) Data associated with the receiver frequency plan and spur
performance (mixer catalog number, oscillator frequencies
and sideband converted) for other mixers have the mixer
number advanced by one if the block number is greater than I.

c.2) New mixer given correct mixer number (the gap in mixer
numbers resulting from (c.l) and block number I.

c.3) The number of mixers is increased by one.

If the block type entered is filter:

d.1) Data associated with filter number (gain constant, pole and
zero locations, pole and zero number, noise bandwidth and
filter type (fixed or tuned) have the filter number
advanced by one if the block number is greater than I.

d.2) New filter given correct filter number and block number I.

d.3) The number of filters is increased by one.

) If the block number, I, is less than the detector block
number, the number of predetection filters is increased by
one.

d.5) If the block number, I, is greater than the detector block
number, the number of baseband filters is increased by one.

Data associated with block sequence (gain, noise figure, inter-

modulation intercepts and 1db compression level have their block

number advanced by one if it is greater than I.

The total number of blocks is increased by one.

New Block Data Entry - Dependent on the type of the new block,

the appropriate sequence of questions are asked in accordance with the flow
diagram of Figure 4. When the exit triangle is reached the add-a-
block process is complete.

3.3.2 Non-Block-Associated Data Correction

There is only one data parameter not associated with any block - the
frequency of the last IF, needed to determine the receiver frequency plan
and spur product frequencies. (If there are no mixers the corresponding
data parameter is the input filter passband mid-frequency.) The user is

asked:
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CHANGE FREQUENCY OF LAST IF?

If there are no mixers the question is:

CHANGE INPUT FILTER PASSBAND MID-FREQUENCY?

If no, the program proceeds to Section 3.3.3.

If yes, the user is requested:

ENTER NEW FREQUENCY (MHZ)

The new frequency is entered and the program proceeds to Section 3.3.3.

3.3.3 Block Associated Data Entry

Provision is made to change data for 1 to 6 blocks.

HOW MANY BLOCKS HAVE DATA ERRORS? INTEGER ANSWER 1 TO 6

The user enters the number of blocks with data he intends to change.

ENTER LIST OF BLOCK NUMBERS REQUIRING DATA CHANGES

CAUTION: DO NOT ENTER MORE THAN 6 BLOCK NUMBERS

EXAMPLE: 5, 9, 10, 17, 18

The user is asked to enter data in response to the flow diagram
questionnaire of Figure 4 for each block to be corrected. The initial
question for each block is:

INPUT TYPE: BLOCK I

I will be the sequence 5, 9, 10, 17 and 18 (in turn) for the example
given. After completion of data entry for each block (when the exit
triangle is reached on the flow diagram) the reader is asked:

BYPASS DATA PRINTOUT?

If yes, the corrected data is not printed.

If no, the corrected data is printed in accordance with the format
of Figure 6 containing those sections of the data printout appropriate to
the changes made.

The user is then asked:

IS DATA CORRECT?

If the user is satisfied that the changes have been entered correctly
and that there are no other changes he wishes to make he will answer
affirmatively. If yes, the data is entered into a file for future use.
If no, the data correction process is repeated.

3.4 DATA STORAGE

If the response to the question *IS DATA CORRECT? is yes, all of the
receiver data is entered into a file and the desired computations indicated
by the user in Section 3.1.2 are performed in turn. The user may then make
subsequent computations on the same receiver, without reentering the data
by responding yes to the question on previous file status of Section 3.1.1.
As indicated in Section 3.2.2 he has the option for printout of the stored
data. He is also asked: *IS DATA CORRECT? and has the option to correct
stored data.
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3.5 PRELIMINARY COMPUTATIONS

The number of frequency conversions between the receiver input and
each filter and mixer are determined. The center frequency of each
filter and the minimum and maximum input and output frequency at each mixer
are computed. This information is necessary for computation of receiver
performance in the various categories listed in 3.1.2. The following
sequence of computations is carried out:

TR A BI85

a) Compute minimum and maximum signal input (and output) frequency
for each mixer.

b) Compute number (modulo 2) of inversions from receiver input to
each mixer output.

c) For each filter search for the number of the preceding and
following mixer.

d) Compute (from (b) and (c) the number of inversions from receiver
input to each filter.

e) Compute center frequency for each filter (average of minimum
and maximum input frequency of following mixer).

If the receiver includes a tuneable filter the user is instructed:
RECEIVE PERFORMANCE COMPUTED WITH TUNEABLE FILTERS:

SET TO MINIMUM INPUT FREQUENCY (OPTION 1)

SET TO MAXIMUM INPUT FREQUENCY (OPTION 2)

ENTER OPTION (ANSWER 1 OR 2)

1f {.1_} the tuneable filter parameters for the{ min%mum} o {ma"im“m
3 maximum minimum

tuned frequency are employed dependent on whether the number of mixer
inversions prior to the tuneable filter is even or odd.

3.6 FREQUENCY PLAN COMPUTATIONS

If the response to the question in Section 3.1.2 relative to frequency
plan computations was no the program advances to Section 3.7.

If yes, the frequency plan block diagram is printed, listing the
sequence of mixers and the minimum and maximum frequency at the input and
out of each mixer (based on the computations of Section 3.5.a). Also, the

minimum and maximum local oscillator frequency for each mixer is printed.
A sample printout is given in Figure 7.

3.7 NOISE FIGURE AND SENSITIVITY COMPUTATIONS

3.7.1 Noise Figure Computations

If the response to the question in Section 3.1.2 relative to noise figure
computations is no the program advances to Section 3.8.

1f yes, and the receiver block diagram includes a combiner, the effective
noise figure of the equivalent amplifier is computed and substituted
for the noise figure of the combiner block.
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++++++++++++++ FREQUENCY PLAN

ALL FREQUENCIES GIVEN IN WHZ
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! MIXER !
310.000-  340.000 ! !
- >1 !
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! !
1 !
! !
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239.141 ! 240.253
]
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! y
! !
! !
! MIXER !
221.750-  222.250 ! !
-—=>! !
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! ]
¢ :
! i
17,997 18.003

Figure 7. Frequency Plan Printout
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Define Gi’ Fi as the gain and noise figure of block 1i.
Define Gi,j’ Fi,j
block i through block j.

The receiver has N blocks. If the receiver block diagram includes a
detector in block (M+1)< N, noise figure computations are made for the cascade
of blocks 1 through M, based on iterated use of the noise figure cascade algorithm.
If there is no detector the computation is made for blocks 1 through N.

L R (F -l)/Gi (3)

as the gain and noise figure of the cascade of blocks from

M (i+1),M

Since FM,M = FM is known, the noise figures,

sequence from (3) starting at i - M- 1
= - 1)G
Py =Bt Ty ~ Vo (4
Since Fl o F1 is known, the noise figures,
’
succession from (3.7.2) starting at i = 2

Fi M are determined in decending
’

Fl,i, are determined in

The successive values of Fl i and Fi y are tabulated in the printout (a
3 9’
sample printout is shown in Figure 8.
If it is desired to determine F from the tabulated values of Figure 8.

i,3
proceed as follows:

a) Congert the tabulated values F, ., and F from decibels to power
raxs. 1.3 1,(-1)
b) Convert the cumulative power.gain G1 (i-1) from decibels to power
’

ratios. NOTE: The cumulative power gain Gl 1 is tabulated for each i
s ’
in the dynamic range performance printout discussed in Section 3.8
Since:
=F + (F, , - 1)/G
Flsj 1, (i-1) ( i,3 ) 1, (i-1) .
., =1+ G F. . -F
Fi,J 1,(1=1) ( s 1,(1-1)) (5)
c) Compute Fi 3 from (5)
bl
d) Convert Fi 3 from power ratio to decibels.
’

3.7.2 Sensitivity Computations

A set of cascaded blocks with noise tandwidth BN will yeild a prescribed
output signal to noise ratio (PO/PN) with an input signal level given by

'Pg = (B_/By) . F.KT.By : 6)

F is determined for blocks i through M and 1 through i by (3) and (4)
for all I. is determined for any set of blocks by the network functions of
the filters included in the set of blocks. For two such filters with network
functions HI(S) and HZ(S), the composite network function H(S) = Hl(S).Hz(S)
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Figure 8. Noise Figure Performance Printout
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Figure 9 plots: |1 (jw)lZ/IH (Ju )|2; |n (jw)|2/|H (Ju )|2 and
1 1 o 2 2 o

G |2/ 1G] ? = 1y Qo) 218, Ge) 12718 G ) 1P [,Ge)]? vs. u, where
W, is the common tresonance frequency. It is noted that:
a) BN for cascaded filters cannot exceed the noise bandwidths of the
separate filters.
B) IE By % Bgoe By X By
M (i) 12/1H (i) 2

My (i) 2/Ha (i) 12

IH(jw) 2/ IH(jwg) 2

H(S) = Hy (S) Ha(S)

Wgo w
GP76-0600-2

Figure 9. Relative Magnitude Squared Functions for Cascaded Filters

The different filters in a receiver will ordinarily differ markedly in
noise bandwidth so that the noise bandwidth of a number of cascaded filters
will approximate that of the filter with the smallest noise bandwidth.

A search is made for the narrowest filter in each set of blocks i through
M and 1 through I for all I and their noise bandwidths are substituted into

(6). (PO/PN) is taken as 10 (corresponding to 10 decibels) and KT = 4(10-21
watts/Hz. The sensitivities P and P are computed from (6) and

si,M sl,i
their values are printed, together with F1 1 and Fi M? for each i in Figure
] ’

(7). For sets of blocks without a specified noise bandwidth, sensitivity
computations are omitted from the printout.

)

3.7.3 Variable Gain Receivers {

The noise figures for block sets i through M and 1 through i computed
in equations (3) and (4) are gain dependent. Parallel computations are
made with all variable gain blocks set to minimum and maximum gains.

3.8 DYNAMIC RANGE COMPUTATIONS

If the response to the question in Section 3.1.2 relative to dynamic range |
computations is no the program advances to Section 3.9. |

If yes, the block gain distribution is checked to determine which block
will attain its 1db compression level with the minimum input signal. Also, the
overload signal is determined. This is accomplished by the following sequence
of computations:

+ Taking into account frequency translations due to mixers.
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a) The relative margin, M

4 (in decibels), for each block for which a 1db
compression level has been specified is computed as M, = X, - [G

where X . is the 1db compression level for block i in dbm, and G
i 1,(1--1)db

is the gain of the block set 1 through i - 1 expressed in decibels.
(NOTE: Gl i is determined for all i as part of the noise figure
]
computations (Section 3.7) and used to compute F
equation (4).
b) The minimum value of the Mi is determined.

c) For each block, Gl,(i—l) db and Mi - (Mi)Min

accordance with the sample printout of Figure 7. If Xi is

1, (i+1) by means of

are printed in

unspecified for any block, no computation or printout is made for

My - M )yin

d) The minimum signal level that overloads at least one block is obtained
by subtracting Gl (i-1) db from Xi for the block(s), i, for which
H]

My = Mpyyn
e) Parallel computations and printouts are made for the cases where

variable gain blocks are all set to their minimum and maximum values.
A sample printout is given in Figure 10.

NOTE: The printout of G for each i is used to compute F , the

1,i db 1,3
noise figure for the block set from block i through block j, in accordance with
the discussion of Section 3.7.1.

NOTE: For receivers that include a combiner block, the precombiner gains
and noise figures for the "undesired" inputs may be obtained by running the
signal path program off-line to model the pre-combiner receiver section. The
user should respond yes to the questions in Section 3.1.2 related to noise
figure and dynamic range computation and no to the remaining questions. The
printouts will provide the required parameters. Variations between "undesired"
input block sets can be accommodated by re-running the program in accordance
with the discussion of Section 3.14 and using the data correction options
discussed in Section 3.3.3.

3.9 THIRD ORDER INTERMODULATION

3.9.1 Third Order Intercept Computations

Third order intermodulation i3 a measure of the non~linearities experienced
bv the modulated signal in its transmission through the receiver. All non-
linear stages contribute to this in-band process.
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+r+ttt+db+ e+t +++ DYNAVIC

VAXIMUM GAIN

BLK G(I) YARGIN
| 0.0
2 0.0 96.0
3 V.0 86.0
4 29.0
5 1.0 95.0
6 11.0 112.0
/ 3.5
8 3.5
9 345 92.5
10 13.5
11 13.5 109.5
12 6.0
13 6.0 90.0
14 16.0
15 16.0 80.0
16 26.0 10.0
17 36.0 60.0
13 46.0
19 46.0 50.0
20 56.0 40.0
21 66.0 30.0
22 76.0
23 76.0 20.0
24 86.0 10.0
25 96.0 0.0
26 106.0

OVERLOAD SIGNAL
-103.0

RANGE

++++++t bttt bbb+

VINI UM GAIN
MARGIN

G(I)
0.0
0.0

N -
cooccccooOoococcoouuuUuULCcCcCo

WN—- = - —

[RY N
e e e —— 000 WWWWW==CC

@ e o ® ° & e ® & ® 4 s e ° o o 8 e o & o4 0 o

W -

21.0
11.0

20.0
37.0
17.5
34.5
15.0

OVERLOAD SIGNAL

-28

G(I)=CUMULATIVE GAIN TO INPUT TO BLOCK I :
OVERLOAD SIGNAL(DBM) IS RECEIVER INPUT SIGNAL LEVEL
THAT CAUSES AT LEAST ONE BLOCK T0O ATTAIN ITS

| DB COMPRESSION LEVEL

MARGIN=DIFFERANCE IN DB BETWEEN BLOCK I | DB

COMPRESSION LEVEL AND INPUT TO BLOCK I

CORRESPONDING TO OVERLOAD SIGNAL

IF MARGIN COLUMN IS BLANK, BLOCK I DOES NOT OVERLOAD

OPTIONS AVAILABLE TO COMPUTE:

THIRD ORDER INTERMOD ONLY(COPTION 1)
SECOND ORDER INTERMID ONLY(OPTION 2)

BOTH THIRD AND SECOND ORDER INTERMODCOPTION 3)

ENTER OPTION 1,2,0R 3
73

Figure 10. Dynamic Range Printout
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If the response to the question in Section 3.1.2 relative to intermod
computations is no the program advances to Section 3.11.

If yes the user is advised:

OPTIONS AVAILABLE TO COMPUTE:

THIRD ORDER INTERMOD ONLY (OPTION 1)

SECOND ORDER INTERMOD ONLY (OPTION 2)

BOTH THIRD AND SECOND ORDER INTERMODE (OPTION 3)

ENTER OPTION 1, 2 OR 3

If the answer is 2 the program advances to Section 3.10.

for the block set i through j

* ¥ ¥ F F

If 1 or 3, the third order intercept, 3Pi

’j!
is computed for the block sets i through M and 1 through i (i=1,2 M), based on
iterated use of the intermodulation intercept cascade algorithm:
-1 _ =1 -1
1 e " 31,0 T %1 0 Sfas (N
and
-1 -1 —1
g1 6y T 1.2 T G4 ¢ 3ty (8)
where 3 i is the third order intercept of block i. The successive values of
3P1 4 and 3Pi M’ (expressed in dbm) are tabulated in the printout (in accordance
bl
with the sample of Figure 11).
If it is desired to determine P from the tabulated values of Figure

3°1,]
3-8 proceed as follows:

a) Convert the tabulated values of P and P from dbm to
milliwatts. 1,d-1) 3 1.3
b) Convert the cumulative power gain G1 (i-1) from decibels to power
t ]
ratios (see step (b) of procedure for computing Fi j in Section 3.7.1)
3
Since:
-1 _ -1 -1
1.4 " 71, (i ) G1 (=) * 3°1,4
-1
= 9
3F1,3 (3Pl,j 3P1 =1y’ 1%, t1-3) )

c) Compute 3Pi j (in millwatts) from (3.9.3)
’

d) Convert 3Pi P from milliwatts to dbm.
’

3.9.2 Intermodulation Computations

The signal level (in dbm) for the two intermodulating sinusoids to
yield third order intermoduation products equal to the noise level in
a block set from i through j is:

[Py, 51ap = IBylgp * 20y lap 3 (10a)

where:

Py = Fi’j « KT . BNi’j (10b)

and where BNi j is the noise bandwidth for the block set i through j
’

as computed in Section 3.7.2.




e e

L e g 2 INTERMODULATION PERFORMANCE +4++4+

THIRD ORDER INTERMOD

MAXIMUM GAIN MINIMUM GAIN
I PTOT Q P(I) Q1) PTOT 0 P(I) Q1) !
l 999.0  999.0 -88.5 =-101.2 999.0  999.0 -18.4 -53.4 -
2 8.0 =25.5 -88,5 =-101.2 8.0 =25.5 -18.4 -53.4
3 22430 -78.5 -91.9 -2.4 =32.3 -8.4 -43,17 ]
4 -2.4 =32.1 -68.5 =82.0 -2.4 =32.1 1.7  =33.17
5 -2.9 =31.8 -87.5 =101.0 -2.9 =31.8 -17.3  =52.1
6 -2.9 =31.8 -77.5 =92.0 -2.9 -31.8 -7.3 -43.0
/ 5.9 =37.2 -85.0 =-99.5 -2.9 =37.2 -14,8 ' -50,5
3 -2.9 =37.2 -85.0 =99.5 -2.9 =37.2 -14.8 =50.5 i
] 9 -3.6 =3/.5 -35.0 =99.5 -3.6 =37.5 -14,8 =50.5
1 10 -3.6 =3/.5 -75.0 =90.9 -3.6 =37.5 -4.8 -40.6
; 11 -3.7 =31.5 -75.0 =90.9 -3.7 =37.5 -4.8 -40.6
12 -3.7 -44.8 -82.5 -98.4 -3.7 -44.8 -12.3 -48.1
13 =47 =45.4 -82.5 X -4,7 =-45.4 -12.3 X
14 -4,7 -45.4 -72.5 X -4.7 -45.2 -2.2 X
15 9.7 -48.7 -12.5 X -5.0 =45.2 -17.2 X
16 -18.6 =54.6 -62.5 X -7.1 -46.6 7.2 X
17 -28.5 =61.2 -52.5 X -14.0 =51.1 2.9 X
18 -28.5 =61.2 -42.5 X -14.0 -51.0 14.5 ¥
19 -38.5 =6/.9 -42.5 X -14.0 =50.9 -15.5 X
20 -48.5 -74.5 -32.5 X -14.4 =5i.1 -5.4 X
21 -58.5 =31.2 -22.5 X =16.7 =52.6 4.8 X
22 -58.5 =81.2 -12.5 X -16.7 =52.6 17.5 X
23 -68.5 =87.9 -12.5 X -16.8 =52.4 -12.5 X
24 -78.5 =94.5 -2.4 X -16.9 =52.5 -2.4 X
25 -88.5 ~101.2 8.0 X -18.4 -53.5 8.0 X
26 -88.5 =101.2 999.0 X -18.4 =53.4 999.0 X

Figure 11. Third Order Intermod Printout
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Pi M and P1 4 are computed for each i from (10) and tabulated in the
] 3

printout of Figure 1l. Parallel computations and printouts are made for
the maximum and minimum gain conditions.

3.10 FRONT END SECOND ORDER INTERMODULATION

3.10.1 Second Order Intercept Computations

Receiver front end second order intermodulation performance is a measure
of its vulnerability to strong interfering signals. The block set consisting
of the first block through the first mixer block is relatively wide-band compared
to the rest of the receiver so that pairs of strong interfering signals can
generate intermodulation products in the passband of the section of the receiver
following the first mexer (the first i.f).

Attempts to minimize the problem involve minimization of second order non-
linearity of the front end stages and use of front end filtering. Accordingly,
evaluation of second order intermodulation performance requires computation of
second order intermodulation intercepts for cascaded quasi-linear networks
with memory.

If the option chosen in Section 3.9 is 1 the program advances to Section

3.11.
I1f the option chosen is 2 or 3, the user is requested:
* ENTER 2 RECEIVER INPUT FREQUENCIES

The second order intercept, ,P for the block set i through j, is
21,3,

computed for the sets i through M and 1 through i (where M is the number of
the first mixer block; i=1,2...M) based on iterated use of:

- -1 =1
2P T 2P0 TG 2P u (11)
-1 & =1 -1
1, 1y = %12 G ¢ P 12)
L {
: If block is a filter, the value employed for G is half the sum of

i db
the filter attenuations for the two frequencies entered. If the block: |
set 1 through i includes one or more filters, the value employed for |
G1 i db is the cumulative sum of the block gains, (where, for each

’

filter the average of the filter attenuations for the two frequencies
is taken as the block gain).

With these modifications, the second order intercept is computed for each
block i and tabulated in the printout of Figure 12. The printout is in

the same format as employed for third order intermodulation as shown in Figure
11.

3.10.2 Intermodulation Computations

The signal level, in (dbm) for two intermodulating sinsuoids at the
frequencies entered, to yield a second order product equal to the noise
level, in a block set from i through j is:

iy an = (Byly, + LPy 51g)0/2 (13)
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FROWT  END  SECOND

EdTER 2 KECEIVFR INPUT FREQUENCIES(MHZ)

255, ,125.

PTOT
999.)
41.6
31.2
31.2
30.3
R{VN,)

QU AW ——

I=RBLOCK NUYBER

OrDER  INTERMOD

MAXIMUM GAIN

Q
099.0
=25.4
-30.5
-30.1
-29.5
=29ie5

PCI)
30.6

9.9
20.3
38.5
19.5
35.0

Q1)
-48.)
-58.4
-49.2
=35.2
-54.,2
-43.1

PTOT
999.0
41.6
31.2
31.2
30.8
30.6

FLOL=INTEROD TWTERCEPT(DB) ,FIRST 1 BLOCKS
G=TwO TONE SIGNAL LEVEL(DB"),FIRST I BLOCKS
(INIERMOU LEVEL=NOISE LEVEL)
P(I)=14TER*OD INTERCEPT(OBM) LOOKING INT) BLOCK I
Q(I)=TAO TINE SIGNAL LEVEL(UBM) INTO BLOCK I
(INTERMOL LEVEL=NOISE LEVEL)

MINIMUM GAIN
0
999.0
=25.4
-30.5
=-30.1
-29.5
=29.5

Figure 12. Front End Second Order Intermod Printout
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where PN is the value computed in the third order case, equation (10b).
P1 M and P1 i (where M is the mixer block number and i=1,2...M) are computed
’ .
from (13) and tabulated in the printout of Figure 12. The printout
format is similar to that for the third order intermodulation (Figure 11)
Parallel computations and printouts are made for maximum and minimum gain
conditions.

3.11 SPURIOUS RESPONSE PERFORMANCE COMPUTATIONS

If the response to the question in Section 3.1.2 relative to spur performance
computations is no the program advances to Section 3.12.
If yes the following sequence of computations is executed:

a) For each mixer, in turn, starting from the receiver input, with lowest

and highest output frequencies, Wy, and Wips determined during preliminary

computations (Section 3.5) and given minimum and maximum oscillator

frequency, WoL and Wop® four frequencies are determined for each j,k

pair of mixer products:

w; = (kw g = w)/3

1 oL
wy = (ko . = w_.)/j
2 oL IL (14)
oy * Gty = g bl
wg = (kg = wyy) /3
NOTE: w, to w, and wy to w, represents the ranges of frequencies at the

mixer input that can generate a j,k spurious product in the band Wyp to (T

b) A comparison is made of W) to w, and w, to W, with the input signal band

3
(computed in Section 3.5 and printed in Section 3.6).

i b.1l) If there is an overlap, the spur will not be benefitted by filtering
in the overlap band. The worst case frequency is chosen (arbitrarily)
as the center of the overlap band.
c.l) The local oscillator frequency at the mixer corresponding
to the worst case frequency is determined by an interpolation
process (the worst case frequency is related to the band of
input frequencies W) to w, OFr W, to w, as its corresponding

2 - -

oscillator frequency is related to the band W to w ).

d.1l) Local oscillators of preceding mixers are set to the mid-point
of their frequency ranges.

e.l) The frequency offset of the worst case spur frequency at the
receiver igput is equal in magnitude to the worst case spur
frequency offset at the input to the generating mixer.
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b.2)

b.3)

b.4)

If wy > Wy the worst case spur frequency at the mixer input is
= = 1
Wy and the offset is § 0y (msL + wSH)/Z relative to the center

of the mixer input passband. NOTE: 6 > 0

c.2) The local oscillator at the generating mixer is wor for
the worst case spur.

d.2) Local oscillators of preceding mixers are set to their maximum
or minimum frequency dependent on the number of inversions
between any preceding mixer and the generating mixer. With
each preceding mixer (progressing toward the receiver input)
the magnitude of the frequency offset is reduced by half the
difference between maximum and minimum frequency for the
oscillator applied to the preceding mixer. If the frequency
offset, at a given preceding mixer output is less than half
its output passband, the given mixer and all other mixers
(progressing toward the receiver input) are set to their
mid frequency.

e.2) The frequency offset magnitude of all mixers with oscillators
set to mid-frequency is maintained to the receiver front end
and the worst case input frequency is dependent on the
sequence of mixer inversions.

f.2) With the worst case frequency offset determined throughout
the receiver (prior to the generating mixer), the attenuation
provided by each filter is computed and added. (NOTE: Filters
preceding or following mixers with local oscillators set
to mid-frequency in accordance with (e.2) are assumed to
provide no filtering).

If Wy < Woro the worst case spur offset is 6 = w, = (msL + wSH)/Z < 0.

Similar computations are made as for the case (b.2) (with reverse
choice of mixer local oscillator frequencies).

If w, < Wy, < Wy < Wqs parallel computations are made, based on

offsets §, = w, - (wSL + wsH)/Z < 0 and 6B -y = (wsL + wSH)/Z >0,

A 2
to determine mixer local oscillator frequency settings, worst case
input frequency and filtering to the worst case frequency. The
frequency, W, OT Wg, providing the least total filtering is

selected as the worst case frequency.
For a receiver with noise Figure F and noise bandwidth B_,

the input noise power is PN = FKIBN. If G is the gain prior to
the mixer and Lc the mixer conversion loss (both expressed in db),

the noise power at the mixer output is [P + G - Lc' If the

N]dbm
jsk spur product output is equal to the noise power level:
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P +G - = - -
[ N]dbm Lc Pa Lc Rj,k (15)
where Rj K represents the difference (in decibels) between the
t]
signal level and the j,k product level when Pa (expressed in dbm)

is applied to the mixer input. |
The corresponding level at the receiver input (in dbm) is
X=Pa-—G (16)

: 1
and Pa by:

The j,k spur product intercept, Pj K’ is related to R.j Kk
k] ’
P,,. =P +R, /(G-1
Combining equations (15), (16), and (17) and solving for X: ng
X = [(3-1) (Pj,k SR S ESR R v A18)

c) The input spur signal level required to yield an output spur product
equal to the noise level (if there were no receiver filtering) is
determined, for each mixer and all spur products, from (18). The
worst case j,k spur product (with filtering) is obtained by adding
the computed worst case filtering to X.

d) The spur response performance is tabulated in Figure 13 providing,
for each mixer and all spur products:

1) X (input spur signal level where mixer output spur level equals 1
noise level). (Labeled QM in printout)

2) Worst case frequency for each spur product j,k.

3) Local oscillator frequency for each mixer to yield the worst
case spur frequency.

4) Composite filtering to worst case spur frequency. (Labeled QF)

3.12 WAVEFORM PERFORMANCE

If the response to the question in Section 3.1.2 relative to signal wave-
form is no the program advances to Section 3.13.
If yes, the receiver output waveform is computed, as follows:

a) The network function for each filter is separated into partial fractions
and the coefficients determined.

b) The receiver input function is defined as a piecewise combination of
as many as six segments, each defined by the amplitude and phase of
a modulation time function.
The user is requested:

* ENTER NUMBER OF SEGMENTS (1 to 6) FORMING INPUT SIGNAL

* MODULATION FUNCTION
The user responds with an integer, M, whereupon, for each segment, M
(1<N<M), in turn, the user is requested:

* FOR SEGMENT N ENTER SEGMENT TIME DURATION
Three function types are available to describe the amplitude and phase
modulation function by choice of the arbitrary constants, ki' The user
is advised:

* FUNCTION DESCRIPTORS ARE: EXPONENTIAL, SINUSOIDAL, PARABOLIC

* FOR SEGMENT N ENTER AMPLITUDE FUNCTION DESCRIPTOR

If the response is exponential, the defining equation for the arbitrary
constants is printed:
* F = K1 + K2*EXP (K3*T)
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And the user is requested:

* ENTER: K1, K2, K3
If the response is sinusoidal, the corresponding defining equation:
* F = K1 + K2%(SIN(K3*T + K&))**K5
* ENTER: K1, K2, K3, K4, K5
If the response is parabolic:
* F = K1 + K2*T + K3*T*%2
* ENTER: K1, K2, K3
Note the FORTRAN printout for the defining equations. The user is then
requested:
* FOR SEGMENT N ENTER PHASE FUNCTION DESCRIPTOR

If the response is exponential, sinusoidal, parabolic the corresponding
defining equation for the arbitrary constants is printed and the user
is requested to enter the corresponding set of arbitrary constants.

c) The user is then requested to provide information concerning the
integration increment and the duration of the required output time
response. The integration increment should be sufficiently small so
that the input function and the inpulse response approximates a straight
line within each increment, thereby validating the trapezoidal approxi-
mation employed. A small segment of the desired interval may be
employed as a test sample and the integration increment chosen to be
deliberately coarse. The increment is then halved and the computation
repeated for the test sample. The process is repeated until the output
signal does not vary significantly with change of integration increment.
The user is advised:

* ENTER: INTEGRATION INCREMENT, NUMBER OF STEPS

* OPTION TO PRINT EVERY NTH DATA POINT; ENTER N
The integration increment is chosen to provide sufficient accuracy in
the evaluation of the integrals. N is chosen to reduce the volume of
printed data.

d) The user is then offered a number of data print and plot options.

* OPTION TO PRINT DATA; ENTER YES OR NO

* OPTION TO PLOT DATA; ENTER YES OR NO
If a yes response is given to the print data option:
If the receiver block set includes a detector, the amplitude and phase
modulation functions at the receiver and detector inputs and the receiver
output signal waveform are tabulated as functions of time.
If the receiver block set does not include a detector, the amplitude and
phase modulation functions at the receiver input and output are
tabulated as functions of time.
If a yes response is given to the plot data option, the user is offered
a choice of one of the above signals (other than the input modulation

1 functions) to plot on the user's I/0 device.

* OPTION 1 - PREDETECTION AMPLITUDE MODULATION FUNCTION
* OPTION 2 - PREDETECTION PHASE MODULATION FUNCTION
* OPTION 3 - PREDETECTION MODULATED R.F. SIGNAL

(NOTE: "Predetection'" refers to the undetected r.f. signal, whether there
is a detector block or not.)
If there is a detector block, a fourth plot option is offered:

* OPTION 4 - POST DETECTION OUTPUT SIGNAL
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e)

£)

g)

h)

i)

Initial conditions. Based on the choice of amplitude and phase
modulation descriptors the initial value is given by:
Exponential. K1 + K2

Sinusoidal: K1 + K2* (SIN(K4))**K5

Parabolic: Kl

obtained by letting T = O in the defining function.

The initial value of the input modulation function is

a(0) = p(0)cos|¢(0)| + j p(0)sin|¢(0)]

where p(0) is the initial value of the amplitude function and ¢(0) is
the initial value of the phase function.

£ the filter network function H(S) = N(S)/d(S) has numerator and
denominator polynomials with the same degree, the initial value of
the output signal:

Z(0) = H(»)y(0)
where H(») = Lim H(S)

S > =
y(0) = initial value of filter input signal.
It is assumed that the first filter in any receiver will have finite noise
bandwidth so that H(=)=0. Hence y(0)=0 for subsequent filters. Since the

subsequent filters will have H(~) finite, Z(0) is taken as zero for all
filters.

The receiver input amplitude and phase functions are computed for any
time increment, based on segment durations, amplitude and phase modulation
function descriptors and segment amplitude and phase K values.

The output signals, Z(t) from any filter at any time increment t = t, + 4§
is obtained from:
1) input signals y(to) and y(to +§)

2) output signal Z(to)

based on a recursive evaluation of the convolution integral

t
Z(t) j/ﬁ y(t)h(t-t)dr
o
1

where h(t) =% H(S)
Hence, from (e) and (f), Z(t) is obtainable for the first filter for all
€.

The output signal for any filter is taken as the input signal of the next
filter (taking into account any mixer inversion that are present between
the two filters). Since the initial value of the output signal of all
filters known (paragraph e)), the output signal from all filters may be
computed for a given time increment before proceding, with the next incre-
ment. :

From the complex modulation function Z(t) at the output of the last r.f
filter, its amplitude, p(t) and argument ¢(t) are determined. (If

the receiver block set includes a detectos this is the predetector
output; if not it is the receiver output). Figure 12 includes

a sample tabulation of the amplitude and phase modulation functions prior
to detection. (NOTE: Every Nth data point is printed based on choice of
N in paragraph (c).)
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3) 1f the receiver block set includes a detector, its output is dependent
on detector type. For amplitude modulation envelope detectors, the detector
output is p(t) For amplitude mcdulation square law detectors, the detector
output is p 2(t)/2. For phase modulation detectors, the detector output is
$(t). For frequency modulation detectors the output is d¢/dt, The frequency
modulation detector output at t = to + § is computed as:

(d¢/dt) = [ct»(t0 + 8) - ¢(to)]/6

t=t +§
o

since § is chosen suitably small.

k) If the receiver block set does not include a baseband filter, the detector
output is taken as the receiver output waveform and is tabulated in
14A. 1If it includes one or more baseband filters, the filter
outputs are obtained from the convolution integral:

b(t) = fg a(t) h(t-t)dc

where a(t) is the detector output signal and h(t) is the baseband filter

impulse response. The filter output signal is taken as the receiver output
and every Nth data point is tabulated in Figure 14A,

1) After all filter outputs are computed for t = £+ §, the variables

y(t) and Z(t) are updated for all filters and the recursive process
is repeated to determime Z(to+26) for all filters.

m) If the plot option (paragraph d) was answered yes, the selected output
is scaled and every Nth data point is plotted in accordance with the
choice of N (paragraph c).

n) After computations have been made for the number of increments entered
in paragraph (c), and the results printed and/or plotted, the user is
asked:

CONT INUE SOLUTION?

If the user's response is no, the program advances to Section 3.13.
If the user responds yes, he is requested:

OPTIONS TO CHANGE INTEGRATION INCREMENT

ENTER: NEW INTEGRATION INCREMENT

FOR NO CHANCE ENTER: 0 .

OPTION TO PRINT EVERY NTH DATA POINT; ENTER N ;

ENTER NUMBER OF ADDITIONAL INTEGRATION INCREMENTS
The user thus has free play to change the integration parameters based
on the rate of change of the output signals.
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Figure 14A. Print Option Waveform Response Printout

51




TVvoasLur s VVUYIL I3 WY v IvTgicirye TVvYgaLc

10=32L1L1°*= 00+3£.989"* *0 00+366801° €0+30.2°
10-3¢CEL 1= Q0+3IVEO9L * ‘0 00+39€ELV I £0+3692°
10=3¢EP L 1°= 00+39GGEL" *0 00+386061°  €0+3092°
10-3¢ 162 1°= 00+316116° *0 00+36S6€2C° €0+3662°
10-304G21°= (00+356886° *0 00+368262° €0+3062"°
10-3609L1°= 10+329901* *0 00+36506€°  €0o+3Sve”
10-32€9L1°= |0+3CEV I * ‘0 00+32221v° go+3ove”
10=3¢v9oL 1= 10+3%6121° ‘0 00+30SLL¥P" €0+36€2C"
10-3ev9L 1°=  10+39¥621° 0 00+3109vG° €0+30¢€2°
10=-3G¢QL 1°= 10+3189C " 0 00+3cCEL19” €0+3G6¢2¢C"°
10-3029L 1°= 10+3S6EV 1 ° ‘0 00+386069° €0+3022°
10-386GL1°= 10+3€80G1° 0 00439G99.° €0+3G12°
10-304GL1°= 10+32¥LGI " *C  00+3.6¢£v8° €o+3012°
10-39¢eSL 1 ° = 10+389€91 * 0 00+3vSiTo- tO+r3suc-
10-396¥ L 1°= 10+39G691° 0 10+300001 * €0+3002°
10-3CS¥21°= 10+320621° *0 10+368.01° €0+3G61°
10-366€L1°= 10+43€0081° ‘0 10+3p9S11L " €0+3061°
10-30v€L 1= 10+396¥81° ‘0 lo+3peEEct” €0+3681°
10-3vL2.1°= 10+38G881° ‘0 10+3060€1* €o+3081°
10-3102L1°= 10+3r0261° ‘0 1o+3s28€EL” €0+3GL 1 °
10=-36llL 1= 10+3r6v61L" ‘0 10+30¥GY L €0+30L1°
10-3820L1°= 10+3v2L61"° ‘0 10+3g22s!" €0+3G691°
10-322691°= 10+326861° ‘0O 10+38.8S1°  €0+3091°
10-3¢ 1891°= 10+3L6661° ‘0 10+3v6V9L° €0+35G 1 *
10-388991°= 10+35€00C " ‘0 10+31L0L1°" €0+30G1°
10-36¥G91°- 10+3.000C" *0  10+3¥09L1° €0+3Gv | *
10-3v6£91°= 104301661 ° *0 10+306081° €0+30¥1°
10-3€2291°= 10+3%bL61° ‘0 10+392481° go+3sel”
10=-3¢€091°= 10+301661° *0 10+301681° €0+30¢€1°
10-3v28g1°- 10+3r0261° *0  10+36€261° €0+3G2C1*
10-3v6GG1°= 10+362881° *0 lo+311661°  €0+30C!I°
10-30¥€G1°~- 10+3r8E8!L"* 0 10+3Iv2L6L” €0+3G11°
10-3290G1°*- 10+30/8L1" 0 10+311861° €0+3011°
10-38G.¥1°= 10+3682L1" 0 10+369661° €0+3G601°
10-392vp 1 °= 10+31¥991 " *0 10+30000¢2" €0+3001°
10-3v90¥ | *= 10+362661° ‘0 10+369661° 20+3066°
10-3¢29€1°~ 0+39G1G]"* 0 10+371861° 20+3006°
10-38p2E1°= 10+3592€EP 1 0 lo+3veLel” 20+3068°
10=316L21°= 10+30¥vEl" 0 10+311G61° c0+3008°
10-36622 1= 10+390621 " *0  10+36€261° 2o+306, *
10-32LL11°= 10+382G11° 0 10+301681° 20+300L *
10-360211°= 10+351601° *0  10+392G81° 20+3069°
10-311901°= 00+3vELV6" 0 10+306081° 20+3009*
20-3¢9L66°= 00+3LEI¥8” ‘O 10+3¥09/1° 20+3066*
0S1¥e

SINTW FYONT NOILVHOHINI TVNQILIQUV 40 H3AWNN Y3INT

g2e

N tHIING ¢INIOd VIVA HIN A¥3A3 INIHd O1 NOILdO

0G/v*ete

O ¢ Y3IN3 JFONVHO ON dHCA
(O3SOHUOI W) IND  JYONT NOILVHOTLNI MINsyYIIN3I
INGNIHONI NOILVHOFINI FONVHD 0L SNOILHO

S3AL

ENOILNTTIOS INNIINOD

C0-449086°- 00+3rsveL” ‘0 10+3120/1° ¢0+3006°
¢0-Joc09e"= 00+dtc8C9 " ‘O 10+3b6vQL” c0+305¢°
C0-30694L°= 00+398E2G° 0 10+38L8G1° c0+300%°
20=-40901L°= CO0+3coeey * ‘0 10+3%ccal " c0+306¢ °
Co-31v2e9° - (00+3d6G/CE" ‘0 10+30PSP 1 ° ¢0+300¢t *
20-3L6EGG =  00+36506€EC" "0 10+31¢28¢E1° c0+306¢*
C0-3699LP°= 00+ISEI91° ‘0 10+3060€1 " c0+300¢2°
CO=ILYLOV °= 10-3GLtG6"° 0 10+3veELcl” 20+304 1 °
co=41cy e~ [0-J6vvvy ° ‘0 10+3r9stl” co+30ul *®
cOo=3gv oLy = 10-d8/G11° ‘0 10+3g8L01° 10+3006 *
e, ) ‘0 10+300001 * i

(ava)zZvd dn¥ (O RDPVAE dnv ELBRS

NCI10313038d INdNT

AHOLSIH JWIl

GP76-0600-61 J




cOo-31LLvy -
¢0-3509vc° -
€0-3.5901°

cOo-d66EvE”

c0=3¢1S8L"°

10-3618€1°

10-39v61cC°

10-3¢L8¢2¢t"

10-366¥ 9% ©

10-3L£66G°

10-3€C9G69°

10-3¢G62L6°

10-3r 0L 6E "

10-3¢svcc*

¢0-366L56°

£0-3¥9888 °

c0-365v8Y ° =
¢0-396498° =
10=3tvcll =
10-31€0€1°~
l@=3c6ch | °=
10-3L61G1°=
10-3968G | *=
10=devE | =
10-3¢0L91°~
10=31L691°=
10=3dcLiLl =
10-3c¢ceL =
10=-3tEvL1°=
10-3¢t I6L1°~
10=-30LG6L1°=
10-3609L1°=
10=3cE9L | =
10=3¢voL 1 =
10=3ev9L1° =
10=3G€9L 1 °~
10=d40c9L 1=
10=-3865L1°~
10-30/6G6L1°=
|O=2i9EG) | > =
10=396v L1~
10=-3Csv L]°=
10-3&6€L1° =
10=30vELI "~
lo=8vicli =
10=310cL | *=
lo=gsi VL 1=
10=38c0L1° =
10=3L2691°~
10=3v 1891 °~
10=-38899 1 * =
10-36¥59 1 * =

00+30¢EG¢EE *
00+3¢618¢C°
oo+3co0gec”®
00+3€6881 °
00+3886V | ©
00+3v 1911 °
10-3016L8°
10-3¢9€69°
10-39€98Y °
10-30€8L¢E*
10-3200¢€¢ *
10=-3G6L1IvE"
10-3¢s€1¥ *
10-9E£05¥G *
10-329G€L"
10-308£86°
00+3¢£8821 °
00+3¢ELV91°
00+3v¥850¢ *
00+3c616C”
00+369¢20¢ *
00+3r8.LGE"°
00+3c0LIY*®
00+3166LY *
00+3609¥6G *
00+3L1619°
00+3€£/,989°
00+3¥ £09L *
00+3656E8°
00+316116°
00+356886*
10439901 °
10+32Cev 11 °
10+396121°
10+39v6C1°
10+3i89¢€1°
10+3G6EV 1 *
10+3€80G 1 *
10+32¥ LGl "
10+389€91 *
10+39G5691 °
10+320G6L1°
10+3¢£0081 *
10+396¢81 °
10+38688 | *
10+3v0c61 *
10+3v6v61°
10+3v2L61°
10+326861 °
10+3L666 | *
10+36€00C "

10+3L000¢C *

10+300001 °
00+3¥5126°
00+39GEV8°
00+3G6599L *
00+386069 *
00+32C€L19°
00+3109vG*
00+306LLY *
00+3l1cciy*®
00+39606¢€ *
00+368c6¢C°
00+36G6¢€¢C*
00+386061°
00+39¢€LY1°
004366801 °
10-30C19L"
10-3Ev 68F °
10-30€9.2C°
10-3clect®
¢0-39¢80¢t *
Cc1-3909L¥ *
¢0-3L280€E"
10-3¢1ect®
10-30€9L2°
10-3vv 687 °
10-31219L°
00+366801 *
00+39¢€Lv 1 °
00+386061 °
00+36G6€C"°
00+36826¢C°
00+35506¢E *
00+3cce v
00+306LLY*
00+3109¢vG*
00+3CELI9"
00+386069°
00+39G699L°
00+3/G€E¥8°
00+3vS 126~
10+300001 *
10+3568.01°
10+3p9G 11 °
1os3veect ®
10+3060€ | *
10+31¢28¢€1°
10+430vG¥ 1 *
10+36¢2¢G1°
10+38.8G1 *
10+3v6¥91°
10+31L0L1°
_o+mtcoh_“

D608

€0+300¢% *
€0+356¢€"°
€0+306€ °
£€0+3G68¢€ *
€0+308¢ *
€0+3G.€°
€0+30L€°
€0+369¢ *
€0+309¢ °
€0+366¢E°
€0+306¢°
€0+3SvE"
€o+3ove *
€0+36LE"
£0+30¢€ °
€0+36¢E "
€0+30¢E "
€0+361€°
€0+301€°
£0+3G0¢€ *
€0+300€ *
£0+366¢"°
€0+306C°
£0+3G68¢C°
€0+308¢°
€0+3G/¢*
€0+30LC"°
€0+369¢2°
€0+3092°
€0+365¢°
€0+306¢C°
€0+3SvcC”
go+3ovc*
€0+3G€C”
£0+30ec*®
£0+3G6¢c*
€0+30¢¢*
£0+3G1C°
€0+3012°
£0+350C"
€0+3002°
€0+3661°
€0+3061°
€0+3681°
€0+3081°
€0+3G21°
€0+30L1°
£0+3691°
€0+3091°
€0+3661°
€0+3061°
€0+3G¢v |




e

| Frecedivg 7gge 743”/( T pmed §

{

CHART 100

0116 «4100 .8084 1.2067 1.6051 2.0035

. . . .

40. 0000

45. 0000
50. 0000

55. 0000
60.0000
65.0000

70. 0000

75. 0000
80.0000
85, 0000
90.0000
95. 0000
1 00. 0000
105. 0000
110, 0000
115, 0000
120. 0000
125.0000
130. 0000
135, 0000
140, 0000
1 45, 0000
150. 0000
155,0000
160, 0000
165.0000
170.0000
1 75,0000
180. 0000
185, 0000
190. 0000
195.0000
200. 0000
205.0000
210.0000
215.0000
220. 0000
225. 0000
230.0000
235. 0000
240.0000
245. 0000
250.0000
255. 0000

GP76:0600-60

Figure 14B. Plot Option




3.13 RERUN

The user is requested:
* RERUN THE PROGRAM? ANSWER YES OR NO
If no the program terminates.
If yes the program returns to Section 3.1.1.
The yes option is useful to determine the effects on performance of changing
a given data parameter or set of parameters.
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SECTION IV

SYNTHESIZER COMPUTER PROGRAM, SYN

4,1 PRELIMINARY INFORMATION

The synthesizer computer program, like the signal path program, is
interactive. The format for discussion in this section, of program
instructions, requests for information and user responses, is similar to
that employed in Section 3.

4.1.1 Previous File Status

HAS A DATA FILE BEEN OPENED PREVIOUSLY FOR THIS SYNTHESIZER?

If no a new file is opened

If yes the data in the file is read into the computer work memory and
program advances to Section 4.2.2.

4.1.2 Desired Computations

PRINT SYNTHESIZER FREQUENCY PLAN?

COMPUTE SPURIOUS RESPONSE PERFORMANCE?

COMPUTE NOISE MODULATION PERFORMANCE

COMPUTE ACQUISITION CHARACTERISTICS?

The computations corresponding to those questions for which the user
provides a yes response are carried out in sequence.

4.2 DATA ENTRY AND PRINTOUT

4.2.1 Data Entry

If the response to the question in Section 4.1.1 is no the user is
prompted with a sequence of requests for information relative to the
synthesizer block diagram configuration and component parameters.

4.2.1.1 Basic Parameters - The user is asked to provide information, (readily
obtained by inspection of the synthesizer block diagram) relative to the
number of phase locked loops; number of mixers, number of synthesizer outputs
(from 1 to 5) and a list of output VCO's. NOTE: Phase locked loops and

their respective VCO's phase comparators and loop filters are numbered in
common.

ENTER: NUMBER OF PHASE LOCKED LOOPS

ENTER: NUMBER OF MIXERS

ENTER: NUMBER OF SYNTHESIZER OUTPUTS

ENTER INTEGER: 1 TO 5

ENTER: LIST OF OUTPUT VCO'S

The user is also asked to provide the frequency of the synthesizer
standard and, if there is an independent source other than the standard to
which the output signals are referenced, to provide its frequency.




——
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*

ENTER SYNTHESIZER STANDARD FREQUENCY (MHZ)
ENTER FREQUENCY (MHZ) OF INDEPENDENT SOURCE NOT
REFERENCED TO SYNTHESIZER STANDARD FREQUENCY

IF NONE, ENTER O

The user is also requested

ENTER RECEIVER NOISE BANDWIDTH (MHZ)

4.2.1.2 Block Diagram Information - The user is asked to provide information

relative to the matrices that represent the synthesizer block diagram.
Three matrices are defined:

a) Mixer output reference matrix
b) Reference input matrix
c) Feedback input matrix

Figure 16A is a worksheet that may be used to generate the matrix
element data from the block diagram. One worksheet is used for each matrix.
If there are L phase locked loops and M mixers, the data is entered on
L+M+2 colums of the 26 indicated on the worksheet. The mixer output matrix
data will be entered on M rows of the 12 rows provided on the worksheet;
the reference input and feedback input matrices will use L rows.

The first column is used for the frequency standard. The second column
is used for another frequency reference (if there is one); if there is no
other frequency reference this column is blank. The columns from 3 to L+2
are used for L loop VCO's. Columns from L+3 to L+M+2 are used for M mixer
outputs. : -

For the mixer output matrix, the rows correspond to the vector of M mixer
outputs. The elements of the matrix are assigned values in accordance
with the following rules: The elements are equal to zero for columms
representing sources that do not feed the mixer corresponding to a given row.
The magnitude of non-zero elements are equal to the multiplication ratio when there
is a frequency multiplier between the source corresponding to a given column and
the input to the mixer corresponding to a given row. The magnitude is equal to
the reciprocal of the division ratio if there is a frequency divider between the
source and mixer input. The magnitude is equal to 1 if there is neither a
frequency miltiplier or divider.

There will be two non-zero elements for each row of the mixer output matrix
(each corresponding to a mixer input). The signs on the two elements are each
positive if the mixer output frequency is the sum of the two input frequencies.
If the mixer output frequency is the difference of the two input frequencies,
the appropriate non-zero element is assigned a negative sign.

To systemetize the assignment of non-zero element values, they are
entered as rational fractions, assigning negative values to the numerators
where appropriate.

To enter a non-zero matrix element, the column number of the matrix and
the numerator and denominator integer values are entered by the user. Since
spur and noise phase modulation of the mixer output are dependent on whica
of the two inputs to the mixer is the oscillator, it is necessary to distin-
guish the input signals. The oscillator inputs may be encircled on the work-
sheet prior to data entry as is indicated in the sample (Figure 16B).

Note: Sample printouts apply to the sample block diagram given in
Figure 15,
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The user is provided with a printout of these rules for data entry,
examples, and guided by a sequence of requests for data:

BLOCK DIAGRAM INFORMATION ENTERED AS THREE MATRICES

LABELED: MIXER OUTPUT, REFERENCE INPUT, FEEDBACK INPUT

EACH MATRIX HAS C COLUMNS
NOTE: C is computed from (C=L+M+2) and inserted in the above instruction.

COLUMN 1 IS FOR FREQUENCY STANDARD

COLUMN 2 IS FOR INDEPENDENT FREQUENCY SOURCE

COLUMNS 3 THROUGH N1 ARE FOR N2 VCO FREQUENCIES (N1=L+2, N2=L)

COLUMNS N3 THROUGH N4 ARE FOR N5 MIXER FREQUENCIES (N3=L+3, N4=L4M+2, N5=M)

MATRIX ELEMENTS ARE POSITIVE OR NEGATIVE RATIONAL FRACTIONS

ENTER EACH NON-ZERO ELEMENT AS NUMERATOR, DENOMINATOR |

FOR NEGATIVE ELEMENT NUMERATOR IS NEGATIVE |

EXAMPLE: -1, 1731 ENTRY FOR -1/1731

The user is instructed in the method for entry of matrix element data
for programmable elements:

SOME MATRIX ELEMENTS MAY TAKE ON A RANGE OF VALUES

PROGRAMMABLE COMPONENTS: ENTER 99999, 1 FOR SUCH ELEMENTS

NOTE: Do not use a minus sign when entering the programmable component
indication: 99999,1.

The user will then be asked to enter the minimum and maximum values of
the programmable element in the form: numerator, denominator, numerator,
denominator.

The sequence of user instructions relative to the mixer output matrix:

ENTER MIXER OUTPUT MATRIX

DIMENSION: N6 ROWS; N7 COLUMNS (N6=M; N7=L+M+2)

EACH ROW HAS 2 NON-ZERO ELEMENTS

ONE ELEMENT FOR MIXER 0SC; ONE FOR MIXER SIGNAL

For each row, in turn, the user is requested:

FOR ROW, I, ENTER OSCILLATOR ELEMENT (I=1 to M)

COLUMN, NUMERATOR, DENOMINATCR

After the user enters the oscillator elements,

FOR ROW, I, ENTER SIGNAL ELEMENT (I=1 to M)

COLUMN, NUMERATOR, DENOMINATOR

If the user enters 99999,1 for any numerator, denominator to indicate
a programmable element, he is requested:

FOR ELEMENT I, J ENTER MIN AND MAX VALUES 1

(I is the row, J is the column of the mixer output matirx)

NUMERATOR, DENOMINATOR, NUMERATOR, DENOMINATOR

A similar sequence of instructions are emplcyed for the reference input
matrix:

ENTER REFERENCE INPUT MATRIX

DIMENSIONS: N8 ROWS; N9 COLUMNS (N8=L; N9=L+M+2)

EACH ROW HAS 1 NON-ZERO ELEMENT

For each row, in turn, the user is requested:

ENTER ROW I (I=1 to L)

COLUMN, NUMERATOR, DENOMINATOR

If the user enters 99999.1 for the numerator and denominator he is

requested:
FOR ELEMENT I, J ENTER MIN AND MAX VALUES
NUMERATOR, DENOMINATOR, NUMERATOR, DENOMINATOR




The feedback input matrix data is entered in response to a similar
sequence of instructions. (NOTE: No non-zero elements occur in the first
two columns.)

A running count is kept of the programmable elements, identified in
their sequence of entry.

4.2.1.3 Component Parameters — The library of synthesizer modules modeled
consists of mixers, phase comparators, VCO's and filters. Table 2 lists
these module types and the required data associated with each module type.
The numbers in the brackets indicate the sections of this manual that may
be referenced for discussion of the module parameters.

a) Mixers
As in the signal path program, the mixer catalog and data

file, generated by an auxiliary program is called and its contents are
read into the synthesizer program work memory. Instructions for

data entry and update of the auxiliary mixer catalog program are

given in Section 5. With the mixer parameters stored in the work
memory, the user is required to supply only the mixer catalog

number and signal level for each mixer.

The user has the option to obtain a listing of the mixers in the
mixer catalog and to obtain a printout cf the spur product table
(either as intercepts or as spur relative to the signal level for

any given signal input level).

Table 2. Data Requirements for Synthesizer Components

Component Required Data
Mixer 1. Mixer Catalog Number
2. Signal Level (dBm)
Phase 1. Type (Sinusoidal, Multilinear)
Comparators 2. Gain Constant (Volt/rad)
3. Reference Leakage, Bias (dB rad)
4. Output Resistance (ohm)
vCO 1. Gain Constant (MHz/Volt)
2. VCO Phase Noise Modulation Spectrum (dB rad/Hz)
2a. Specified Frequency, Phase Noise Level
Filter 1. Gain Constant
2. Number of Poles and Zeros
3. Pole and Zero Location
4. Noise Figure (dB)
Divider 1. Divider Ratio
Multiplier 1. Multiplier Ratio
eance GP76-0600-62
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LIST MIXER CATALOG FILE? (ANSWER YES OR NO)
If yes the catalog of mixers is printed. Note the sample, Figure
S
If both of the questions of Section 4.1.2 relative to spurious or
noise performance are anwered no the program advances to Paragraph b).
If either of the questions of Section 4.1.2 is answered yes the user
is advised:

MIXER SPUR PRODUCT INTERCEPT DATA IS TABULATED IN TWO WAYS:

SPURPRODUCT INTERCEPTS (TABLE 0) OR

SPUR PRODUCT CONVERSION LOSS FOR GIVEN SIGNAL LEVEL (TABLE 1)
The user is requested:

PRINT MIXER SPUR TABLE? (Answer yes or no)
If yes the user is requested:

ENTER ONE MIXER NUMBER FROM CATALOG AND

SPUR DATA TABLE DESIRED

EXAMPLE 6, 0
After the user enters the requested data, the mixer catalog number
and the descriptor from the catalog consisting of manufacturer's
name, manufacturer's part number and oscillator power level are
printed together with the mixer conversion loss.
The requested spur table is printed for values of j, k where 0 < j < 7;
0 <k < 8. For unknown values, 99 is printed.
If the requested spur table is 0 the value printed for each j, k is

Pj i (refer to Section 3.11.b.4).

bl
I1f the requested spur Table is 1 the user is requested to enter the

mixer signal leve, Pa:

SPECIFY MIXER SIGNAL INPUT LEVEL (dbm)

The value printed for each j, k is R, corresponding to the input

ik
level Pa (refer to Section 3.11.b.4).

The user is then asked:

PRINT ANOTHER MIXER SPUR TABLE?
If yes the user is requested:

ENTER ONE MIXER NUMBER FROM CATALOG AND

SPUR TABLE DESIRED
and the spur data printout sequence is repeated for the new spur
table. If the response to * PRINT MIXER SPUR TABLE? or * PRINT
ANOTHER MIXER SPUR TABLE? is no (indicating that the user needs
no further catalog information to specify the synthesizer mixers)
he is requested for each mixer, I, in turn (1<I<M)

FOR MIXER I ENTER NUMBER FROM MIXER CATALOG P

AND MIXER INPUT SIGNAL LEVEL (dbm)
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b) Phase Comparators
The sequence of questions relative to phase comparator data entry
follow: (Requests for data are omitted in accordance with the
following code based upon responses to questions in Section 4.1.2
relative to performance computations.)
(S) Omitted if response to question relative to spurious
response performance is no.
(N) Omitted if response to question relative to noise response
performance is no.
(A) Omitted if response to question relative to acquisition
characteristic is no.
The user is requested, for each phase comparator, I, in turn (1<I<L)
(A) ENTER PHASE COMPARATOR TYPE:
(A) 1 FOR SINUSOIDAL; 2 FOR MULTILINEAR
Thereupon, he is requested:
FOR PHASE COMPARATOR I, ENTER GAIN CONSTANT KD
VOLTS PER RADIAN
FOR MULTILINEAR PHASE COMPARATOR KD IS SLOPE OF OUTPUT
FOR SINUSOIDAL PHASE COMPARATOR KD IS PEAK SLOPE
CORRESPONDING TO ZERO OUTPUT
After the user enters KD he is requested to enter the reference

* *

¥ ¥ X % ¥

frequency leakage (¢..), bias (¢,) and phase comparator output source
D B

resistance. ¢D and ¢B are entered as decibels below K.D

* (S) ENTER REFERENCE FREQUENCY LEAKAGE (DB BELOW KD)
(A) ENTER PHASE COMPARATOR BIAS (DB BELOW KD)
* (N) ENTER PHASE COMPARATOR OUTPUT SOURCE RESISTANCE (OHMS)

*

c) Vco's
The user is advised:
* VCO GAIN CONSTANT (MHZ/VOLT)
The user is requested for each VCO, I, in turn (1<I<L)
* FOR VCO, LOOP I, ENTER VCO GAIN CONSTANT
* AT MAXIMUM, MINIMUM VCO FREQUENCIES

If the question of Section 4.1.2 relative to noise modulation performance
is no the program advances to Paragraph d).
If yes the user is requested:

VCO NOISE PHASE MODULATION SPECTRUM

ENTER PHASE MOD. (DB BELOW 1 RADIAN/HZ) AT 2 TO 8 FREQUENCIES

SPECTRUM INTERPOLATED BETWEEN SELECTED FREQUENCIES

FOR VCO, LOOP I, ENTER NUMBER OF FREQUENCIES DEFINING

VCO PHASE NOISE MODULATION SPECTRUM

* % % ¥ H
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If the user enters an integer N (2 < N < 8), for each integer from
1 to N, the user is requested:

ENTER: OFFSET FREQUENCY, PHASE DEVIATION (DB BELOW 1 RAD/HZ)
It is noted that the VCO phase noise spectrum is entered as a piece-
wise continuous curve with linear segments when plotted as decibels
vs log f (where f is the frequency offset from the VCO carrier.

d) Loop Filters
Phase locked loop filters are low pass devices with network functions
determined by a gain constant and the location of the poles and zeros.

The user is advised:
LOOP FILTER TRANSFER FUNCTION

(FILTER BETWEEN PHASE COMPARATOR AND VCO)

TRANSFER FUNCTION CHARACTERIZED BY FILTER GAIN CONSTANT
AND LOCATION IS COMPLEX S PLANE OF ZEROS AND POLES

NO POLE CAN HAVE POSITIVE REAL PART
NUMBER OF ZEROS LESS THAN OR EQUAL TO NUMBER OF POLES

POLES MAY BE SIMPLE OR DOUBLE
FOR POLES WITH MULTIPLICITY GREATER THAN 2
ENTER EXCESS POLES WITH SMALL PERTURBATION OF IMAGINARY PART

UNIT FOR POLES AND ZEROS: (RAD/SEC) * 1E6 = 2*PI*MHZ

NOTE: IF FILTER TRANSFER FUNCTION IS NOT KNOWN

USE UNITY GAIN TRANSFER FUNCTION
For each loop filter, I, (1<I<L), the user is asked:

USE UNITY GAIN TRANSFER FUNCTION FOR FILTER I?
If yes the gain constant is set equal to 1, the number of poles and
zeros are set equal to zero and the next filter is considered in turn.
If no the user is asked for the filter parameters.

FOR FILTER I ENTER: NUMBER OF ZEROS, NUMBER OF POLES

ENTER: FILTER GAIN CONSTANT
For each zero, J, in turn (1<J<NZ); NZ = number of zeros

ENTER: REAL PART, IMAGINARY PART FOR ZEROS
For each pole, J, in turn (1<J<NP); NP = number of poles

ENTER: REAL PART, IMAGINARY PART FOR POLES
If the question in Section 4.1.2 relative to noise performance
computation is no, the next filter, in turn, is considered.
If yes the user is requested:

FOR ACTIVE FILTER ENTER NOISE FIGURE (db)

FOR PASSIVE FILTER ENTER 0
Thereupon, the next filter, in turn, is considered.
After data has been entered for all L filters the program proceeds
to Section 4.2.2.
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4.2.2 Data Printout

In accordance with the question asked in Section 4.1.1, data is entered
for computation, either by reading a previously generated data file or by
responses to the interactive questionaire described in Section 4.2.1. In either
case the data is available for printout.

BYPASS DATA PRINTOUT?

An option is available to eliminate the data printout. If the response
is yes the program advances to Section 4.3. If no the synthesizer block
diagram matrix and component parameter data are printed in accordance with
the sample given in Figure 17.

4.3 DATA CORRECTION

The data correction processes provide for correction of all synthesizer
data. These include ;

a) Provision for correction of all block diagram data including synthesizer

basic parameters, block diagram matrices, and programmable element
data.

b) Provision for correction of all synthesizer module parameter data.

After completion of the data printout the user is asked:
IS DATA CORRECT?

If yes the data is entered into a file for future use
If no the data correction process is executed

4.3.1 Block Diagram Data Correction

4.3.1.1 Basic Parameter Data Correction - The user is asked:

CHANGE SYNTHESIZER BASIC PARAMETERS?

If no the program advances to Section 4.3.1.2.

If yes the sequence of questions of Section 4.2.1.1 are asked, whereupon,
the corrected data printout, related to basic parameters, is tabulated as shown
in Figure 4-3, and the program advances to Section 4.3.1.2.

4.3.1.2 Matrix and Programmable Element Data Correction - The user may
require two types of changes:

a) Changes of the ratios that determine the matrix element values
(including programmable element ratios) without changing  the
block diagram configuration (the locations of the non-zero elements
of the matrices).

b) Revisions of the block diagram configuration
The user is afforded three options: Option 1 permits complete re-entry
of all matrix data to effect revisions of the block diagram configuration.
Option 2 permits change of the vaiues of the programmable elements with-
out changing their location in the matrices. Option 3 permits change

of individual rows of selected matrices. The user is advised:
OPTIONS ARE AVAILABLE TO:

(1) REENTER MATRIX DATA INCLUDING PROGRAMMABLE ELEMENTS
(2) CORRECT VALUES OF THE PROGRAMMABLE ELEMENTS
(3) CORRECT INDIVIDUAL ROWS OF THE MATRICES
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DATA
% dkk

BASIC PARAMETERS
Kkkkk  kkkkhkkkhk

LOOPS  MIXERS OUTPUTS STD(4HZ) IND(MHZ) BW( MHZ)
8 A 1 . 500 0.000 .,010

OUTPUTS: 8

MATRIX DATA
Fdok khk dokkk

'MIXER OUTPUT MATRIX NON-ZERO ELEMENTS

OSCILLATOR ELEMENT SIGNAL ELEMENT
ROW COL NUM DEN COL NUM DEN
| 3 i i i 10 1
2 1 -149 1 3 | 1
3 4 1 1 11 1 10
4 1 -149 1 4 I |
5 5 | I 13 1 10
6 I -149 1 5 | 1
7 6 1 1 (5] 1 10
8 1 -149 | 6. 1 |
9 | =149 | 17 I 1
10 3 1 1 i -1 |
1 9 -1 I 10 1 |
REFERENCE INPUT MATRIX NON-ZERO ELEMENTS
ROW CoL NUM DEN
1 1 1 |
2 ! | ]
3 I | |
4 ! | 1
5 | 10 !
6 19 | a
7 | 10 |
8 8 1 1
FEEUDBACK INPUT MATRIX NON-ZERO ELEMENTS
ROW COL NUM DEN
| 12 99999 1
2 14 99999 1
3 16 99999 |
4 18 99999 I
5 7 99999 !
6 20 1 1
7 9 99999 |
8 21 | |
MATRIX PROGRAMMABIF FIFMFNTS
I NIMUM MAXTMUM
NO. MATRIX ELEMENT NUM  DEN NUM  DEN
| 3 I 12 1 20 1 1
2 3 2 14 ! 23 | 14
3 3 3 16 1 22 1 13
4 3 4 18 1 21 1 12
5 3 5 7 1 22 | 13
6 3 7 9 I 210 ! 120

Figure 17. Sample Data Printout for Synthesizer of Figure 156
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VC) PARAMETERS
Kk KAkkk ko kK

VC) GAIN CONSTANT(MHZ/VOLT)
kkk kdkkk K AkkKkkk dokk hokkok

KVMIN
<1 44E+01
LAO6TEHOI
< 104E+01
. 167E+VI
«650E+00
« 800E +00
« [0NE+0I
.H0NE+01

LOOP

XN b WNn —

KVHIN,KVMAX=VCO GAIN

< VMAX

.1 44E+01
.1 37E+01
. 139E+01
«142E+01
«650E+00
«30VE+00
. INOE+01
«5NOE+01

CONSTANT AT MIN, AX

VCO NOISE SPECTRA
dkk  dkkkk ek kkkkk
VCO NOISE SPECTRUM,LOOP |
FREQ . 00l 010 .100 1.000
-LB 48.0 73.0 108.0 120.0
VCO NOISE SPECTRUM,LOOP 2
FREQ .00l .010 .100 1.000
-DB 48.0 18.0 108.0 120.0
VCO NOISE SPECTRUM,LOOP 3
FREN . 001 .10 .100 1.000
-uB 48.0 78.0 108.0 120.0
VCO NOISE SPECTRUM,LOOP 4
FREQ .00 010 .100 1.000
-DB 48.0 78.0 108.0 120.0
VCO NOISE SPECTRUM,LOOP &
FREQ .00l .010 L100 1.000
-DB 48.0 78.0 108.0 120.0
VCO NOISE SPECTRUM,LOOP 6
FREN . 001 .010 .100 1.000
-DB 48.0 73.0 108.0 120.0
VCO NOISE SPECTRUM,LOOP 7
FREQ 001 .010 100 1.000
-DB 20.0 50.0 30.0 110.0
VCO NOISE SPECTRUM,LOOP 8
FREN .00l .010 100 1. 000
-DB 20.0 50.0 80.0 110.0

’

VCO FREQUENCIES

10. V00
12V.0

10,9000
12).0

10. 000
120.0

10, 000
120.0

10. 000
120.0

10. V00
120.0

10. 000
120.0

10.000
120.0

Figure 17. Sample Data Printout for Svnthesizer of Figure 15 (Continued)




LOOP FILTER PARAMETERS
Fokdk  kkkkokk kR ko ok ke

FILTER NO. 1 FILTER GAIN CONSTANTs
POLES (MHZ*2 %P )
NO. REAL I MAG

I =-.35994E-04 0.
FILTER NO. 2 FILTER GAIN CONSTANT:
POLES(MHZ*2%PT1)
NO. REAL IMAG
1 -.35591E-04 0.
FILTER NO. 3 FILTER GAIN CONSTANT:
POLES (MHZ*2*PT)
NO. REAL I MAG
I  -.34168BE-04 0.
FILTER NO. 4 FILTER GAIN CONSTANT:
POLES ( MHZ*2%PT)
NO. REAL IMAG
1 =-.18517E-04 0.

FILTER NO. 5 FILTER GAIN CONSTANT:

POLES (MHZ*2%PT1)
NO. REAL IMAG
| -.34168E-03 0.
FILTER NO. 6 FILTER GAIN CONSTANT:
POLES (MHZ#*2%PT)
NO. REAL I MAG

| -.18678E-04 0.
FILTER NO. 7 FILTER GAIN CONSTANTs
POLES ( MHZ*2*P1)
NO. REAL IMAG
I -.15440E-04 0.
FILTER NO. 8 FILTER GAIN CONSTANT:
POLES (MHZ*2*PI)
NO. REAL I MAG
I =-.18673E-04 0.

FILTER NOISE FIGURES (DB)
FILTER FIG

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

D~NOUHWN—

Figure 17. Sample Data Printout for Synthesizer of Figure 16 (Continued)

. 29428E+02
ZEROS( MHZ*2*P[ )
REAL 1 MAG
. 11383E-01 0.
«39147E+02
ZEROS(MHZ4%2%P1)
REAL I MAG
-.11255E=01 @
«34259E+02
ZEROS( MHZ*2%P1)
REAL IMAG
-.10805E-01 0.
. 16820E+02
ZEROS( M{Z*2%P1)
REAL I MAG
-.58556E-02 0.
. 44282E+02
ZEROS(MHZ*2*P1)
REAL IMAG
-. 10805E+00 0.
« 1 6629E+00
ZEROS( MHZ*2%P1 )
REAL I MAG
-+.59065E-02 0.
.83807E+00
ZEROS(MHZ*2%PI)
REAL 1 MAG
-.48829E-02 0.
« 11805E-01
ZEROS( MHZ*2%P1)
REAL IMAG

-.59065E-02 0.




MIXERS

%k ok kK

MIXER CAT.NO. LEVEL(DBM)
| 3 -13.0
2 3 =113+0
3 3 -13.0
4 3 -13.0
5 3 -13.0
6 3 -13.0
7 3 -13.0
3 3 -13.0
Q 3 -13.0
10 3 -13.0
11 3 -13.0

FHASE LOCKED LOOP COMPONENT PARAMETERS
dkhokx hkkokdk kkdk  kkkk ok kkk  dkokkkok dokok

PHASE COMPARATOR PARAMETERS
Khkhkk  kkkkkkkkhkk  Kokdokdkakkhk

LOoP TYPE GAIN LEAKAGE BIAS OUT RES

1 2 . 100 36.0 36.0 10.0
2 2 « 100 36.0 36.0 10.0
3 2 . 100 36.0 36.0 10.0
4 2 . 100 36.0 36.0 10.0
5 1 400 27.0 40.0 10.0
(¢} ! . 400 217.0 0.0 10.0
i 1 . 400 27.0 40.0 10.0
8 | . 400 27.0 40.0 10.0

Figure 17. Sample Data Printout for Synthesizer of Figure 15 (Continued)
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USE OPTION 1 TO CHANGE BLOCK DIAGRAM

USE OPTIONS 2 AND 3 FOR CHANGE OF ELEMENT VALUES

The user is asked:

REENTER ALL MATRIX DATA? (option 1)

ANSWER YES OR NO

If yes the program retu ns to Section 4.2.1.2.

If no the user is asked:

CORRECT PROGRAMMABLE ELEMENTS? (option 2)

If no the program advances to offer the user option 3.

It iég_the user is asked:

HOW MANY PROGRAMMABLE ELEMENTS TO BE CORRECTED?

Then the user is requested:

ENTER LIST OF PROGRAMMABLE ELEMENTS TO BE CORRECTED

The user enters a list of integers corresponding to the programmable
element requiring change. The integers are separated by commas (Example:
2, 4, 5)

The program advances to offer the user option 3:

CORRECT MIXER OUTPUT MATRIX? (option 3)

If yes the user is asked:

HOW MANY ROWS TO BE CORRECTED?

ENTER LIST OF ROWS TO BE CORRECTED

The program returns to the sequence of requests used to enter the mixer
output matrix data whereupon, the corrected data is printed and the program
advances to ask the user:

CORRECT REFERENCE INPUT MATRIX?

If yes the same questions are asked.

HOW MANY ROWS TO BE CORRECTED?

ENTER LIST OF ROWS TO BE CORRECTED

The program returns to the sequence of requests used to enter the
reference input matrix whereupon, the corrected data is printed and the
program advances to ask the user:

CORRECT FEEDBACK INPUT MATRIX?
followed by the same questions if the response is yes, and a return to the
sequence of requests used to enter the feedback input signal whereupon, the
corrected data is printed and the program advances to Section 4.3.2.

If any of the answers is no the program advances as indicated above.

4.3.2 Component Parameter Data Correction

The user is asked in turn:

CHANGE MIXER DATA?

CORRECT PHASE COMPARATOR PARAMETERS?

CORRECT VCO PARAMETERS?

CORRECT FILTER PARAMETERS?

For those questions to which a yes response is made, the user is requested:
MIXERS

HOW MANY ) PHASE COMPARATORS TO BE CORRECTED?
VCO's
FILTERS
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MIXERS
ENTER LIST OF PHASE COMPARATORS TO BE CORRECTED
VCO's
FILTERS
The appropriate sequences of questions are asked relative to the parameters
to be changed and the corrected data is printed.
The user is again asked:
IS DATA CORRECT?
If no the data correction process is repeated.
If yes the data, as corrected, is stored in a memory file for future
use. The program advances to Section 4.4.

4.4 DATA STORAGE

As in the signal path program, if a file had been previously opened,
the user has the option at the completion of the program to retain the
original synthesizer data file and/or the corrected data file. The impact
of the data corrections on each performance computation can thus be ascertained.

4.5 TFREQUENCY PLAN COMPUTATIONS

Synthesizer frequency plan computations are made each time the program
is run regardless of user response to the questions in Section 4.1.2. These
computations accomplish the following:

a) Sort the programmable element values into two lists:
One list yielding a set of VCO frequencies, each of which is at an
extreme (minimum or maximum) frequency value; the other list yielding
a second set of VCO frequencies, each of which is at the other
extreme.
NOTES: (1) For some VCO's to be at their maximum frequencies, others
may be required to be at their minimum frequencies. Thus, each
set may include some VCO's at maximum and others at minimum frequency
The alternate set, of course, reverses the maxima and minima.
(2) Likewise, some programmable elements may obtain their maximum
values for one set of VCO frequencies while other programmable
elements may be required to be at their minimum values for the
same set of VCO frequencies. Reversing the maximum and minimum
values of the programmable elements results in the alternate set of
VCO frequencies.
Notes (1) and (2) imply a 1 to 1 correspondance between VCO frequency
sets and programmable element value sets. Determination of the sets
of VCO frequencies and programmable element value sets will establish
the extremes of noise and acquisition performance and will permit
determination of worst case conditions for spurious modulation
performance computations.

b) Determine the effect on each VCO frequency of a one count change in
each programmable element value.

c) Determine the phase reference signal frequencies for each loop
corresponding to the two lists of programmable elements.

d) Determine the signal at both inputs and the output at each mixer
corresponding to the two lists of programmable elements

e) Provide a check on the data entry. If the frequency computed for
each component (a through d) is not in accordance with expectations
an error in data entry is indicated.

»
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£.5.1 Sort of Programmable Elements

The following sequence of computations are accomplished:

1. The matrices are partitioned into submatrices containing:
a) The columns corresponding to the standards (columns 1 and 2)
b) The columns corresponding to the L VCO's (columns 3 to L+2)
c) The columns corresponding to the M Mixers (Columns L+3 to L+M+2)
The mixer cutput matrix is partitioned into submatrices U, E and W.
The refererce input matrix is partitioned into submatrices T, C and D.
The feedback input matrix has no non-zero elements in columns 1 and 2 and
is partitioned into submatrices A and B.

2. The minimum value of each programmable element is used in its appropriate
position in the correct matrix A, B, C, D, E, T, U, W and matrices AA,
BB, CC are computed from:

(c-4) + (D-B) (1-w)'1 E

AA =
BB =T+ (D-B)(I-w)'l U
cC = (D-B) (1-w) "t

3. The set of VCO frequencies are computed from:

. o -1
[BV]SS— AA ~ BB [ws]
where wg is the vector of standard frequencies.

4. Each programmable element, in turn, is changed from its minimum to its
maximum value and the changes in all VCO frequencies are noted for
each programmable element change. Also, the changes in the output
VCO frequencies are noted for each programmable element change.

5. A multilevel correlation process is used to sort the programmable
element values into two lists. First, all programmable elements that
move an output frequency in the same direction as the first programmable
element when changed from minimum to maximum value are noted and their
minimum values are placed in the same list as the first programmable
element minimum value. Those programmable elements that move an output
frequency in the reverse direction from the change caused by the first
element are noted and their maximum values are placed in the same list
as the first element minimum value.

The remaining elements undergo a second sort, with each output frequency
compared with the outputs affected by elements already listed. Each

time a match (or reverse match) is made, the element's minimum (or maximum)
value is placed in the same list as the first element minimum value.

The process converges and the complete list is obtained at the end of

the second sort. The second list is derived from the first list as its
complement wherein, each maximum value in the first list is replaced by

a minimum value in the alternate list (and vice versa). Parallel
computations are made with all programmable elements set to the values
corresponding to the two lists which are printed in accordance with

the sample printout of Figure 18, (NOTE: The two lists are referred

to as column 1 and column 2 in the printouts).




IS UATA CORRECT?
2YES

* B * * * * * * * * * * x* * * *

SYIIHESIZER FKEQUE.ACY PLAN
*kk xhkhkhkhkkkk khkhkkkkAk kEuk

ALL FREQUENCIES GIVEN IN “WHZ

VCO FREQUEWCY CHANGE FOR UNIT CHANGE IN PROGRA'YARLE ELEMENTS
hkde Kkkkkk bkk  kkkkdk  kkK kkkk kkkokbk kK kR kkkkkx kkka ok kb kokx

VCONPROG. ELEM. 0.3 1 2 3

1 «500000E+00 (68 (05 Qe
2 0. + 50 0000F+00 0. 9)8
3 0. 0. « 500000E +00 0.
4 0, 0. (0)¢;

5 (0 (6)5 ()5

6 . 500900E-03 «500000F=-n2 . 5N00N0E=01

/ 0. O O« Oe
3 .50000NE=N3 «5J0000E=02 . 500000E=01
VCINPROG. ELEM. NO.3 5 6

1 e 0.

2 Ue Q.

3 U, Ue

4 (s U.

5 «H00V00E+D | (8%

6 « 500000E+01 U

/ Ue «500000E+0 1

= « 500 000E+01 «500000F+01

SOR[ OF PROGRAMMABLE ELEMENTS
*hokx kk dokkkkdkkkhkhk  kdkkkexk

« H50N00VE+0U
«5052/F5E-13
« 500200E+00

« 500JI0E+00

COLUYN 1 COLUMN 2
NO YATRIX ELEMENT UM DEN AUM JEN

1 3 | 12 1 20 1 1

2 3 2 14 1 23 1 14

3 3 3 16 | 22 1 13

4 3 4 18 | 2i 1 12

5 o 5 il i 22 | 13

6 3 7 9 | 210 1 120

VCO AND KEFERENCE FREQUFNCIES

Fkhkk kkx kokkdekhk ok ok ok ok okbkx

COLUMN | COLUMN 2

LOOP VCO REF « VCO KEF
i +84500E+02 «50000E+N0 « 30000E+02 « 50000E+00
2 «86000E+02 «50C0VE+00 «31500E+02 « 50000E+00
3 «85500E+02 «5000VE +N0 .31 000E+02 « 50000E+00
4 .B5000E+02 «5000VE +00 «B0500E+02 « 50000E+00
2] « | 1TOOOE+0O3 «5000VE+0D1 « 55000E+02 « 50000E+01
6 « 13000E+03 «2000VE+02 «30000E+02 « | 5000E+02
i . 10500E+04 «50000E+01 . 60000E+03 « 50000E+01
8 . 1 1BO0OE+04 « 13000E+03 « 68000E+03 .8 00U0E+02

Figure 18. Synthesizer Frequency Plan Printout
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Al XERS

KKK KKK

FREMUEWNCIES,
Kk KKK KKK KKRK

MIX  CuL
| 1
| 2

FREWUEWNCIES,

KAKKK KKK K KK KK
MIX  COL

2 !

2 2
rREQUENCIES,
khkkkkkkkkhkkx
mIX COL

3 |

3 2
FREQUENCIES,
AAKKKKKKAKKKAX
“IX CuL

4 |

4 2
FREQUENCIES,
KKK K KKKk kAKX
MIX COL

5 1

5 2
FREQUENCIES,
% % % Kk Kk k kK ke kk ok
SN eDl

5 I

6 2
FREQUENCIES,
Feok K gk deok ke ok ok ok okk
MIX COL

7 |

7 2

MIXER NUMBER
*kkAx KkKKK K

0sC
« 845000E+02
. 800000E+02

M IXER NUMBER
KhkKKkK Khkkkkx

0sC
« 145000E+02
. 145000E+02

MIXER NUMBER
AKKAkR KKXXKkK

0sC
. 860000E+02
.815000E+02

MIXER NUMBER
Khkkx hAKKKK

0sC
. T45000E+02
. 7145000E+02

MIXER NUMBER
KAKKK XKKKKK

0sc
. 855000E+02
.810000E+02

MIXER NUMBER
KhKkk KhkAKK

0scC
« 745000E+02
. 7T45000E+02

MIXER NUMBER
AAXKKK KAKKKK

0SC
.850000E+02
. BU5000E+02

e R TN i s M A A BS80S il

SIG
«50000VE+O1
«50000VE+01

S1G
«845000E+02
.800000E+02

SIG
895000E+01
.850000E+01

SIG
. 860000E+02
.815000E+02

SIG
.949500E+01
.900000E+01

SIG
.855000E+02
.810000E+02

SIGC
. 949950E+01
«900000E+01

OuT
«395000E+02
«350000E+02

OUT
. 1 00000E+02
.550000E+01

OuT
«949500E+02
.90000VE+02

OUT
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Figure 18. Synthesizer Frequency Plan Printout (Continued)
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Figure 18. Synthesizer Frequency Plan Printout (Continued)
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4.5.2 VCO Frequency Change for Unit Change of Programmable Elements

The VCO frequency change for each programmable element change was obtained
in Section 4.5.1 (4). Dividing by the difference in programmable element
values provides the required sensitivity of VCO frequency to programmable
element variation. A sample printout of the computed sensitivity is given
in Figure 18 (together with the sample printout of the programmable element
sort).

4.5.3 VCO and Reference Frequencies

The entire first list (column 1) of sorted programmable elements is
entered into the appropriate matrix locations and matrices AA, BB, CC and
the steady state VCO frequencies computed as in Sectioms 4.5.1(2) and

4.5.1(3).
The steady state mixer output frequency vector is computed from:
: 2 -1 -1
[eM]ss = (I-W) (U-E AA ~ BB) [uS]

The vector of steady state reference frequencies is computed from:

[eR]ss i A[eV]ss &R [éM]ss

The computation is repeated for the alternate list (column 2) of sorted

programmable elements.

A printout of VCO and Reference steady state frequencies is obtained
if the answer to the question in Section 4.1.2 relative to frequency plant
computations is yes. A sample printout is given in Figure 18.

4.5.4 Steady State Mixer Frequencies

The steady state mixer output frequencies were computed in Section 4.5.3
for both lists of programmable element values. The mixer input frequencies are

determined from:

. '-.0 T
[BM]SS = [U:E:W] [ws.ev.eM]ss
where T indicates the transpose of the adjoined vector. For each row

the two non-zero terms are evaluated to give the steady state oscillator and
signal input frequencies to each mixer. These computations are made for

‘ both lists of programmable element values.

‘ A printout.of mixer steady state input and output signal frequencies

' is obtained if the response to the question in Section 4.1.2 relative to
frequency plan computation is yes. A sample printout is given in Figure 18,

| 4.6 SPURIOUS PHASE MODULATION

If the response to the question in Section 4.1.2 relative to spurious
| response performance is no the program advances to Section 4.7.
1f yes spurious phase modulation due to phase comparator and mixer

spurs is computed.
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4.6.1 Phase Comparator Reference Leakage Spurs

The steady state reference frequency for each loop phase comparator has
been computed in Section 4.5.3 for both lists of programmable elements. The

filtering at VCO i for the spurious component at reference frequency ij in

loop j, is obtained as Ip1 j(s)lS—jw , where
s "Rj

0(S) = (KF(S)/S)R(S) = (KF(S)/S) (I-AAKF(S)/S)

= M o

The diagonal matrix KF(S)/S is computed for S=ijj: AA has been computed in

Section 4.5.1(2) so that R(ij.) and p(ij.) are obtained by matrix algebraic
manipulation. J J

The filtering between each phase comparator and each output VCO is printed
together with the reference frequency leakage generated by each phase comparator.
A sample printout is given in Figure 19.

4.6.2 Mixer Spurs

U —

A spur, generated at mixer &, at a frequency offset from Wg by Weg provides

phase modulation of the mixer output signal:

dyse = Kgp s1n gy + Ugy)
Where KGR is the ratio of the amplitude of the spur at frequency offset Wey
to the mixer desired signal amplitude. This modulation is transferred to VCO
Vi with filtering equal to Ipi,l(s)'ccls=jw62' Once W 1s

determined, the computation 1is similar to that of Section 4.6.1. The sequence
of computations:
1) For each mixer, in turn, and for each spur type j, k (1 < j < 7,

1 < K < 8) the spur frequencies ijsiG - Ko | are computed (for

both lists of programmable elements) and compared with the correspond-
ing desired mixer output frequency to obtain a set of frequency
offsets.

2) A check is made for crossover spurs. If either of the spurs types
jwsiG + Kmosc or lJmsiG = Kwoscl yield offsets of opposite sign

for the alternate lists of programmable elements, a crossover spur
occurs at some setting of the programmable elements. No filtering
is provided for the crossover spur type at the worst case (cross-
over) frequency.

2.a) Because of the linear relation between component frequencies
: and programmable element values they may be obtained by an
interpolation routine. Define r = w62/(w51 - w62) where

and w., are the offsets for the two programmable element

951 §2

: lists (NOTE: Weq and Wgo have opposite signs). Then each VCO
!

{ frequency at the setting of the crossover spur is computed from;
; - + -

| Vo=V, + (V, - V))ur

l where V1 and V2 are the VCO output frequencies for the two
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SPURIOUS PYHASE “AODILATION
xhE xxkbh ok exdkx wkkbkhxtbk
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AXEXA CRXRAXXAAN Kok drbbxk xhk tx
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3 | 36.0 279 v 52 e Y2 leH
% 2 36.0 299,0 50.4 1210
4 1 36,0 299,09 38.1 112,9
4 2 36.0 99,0 34,9 10545
5 | 210 299.,0 44,3 1191
5 2 21.0 299.,0 41,9 1125
) | 2710 299.0 51 o5 12643
o) 2 21.0 299.0 49,0 119.6
/ 1 240 999.0 999.0 31 .4
7 2! 2/.0 299 ,0 079.u 1702
3 ! 2100 999.0 999,09 14.8
3 2 2020 299.0 099.0 70.6

kEF LEAKAGE COLJUMN INDICATES DB BELOW KD

FILTERING COLUMN(S) INDICATE SYITHESIZER FILTERING
EETWEEN LOOP I PHASE COMPARATOR AND VCO

SPUr LiVEL AT EACH OJTPUT vCO (Db BELOW 1 RADIAN)
DU%R TO REFERENCE LEAKAGE GENERATED IN LOOP I
IS SUM OF REF LEAKAGE AND VCO FILTERING COLUMNS

IF ANY VCO FILTERING COLUMMN VALUE IS 999 THE VCO
DOES NOT RESPOND TO SIGNALS GENERATED AT PHASE COMPARATIR 1

Figure 19. Spurious Phase Modulation Phase Comparator Reference Spurs
Sample Printout
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3)

4)

lists computed in 4.5.3. The programmable element, p, at
crossover, has numerator and denominator given by

npc = npz + (np2 - npl)r
dpc = dp2 + (dpz - dpl).r
where npl’ an, dpl, d ) are the integer values of the numerators

and denominators of the pth programmable element in the two
lists. npc and dpc are rounded to the nearest integer.

2.b) A check is made to see which output frequencies vary with
change of each programmable element. This has been
determined in 4.5.1(4).
2.c) A sample printout for a crossover spur is given in Figure
20. The spur type (j, k) is given together with its spur
phase modulation as generated at the mixer. The interpolated
values of the numerator and denominator are printed for
each programmable element. The interpolated frequency of
each output VCO at the crossover is given for those program-
mable elements that affect the output VCO (otherwise a zero
is printed). Thus, setting the programmable elements, with
non-zero frequencies, for a given VCO, to the values indicated
will result in the output VCO being set to its worst case
(crossover) frequency.
For non-crossover spurs, the phase locked loops will provide filtering
to the spur modulation generated at the mixers. The worst case
frequency offset for each spur type j, k is determined as the smallest
of the absolute values of the offsets computed in (1). To avoid
extensive computation of large filter losses, it is assumed that
whenever the worst case offset exceeds five times the largest
phase comparator reference frequency (computed in Section 4.5.3),
the loop filtering will be sufficiently great so that the spur j, k
output is negligible and no printout is made.

3.a) For worst case offsets, w6, less than five times the

largest phase comparator reference frequency, S is set
equal to jw6 and the filtering to each output VCO is obtained

from the absolute value of the appropriate element of the
matrix p(S).CC.
3.b) A sample printout for non-crossover spurs is given in Figure
20 indicating printout of spur type, the column (list)
number for the worst case spur, worst case spur frequency,
the phase modulation generated at the mixer output (expressed
in db below the desired mixer output), and the filtering to
each output.
If the synthesizer includes a mixer which generates spurs that do
not vary in frequency with interchange of programmable element lists,
the spurs are identified as fixed frequency spurs.
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lists computed in 4.5.3. The programmable element, p, at
crossover, has numerator and denominator given by

npc = npz + (npz - npl)r
dpc = dp2 + (dp2 - dpl).r
where npl, npz’ dpl, dpz are the integer values of the numerators

and denominators of the pth programmable element in the two
~ts. npC and dpc are rounded to the nearest integer.

2.b) i 4w . 1s made to see which output frequencies vary with
cusr » of each programmable element. This has been
dec wined in 4.5.1(4).

2.¢) A sample printout for a crossover spur is given in Figure

20. The spur type (j, k) is given together with its spur
phase modulation as generated at the mixer. The interpolated
values of the numerator and denominator are printed for 1
each programmable element. The interpolated frequency of i
each output VCO at the crossover is given for those program-
mable elements that affect the output VCO (otherwise a zero
is printed). Thus, setting the programmable elements, with
non-zero frequencies, for a given VCO, to the values indicated
will result in the output VCO being set to its worst case
(crossover) frequency.
For non-crossover spurs, the phase locked loops will provide filtering
to the spur modulation generated at the mixers. The worst case
frequency offset for each spur type j, k is determined as the smallest
of the absolute values of the offsets computed in (1). To avoid
extensive computation of large filter losses, it is assumed that }
whenever the worst case offset exceeds five times the largest
phase comparator reference frequency (computed in Section 4.5.3),
the loop filtering will be sufficiently great so that the spur j, k
output is negligible and no printout is made.

3.a) For worst case offsets, w less than five times the

6’
largest phase comparator reference frequency, S is set
equal to jm6 and the filtering to each output VCO is obtained

from the absolute value of the appropriate element of the
matrix p(S).CC.
3.b) A sample printout for non-crossover spurs is given in Figure
20 indicating printout of spur type, the column (list)
number for the worst case spur, worst case spur frequency,
the phase modulation generated at the mixer output (expressed
in db below the desired mixer output), and the filtering to
each output.
If the synthesizer includes a mixer which generates spurs that do
not vary in frequency with interchange of programmable element lists,
the spurs are identified as fixed frequency spurs.
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Figure 20. Spurious Phase Modulation Mixer Spurs Sample Printout




4.7 NOISE PHASE MODULATION

If the response to the question in Section 4.1.2 relative to noise
modulation performance is no the program advances to Section 4.8.

If yes noise phase modulation performance due to VCO and circuit noise is
computed.

Noise phase modulation (expressed as dbrad/HZ where dbrad = decibels
below 1 radian) is computed for the spectrum for which modulating noise
for all VCO's has been defined in the data entry process (Section 4.2.1.3(c)).
The noise phase modulation spectrum is computed for VCO noise, circuit noise
and combined noise. The sequence of computations:

1) Let Fli (1 <i <L) be the set of minimum frequencies for the defined
noise modulation spectra of the L VCO's; let F2i be the set of L VCO
maximum defined noise modulation frequencies. The greatest Fli and
smallest F2i is determined and output VCO noise spectra are computed for

f cies and at half decade
the band (Fli)max to,(in)min at these frequencies a

increments between them.

2) At each computed frequency, w, the matrices R(S), p(S) and p(S).C@
are computed for S=jw.

4.7.1 VCO Noise

3.a) At each computed frequency, each VCO noise spectrum level
(in dbrad/HZ) is determined by linear interpolation (db vs
log w) of the VCO noise spectrum at the nearest defined
frequencies below and above the computed frequency.

3.b) The output noise spectra at w, due to VCO noise are obtained
by converting the computed results from (3.a) from decibels
to power ratios, multiplying the results by the magnitude
squared of the appropriate term of the matrix, R(jw), adding
the contributions to each output and converting each result
to decibels. The computations are made for both lists of
programmable elements.

4,7.2 Circuit Noise

4.7.2.1 Phase Comparator Noise

4.a) Circuit noise computed consists of phase comparator and
mixer noise. The equivalent noise level (volt?/HZ) at each
phase comparator, taking into account the gain (at S=jw) and
noise figure of the loop filter is:

2
SD(w) = kT.F.ro/KD

where
kT

l&xlO-21 watts/HZ

phase comparator output resistance

phase comparator gain constant (volt/rad)

%




4.7.2.2

4.b) The contribution of each phase comparator to each output
is obtained by multiplying each input noise by the magnitude
squared of the appropriate element of the matrix, p(juw).
The contributions to each output are added. Computations
are made for both lists.

Mixer Noise

5.a) Noise (rad?/HZ) generated at each mixer is computed in accordance

with: SQM = KT/PM

where Py = Mixer output power

Mixer noise is dependent on the mixer output level, determined from
the input data (input signal level and mixer conversion loss).
5.b) The contribution of each mixer to each output is obtained
by multiplying each mixer noise output by the magnitude
squared of the appropriate element of the matrix p(jw) CC.
The contributions to each output are added and summed with
corresponding terms in 4.b to obtain total circuit noise at
each output. The results are converted to decibels for
printout. Computations are made for both lists.

4.7.3 Total Noise

6)

Total noise at each output (for both lists) is obtained by adding
the VCO noise (from 3.b) and circuit noise (from 5.b) prior to
conversion to decibels. The sum is converted to decibels for s
printout in accordance with the sample of Figure 21.

4.8 ACQUISITION

If the response to the question of Section 4.1.2 relative to computation
of acquisition characteristics is no the program terminates.
If yes a solution is computed of the set of loop differential equations.

4.8.1

Initial Conditions

The solution is based on two sets of initial conditions:

a)

b)

The initial frequency offset, w,, of each VCO. This is dependent on
the resettability of each VCO and the statement of the acquisition
problem to be solved.

The initial phase of each signal - These are generated by a random
number generator routine based on the entry of a key number which
may be any five digit integer. If the same key number is used

for successive computer runs, the initial signal phases will be
identical; otherwise, a new set of random initial phases will be
generated. The user is requested:

VCO PHASES DETERMINED BY RANDOM NUMBER GENERATOR

ENTER 5 DIGIT INTEGER TO KEY RANDOM NUMBER GENERATOR

If the number of phase locked loops is six or less, the user is requested:

ENTER INITIAL FREQUENCY OFFSET (MHZ) FOR EACH VCO

If the number of phase locked loops exceeds six:

ENTER INITIAL FREQUENCY OFFSETS FOR FIRST 6 VCO'S

ENTER INITIAL FREQUENCY OFFSETS FOR REMAINING VCO'S

Initial conditions are computed for loop parameters from the initial
signal phases and frequency offsets.
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LOISE PHASE MODJLATINON
KAAxLAx EhxAke Fxcladk berx

PHASE TRIISE SPECTRUM,VCO 2 (enluMn 1)

ERED aSC CIRCJYIT [OTAL
« 10UE=N2 05,4 135.7 05,4
«3l6E=12 10064 PG 1 100.4
« 100E=01 10543 135.8 105.3
L316E=-01 1o 136.8 110.1
< 1N0E+00 115.0 137.5 115.0
<316E+0U 115.2 141.3 115.2
« 100E+01 120.1 14).6 120, 1
L316E+01 120.0 152.3 120.0
< 1N0E+)2 120.0 162.3 120.0

PHASE 10ISE SPECIRUM,VCH 2 (COLUMA 2)

FREG 9SE CIRCIIT [OTAL
< 1N0E=02 101 41 1411 101.1 ;
L316E=02 1061 1401 1061
« 100E=01 Ll 141 .1 (i
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< 10E+0U 120.0 141.,3 119.9
L316E+00 V7.4 142.8 174
< 100E+)1 12043 143.7 2053
L316E+9] 119.9 157.9 119.9
. 100E+N2 120.0 167.8 120.0

PHASE I0ISFE SPECTRUMLVCY A (CoLUMI 1)
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<1 O0E=02 81.5 137.2 81.6
<316E=-22 73.1 13741 13.1
« 1 90E=01 6741 136.5 67.1
.316E=01 63.2 139.6 68.2
< 100E+00 83.7 149.7 83,7
«316E+00 103.2 160.3 103.2

‘ <1 N0E+N1 9.2 169.5 119.2
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FREQ 0SC CIRCJIT TOTAL
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«316E=02 14.8 141.9 74.8
. 100E=01 69.6 141.4 69.6
.316E=01 69.4 42 5 69.4
. 100E+00 84,3 152.2 84.3
L316E+00 102.5 161.6 102.6
. 100E+01 8L 165.6 ST
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FREU 0SsC CIRCUIT TOTAL
. 100E=02 40,1 128.9 40.1
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« 100E+00 30.5 162.0 B0.6
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PHASE NOISE SPECTRUM,VCD 3 (COLUMN 2)
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«316F=02 8.4 13308 43,6
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3l6kE=01 63.3 141.0 63.8
. 1 N0E+00 3.5 164.3 80.5
<31GE+00 95.1 178.4 95,
o 1 O0E+01 1140 1901.9 110.0
L3161E401 115.0 99v,0 115.0
. 10UE+02 12060 999.0 12040

VALUES TLDICATED ARE (Dis BELOW | RADIAN)/ZHZ
Figure 21. Noise Phase Modulation Sample Printout




4.8.2 Choice of Integration Increment and Number of Increments

The recursive solution is dependent on a choice of integration increment, 6,
sufficiently small so that trapezoidal approximation is valid. If the increment
chosen is too small, the number of increments required to compute the acquisition
characteristic for a given time block, becomes very large and the accuracy degrades
due to computational round-off errors. It is not feasible to provide an automatic
selection of integration increment, valid over the range of synthesizer loop dynamics
encountered in the use of the synthesizer computer program so that the choice
is left to the user. i

To assist the user in choosing the integration increment, each loop is
considered separately. If the loop filter for the ith loop has a network
function Fi(S) = ni(S)/di(S), the open loop gain Gi(s) = KDKvFi(S)/NS and the

closed loop gain:
Hi(s)=01/(1+ci)=(KDKv/B) ni/(S.di + (KDKV/N)ni)

1/N is obtained from the i,i term of the matrix AA. The characteristic
polynomial sdi + (KDKV/N)ni is generated from the poles, zeros and gain

constants of Fi(S) and factored to determine closed loop poles.

Parallel computations are made for both lists of programmable elements and
the closed loop pole with the most negative real part is selected as determining
the high frequency dynamics of the synthesizer. The !astest time constant
is the reciprocal of the mo..t negative real part. The suggested integration
increment is 1/20 of the fastest time constant.

OPTIONS AVAILABLE TO USE A DIFFERENT COMPUTED INTEGRATION TIME INCREMENT

If the root finding process required to factor the characteristic poly-
nomials does not converge a warning is printed. In this case a trial and error

method for selecting the integration increment is suggested.

The user is requested:

ENTER INTEGRATION TIME INCREMENT (MICROSECONDS)

ENTER NUMBER OF INTEGRATION INCREMENTS

The user is offered an option to print the computations at selected
increments:

OPTION TO PRINT EVERY NTH DATA POINT; ENTER N

The trial and error method consists of selecting a deliberately coarse
time increment and a small number of increments (e.g. 100). N is selected
as 1.

The acquisition characteristic is computed and the program is rerun,
choosing an increment half as large, doubling the number of increments and
letting N=2. The results are compared with the previous run. If the results
are acceptably similar the original time increment was suitable. The process
is continued until essentially similar results obtain from successive runs.
The solution is then continued for an extended number of increments to
determine the acquisition characteristic.

NOTE: The trial and error method may also be employed when a suggested
integration increment is provided without warning of failure of the root
finding routine. The initial time increment entered will then be a value
much coarser than the suggested value.
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4.8.3 Recursive Solution of Loop Differential Equations

The recursive solution is computed employing a predictor-corrector
technique. Every Nth increment the phase and frequency errors at each
output VCO, @ve and Ove are printed for both lists of programmable elements.

After the requested number of increments have been computed, the user
may continue the solution:

CONTINUE SOLUTION?

If no the program terminates.

If yes the program returns to:

OPTIONS AVAILABLE TO USE A DIFFERENT INTEGRATION TIME INCREMENT

ENTER INTEGRATION TIME INCREMENT (MICROSECONDS)

ENTER NUMBER OF INTEGRATION INCREMENTS

OPTION TO PRINT EVERY NTH DATA POINT; ENTER N

The integration continues for the number of integration increments
indicated by the user. (It is noted that he may change the time increment
and the selection of data points for printout.) The user is again asked:

CONTINUE SOLUTION?

The user may continue or terminate the solution as before. A sample
printout is given in Figure 22,
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SEC&ION \'
MIXER CATALOG COMPUTER PROGRAM, SPURS

Characterization of the performance of a mixer relative to its generation
of spurious outputs requires an extensive amount of data (refer to Section 3.11).
To avoid entry of this information for each mixer encountered in using the
receiver signal path and synthesizer computer programs, the mixer data is
stored in a separate computer file that is accessed by these programs.

The mixer catalog computer program is used to generate, correct and
extend the mixer data files. The management of mixer data files requires
accomplishment of three tasks:

(a) Initial generation of a new mixer catalog

(b) Access to data on file

(c) Data correction and extension

5.1 GENERATION OF NEW MIXER CATALOG

The user is asked: |
* HAS A MIXER CATALOG FILE BEEN OPENED PREVIOUSLY? |
If yes a catalog of data on file is printed in accordance with Figure 23. |
Each mixer is characterized by a three word descriptor. (Each word may contain
as many as 10 alphanumeric characters.) The first word is used to identify |
] the manufacturer; the second is his part number; the third is the local ‘
3 oscillator power level (in dbm). The program advances to Section 5.2.
If no a catalog is printed in accordance with Figure 23 with "blank"
written for the descriptor words corresponding to the manufacturer's name and
E part number and 99 written for the power level. The program advances to

Section 5.3.
Mixer Catalog

HAS A MIXER CATALOG FILE BEEN UPENED PREVIOUSLY?
ANSAHERS YES UR O

{YES
MIXER MAWUF CAT. NO. ¢=0SC(DBM)
1 RELCOM A 14A 7.
2 RELCOM MYz 27.
3 RELCOM il e
4 BLANK SLANK 99
5 BLANK dLANK v9
6 BLANK BLANK 99

Figure 23. Mixer Catalog

5.2 DATA ACCESS

The user is advised:

P * MIXER SPUR PRODUCT DATA IS TABULATED IN TWO WAYS:
' * SPUR PRODUCT INTERCEPTS (TABLE 0) OR
I * SPUR PRODUCT CONVERSION LOSS FOR GIVEN SIGNAL LEVEL (TABLE 1)

? NOTE: Table O corresponds to specification of Pj K for spur product
’
type j,k; Table 1 corresponds to specification of Rj Kk and Pa (refer to
’
Section 3.11). i
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*

*

*

Mixer spur data is stored in the data file in the form of P for each

ik
jok (0 < j< 7; 0 < K < 8) since Pj k 18 a characteristic of the mixer independent
b

of signal level, P . If a tabulation of R & is desired for a given P a’ it
is computed from (17) for j¥l. For j=1, Pj k 18 chosen (arbitrarily)

hk” By

The user is requested:

PRINT MIXER SPUR TABLE? ANSWER: YES OR NO

If no the program advances to Section 5.3.

If yes the user is requested:

ENTER ONE MIXER NUMBER FROM CATALOG AND

SPUR DATA TABLE DESIRED

EXAMPLE: 6,0

The mixer number entered its catalog descriptor and mixer conversion
loss are printed in accordance with the printout of Figure 24,

If Table 0 is requested a printout of P K Vs j,k is given in
accordance with Figure 24(a). 3

If Table 1 is requested, the user is requested:

SPECIFY MIXER SIGNAL INPUT LEVEL

A printout of Rj = i,k 1s given in accordance with Figure 24(b) computed

’

from Pa and Pj,k'

Upon conclusion of the printout the user is asked:

PRINT ANOTHER MIXER SPUR TABLE?

ANSWER YES OR NO

If no the program advances to Section 5.3.

If yes the program returns to the question:

ENTER ONE MIXER NUMBER FROM CATALOG AND

SPUR DATA TABLE DESIRED.

The process is repeated until the user answers no to the question: * PRINT
ANOTHER MIXER SPUR TABLE.

5.3 DATA ENTRY AND UPDATE
The user is advised:
OPTIONS AVAILABLE TO ENTER A NEW MIXER INTO
CATALOG OR TO CHANGE DATA ALREADY IN CATALOG

5.3.1 New Mixer Data Entry

The user is asked:

ENTER NEW MIXER? ANSWER: YES OR NO

If no the program advances to Section 5.3.2.

If yes the user is requested:

ENTER MIXER NUMBER

If the mixer number entered is the integer I, the user is requested:
ENTER DESCRIPTOR FOR MIXER NUMBER I

ENTER: MANUFACTURER, CATALOG NO., OSC LEVEL (DBM)

ENTER 10 CHARACTERS FOR EACH FIELD, BLANK FILLING IF NEEDED.
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WIXER SPUR PRODUCT DATA IS TABULATED I TdO nAYSS

SPUR PRUDUCT IwTERCEPTS (TABLE 0) OR

SPUR PROD. COWVERSION LOSS FOR GIVeN SIGNA. LoVEL(TABLE

PRINT MIXER SPUR TABLE? ANSHER: YES OR o)
TYES

ENTER UNE MIXER NWUMBER FrOM CATALGG AnD
SPUR DATA [A3Lk DESIRED

EXAJPLES 6,0

23,0
MlIXER MANUF CAl. NO, P=0SC(DBM)
3 RELCOUM Ml T
CUNVERSION LUSS= 7.5D8
SPJx [ABLE O
J/K (6} 1 2 3 4 )
0 99.0 =36.0 =45.0 =49.0 =60.0 =51.0
1 24,0 0.0 35.9 13.0 40.0 24,0
2 63.0 63.0 64.9 60.0 61.0 54.0
3 23,5 22.0 24.5 15.0 28.5 13.5
4 167 2VU.0 1847 19.3 19.3 138.3
5 }2.5 10.0 12.% el 12.5 7.0
6 g.0 3.0 d.) 3.0 8.0 8.9
/ 5.0 b0 5.0 2.0 55650) %ad
a) Spur Table 0
PRINT ANOUTHER mIXER SPUR 1ABLg?
ANSHERS YES ur w0
2YES
ENTZR Ouk MIXER NUMBER FR0M CATALOG AND
SPUr DATA TAsLE DESIRED
EXAMPLES 6,0
23, )
MIXER MANUF CAl. w0, r=0SC(DBM)
3 RELCOM Al T
CUNVERSIUN LusS=  7.5Db
SPECIFY wmIXew SIGWAL TwPJT Level
1=10.
SPUR TABLE |
J/7K 0 | 2 3 4 o)
0 99.0 26.0 35.0 39,0 5060 41.0
| 24.0 0.0 350 13.0 40.0 24,0
2 73.0 13.0 14,0 10.0 71.0 54.0
3 67.0 64,0 6%.0 50.0 110 47.0
4 56,1 QU.0 86, | 8/.9 87.9 84,9
o Q0.0 50.0 20.9 10.8 YU.0 68,0
4] QU.U Y0.0 90.0 ¥0.0 Q0.0 Y.V
/ YU .0 90.0 9U.0 90.0 Q0.0 Y0.0

PRINT ANUTHER MIXER SPUR TABLE?
ANSAERT YES Uk WU
780)

b ) Spur Table 1

Figure 24. Spur Product Tables

6

53.0
45.0
69.0
14.0
86,1
Y0.0
90.0
90.0

1)

1
49.0
28.0
64.0
44.0
84.9
64.8
YuU.0
90.0

8
51.0
49,0
69.0
74,0
99,0
b8.0
90.0
90.0

GP76-0800-54




The user is assisted by a 30 space printout for entry of the alphanumeric
descriptor. An example is given:
* 123456789012345678901234567890
EXAMPLE : RELCOM MID 17 |
123456789012345678901234567890 f
The user enters the mixer descriptor and is then requested: |
* INPUT: MIXER CONVERSION LOSS (DB)

* %

The user is then advised:
MIXER SPUR PRODUCT DATA CAN BE ENTERED IN TWO WAYS: 1
SPUR PRODUCT INTERCEPTS (TABLE 0) OR |
SPUR PROD. LOSS FOR GIVEN SIGNAL LEVEL (TABLE 1)
ENTER DESIRED SPUR TABLE NUMBER (ANSWER O OR 1)
1f the response to the question on spur table number is 0, the user is
asked to enter the values of Pj g one row at a time for 0<j <7
’

ENTER ROW j OF SPUR PRODUCT INTERCEPT MATRIX ;

ENTER 9 VALUES (FOR k=0 to k=8)

ENTER 99 FOR ANY UNKNOWN VALUES

EXAMPLE: 63., 58., 65., 60., 65., 55., 64., 99, 99

If the response is 1, the user 1is requested:

SPECIFY MIXER SIGNAL LEVEL (dbm)

The user enters Pa and is then asked to enter the values of R K® one
]

3

% % % %

* % ¥ ¥

%*

row at a time for 0 < j < 7
ENTER ROW j OF SPUR PRODUCT CONVERSION LOSS MATRIX
ENTER 9 VALUES ( FOR k=0 to k=8)
ENTER 99 FOR ANY UNKNOWN VALUES
EXAMPLE: 63., 58., 65., 60., 65., 55., 64., 99, 99
Pj,k is computed from Rj,k and Pa

The program returns to the beginning of Section 5.3 and the user is
again advised that he may enter a new mixer or change data. The user may
thus enter as many new mixers as he desires. When he responds no to the
question * ENTER NEW MIXER? ANSWER: YES OR NO, the program advances to
Section 5.3.2.

* % ¥ *

5.3.2 Data Correction

Ty

f The user is asked:
' * CHANGE DATA IN CATALOG? ANSWER: YES OR NO

If no the program advances to Section 5.4.

If yes the user may change any or all data relative to any of the mixers.
He is asked a sequence of questions to determine the mixer parameters to be
changed. For the mixer selected for data correction, he is asked?

CHANGE CATALOG DESCRIPTOR? ANSWER: YES OR NO

CHANGE MIXER CONVERSION LOSS? ANSWER: YES OR NO

*

,..A-A-..—..-_..,(.
%*

* CHANGE MIXER SPUR DATA? ANSWER: YES OR NO
The user is then requested to enter the number of the mixer to be
corrected:
* ENTER MIXER NUMBER

The sequence of data entry questions of Section 5.3.1, appropriate to
the changes requested, are asked of the user to permit data correction.
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1f the user has responded yes to the question, * CHANGE MIXER SPUR DATA?,
he is advised:

MIXER SPUR CHANGES CAN BE ENTERED FOR SELECTED ROWS

OF THE MATRIX OR BY CHANGING ALL MATRIX ROWS

CHANGE SPUR DATA FOR A SELECTED ROW? ANSWER: YES OR NO

If no he is prompted for entry of mixer spur data, one row at a time, |
as in Section 5.3.1. ‘

If yes he is asked the number of the row selected for data change.

ENTER ROW NUMBER (J=0 to 7)

The user is then requested to enter the 9 corrected data values for
the selected row as in Section 5.3.1. He is then asked:

CHANGE SPUR DATA FOR ANOTHER SELECTED ROW?

If yes the process is repeated so that all selected rows for any mixer
may be corrected.

If no the user is offered an option to correct another mixer by returing
to the beginning of Section 5.3.2.

CHANGE DATA IN CATALOG? ANSWER: YES OR NO

If no the program advances to Section 5.4.

5.4 DATA STORAGE

The data existing in the program work file, whether read from a previously
opened data file, or entered in Section 5.3.1, and whether or not corrected
in Section 5.3.2, is read into a data file. This data file may be accessed
by the mixer catalog computer program for file update and by the signal
path and synthesizer computer programs.

It is noted that spur data, whether entered as P, or R, and P is
3.k j ok a

stored in the data file as Pj K
L]
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Section VI

CONCLUSIONS AND RECOMMENDATIONS

6.1 ARMM PROGRAM OBJECTIVES

The Advanced Receiver Modeling Methods (ARMM) program is intended to provide
aerospace systems engineers with an enhanced capability for determination of
receiver performance with respect to parameters significant to airborne systems
operation. The enhanced capability derives from the application of the high speed
digital computer to tasks related to receiver performance analysis so that they may be
effected with minimal effort and with greater speed, accuracy, completeness and
flexibility.

6.1.1 Flexibility

The receivers to be modeled for computer determination of performance parameters |
may differ widely in type (crystal video, T.R.F., superheterodyne), complexity, module '
types, module interconnection, gain distribution and other module parameter performance.
Module parameters may be fixed, variable or programmable. For superheterodyne receivers
the local oscillators may be fixed, tuneable or synthesized. Synthesized local
oscillators may employ direct, indirect or hybrid synthesis.

The computer programs generated under the ARMM program are required to be
sufficiently flexible to accommodate all of the foregoing variations in receiver
types, architecture and module performance parameters.

6.1.2 Performance Parameters

The ARMM computer programs are required to compute receiver sensitivity,
dynamic range, intermodulation and spurious response performance. The programs are
also required to determine the acquisition characteristics of the receiver, including
the determination of waveform delay and distortion arising from the transmission of
arbitrary signals through the receiver signal path and determination of the time
to achieve frequency and phase lock in each phase-locked loop of receiver synthesizers.

6.1.3 User Background

The ARMM computer programs are intended for convenient use by aerospace systems
engineers. No background in computer programming, computer design principles or
keypunching/computer methods is required to use the programs.

The user will benefit from a strong background in receiver design principles/
processes. The user's manual is required to provide the necessary background and
derive all algorithms employed in the computer programs.

6.1.4 Program Convenience

The programs should be convenient to use without requiring reference to an
extensive list of instructions for program operation and data entry. Accordingly
the computer programs should be interactive, suitable for use at a computer
terminal. The user need only select from options offered by the programs and enter
data in accordance with self-explanatory instructions. All data entry and user
responses should be unformatted.
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The program should not bomb for want of any requested data; a default computa-
tion should provide maximum useful output with the available data.

The computer programs should offer convenient data display, edit, store and
recall capability.

6.2 ARMM PROGRAM OUTPUT
All of the objectives listed in Section 6.1 have been achieved. Two computer
programs have been developed that model the receiver signal path and receiver

synthesizer. The program output is described in this section.

6.2.1 Signal Path Program (RXSG)

The program models the following module types:

Linear (fixed, variable)
Filter (fixed, tuneable)
Mixer

Amplifier

Detector

Combiner

The program computes the following pevformance parameters:

Sensitivity

Dynamic Range

Intermodulation

Spurious Responses (Frequency and Level)
Signal Waveforms

Worst case conditions are determined for each spur product type generated
at each mixer. Worst case spurious response levels are computed. Algorithms
have been derived to determine receiver performance for the parameters indicated
for any arbitrary sequence of modules listed above. The maximum number of modules
that may be employed per receiver is limited by storage capacity requirements to
32, including 7 filters and 5 mixers.

6.2.2 Synthesizer Program (SYN)

The program models the following module types encountered in interconnected
phase locked loops:

vCco

Mixer

Frequency Divider/Multiplier (fixed/programmable)
Phase Comparator

Filter
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The program computes the following performance parameters:

Spurious phase modulation on each loop output signal
Noise phase modulation on each loop output signal
Acquisition characteristic for each loop

Worst case programmable element values are determined for each spur product
type generated at each mixer and worst case spurious phase modulation is computed.
The effect of variation of programmable elements on spurious and noise phase
modulation on each loop output signal and on the acquisition characteristics for
each loop is computed.

Algorithms have been derived to determine synthesizer performance with arbitrary
interconnection of multiple phase locked loops. The program accommodates 12 loops,
12 mixers, 12 programmable elements and 2 reference sources.

6.2.3 Auxiliary Mixer Program (SPURS)

An auxiliary program has been developed to generate a file containing the
performance data for a catalog of mixers. The data is called by the signal path
and synthesizer programs.

6.2.4 User's Manual . < @

The user's manual provides a sequence of operating instructions for each
computer program, derives all algorithms forming the basis for the performance
computations and provides a tutorial exposition of the receiver processes that
are employed in the signal path and synthesizer.

6.3+ AR PROGRAM BENHLTS
RS A

Receiver perff@mance computation for each of the performance parameters is
dependent on the parameters of many, if not all, modules in the signal path and/or
synthesizer. Although the algorithms that determine the contribution of each
module to the performance of the receiver for each parameter are not mathematically
complex, their number and interaction require an extensive set of computations for
receivers of even moderate complexity. The ARMM computer program employs the high
speed digital computer to organize and perform these computations to provide .
the basis for an advanced methodology for evaluation of receiver performance in
great detail.

When the computer is not applied to the computation of receiver performance
the required calculations are sufficiently extensive so that significant performance
parameters, deriveable from available module data, are often ignored during the
engineering phase of receiver development programs, resulting in failure to achieve
specification compliance.

The primary benefits obtained with the ARMM computer programs derive from the
enhanced detailed knowledge of receiver performance provided to receiver users and
designers, together with information relative to the contribution of each module
to overall performance for each parameter. It is reasonable to expect that wide
use of the programs would result in improved receiver designs due to:
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o enhanced compliance with specifications.
Areas of non-compliance due to obscure causes will be found prior
to finalization of the receiver design.

o minimization of required test time.
The emphasis given to determination of worst case conditions permits
rapid verification of performance compliance.

o 1improved proposal evaluation.
ARMM computer program flexibility permits comparison of performance
of proposals that differ widely in design approach. With little
effort the proposal evaluator determines that the proposed design is
sufficiently complete to assure specification compliance.

o 1improved integrated system performance.
Detailed knowledge of receiver spurious response and intermodulation
performance leads to enhanced accuracy in system electromagnetic
compatability predictions. ARMM receiver acquisition time and wave-
form analysis computations lead to accurate determination of the
reaction time of the integrated system. Sensitivity and dynamic
range computations permit determination of system maximum and
minimum operating range.

o improved technical monitortng.

< During the receiver engineering phase, usually of extended duration,

the only technical output is module performance data. ARMM permits
determination of suitability of module performance.

o upgraded receiver vendors.
Detailed knowledge of receiver performance and its relation to module
parameters should result in improved receiver designs in compliance
with specifications. Improved capability for interim technical monitor-
ing and ability to assess the impact of any variation of module
parameters should enhance compliance with schedules and design-to-~
cost engineering.

6.4 FUTURE COMPUTER PROGRAM ENHANCEMENTS/RECOMMENDATIONS

The ARMM computer programs may be used to model, directly or indirectly, almost
all receiver modules, in accordance with the parameters that characterize the
library of module types. Nevertheless, several areas of enhancement of the computer
programs and the user's manual, will permit a more accurate modeling of some receiver
types. These areas of enhancement are discussed in this section.

o Receiver design trends lead toward the use of both analog and digital
filters. Hence, the library of module types should be extended to
include digital filters.

o The filter types modeled are based upon the use of lumped components
leading to network functions represented as the ratio of two poly~
nomials in S with real coefficients having poles in the left half S
plane. Filters are often designed as a sequence of coupled resonators
modeled by distributed parameters. The programs should be extended
to model such filters.




o Narrow band pass filters result in network function polynomials that
are ill conditioned so that the most common root finding computer
algorithms do not converge. An improved root finding algorithm
should be generated for use with the ARMM program. This will avoid
the need for an off-line auxiliary program.

o The ARMM programs are well suited to determine signal, noise, distortion
and interference levels appearing at the detector input. The detector
models are idealized. An auxiliary computer program can be written
to model a number of the more common conventional and synchronous
detector types and compute detector output characteristics, threshold,
and, in the case of synchronous detectors, the signal acquisition
characteristic.

o The user's manual may be expanded to include an appendix on flow graph
theory to assist in the indirect modeling of receivers with r. f.
feedback. Additional examples could be included to illustrate other
methods for indirect modeling of receivers by the ARMM computer programs.




Section VII

GLOSSARY
Term Unit Definition
Acquisition Characteristic n/a Time history of phase and frequency errors

on the phase locked loop output signals of
a synthesizer.

Amplifier n/a Module type generating intermodulation products
characterized by its available power gain, and
a noise figure generally greater than one.
The desired output is at the same frequency
as the input signal.

Amplitude Modulation volt See Carrier, Modulated

Function

Amplitude Modulation - See Carrier, Modulated

Index

Available Power watt  The maximum power obtainable from a source or
network by means of a choice of terminating
impedance.

Available Power Gain See Gain, Available Power

& +
Carrier n/a The signal T, cos(wot ¢o) where Wy T and ¢o

are constant.

Carrier, Modulated n/a The signal r(t) cos(wot+¢(t)) where r(t) and/or

¢(t) are time functions dependent on a modulat-
ing signal, m(t).
r(t) is the amplitude modulation function.

> r(t)=l+KAm(t); KA=amplitude modulation index.

¢(t) is the phase modulation function.
¢(t)=¢;m(t) for PM.

¢(t)=wa§ m(t)dt for FM

¢D and w, are peak phase and frequency deviation.

Columns, One and Two n/a Performance computations made with two sets of
programmable elements representing the extremes
of performance relative to synthesizer output
frequencies.

Combiner n/a Module type with multiple inputs providing a
single output signal given by the superposition
of the input signals.

Conversion Loss See Mixer Conversion Loss
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Term

Crossover Spur

Crossover Spur Frequency

Crystal Video Receiver

Detector

Detector, AM Envelope

Detector, AM Square Law

Detector, FM

Detector, PM

Dynamic Range

Envelope Detector

Feedback Input Matrix

Filter

Filter, Baseband
Filter, Fixed

Filter Gain Constant

GLOSSARY (Cont'd)

Unit

n/a

n/a

n/a

n/a

n/a

n/a

db

n/a

n/a

n/a

n/a

Definition
Mixer spur product which has the same frequency
as the desired mixer output for a possible
pair of mixer input signal frequencies.

The set of loop output frequencies which
result in a mixer crossover spur.

See Receiver, Crystal Video

Module type that returns the modulating signal
when a modulated carrier is applied to its input.

Module type that returns r(t) when fed with
modulated carrier r(t) cos(w°t+¢(t)).

Module type that returns r2/2 when fed with
modulated carrier r(t) cos(mot+¢(t)).

Module type that returns d¢/dt when fed with
modulated carrier r(t) cos(mot+¢(t)).

Module type that returns ¢(t) when fed with
modulated carrier r(t) cos(wot+¢(t)).

Difference (in decibels) between 1ldb compression
signal level and minimum signal level,

See Detector, AM Envelope

An array with rows associated with the phases
of the feedback signals to the loop phase
comparators in a synthesizer and with columns
associated with the adjo‘ned vector of the
phases of the VCO and rixer outputs.

Module type characterized by a gain constant
and the location of poles and zeros.

See Filter, Post Detection
Filter with constant parameters.

The coefficient of the highest degree term
of the filter network numerator polynomial.

d-
*(rad/sec) B (n and d are degrees of numerator and denominator polynomials).
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Term

Filter Input Impedance

Filter Output Impedance

Filter Poles

Filter, Post Detection

Filter, Predetection

Filter Transfer Function

Filter, Tuneable

Filter Zeros

Frequency, Deviation

Frequency Error

Frequency Plan

Frequency Standard

Gain

Gain, (Available Power)

GLOSSARY (Cont'd)

Unit

ohm

ohm

rad/
sec

n/a

n/a

n/a

rad/
sec

rad/
sec

MHZ

n/a

n/a

db
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Definition

Impedance looking into the input terminals
of a network with the load impedance
connected to the network output terminals.

Impedance looking into the unloaded output
terminals of a network with the input signal
source impedance connected to the network
input terminals.

The complex roots of the filter network
numerator polynomial.

Filter located in that part of the receiver
after the detector.

Filter located in that part of the receiver
before the detector.

Network open circuit voltage gain. (Open
circuit network output voltage divided by
open circuit input voltage.) Given as a
ratio of two polynomials in the complex
frequency variable S.

Filter with parameters that vary with receiver
tuned frequency.

The complex roots of the filter network
denominator polynomial.

See Carrier, Modulated

The difference between the frequency of the
loop output at any time and its steady state
output frequency.

The set of operating frequencies at each VCO,
phase comparator reference and mixer inputs
and output.

See Standard, Frequency

See Gain, Available Power

The ratio of available power at the network
output to the available power in the source
driving the network (expressed in decibels)




Term
Input Impedance

Intermodulation Intercept
(Second Order, Third Order)

Intermodulation Performance
(Second Order, Third Order)

Inversion, Mixer

Linear

Mixer

Mixer Catalog

Mixer Catalog Descriptor

Mixer Conversion Loss

Mixer Inversion

Mixer Output Matrix

Mixer Spur Product

Modulated Carrier

GLOSSARY (Cont'd)

Unit

dbm

dbm

n/a

n/a

n/a

n/a

n/a

db

n/a

Definition
See Filter Input Impedance.

Level of two sinusoid input signals correspond-
ing to the intersection of the signal and
(second order, third order) output vs input
signal level characteristics.

Permissible level of two sinusoid input signals
that produce a (second order, third order)
intermodulation product at a level equal to
the noise level.

Mixer process occurring when output signal
decreases in frequency when input signal
increases in frequency.

Module type contributing no intermodulation;
transfer function H(S) independent of S.

Module type with two inputs (signal and local
oscillator) and a desired output at a frequency
equal to the sum or difference of their
frequencies.

A list of mixers with tabulated parameters.
A three word listing in the mixer catalog:
(1) manufactuer, (2) manufactuer's part or

catalog number, (3) local oscillator power level.

The negative of the mixer available signal power
gain.

See Inversion, Mixer

An array with rows associated with the output
phases of the mixers in a synthesizer and

with columns associated with the adjoined
vector of the phases of the reference standards,
VCO's and mixer outputs.

See Spur Product

See Carrier, Modulated
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Term

Noise Bandwidth

Noise Figure

Noise Power Level

Noise Power Spectral Density

Noise Spectral Density

1db Compression Level

Output Impedance

Phase Comparator

Phase Comparator Bias

Phase Comparator Gain
Constant

Phase Comparator Reference
Leakage

GLOSSARY (Cont'd)

Unit

HZ

db

watt/

watt/

voltZ/

n/a

db

volt/
rad

db

Definition

For a network with transfer function H(S),
with frequency of maximum transmission
wO/ZR, the noise bandwidth is

S TlGw) |awr2m /|EGs ) |2

Ratio of input to output signal/noise (expressed
in decibels),

The available noise power from a source or
network in a unit bandwidth at a prescribed
frequency.

The available noise power from a source or
network in a unit bandwidth at a prescribed
positive or negative frequency (one half of
the noise power level).

Mean squared noise voltage from a source or
network in a unit bandwidth at a prescribed
positive or negative frequency.

The input signal level to a module at which
its gain is 1db less than the gain for small
signal levels (indicating a condition of
near overload).

See Filter Output Impedance

A module with two inputs (reference input
signal and feedback input signal) that returns
and output that is a function of the phase
difference of the input signals.

The ratio of the phase comparator output signal
with zero phase difference between input signals
to the phase comparator gain constant, expressed
in decibels.

The peak slope of the output signal voltage. vs
input phase difference characteristic.

The ratio of the undesired phase comparator
output signal at reference frequency to the
phase comparator gain constant, expressed in
decibels.
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Term
Phase Deviation

Phase Error

Phase Locked Locp

Phase Modulation Function

Phase Modulation, Noise

Phase Modulation, Spurious

Phase Noise Spectral Density

Phase Noise Spectral Density, radZ/

vco

Programmable Matrix Element

Poles

Receiver, Crystal Video

GLOSSARY (Cont'd)

Unit

rad

n/a

rad

rad

rad

radzl
HZ

HZ

n/a

n/a

Definition
See Carrier, Modulated

The difference between the loop output
phase and the reference phase.

A set of interconnected modules in a negative
feedback configuration that controls the

phase of an output signal relative to a rational
fraction of the phase of a reference signal.

See Carrier, Modulated

Phase modulation on a phase locked loop out-
put signal caused by noise generated in the
loop or in another loop.

Peak phase deviation on a phase locked loop
output signal caused by a spurious signal
generated in the loop or in another loop.

Mean squared phase deviation in a unit band-
width on a phase locked loop output signal
caused by noise at a prescribed positive or
negative frequency generated in the loop or
another loop.

Mean squared phase deviation in a unit band-
width of a VCO output signal caused by VCO
noise at a prescribed positive or negative
frequency.

The elements of the mixer output, reference

input and feedback input matrices that vary

with synthesizer output frequency. The variations
correspond to programmable values“of frequency
multiplier and/or divider ratios.

See Filter Poles

A receiver divided into two sections by the
detector: (a) a predetection section (with-
out amplification), (b) a post detection (or
baseband) section. The signal has a common
frequency throughout the predetection section.
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Term

Receiver, Superheterodyne

Receiver, Tuned Radio
Frequency

Reference Input Matrix

Reference Phase

Sensitivity

Signal Voltage

Spur product (j,k)

Spur Product (j,k)
Conversion Loss

GLOSSARY (Cont'd)

Unit

n/a

n/a

n/a

rad

dbm

volt

n/a

db

Definition

A receiver divided into two sections by the

detector:

(a) a predetection section (with amplification).

(b) a post detection (or baseband) section.

The predetection section is divided into two

subsections by the first mixer:

(a) the receiver front end (those blocks
from the input through the first mixer).

(b) the intermediate frequency subsection :
(those blocks between the first mixer :
and the detector).

The signal changes frequency at each mixer.

A receiver divided into two sections by the
detector: (a) a predetection section (with

at least 1 amplifier), (b) a post detection
(or baseband) section. The signal has a common
frequency throughout the predetection section.

An array with rows associated with the phases
of the reference signals to the loop phase
comparators in a synthesizer and with columns
associated with the adjoined vector of the
phases of the reference standards, VCO's and
mixer outputs.

The frequency of the steady state output signal
in each loop is a rational fraction of the :
standard frequency. The reference phase at each
loop output is the instantaneous phase of

the standard signal multiplied by the rational
fraction.

The signal level yielding a prescribed signal/
noise ratio.

The open circuited source voltage of the input ¢
or output signal of a network.

Undesired mixer output at frequency
Ij*signal freq + k*osc freql

The difference (in decibels) between the desired
signal output level and the spur product (j,k)
level for a prescribed value of the signal

input level.




Term

Spur Product Conversion
Loss Table

Spur Product (j,k)
Intercept

Spur Product Intercept
Table

Square Law Detector

Standard, Frequency

Superheterodyne Receiver

Synthesizer

Transfer Function
Tuneable Filter
TRF Receiver

VCO

VCO Gain Constant

VCO Noise Spectral
Density

GLOSSARY (Contid)

Unit

n/a

dbm

n/a

n/a

n/a

n/a

n/a

MHZ/
volt

Definition

A table of spur product conversion losses
(Table 1).

For j#1, the mixer input signal level at
which the j,k spur product output characteristic

‘intersects the desired signal output character-

istic.

A table of spur product intercepts (Table 0).

See Detector, AM Square Law

A signal source that serves as a frequency
reference for the output signals from a
frequency synthesizer.

See Receiver, Superheterodyne

A device consisting of interconnected phase
locked loops, generating one or more output
signals with frequencies that are rational
fractions of the frequency of a reference
standard.

See Filter Transfer Function

See Filter, Tuneable

See Receiver, Tuned Radio Frequency

A signal source module with output frequency
functionally dependent on its input signal
voltage .

The slope of the VCO frequency vs tuning voltage
characteristic at any operating frequency -

See Phase Noise Spectral Density, VCO
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GLOSSARY (Cont'd)

Term Unit

Voltage Contolled
Oscillator

Worst Case Frequency MHZ

Zeros

Definition

See VCO

For any spur type, the set of loop output
frequencies which result in minimum filtering
to the synthesizer outputs.

See Filter Zeros
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