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SECTION I

INTRODUCTIO N

1.1 PROGRAM SCOPE

The Advanced Receiver Modeling Methods (AJUIM) 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 (ALUIM) 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 en acceptable 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 hy 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 ARNM program.

1
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1.2 KEY RELATIONS USED IN COMPUTER PROGRAMS

SIGNAL PATH PROGRAM

Cumulative Noise Figure

FT = F
l
+(F2

_ l)/Gl

Sensitivity

= 

~
‘o~~N~ 

FT ~~ 
BN

where: F1, F2 
Noise Figures, Blocks 1, 2

G
1 ~ 

Gain Block 1

P / P N 
Output Signal/Noise Power Ratio

K Boltzmann’s Constant S

T Ambient Temperature (Degrees Kelvin)

RN = Noise Bandwidth

Third Orde r in termodulat ion Intercept (Cumulative)

~—l —l~~~~~ l G3T~~~~ 3l 32~~ 1

Third Order Intermodulation

Two Sinusoidal Signal Level to Yield Intermodulation Equal to

= 

~N + (2/3) 
~3T (All Quantities Expressed in dbm)

Second Order Intermodulation Intercep t (Cumulative)

—l —l —lP 2T P 21 + P 22 . G1

Second Order Intermodulation

Signal Level Yielding Intermod Equal to

= 1’N ~ 
(1/2) 

~2T (All Quantities Exp ressed in dbm)

where: P31, P32 
= Third Order Intermod Intercepts , Blocks 1, 2

P21, P22 — Second Order Intermod Intercepts , Blocks 1, 2

L ~~~~~~ ~~~~~~~~~~~~~ •_ - • .
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Spurious Response Performance (Spur Type j,k)

Spur Bands 
~l 

to (1)
3 to (1)

4

= (K 
~oL 

— W
IH

) /j

= (K 
~oL 

—

= (K W
oH 

—

(1)
4 

= (K 
~oH 

—

Spu r Signal Level at Receiver Input to Provide Spur Response Equal to

X = [ ( j— l)  
~~j , k 

— G) +

(All Quantities in DB’s; no Filtering Considered)

Spu r Intercept

P . = P + R . / ( j—l )a

where: 
~oL ’ ~oH 

= Minimum , Maximum Oscillator Frequency

~IL ~ IH = Minimum, Maximum Mixe r Output Frequency

G = Cumulative Gain Prior to Mixer

~a 
= Input Signal Power to Mixer

R
i k  

= Mixer Ou tpu t Signal/Spur Power Ratio

Waveform Performance:

DefIne: a(t) = Input Signal

b ( t )  = Output Signal

h(t) = Impulse Response

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

b(t)  = Re[v (t) exp ju t ]

v ( t )  = f ~ hL (t_ T) u ( T) dt

whe re hL (t)  = h ( t )  exp (—j u t)

3
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SYNTHESIZER PROGRAM

VCO Phase Vector [0
V

(O~,1 = [u~l t + [o w ] + Ky 0
~

Standard Signal Phase Vector [O s]

[0] = [ w ]  t +

Mixer Output Vector

[O
N
] U[05

] + ELO
~
] + W[O

M
] + [4~

]

Phase Comparator Reference Signals [OR]

~°R
1 = T[05] + C[OV

] + D[ O
MI

Phase Comparator Feedback Signal Vector

~
°F1 = A [Ov

] + B[ OMI

where: [W q
] = VCO Quiescent Frequency Vector

[us] 
= Reference Signal Frequency Vector

Ky = [Ky11] (Diagonal Matrix)

~~~~ = 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) = [F
ii
(S)] (Diagonal Matrix)

F1. = Filter Transfer Function Loop i

f (t) = [f
1~

(t) ]  = [(f~ l F
11 

(S)]
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Phase Comparators

Gain Constant

K.0 = [K .0~~ ] (Diagonal Matrix)

Normalized Phase Comparator Characteristic

[Y] = [g (X) ]

where: [X] = — [OV]

Define AA = (C—A) + (D—B) (I—W)~~ E

-• BB = T + (D-B) (I-W)~~ U

CC = (D—B) (I—W)~~

Steady State VCO Frequency Vector

~°v 1ss = —AA 1 RB [u5]

Mixer and Reference Frequency Vectors

[O
MISS 

= (141)
_i 

(U—EAA 1BB) [ J

[O
R
]SS 

= A [O~]55 
+ B [e M]ss

Transfer Function Matrices S

Def ine: K K ~~K~

r It(S) = (I—AA KF(S) / S) 1

o ( S )  = (KF(S)/S )  . R( S)

Closed Loop Transfer Function Matrix To Loop Outputs for  Signals Generated

a. At Mixe r Outputs :

HM (S) = p(S) * CC

b. At Phase Comparator Outputs:

HD (S) = p ( S )

e. At Reference Inputs:

Hs
(S) = p (S) . RB

d. On VCO Outputs :

Hv
(S) = R(S)

5
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Acquisition

Loop Output Phase Error Vector

[ov i ~ [Xl

Initial Frequency Error Vector

Ew~] 
= Euqi + AA 1 RB Eu5]

Differential Equation

[OVC] 
= [w a] + Kv [Z]

where [ZI = [f(t) * [Y]]

and [Y] = [g(AA ~~ e~~):I

1.3 OUTLINE OF THE FINAL REPORT

Section 2 of this report defines the requirements for the computer programs,
generated under the ARNM 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 AR1,IM 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 aynthesizer programs, contain~Lng 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. -

6
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SECTION II

ARNM COMPUTER PROGRAM REMENTS

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
dete rmine 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

7 
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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 performance 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 RI 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

S 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 perf or— -

mance.

8
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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 per fo rmance 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 under taken in this section it is concluded that:

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

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

(c) The ARMN 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 tha library of module types tnat the computer program is required
to model.

2.2.1 Crystal Video Receiver (Figure IA)

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 ~nd amplified.

The module types employed in crystal video receivers are:

(a) linear attenuator (fixed or variable)

(b) r.f. filter (fixed or tunable)

(c) detector

(d) baseband (post—detection) amplifier

(e) baseband filter

~
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B) TRF Receiver
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Figure 1. Receiver Configurations
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2.2.2 TRF (Tuned Radio Frequency) Receive r (Figure 1B) 
—

The TRF receiver differs f rom the crystal v ideo receiver in that it provides
r . f .  amplification to the p redetection 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 TRI receiver the abilit y to select desired signals wit hin an operating
band requires use of a tuneable filter with tracked poles and zeros so as to
provide aprescribed characteristic relatively independent of filter tuning.
The d i f f iculty 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 f i l ter with
controlled selectivity character istic 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 fi l ter
pass—b and. 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—b and .

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)
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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 .  f i l ters, 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 per fo rmance 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
e (t) to a mixer at frequency w (rad/sec) phase modulated by a sinusoid with

peak phase deviation 
~~ 

(rad) and frequency 6 (rad/sec).

e (t) = E cos ( u t  + cog c5t + ~~
) (1)

where << 1

12 



The injection signal may be written in the form

e (t)  = E {cos (w0t + ~~) cos(c~~cos6t) — s in(u t + ~~
) sin(4~~cos6 t ) )

For << 1, cos (~~ cosót) = J0 (~~ ) + 2E ~~~~~~~~~~~ cos2nót 1

sin(~~ cosôt) 
= 2~~~ (— i)~~

1J 2~~ 1(~~ ) cos(2n- 1)ôt 2J 1(~~ ) cos6t

cos6t

where Jn (X) is the Besse l Function of order a.

e (t) = E (cos(u t + ~~
) — sin (u t + ~~) cos6t}

= E (cos(u t + •) — (4~
/2) sin [ (~ + 6)t  + — (4~ /2) sin[(u —6)t — ~~]} 

(2)

Consider an input signal , e5 (t )  to the mixer with amplitude Es and frequency

w~ (rad/sec) yielding an output signal at frequency w1, w1 — 1w 0 ± w~ l . The out-

put signal, derived from the first term of (2) is

e1
(t) EE~ tos(w0

t + ~~) cos(u~t 4)~)

= E E 5/ 2 cos(u 1t + 4~
) + image term

where = 
‘~ o 

± ~~
Consider spurious input signals at frequency w5 ± 6 and amplitude K5~ (K >> 1).

Each such signal combines with one of the terms of (2) to yield an output at

_ (E
0+pI2).T.Es

. 8h1
~
[ (u~,±6)t±+0l cos[ (w~±.6)t±$5~]

III_(E
0

E
s

I2) (K$p/2)8ifl((Ajt±$_+~pF4 
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 spec~rum 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.

13
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Syn thesizer 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
Divider (and Multiplier), Phase Comparator and Filter.

2.4 COMPUTER PROGRAM FEATU RE S

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
discu~ssed that enhance their utili ty as the basis for an advanced methodology for
systems employing receivers .

2.4.1 Flexibility

Within the limitation of the signal path compute r program , wherein , receivers
are modeled as a cascade connection of as many as 30 modules , f ree play is pe rmitted
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 . (p rogram size limitations are : 12 phase locked loops , 12 mixers , 5 outputs
and 2 standard frequencies).

2 .4 .2  Interaction

The broad flexibilit y of the computer programs and the wide range of per fo rmance
paramete rs computed would ordinarily lead to a complex and ex tensive sequen ce of
di rections 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 arran gement of module types entered.

Instructions to the user are self—explanatory , de f ini ng dimensions f or data
entry and performance printouts. Computation options are offered to the user and
only the appropriate data required to ef fec t  the desired computations are requested
of the user. Likewise , the data printout is tailored to the user requirements .

15
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2 .4 .3  Data Entry, Edit and Storage

The user is guided by a computer generated questionnaiz e to enter data related -

to the block diagram configuration and module paramete r values appropr iate to the
per fo rmance Computations requested .

Upon completion of data ent ry a printout of the data entered is generated and
the user is requested to verify that the data printed is correct. An aff irma t ive
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.

GP76 0600-25

Figure 3. Phase Locked Loop Block Diagram
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SECTION III

RECEIVER SIGNAL PATH COMPUTER PROGRAM, RXSG

3.1 PREL IMINARY INFO RMATION

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 underlined .

3.1.1 Previous File Status

* HAS A FILE BEEN OPENED PREVIOUSLY FOR THE DATA FOR THIS RECEIVER?
If not a new fil e is opened.
If 

~~~ the data in the file is read into the computer work memory .

3.1.2 Desired Computations

* PERFORM FREQUENCY PLAN COMPUTATIONS?
* PERFORM NO ISE FIGURE COMPUTATIONS?
* PERFORM DYNAMIC RANGE COMPUTATIONS? D
* PERFORM INTERNOD COMPUTATIONS? I
* PERFORM SPUR PERFORMANCE COMPUTATION S? 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 ~~~ 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.

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 .i~
c) For each block type , the information listed in Tab le 1.

c. l) For filters, information for item 5 of Tab le 1, relating to
Gain (db ) and Noise Bandwidth (MHZ), is obta ined through the use
of an auxiliary computer program. This program should be used to
determine these values for each filter before filter data entry
f or 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, PBOGRAN BOMBS.

17 
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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) ; Mm 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). EEl
6c. 1db Compression Level (dbm) ~~

Amplifier 1. Gain (db) ,Noise Figure (db)
2. Second, Third Order lntermodulation Intercepts (dbm) ~~
3. 1 db Compression Level (dbm) ~~

Mixer 1~~ . Mixer Catalog Number
2a. Noise Figure (db)
2b. Second, Third Order Intermodulation Intercepts (dbm) rn
2c. 1 db Compression Level (dbm) ~~

3. Mm -Max Osc. Frequency (MHz) ~~
4. Sideband Converted (Upper, Lower or Both) ~~

Detector 1. Detector Type (A M 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) E . -_
2c. 1 db Compression Level (dbm) ~~

3. For Each Additional Input:
3a. Gain (dB), Noise Figure (dB)

Notes: GP76-OeOO- 26
Option available to print mixe r catalog file and performance data
Obtained as output of auxiliar y filter computer program

S Required only if spur performance computations are to be performed
I Required only if intermodulation computations are to be performed
D 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) If 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 , AMPL IFIER , MIXER , DErECTOR ,
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 CEN TER FREQUENCY (MHZ ) OF LA ST IF
* ENTER INPUT FILTER PASSBAN D 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 firsi r.f. filter. The information is used to recon-
stitute the receiver frtquency plan and compute front end second order
intern~ dulation and spurious response performance.

* ENTER WAVEFORM CARRIER FREQUENCY (MHZ )
If a ~~~ 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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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 ~he receiver signal path data is printed tn accordance
with the sample given in Figure 6. If questions related to computation
of Dynamic Range (D] , Internx dulation [Ii , or Spur [Si , performance in
Section 3.1.2 are answered no, corresponding sections c’f the data printout
are omitted.

3.3 DATA CORRECT ION

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 ~~~~~~ the data is entered into a file for future use.
If no, the data correction process is executed.

3.3.1 Add—A—Bl ock

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 ~~~~~~~~ .

If 
~~~ 

the program advances to Section 3.3.2.
If y~~ , an interactive sequence of questions and computer operationsis 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)

tThe sample corresponds to the block diagram of Figure 5.
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•+++÷+++++++++++++++++++ BLOC K DATA +++++++++++++++++

MAXIMJN GAIN MIIIINUM GAIN
BLK 0 F 0 F (IL P2 P3
I 0.0 0.0 0.0 0.0 999.0 99.0 99.0
2 10.0 5.5 I0.s) 5.5 —7.0 71.0 8.0 1 

-

3 10.0 5.5 10.0 5.5 —7.0 2 1.0 8.0
4 — 19 .0 19.0 — 19.0 19.0 909.0 90.0 99.0
5 10.0 5.5 10.0 5.5 —7.0 2 1.0 8.0
6 — 1 . 5 1.5 —7.5 7.5 20.0 35.0 32.0
1 0.0 0.0 0..) 0.0 999.0 99.0 99.0
8 0.0 0.0 0.0 0.0 999.0 99.0 99.0
9 10.0 5.5 10.0 5.5 —7.0 2 1.0 8.0

10 0.0 0.0 0.0 0.0 999.0 09.0 99.0
II —7.5 7.5 —7.5 7.5 20.0 35.0 32.0
12 0.0 0.0 0.3 0.0 999.0 99.0 99.0
13 10.0 5.5 10.0 5.5 —7.0 21.0 8.0
14 0.0 0.0 — 1 5.0 15.0 999.0 09.0 99.0
15 10.0 5.5 10.0 5.5 —7.0 21.0 8.0
16 Iu.0 5.5 10.0 5.5 —7.0 2 1.0 8.0
Ii 10.0 5.5 10.0 5.5 —7.0 21.0 8.0
IS 0.0 0.0 —30.0 30.0 299.0 99.0 99.0
19 10.0 5.5 .10.0 5.5 —7.0 2 1.0 8.0
20 10.0 5.5 10.0 5.5 —7.0 71.0 8.0
2 1 10.0 5.5 10.0 5.5 —7.0 21.0 8.0
22 0.0 0.0 —30.0 30.0 999.0 99.0 99.0
23 10.0 5.5 10.0 5.5 —7.0 21.0 8.0
24 10.0 5.5 10.0 5.5 —7.0 2 1.0 8.0
25 10.0 5.5 10.0 5.5 —7.0 21.0 8.0
26 0.0 0.0 —30.0 30.0 999.0 99.0 99.0

G= GA I NCDB ) .BLOCK I
F=NOISE F I G U R E (D B ) ,BLOCI( I
NOTESFzLO5S(DB ) FOR AN ATFEWATO~P2 ,P3=SECO~ID ,TH IRD (h IDER I NTERCEPTS (DBU ) ,BLOCK I
OL=l—DB COMPRESSION LEVEL

Figure 6. Data Printout for Receiver Shown in Figure 5.
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++++++++++++++++++++ MIXER DATA +++*~~~++++++++++++++

LIST M I X E R  CATALO G FI LE? (ANS ~ ER YES OR NO)
? YES
MIXER MANUF CAT. NO. P—OSC(DBM)

1 RELCON Ml 4k 7.
2 RELCOM M9E 27.
3 RELCOM MI 7.
4 BLANK BLANK 99
5 BLANK BLANK 99
6 BLANK BLANK 99

MIXER SPUR PRODUCT DATA IS TABULATED IN TN)) WAYS 5
SPUR PRODUCT INTERCEPTS ( TABLE 0) OR
SPUN PROL).CONVERSIUN LOSS FOR GIVEN SIGNAL LEVEL(TABLE 1)
PRINT MIXER SPUR TABLE? (ANSW ER YES OR NO)

?YES 
-

ENTER I MIXER NU MBER FROM CATALOG AND
SPUR TABLE DESIRED
~X&MPLE’6,O73 ,0

MI XER MANUF CAT. NO. P—OSC(DBM)
3 ~ELCOM Ml 7.

CO NVERSION LOSS= 7.5DB
SPUR TABLE 0
i/K 0 I 2 3 4 5 6 7 8
0 99.0 —36.0 —45.0 —49.0 —60.0 —S I .0 —63.0 — 59.0 —6 1 .0
I 24.0 0.0 35.0 13.3 40.0 24.0 45.0 28.0 49.0
2 63.0 63.0 64.0 60.ii 61.0 54 .0 59.0 54 .0 59.0
3 23 . 5  22.0 24.5 5.0 28.5 13.5 27.0 12.0 27.0
4 18.1 20.0 19.7 19.3 19 .3 19.3 18.7 18.3 20.0
5 12 .5 10.0 12 .5 7.7 12.5 7.0 12.5 6.2 12.0
o d.0 8.0 8 .0 8.3 8.0 8. -.) 8.0 8.0 8.0
7 5..) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
PR I -I r APIOT~~ER SPUR TABLE’/ ( ANSI’IER YES OR NO)

?YES
ENTER I ‘III ‘(ER NUMBER FRi V CATA LOG AND
SPU R TABLE UESIRED -

73 ,1
M IXER MANUF (TAT . NO. P—OSC( DBM )

3 RELCO’4 ‘41 7.
CONVE RSION 1..OSS= 7.5DB
SPECIFY 4A lXEI ~ SIGN&L I’~PU~ LEVEL ( DBV }

?—I 3.
SPUR T AB LE I

i/K 0 1 2 3 4 5 6 7 8
0 99.1 26.0 35.0 39.3 50.0 41 . , )  53.0 49.0 il .0
I 24 ...) 0.0 35.0 13. 40.1 ~4~ ) 45.0 28 .0 49.0
2 73.:) 73.0 14.0 70.3 7 1.0  ~~4 .0 69.0 64 .0 6~~.03 6/ . ’) 64.0 60 .0 50.) 77.0 47.3 74 .0 44 .0 /4 .0
4 86.1 9,,i.0 - 86.1 87.) p31.9 84 .9 86. 1 94.9 90.1)
5 Vi,,.’) 80.0 93.0 10.3 90.0 68.3 90.0 64.8 d8.0
O 90...) 90.0 23.0 90. -) 90.0 90.-.) 90.0 90.0 90.0
-/ 90. ’) 0.0 9-1.0 90.)  ‘)O.O 00. -’) 90.0 90.0 9L.0
P~ I OI ’  Ar40T~ EP SPUk TA b LE/C AN51IER YES OR NO)

4 IX  CAT BLI( F’) 1I~~ FOMAX 5)1
3 6 310.000 340.000 LII

‘A IX CAT IILK F’) ‘Al ’) Flu AX SB
2 3 II 7’ 1.750 2”2 .250 IJPP

C A f = ‘-IIXF l~ OA TAL3G 4U 4 h~~FL~~~’A 1X ~~o 8LOCK NO IBER
F ) ’ ! -~,F~~~A ’( = O SCI LLAT’)R “ [U I ‘4J V , lAX IM1Ii~ Fi~E0UE ICIES( -1HZ)
SI3~~SIG~1AL SIUEPA ND
‘~OTLIS8 I.U.1(UP P) MEANS sI(; IJAL I ~1PU T FR1~0UENCY If
F~EL W (  ~l1oVE ) )SC ILLATO 4 FRI0ENCY

Figure 6. Data Printout for Receiver Shown in Figure 5 (Continued )
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++++++++++++++++++ ++++++ FILTER 0 All +++++++++++++++ ++

3 ~‘~~L’ ) F1E~~f IO N i- II,TI~RS1 0 ~ASE8A H1) FILTE lS

i - I T .fE~ Na. : I BL OCK U’). ’ I GF= • 361 40E+I J 84=. 40. 000

- POLFS( %HZX 2* PI) ZERO.S( l iIZk2*PI)
I MAO . -~EAL 1MM)

I — . 56d32E+02 .ó4906E+03 0. 3.
— . 56832E+’)2 — . S4906E+03 0. 0. -

3 — .36901E+02 .47253E+03 0. 0.
4 — .3o99/E+02 — .42253E+03 0. 0.
5 — . I2357E+03 .56250E+03
6 — . 1235/ F+03 — .56250~ +O3
I — .10296E+03 .46867E+03
‘I —. 10206E+03 — . 46867E+03 -

FILlER NO.~ 2 BLOCK N-i.: I GF= .28254F+02 .943

POLES( ~H7,g2*PI) ZEROS(N~-!Z*2*PI)
NO. REAL I MAD REAL IMAG

I — .188I/E+0 1 .15098E+04 0. 0.
2 — .188 1 /E+O I — .I5098 E+ 0 4 0. 0.
3 — . 1977-JE+O I .1506 1 E+04
4 — . I S/7OE+01 — . 1 SOO I E+04

FILTER N O . : 3 BLOCK Mi. : 12 GF= .394/8 E—02 94= .006

POLES( MHZx2*PI) ZE ROS(’4HZ*2* PI)
t~O . PEAL IMAD RI~AL I’,4A0

I — .222 1 9E—OI .I1312E+03 0. 0.
2 — .222 1 9E—DI — . II3I2E+03 0. 0.
3 — .222 1 0E—0I .I1308E+03

— .222 1 0E— DI — . 11308E+03

GF t-ILTER GAIN CONSTAUT
)14=t-ILTER ‘401SF BANDWIDTH (MHZ)

FREGUENCY AT CENTER OF LAST IF IS 18.0000 MHZ
IS DATA CORRECT? A IS4 ER YES OR 440

?YES

Figure 6. Data Printout for Receiver Shown in Figure 5 (Continued)
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b) If the block type entered is combiner and another block type is
combiner:

* ILLEGAL ~24TRY : TWO COMBINERS NOT PERMITTED
The program retu rns 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.

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

3.3.1.2. Block Data Renumbering —

a) If the receiver blocks include a detector, its block number is
advanced by one if the number is greater than I.

b) If the receiver blocks include a combiner, its block number is
advanced by one if the number is greater than I.

c) 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.
d) If the block type en tered is f ilter:

d.l) Data associated with f i l ter  number (gain constan t , 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.
d.4) 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.

e) Data associated with block sequence (gain , noise f igure , inter—
modulation intercepts and 1db compression level have their block
number advanced by one if it is greater than I.

f) The total number of blocks is increased by one.

3.3.1.3 New Block Data Entry — Dependent on the type of the new block,
the appropriate seciuence 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:

28
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* CHAN GE 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 

~~~~, 
the user is requested :

* ENTER NE W FREQU ENCY (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 N1JMBERS REQUIRIN G DATA CHANCES
* CAUT ION : 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 blo ck is:

* INPUT TYPE : BLOCK I
I will be the sequence 5, 9, 10, 17 and 18 (itt turn) for the example

given . After  completion of data en try for  each block (wh en the exit
triangle is reached on the flow diagram) the reader is asked :

* BYPASS DATA PRINTOUT ?
If ~~~~~~~~~ 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 

~~~ 
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 ~~~~~~~~~ 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 y

~~ 
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.

29



- ‘ — ~ ‘~ - - ,-‘--—-.-
~~~

,—=-— _ _ _ .. “. . .‘~~~ ‘

—‘.“-.—-.‘- “-

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 :

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 fi l ter 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 :
* RECEIV E PERFORMANCE COMP UTED WITH TUN EABLE FILTERS :
* SET TO MIN IMUM INPUT FREQUENCY (OPTION 1)
* SET TO MAXIMUM INPUT FREQUENCY (oPTION 2)
* ENTER OPTION (ANSWER 1 OR 2)

If the tuneable filter parameters for ~~~~~~~~~~~~~~~~~~~~~~~~(2 maxi.munl ) ~Xninixnum )
tuned frequency are employed dependent on whether the number of mixer
inversions prior to the tuneable f i l ter  is even or odd.

3.6 FREQUENCY PLAN COMPUTAT IONS

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 ~~~~~~~~, the frequency p lan 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 COMPUTATION S

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.

If y~~, and the receiver block diagram includes a combiner, the effectivenoise figure of the equivalent amplifier is computed and substituted
for the noise figure of the combiner block.
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++++++++++~~+++ FR EDUENCY PLAN ++++++++++++++~.+++++++++

ALL FREQUENCIES GIVE N IN ~4-~Z

69.747 I 100.253

I I

MI XER I
3 10.000— 340.000 I 1 

—> 1 I
LOC . OSC. I 

‘

239.147 240.253 

1 1
M IXER

221.150— 222.250 I I 
>1

LOC . CISC . 2

11.99 7 ! 18.003

Figure 7. Frequency P’an Printout
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Define G1, Fi 
as the gain and noise figure of block i.

Define G
i ., F~ as the gain and noise figure of the cascade of blocks from,J ,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 itera ted use of the noise figure cascade algorithm.
If there is no detector the computation is made for blocks 1 through N.

FiM = F
i 
+ (F(j+l),~I 

—l)/G1 (3)

Since F
M M 

= F
M is known, the noise figures , Fi M ’ are determined in decending

sequence from
’ 
(3) starting at i — M — 1

Fi (j+l) 
F1~~ + (F(j+l) — l)G1,~ (4)

Since F
1 1 

= F
1 
is known, the noise figures, F1 ~ 

are determined in

succession from (3.7.2) starting at I = 2

The successive values of F11  
and FiM  are tabulated in the printout (a

sample printout is shown in Figure 8.

If it is desired to determine Fi 
~ 

from the tabulated values of Figure 8.

proceed as follows:

a) Co .rt the tabulated values F1 . and F1 ‘jl~ 
from decibels to power

rat s. - 4 ‘~~ ‘‘ /

b) Convert the cumulative power.-~gain C1(1 1) from decibels to power

ratios. NOTE: The cumulative power gain C1 I 
is tabulated for each i

in the dynamic range performance prIntout discussed in Section 3.8

Since:

F1~~ 
= F1 (~...1) 

+ (F~~~ — 1)/G1,(1_1)

= 1 + G1 (1.1) 
(F
1~~ 

- F
1,(1_1)) 

(5)

c) Compute F~ . from (5)

d) Convert F
ij 

from power ratio to decibels.

3.7.2 Sensitivity Computations

A set of cascaded blocks with noise Landwidth BN 
will yeild a prescribed

output signal to noise ratio 
~~~~~~ 

with an ‘Input signal level given by

= 
~~o~~

’N~ 
• F.KT.BN , (6)

F is determined for blocks I through M and 1 through I by (3) and (4)
for all I. BN 

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 H1

(S) and H2
(S), the composite network function H(S) = H

1
(S).11

2(S)
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++++++++++++++ NOISE FI-3J3~E PFkF C) 44 4ANCE ++++++++++++

4 A X I’U~~~~A I44 - ‘~INI 4J ” 0AI1-J
EL;C< ~“I)T SEO r (  I) f l ( I) F’fOT S~ 5 F( I) SN( I)

0.0 —88 .0  9.6 — 11 6.7 1.1 —8-3.0 12. 4 —11 3 .5
2 ~~~ —>s 2 .5  9.6 — 1 1 6 . 7  5.5 —82. 5 12. 4  — 1 1 3 . 5
3 5~ ’3 — -52.2 17.5 —108 .7 5.9 —82.2 2 1 . 9  — 104 . 3
4 ~ .o — 8 1 . 4  27.2 —99.0 6.5 — 8 1 . 4  3 1 . 5  —94. 4
5 4 .7 — / 9 . 4 8.2 — I 1 8 .u R .2 — 7~~.8 12 . 3  — 1 1 3 . 4

8 .4 — / 9 . 5  15 .3 — I l l  ~~8 8 . ~ —7 9 . 5 2 1 .9  — 104 .3
1. H .4 — 9 5 .9 7.5 — 1 1 0 .7 ~~ . 4 —95.8 14 .4  — 1 1 1 . 8
8 4 .4 — 9 5 . 4  7.5 — 1 1 8 . 7  8 .4  — 95. 8 14. 4 — 1 1 1 . 8
) 9 . !  —95.2 7.5 — 1 1 8 .1 9 .1 —95. 2 14 .4  — 1 1 1 . 8

10 9.! —95 .2  13.3 — 1 1 2 . 9  9. 1 —95.2 23.8 —1 02 .4
II 9.2 —9 5.1 13 .3  — 1 1 2 . 9  ~ .2 —9 5. 1 23. 9 —1 0 2 .4
12 9 .2 — I I  1.0 5.8 — 12 0 . 4 9.2 — 1 1 7 . 0  16.3 — 10 9 .9
13 9.5 — 1 1 6 . 1  5. 4 X 9.5 — 1 1 - 5 . 7  16.3 X
14 9.5 — 1 1 6 . 7  5. -S X 9.9 — 1 1 6 . 3  26.0 X
IS  9 .6 — I t O . , 5.4 10 . /  — 1 1 5 . 5  1 1 . 0  X
IS 9 .o — 1 1 6 . 1 5 . 3  X 10.9 — 1 1 5 . 4 19.6 X
I i  9 .6 —11 6 .1 5.5 X 10.9 — l 1 ~~.4 79.4 X
1-3 9.o — 1 1 6 . 1  S.d X 1 1 . 1  — 1 1 3 . 2  . 9 .4 X
IV  9 .6 — I IO. 7 5.8 X Il. ! —11 4. 5 9.4 X
23 9.o — 1 1 6 . / 5.8 X 11 .5  — 1 1 4 . 5  17.2 K
2 1 9 .o —116.1 5.8 K 11 .8  — 1 1 4 .5 26 .9 X
22 9 .6  — 1 1 6 . 1  5.8 K 12.0 — 1 1 4 . 2  36.8 X
23 9 . O  — 1 1 6 . 1 5.8 K 12.5  — I I 3 . 7  6.8 X
24 9.o — 1 1 6 . 1 5.8 K 12 .6 — 1 1 3 . 7  1 1 . 4  X
25 9.6 — 1 1 6 . / 5 .5 K 1 2 .5 — 1 1 3 . 7  20.1 X
2o 9.o —11 6 . 1 0.0 K 12 . 4  — 1 1 3 . 5  30.0 X
J= BLOC¼~ i~~J5 bEH

Fro r= 44--)rsE FIGU44E (D8),FIRST I BLOCKS
S E4 ~ SE~ S 1 T IV IT Y w F 0 ) .FI9ST I FL1CKS ,(S/9= 100 B)
Fc r )= o~)IsE FI0U~ E (DEl ) LOOKING INTl BLOCK I
S ~( I) =SE~ S I TI VITY C lF3~ 1,10K ! -34 1 ff3) 9LOCK I C  S/’4= 10 09

Figure 8. Noise Figure Performance Printout
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Figure 9 plo:s 1H1(iw)1 2/1H 1(iu 0)1
2; 1H2(iw)1

2/1H 2(iw 0)1 2 and

IR(iw)I /IH(i o0)I = H1(iW)I H
2 (i~~)I /jH1(iw 0)I 1H 2(jw0)l vs. w, where

is the coni~~n tresonance frequency . It is noted that :

a) B& 
for cascaded filters cannot exceed the noise bandwidths of the

separate filters.
b) If BN1 >> E

N 2,  
BN ~ 

BN2

___________________________________________ 

~~~~~~~~~~~~~~~~~~~~~~~~~ 1H 1 (jw) I2fIH 1 (j~~~fl 2

IH2(j~o)I2/IH2(i~o0)l 2

IH(j .412/ IH(jw 0) 12

H 1(S) H2(S)

j

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 smalle&t 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). 

~~~~~~ 
is taken as 10 (corresponding to 10 decibels) and KT = 4(lO

_21
)

watts/Hz. The sensitivities 
~siM 

and P511 
are computed from (6) and

their values are printed, together with F1 . and F
1 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 N 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 ‘o dynamic range
computations is no the program advances to Section 3.9.

If ~~~~~~~~, 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:

t Taking into account frequency translations due to mixers. 

~~~~ -~~~~~~~~~~--.



a) The relative margin, M1 (In decibels), for each block for which a 1db
compression level has been specified is computed as N

1 
— X

1 
— [G

l (I_1)]db ;

where X~ is the 1db compression level for block I in dbm , and G
1 ‘1 1’‘

~~ ‘db
is the gain of the block set 1 through I — 1 expressed in decibels.
(NOTE: G

1 ~ 
is determined for all I as part of the noise figure

computations (Section 3.7) and used to compute F by means of
equation (4). l,(i+1)

b) The minimum value of the N1 
is determined.

c) For each block, G1 (1...1) db 
and M1 

— (Mj)Min are printed in

accordance with the sample printout of Figure 7. If X1 is

unspecified for any block, no computation or printout is made for
M1 

— (M
i
)MI

d) The minimum signal level that overloads at least one block is obtained
by subtracting G1 (~~1) db from X~ for the block(s), i, for which

Mi 
= (M

i
)Min

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
1~~ db for each I is used to compute ~~~~ the

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 ~~~ 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 INTER1~t)DULAT ION

3.9.1 Third Order Intercept Computations

Third order intermodulation 13 a measure of the non—linearities experienced
by the modulated signal in its transmission through the receiver. All non—
linear stages contribute to this in—band process.

35
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++++++++++++++++++++ )YNA ”IC -~AN~ F ++++++++++++++++++

“AX I~ UM GAl S MINI ‘~JM GAIN
BLc( 0 ( 1)  

~AW 3IN ci I) MARGIN
I 0.0 0.0
2 0.0 96.0 0.0 21.0
3 10.0 ~6.0 10.0 11.0
4 2o.U 20.0
5 1.0 95.0 1.0 20.0
6 11 .0 112 .0 11.0 3/.0
1 3.5 3.5
8 3. 5 3.5
9 3. 5 92.5 3.5 1 / . 5

1 0 13.5 13.5
II 33.5 109.5 33.5 34.5
32 6.0 o.0
13 6.0 90.0 6.0 15.0
14 16.0 16.0
IS 16.0 80.0 1.0 20.0
IS 26.0 /0.0 31 .0 10.0
I I  36.0 60.0 21.0 0.0
18 46.0 31.0
19 46.0 50.0 1.0 23.0
20 56.0 40.0 11 .0 13.0
21 66.0 30.0 21.0 0.0
22 76.0 31.0
23 76.0 20.0 3.0 20.0
24 86.0 10.0 11.0 13.0
25 96.0 0.0 21.0 3.0
26 306.0 31.0

OVERLOAD SIGNAL OVEPLOAD SIGNAL
—1 03.0 —28.0

G (I)=CUMULATIVE GAIN TO INPUT TO BLOCK I
OVERLOA [) SIGNAL (DB’4) IS RECEIVEN INPUT SIGNAL LEVEL
ThAT CAUSES AT LEAST ONE BLOCK TO A1TAIN ITS
I DB COMPRESSION LEVEL

MARGIN=DIFFERANC E IN 08 BETWEEN BLOC K I I 08
COMPRESSI ON LEVEL AND I NPUT TO BLOCK I -

CC)Re~ESPONDING TO OVERLOAD SIGNAL

IF ~IARGIN COLU MN IS BLANK , BLOCK I DOES NOT OVERLOAD

OPTIONS AVAILABLE 1!) COMPUTE’
THIRD ORDER INTERMOD ONLY(OPTION I)
SECOND ORDER INTER~~)D ONLYCOPTION 2)
BOTH ThIRD AND SECOND ORDER INTERMOD(OPTION 3)
£NTER OPTION I,2,OR 3
13

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 ~~~ the user is advised:
* OPTIONS AVAILABLE TO COMPUTE :
* THIRD ORDER INTERMOD ONLY (OPTION 1)
* SECOND ORDER INTERNOD ONLY (OPT ION 2)
* BOTH THIRD AND SECOND ORDER INTERNODE (OPTION 3)
* ENTER OPTION 1, 2 OR 3

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

If 1 or 3, the third order intercept, 3
P1 

for the block set I through j
,j ,

is computed for the block sets I through M and 1 through 1 (1=1,2 M), based on
iterated use of the intermodulation intercept cascade algorithm:

—l — 
—1 —l

3
1’l (i+l) 

— 

3
P
1,1 

+ G1~~ . 3~ (i+l) ,M (7)
and —1 —l —1

3~l,(i+l) 
= 
3
P11 + Gi i  3~

’(i+l) (8)

where 3P1 is the third order intercept of block I. The successive 
values of

~~~ M~ 
(expressed in dbm) are tabulated in the printout (in accordance

with the sample of Figure 11).
If it is desired to determine 3

P
1 
~ 

from the tabulated values of Figure

3—8 proceed as follows:

a) Convert the tabulated values of P
1 ‘1 1’ 

and P
1 

from dbm to
mllliwatts. ‘‘ 

— / ~~

4 b) Convert the cumulative power gain G1 (1—1) 
from decibels to power

ratios (see step (b) of procedure for computing F1 .  in Section 3.7.1)

Since:

~
-.l —l —1

3 l,j 
— 

3
P
1,(1_1) + G1,(1_1)

— 
~ 
p ’1 —1 / (9)

3 i,j 
— 

3 l,j 
— 

3~l (i—l) 
FGl,(i_l)

c) Compute 3
P
1 
~ 
(in millwatts) from (3.9.3)

d) Convert 
3
P
1~~ 

from milliwatts to dbm.

3.9.2 Intermodui.ation 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:

= ([PN]db + 2(3Pi j ]db)/3 (lOa)

where:

‘
~N 

= ~~~ . KT . ENi,j ( lob )

and where ENi,j is the noise bandwidth for the block set I through j

as computed in Section 3.7.2.
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++#++++++++++ INTER ~~)DULATI ON PERFORMANCE ++++

THIRD ORDER INTERMOD

MAXIMU M GAIN MINI I4JM GAIN
I PTJT 0 PCI ) DCI ) PTOT 0 PCI ) DC I )
I 999.0 999.() —88.5 —301 .2 990.0 999.0 —38.4 —53.4
2 ~.0 —25.5 —88,5 — 303 .2 8.0 —25.5 —18.4 —53.4
3 —2.4 —32.1 —78.5 —91.9 —2.4 —32.3 —8.4 —4 3.1
4 —2.4 —32.3 —68.5 —82.0 —2.4 —32.3 3.7 —33.7
5 —2.9 — 33 .8 —87.5 —301.0 —2.9 —31.8 —17.3 —52.1
6 —2.9 —3 3 .8 —77.5 —92.0 —2.9 —31.8 —7.3 —43.0
/ —2.9 —3/.2 —85.0 —99.5 —2.9 —37.2 —14.8 —50.5
8 —2.9 —31.2 —85.0 —99.5 —2.9 —37.2 —14.8 —50.5
9 —3.6 —3/.5 —85.0 —99.5 —3.6 —37.5 —14.8 —50.5

3-3 —3.6 —3/.5 —75.0 —90.9 —1.6 —37.5 —4.8 —40.6
I I  —3.7 —3/.5 —75.0 —90.9 —3. 7 —37.5 —4 .8 —40.6
12 —3.7 — 44.8 —82.5 —98.4 —3. 1  —44.8 —12.3 —48 .1
13 —4.7 —45.4 —82.5 X —4.7 —45.4 —12.3 X
34 —4.7 —45.4 —72.5 K —4.7 —45.2 —2.2 K
IS — 9 . 1  —48.7 —/2.5 X —5.0 —45.2 — 17.2 K
lo —18.6 —54.6 —62.5 X —7.1 —46 .6  —7.2 X
Il —28.5 — 6 1 . 2  —52.5 X —14.0 — 5 1.1 2.9 X
18 —28.5 —63.2 —42.5 X —34.0 —53.0 34.5 X
39 —38.5 —61.9 —42.5 X —34.0 —50.9 —1 5.5 X
23 — 48.5 —74.5 —32.5 X —14.4 —5 • I —5, 4 X
21 —58.5 —-31 .2 —22.5 X —16. 7 —52.6 4.8 K
22 —58.5 —81.2 — 12.5 X — 36 .7 —52.6 37.5 X
23 —68.5 —81 .0 —1 2.5 K — 36 .8 —52.4 — 32.5 X
24 —7~s.5 — 94. 5  — 2 . 4  X — 1 6 . 9  — 52. 5 —2. 4 X
2S —88.5 —10 1 .2 9.0 X —18. 4 —53.5 8.0 X
26 —88.5 —101. 2 999.u X —18. 4 —53.4 909.0 X

Figure 11. Third Order Intermod Printout
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N 
and P1 ~ 

are computed for each I from (10) and tabulated in the

printout of FIgure 11. Parallel computations and printouts are made for
the maximum and minimum gain conditions.

3.10 FRONT END SECOND ORDER INTERMODU L ATION

3.10.1 Second Order Intercept Comj,utations

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.

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

The second order intercept, 2P1~~ 
for the block set I through j, is

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

2”i,M 21’i + 2~ (i+1),M (11)

—l — 
—1 —l

— 
2
P
11 

+ 21’(i+l) (12)

If block is a filter, the value employed for G~ db is half the sum of

the filter attenuations for the two frequencies entered. If the block .
set 1 through I includes one or more filters, the value employed for

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:

~i,j db = W’N ]db + [
2P1J

]db )/ 2 (13)
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Fi~’)~ k END SECOND ()~j f lEW INTF.~~uor)

E~ TE~ 7 H ECE I v F ~ INPUT FNEOUENCIES ( ‘4HZ )
i55.,125.

MAXIMU M CA lM MINIMU M GkIN
I PlOT 3 PC I) 0(I) PTOT 0 PC I ) 0 (1)
I 999.) 0)9.0 30.o —48.3 999.0 999.0 30.6 —45.4
2 41.6 —25.4 9.9 —58.4 41.6 —25.4 ~~.y —56.8
3 31 .2 —30.5 20.3 —49.2 31.2 —30.5 20.3 —4/.0
4 33 .’ —30.1 38.5 —35.2 31.2 —30.1 38.5 —32.9
S 30.-3 —29.5 39.5 —54.2 30.8 —29.5 39.5 —51.9
6 3u.6 —29.5 35.0 —43 .3 30.6 —29.5 35.0 —39./

I=OL OCK ~U II 3ER
Pi~’)f= I ‘fl’Ek”OL) I,4TERCEPT (DB~ ) .FI~ ST I BLOCKS
G=T,~u TONE S I G N A L  L EV E L (DB’)  ,FI~~ST I BLOCKS
( I  ~ fEi~ ~4Oii LE VEL= .-40 ISE LEVEL )
P C I )  =1 ~TF~ ~‘3D I N rE~ cFPT( OR ~‘) LOOKING I NTO BLOCK I
0( 1 )=T -43 T~~E SI GNAL LEVEL (OHM) I NTo BLOCK I
(I ~fEN”O1i LF VE L=j- 4O IS E LEVEL)

Figure 12. Front End Second Order Intermod Printout
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where is the value computed in the third order case, equation (lob).

~i,M 
and P

1~~ (where M is the mixer block number and i=l,2...M) are computed

from (13) and tabulated in the printout of Figure 12. The printout
forma t 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 COMPUTAT IONS

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 ~~~ the following sequence of computations is executed :

a) For each mixer, in turn, starting from the receiver input, with lowest
and highest output frequencies, w~~ and 0)

IH’ determined during preliminary

computations (Section 3.5) and given minimum and maximum oscillator
frequency, 0)oL and 0)H’ four frequencies are determined for each j,k
pair of mixer products:

(kW~~ —

~~~ (ks L
0)
IL~~

j
(14)

0)
3 

= (ks~~~~~ =

0)
4 = 

~
1
~~OH 

—

NOTE : to and 0)3 
to 0)

4 
represents the ranges of frequencies at the

mixer input that can generate a j,k spurious product in the band 0)IL to 0)IH•
b) A comparison is made of to and to with the input signal band

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

b.l) 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 u.~ to 

~2 
or 0)3 

to 0)4 
as its corresponding

oscillator frequency is related to the band 0)oL to ~oH~~
d.l) 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 4~put is equal in magnitude to the worst case spur
frequency offset at the input to the generating mixer.
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b.2) If 0)
1

> 0)
sH’ the worst case spur frequency at the mixer input is

and the offset Is ~ — 

~~~ 
+ 

~~H~
’2 relative to the center

of the mixer input passband . NOTE : 6 > 0

c.2) The local oscillator at the generating mixer is 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).

b.3) If 0)
4 

< 
~ sL ’ the worst case spur offset is ~ 

0)
4 

— 

~~~ 
+ 

~~H~
’2 < ~

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

b .4) If 
~ 2 

< 0)
sL 

< 0)
sH 

< 0)~~, parallel computations are made , based on

offsets 6A 
= 
~2 

— 

~~~ 
+ < 0 and = 0)3 

— 

~~~ 
+ u H) / 2  > 0,

to determine mixer local oscillator frequency settings , worst case
input frequency and filtering to the worst case frequency. The
frequency, 

~2 
or W3~ 

providing the least total filtering is

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

the input noise power is = FKTBN
. 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 
~~N

1dbm 
+ G — L .  If the

j,k spur product output is equal to the noise power level:
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~~N~dbm 
+ G — L = “a 

— L
~ 

— R
i k  

(15)
where R

i k  
represents the diff :rence (in decibels) between the

signal level and the j , k produ-t level when “a (expressed in dbm)

is applied to the mIxer input .
The corresponding level at the receiver input (in dbin) is

X = P a
_ G  (16)

The j,k spur product intercept , 
~jk’ 

is related to R
i k  

and 1’
a by:

~j,k 
— “a 

+ R
j,k

/(i_l) (17)

Combining equations (15), (16), and (17) and solving for X: ng

x = [(j—l) 
~~j,k 

— G) + 
~~N ’dbm

1 
~ 

,. (18)

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
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 y~~~ the receiver output waveform is computed, ~s 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, N
(l<N <M), in turn, the user i5 requested:

* FOR SEGMENT N ENTER SEGMENT TINE DURATION
Th ree 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, SINUSO IDAL , PARA BOL IC
* FOR SEGNENT N ENTER AMPLITUDE FUNCTION DESCRIPTOR

If the response is exponential, the defining equation for the arbitrary
constants is printed:

* F — Xl + )~ *EXp(K3*T)
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And the user is reques ted:
* ENTER: K!, K2 , K3

If the response is sinusoidal , the correspond ing defining equation :
* F = K! + K!*(SIN (K3*T + K4))**K5
* ENTER: Ki , K~~, K3 , K4 , KS

If the response is parabolic:
* F = Ki + K2*T + K3*T**2
* ENTER: Ki , K2 , K3

No te the FORTRAN printout for the defining equations. The user Is then
requested:

* FOR SEGMEN T N ENTER PHASE FUNCTION DESCRIPTOR
If the response is exponential, sinusoidal, parabolic the corresponding
def ining equa tion for the arbi trary constan ts is prin ted 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 incremen t 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 of fered  a number of data prin t and plot options.
* OPTION TO PRINT DATA; ENTER YES OR NO
* OPTION TO PLOT DATA; ENTER YES OR NO

If a ~~~ response is given to the prin t data op tion:
If the receiver block set Includes a detector, the amplitude and phase
modula tion func tions at the receiver and detector inpu ts 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 ~~~ response Is given to the plot da ta option , the user is offered
a choice of one of the above signals (other than the input modulation
functions)  to plot on the user ’s I/O device.

* OPTION 1 — PREDETECT ION AMPLITUDE MODULATION FUNCTION
* OPTION 2 — PREDETECT ION PHASE MODUL ATION FUNCT ION
* 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 four th  plot option Is offered:

* OPTION 4 — POST DETECTION OUTPUT SIGNAL
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e) Initial conditions. Based on the choice of amplitude and phase
modulation descriptors the initial value Is given by:
Exponential. K! + 1(2
SInusoidal: K! + K2 *(SIN (K4))**K5
Parabolic: K!
obtained by letting T = 0 in the defining function .
The initial value of the input modulation function Is

a(O) = p (O)cos~ 4 (O)~ + j p (O)sinl+ (O)I
where p(O) is the Initial value of the amplitude function and cl,(O) is
the initial value of the phase function.
If 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(O) = H(~ )y (O )
where H(°°) = Lim H(S)

y(O)  = initial value of f i l t e r  input signal.
It Is assumed that the first filter in any receiver will have finite noise
bandwidth so that H(°’)=O. Hence y(O)=O for subsequent fIlters. Since the
subsequent filters will have H(°°) finite, Z ( O )  is taken as zero for all
f i l ters .

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

g) The output signals, Z(t) from any filter at any time increment t = to + ~~

is obtained from:
1) input signals y(t ) and y(t +

~)

2) output signal Z(t )

based on a recursive evaluation of the ronvolution integral
t

Z(t) =J y(-r)h(t—-r)d-r

where h(t) = ~
/‘ H(S)

Hence , from (e) and (f), Z(t) is obtainable for the first filter for all
t.

h) The output signal for any filter Is taken as the input signal of the next
f i l ter (taking into accoun t any mixer inversion that are present between
the two filters). Since the initial value of the output signal of all
fi l ters known (paragraph e ) ) ,  the output signal from all f i l ters  may be
computed for a given time increment before proceding. with the next incre-
ment.

I) 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 detecto~ 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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.~~
) If 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 p2(t)/2. For phase modulation detectors, the detector output is
4(t). For frequency modulation detectors the output is d+/dt. The frequency
modulation detector output at t — t

0 
+ 6 is computed as:

(d
~
/dt)

~~~~+o 
[~~(t + 6) -

sInce 6 Is chosen suitably small.

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

b(t) = f ~ a( t )  h ( t — r ) d ~
where a(t)  is the detector output signal and h ( t )  is the baseband f i l t e r
impulse response. The filter output signal Is taken as the receiver output
and every Nth data point is tabulated in Figure l4A,

1) Af te r  all f i l ter  outputs are computed for t = t
0 
+ 6, the variables

y(t) and Z ( t )  are updated for all filters and the recursive process
is repeated to determime Z (t 0+26) for all filters.

m) If the plot option (paragrap h d) was answered ~~~~~~~~~ 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 SOLUT ION?
If the user ’s response Is no , the program advances to Section 3.13.
If the user responds ~~~~~~~~~ he Is requested :

* OPTIONS TO CHANGE INTEGRATION INCREMENT
* ENTER: NEW INTEGRAT ION INCREMENT
* FOR NO CHANCE ENTER: 0
* OPTION TO PRINT EVERY NTH DATA PO INT ; ENTER N
* ENTER NU MBER OF ADDITIONAL INTEGRAT ION 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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260.0000
265.0000
2/0.0000
275.0000
280.0000
285.0000
290.0000
295.0000
300.0000
305.0000
310.0000
315.0000
320. 0000
325.0000
330.0000
335.00 00
340 .0000
345.000t)
350.0000
355.000 0
360.0000
365.0000
370.0000
375.0000
380.0000
385.00 00
390.0000
395.0000
400 .0000
405.0000

0P7~-oB Oo-eo

Figure 14B. Plot Option
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3.13 RERUN

The user is requested:
* RERUN TRE PROGR AM? ANSWER YES OR NO

If no the program terminates.
If ~ the program returns to Section 3.1.1.
The ~~~ 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 PREL IMINARY INFORNISLTION

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 SYN THESIZER?
If no a new file is opened
If 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 FRE QUENCY PLAN?
* COMPUTE SPURIOUS RESPONSE PERFORMANCE?
* COMPUTE NOISE MODULATION PERFORMANCE
* COMPUTE ACQUISITION CHARACTERISTICS?

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

4.2 DATA ENTRY AND PRINTOU T

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 1oops and
their respective VCO ’s phase comparators and ioop 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 (l~ilIZ )
* ENTER FRE QUENCY (MHZ ) OF INDEP ENDENT SOURCE NOT
* REFERENCED TO SYNTHESIZER STANDARD FREQUENCY
* IF NON E , ENTE R 0 - c

The user is also requested
* ENTER RECEIVE R 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 l6A 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+M4-2 columns 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 Vc~O’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 columns
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 whic~i
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 l6B).

Note: Sample printouts apply to the sample block diagram given in
Figure 15.
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~
“
\
\

Source Std Ref I 
_____ _____ _____ _____ -

2 3 4 5 6 7 8 9 10 11 12 13

1

2

3

4

5

6

—1
7

10

11

_ _  

12 
_ _  _ _  _ _  _ _  _ _  _ _  _ _

Fj~ ire 16A. Block Diagra m Matrix Data Sheet
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f r1 5 8~~~~~~~~ 
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i/i 

—
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1110 10

,A111 11

12

U 5

Figure 16B. Block Diagram Matrix Data Sheet
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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 IN FO RMATION ENTERED AS THRE E MATRICES
* LABELED : MIXER OUTPUT, REFERENCE INPUT , FEEDBAC K INPUT
* EACH MATRIX HAS C COLUMN S

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
* COLUMN S 3 THROUGH Ni ARE FOR N2 VCO FREQUENCIES (Nl=L+2 , N2=L)
* COLUMN S N3 THROUGH N4 ARE FOR N5 MIXER FREQUENCIES (N3=L-~-3 , N4= L+M+2 , N5 =M)
* MATRIX ELEMENTS ARE POSITIVE OR NEGATIVE RATIONAL FRACTIONS
* ENTER EACH NON—ZERO EL EMENT 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 ELEM ENTS 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 forir : numerator , denominator , numerator ,
denominator.

The sequence of user instructions relative to the mixer output matrix:
* ENTER MIXER OUTPUT MATRIX
* DIMENSION : N6 ROWS ; N7 COLUMN S (N6=M ; N7=L+M+2)
* EACH ROW HAS ? NON-ZERO ELEMENTS
* ONE ELEMENT FOR MIXER OSC ; ONE FOR MIXER SIGNAL

For each row, in turn, the user is requested:
* FOR ROW , I, ENTER OSCILLATOR ELEMENT (1=1 to M)
* COLUMN , NUMERATOR , DENOMINATOR

After the user enters the o~ cilla tor elemen ts,
* FOR ROW, I, ENTER SIGNAL ELEMENT (1=1 to M)
* COLUMN, NUMERATOR, DENOMINATOR

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

* FOR ELEMENT I , J ENTER MIN AND MAX VALUES
(I is the row, J is the column of the mixer output inatirx)

* NUMERATOR , DENOMINATOR, NUMERATOR, DENOMINATOR
A similar sequence of instructions are employed for the reference input

matrix:
* ENTER REFERENCE INPUT MATRIX
* DIMENSIONS: N8 ROWS; N9 COLUMNS (N8L; N9=L+M+2)
* EACH ROW HAS 1 NON-ZERO ELEMENT

For each row , in turn , the user is requested :
* ENTER ROW I (1=1 to L)
* COLUMN , NUM ERATOR , DENOMINATOR

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

* FOR ELEMENT I , J ENTER MIN AND MAX VALUES
* N UME RATOR , DENOMINATOR , NUMERATOR , DENOMINATOR
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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 runn ing coun t is kep t of the programmable elements , iden tif led in
their sequence of entry .

4.2.1.3 Component Parameters — The library of synthesizer modules modeled
consis ts of m ixers , phase compara tors , 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
f ile, 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 of the spur product table
(either as intercepts or as spur relative to the signal level for
any given signal input level).

Table 2. Data Requirement s for Synthesizer Components

Component Required Data

Mixer 1. Mixer Catalog Number
2. Signal Level (dBm)

Phase 1. Type (Sinusoidal, Mul tilinear)
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

Fil ter 1. Gain Constant

2. Number of Poles and Zeros

3. Pole and Zero Location

4. Noise Figure (dB)

Divider L Divider Ratio

Multiplier 1 . Mul tiplier Ratio

- 
~~~~~~ GP76-0600-62
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* LIST MIXER CATALOG FILE? (ANSWE R YES OR NO )
If yes the catalog of mixers is printed . Note the sample , Figure
5.
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 i~~ 

the user
is adv ised:

* MIXER SPUR PRO DU CI 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:
* PR iNT MIXER SPUR TABLE? (Answer ~~~ or no)

If ~~~~~~~~ the user is requested:
* ENTER ONE MIXER NUMBER FROM CATALOG AND
* SPUR DATA TABLE DESIRED
* EXAMPLE 6 , 0

Af ter the user enters the requested data , the mixer catalog number
and the descriptor from the catalog consisting of manufacturer ’s
name , manufac turer ’s part number and oscillator power level are
printed together with the mixer conversion loss.
The reques ted spur table is prin ted 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

k (refer to Section 3.ll.b.4).
If 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 . k 
corresponding to the input

level P (refer to Section 3.ll.b.4).

The user is then asked :
* PRINT ANOTHE R MIXER SPUR TABLE?

If ~ the user is reques ted:
* ENTER ONE MIXER NUMBE R 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 fur ther  catalog information to specify the synthesizer mixers)
he is requested for each mixer, I, in turn (l<I<M)

* 
- 

FOR MIXER I ENTER NUMBER FROM MIXER CATALOG — —
* AND MIXER IN PUT 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.)

(5) 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 SINUSO IDAL ; 2 FOR MULTILINEAR

Thereupon, he is requested:
* FOR PHASE COMPARATOR I, ENTER GAIN CONSTANT KD
* VOLTS PER RADIAN
* FOR MULTILINEAR PHASE COMP ARATOR KD IS SLOPE OF OUTPUT
* FOR SINUSOIDAL PHASE COMPARATOR KD IS PEAK SLOPE
* CO RRESPONDIN G TO ZERO OUTPUT

After the user enters K~ he is requested to enter the reference

frequency leakage (c
~D
)
~ 

bias 
~~~ 

and phase comparator output source

resistance. 
~D 

and 
~B 

are entered as decibels below

* (5) ENTER REFERENCE FREQUENCY LEAKAGE (DB BELOW KD)
* (A) ENTER PHASE COMPARATOR BIAS (DB BELOW KD)
* (N) ENTER PHASE COMPARATOR OUTPUT SOURC E RESISTANCE (OMH S)

c) VCO’S
The user is advised:

* VCO GAIN CONSTANT (MHZ /VOLT)
The user is requested for each VCO, I, in turn (l<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 ~~~ 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 MODULAT ION SPECT RUM
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If the user enters an integer N (2 < N < 8), for each integer from
1 to N, the user is reques ted:

* ENTER: OFFSET FREQUENCY , PHASE DEVIATION (DB BELOW 1 HAD/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
Phas e locked loop filters are low pass devices with network functions
dete rmined by a gain constant and the location of the poles and zeros .
The user is advised:

* LOOP FILTER TRAN SFER FUNCTION
* (FILTER BETWEEN PHASE COMPARATOR AND VCO )

* TRANSFER FUNCTION CHARACIERIZED BY FILTER GAIN CON STANT
* AND LOCATION IS COMPLEX S PLAN E OF ZERO S AND POLES

* NO POLE CAN HAVE POSITIVE REAL PART
* NUMBE R OF ZERO S LESS THAN OR EQUAL TO NUMBER OF POLES

* POLES MAY BE SIMPL E 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) * lE6 = 2*PI*MHZ

* NOTE : IF FILTER TRANSFER FUNCTION IS NOT KNOWN 
-

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

* USE UNITY GAIN TRANSFER FUNCTION FOR FILTER I?
If ~~~~ the gain constant is set equa l to 1, the number of poles and
zeros are set equal to zero and the nex t f i l ter  is considered in turn .
If no the user is asked for  the f i l t e r  parameters.

* FOR FILTER I ENTER: NUMBER OF ZERO S , NUMBER OF POLES
* ENTE2~: FILTER GAIN CONSTANT

For each zero, J, In turn (l<J~ N Z ) ;  NZ = number of zeros
* ENTER: REAL PART , IMAGINARY PART FOR Z EROS

For each pole, J, in turn (l<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 nex t filter , in turn , is considered .
If ~~~ 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 .

S
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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 ~~~ 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 ~~~ 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 ~~~ 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 progranunable elements with-
out changing their location in the matrices. Option 3 permits change
of individual rows of selected matrices. The user is advised:

* OPTION S ARE AVAILABLE TO :
* (1) REENTER MATRIX DATA IN CLUDING PROGRAMMABL E ELEMENTS
* (2 ) CORRECT VALUE S OF THE PROGRAMMABLE ELEMENTS
* (3) CORRECT INDIVIDUAL ROWS OF THE MATRICES
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* * * * ~ * * * * * * * * * * * * *DATA
* ***
RAS IC PARA MET ERS
***** **********
UYWS MIXERS OUTPUTS STD(-AHZ ) 1ND(M~1Z> B~ ( ~I

-iZ)

S II I .500 0.000 .010

OU TPUTSZ 8

MATRIX DATk
****** ****

‘M I X E R OUTPUT MAN IX NON—ZERO ELEMENTS
OSCILLATOR ELEMENT SIGNAL ELEMENT

COL NUM DEN CDL NUM DEN
3 1 1 1 1 0 1

2 I — 14 9  I 3 I
3 4 1 I II I 10
4 I -149 I 4 I I
5 5 I I 13 I 10
o i —149 I 5 I
7 6 I I IS I 10
8 I — 149 I 6 . I 1
9 I — 149 I Ii I

10 5 I I 7 —I
II 9 — I  I 10 I I
REI~ERENC E INPUT MATRIX NON—ZERO ELEMENTS

RU~l CDL NUN DEN
I I I I
2 I I I
3 I I I
4 1 I I
S I 10 I
6 19 I I
7 I 10 I
8 8 I I

EEEIJBACK INPUT MATRI X NON—ZERO ELE~~NTS
ROW CDL NUN DEN

12 99999 I
2 14 99999
3 1 6 99 999
4 IS 99999 I
5 7 99999
6 20 I
7 9 99999 I
8 2 1 I

MAT RIX PROOWAM MARI F FIFMF NTS

MINIMUM MAXIMUM
NO. MATRIX ELEMENT I~UM DEN ~UM DEN

3 I 12 I 20 I II
2 3 2 1 4 I 23 I 1 4
3 3 3 16 I 22 I 13
4 3 4 18 I 21 I 12
5 3 5 7 I 22 I 13
6 3 7 9 I 210 I 120

Figure 17. Sample Data Printout for Synthe sizer of Figure 15
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) I~A RA M E rEPS

*** **********

V C~ G A I N  C’)~ S I A O t ( ~-lHZ/ voLT)
*** **** ******** *** ****

LO:)~’ K~~NIi~ <V -N AX
I .I44E+0 I .I4 4E+0I
2 . I6 I E+0I . I37E+ O I
3 .I o4E+0 I .fl9E+O I
4 . Io7E+0 l  .l42 E+ UI
5 .ó5JE+U0 .650E+0U
6 

- .800E +0O .SOuE+00
1 .(0’)E+U I .lr)OE+UI
8 .~~00E+0I .500E+0I

KV 11h ,<V M AX VC C ) GA IN C(P1STA~4T A t  ~‘IN , (AX VCO FQ EOUF 4CrFs

VC ’) 00 1St SPECTR A
*** ***** *******
VC~

) NO ISE SPECTR U M,LOOP I
FRE3 .001 .0I0 .100 1.00 0 10.0(X)

—US 48.0 71.0 1 1)8.0 120.0 120.0
VC~) NOISE SPECTRU M,L(x)P 2

FREO .001 .010 .100 1.000 10.300
—DR 48.0 /8.0 108.0 120.0 123.0
VCO ~i0I SE SPECTRUM .LOOP 3

FPEO .031 .JI0 .100 1.000 13.300
—08 48.0 15.0 ~O8.0 120.0 120.0

VCJ NOISE SPECTRO M,LOOP 4
FPEQ .00 1 .010 .100 1.000 10.300
— DR 40.0 78.0 108.0 120.0 1 23.0

VC O i~O ISE SPECTF1OM ,L(X )P 5
FREO .001 .010 .100 1.000 10.000
— DR 48.0 78. -i 108.0 120 .0 123 .0

VC() i~ OISE SPECTRUM ,LOOP 6
FR E0 • 001 • 01 0 • I 00 1 • 000 10. 000
— DR 48.0 78.0 108.0 120.0 120.0

VCD NO ISE SPECTRU M,LOO P 7
FREG .00 1 .010 .100 1.000 10.000
— DR 20.0 50.0 50.0 110.0 120.0

VC O NO ISE SPECTRUM .LOO P S
FREO .001 .010 .100 1.000 10.000
— DR 20.0 - 50.0 S0.0 110.0 120.0

Figur e 17. Sample ~~ tR Printout for Synthesizer of Figure 15 (Continued)
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LOOP FILTE R PAR A METE RS
**.~~~ ****** ** ****** **
FILtER 10. I FILTER GAIN CONSTANT ’ .29428 E+02

POLES (MFIZ*2*PI) ZEROS ( MHZ*2*PI)
NO. REAL I MAC REAL I MAC

I — .3599~E—04 0. . 11383E—O I 0.
FILlER Nt) . 2 FILTER GAIN CONSTANT ’ .39147E+02

POLES( MHZ*2*PI) ZER IS(MHZ*2* PI)
N O.  PEAL IMAG REAL IMAG

I — .3 5 5 9 I E — 0 4  0. — .1 12 55E—U I 0.
FILTER NO. 3 FILTER GAIN CONSTANTS .34259E+02

POLES (M I -I Z *2 *PI )  ZE ROS ( M H Z *2 *P I)
NO. REAL IMAG REAL IMAG

I — .34168E—04 0. — . IOROS E— Ol 0.
FILTER NO. 4 FILTER GAIN CONSTANTS .16820E+02

POLES ( MHZ*2*PI) ZERDS( MHZ*2*PI)
NO. REAL IMAG REAL IMAG

I —. 1851 7E—04 0. — .58556E—02 0.
FILTER NO. 5 FILTER GAIN CONSTANTS •44282E+02

POLES CMFIZ*2*PI) ZEROS ( MHZ*2*PI)
NJ. REAL IMAG REAL IMAG

I — .34168E—03 0. — . I 0805E+00 0.
FILTER NO. 6 FILTER GAIN CONSTANTS .16629E+00

POLES(MFIZ*2*PI) ZEROS ( MHZ*2*PI)
NO. REAL I MAG REAL I MAG

I — .186 18E—04 0. — .59065E—02 0.
FILTER NO. 7 FILTER CAIN CONSTANTs .83807E+00

POLES I MHZ*2*PI) ZEROS( MHZ*2*PI)
NO. REAL IMAG REAL IMAG

I — . I5440E—04 0. —.48829E—02 0.
FILTER NO. 8 FILTER GAIN CONSTANTs • II8O5E—01

PULES (MHZ*2*PI) ZEROS( Ml-IZ*2*PI)
NO. REAL I MAG REAL IMAG

I — . 18675E—0 4 0. — . 59065E—02 0.

~ILITER NOISE FIGURES 1DB )
FILTER FIG

I 10.0
2 10.0
3 10.0
4 10.0
5 10.0
5 10.0
1 10.0
8 10.0

Figure 17. Sample Data Printout for Synthesizer of Figu re 15 (Continued )
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M I X E R S

MIXER CAT. NO. LEVEL(DBM)
3 —13.0

2 3 —1 3.0
3 .3 — 1 3 . 3
4 3 — 1 3 . 0
5 3 — 13 . 0
6 3 — 1 3 . 3
7 3 — 1 3 . 0
1 3 —13 .0

3 —13 .0
ID 3 — 1 3 . -i
I I  3 — 1 3 . 3

Pii ~ SE LOCKED LOOP CO M PO N EN T P A R A M E T E R S
****~ ****** **** ********* **********

PHASE COMPARA TOR PARAMETE RS
***** ********** **********
L~flP TYPE GA IN LEA KAGE BIAS NUT RES
I 2 .11)0 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 .I00 36.0 36.0 10.0
5 1 .430  2 7 . 0  40.0 10.0

I .400 2].~ 40.0 10.0
] 1 .400 27.-) 40.0 10.0
8 I .400 27.0 4u.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)
* ANSWE R YES OR NO

If y~~ the program retu ~is to Section 4.2.1.2.
If no the user is asked:

* CO RRE CT PROGRAMMA BLE EL EMENTS? (option 2)
if no the program advances to offer the user option 3.
It ~~~ 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:
* CO RRECT MIXER OUTPU T MAT RIX ? (option 3)

If ~ the user is asked :
* HOW MAN Y 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 y

~~ 
the same questions are asked.

* HOW MAN Y 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 ~~~~~~~~ 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 ç~~ponent 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 y~~ response is made , the user is requested:MIXERS
* HOW MANY PHASE COMPARATORS TO BE CORRECTED?

VcO 7s
FILTERS
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MIXERS
* ENTER LIST OF PHASE COMPARATORS TO BE CORRECTED

VCO ’ s
F liTERS

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 CORRE CT ?

If no the data correction process is repeated.
If ~~~ 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 FREQUENCY PLAN COMPUTAT IONS

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

F 
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 prograimuable 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
perfo rmance computations .

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

c) Dete rmine the phase reference signal f requencies fo r each loop
corresponding to the two lists of programmable elements.

d) De termin e the signal at both inputs and the output at each mixer
corresponding to the two lists of progr ammable 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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4.5.1 Sort of Programmable Elements

The following sequence of comp utations are accomp lished:

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 output matrix is partitioned into submatrices U, E and W.
The referer ce input matrix is partilEioned into submatrices T, C and D.
The feedback inpu t matrix has no non—zero elements in column s 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 matr ix  A , B , C , D , E , T , U , W and matrices AA ,
BB , CC are computed from:

AA = (C—A) + (D—B) (i—w)~~~ E

BB = T + (D— B) (I—W)~~~ U

CC = (D—B)
3. The set of V~O frequencies are computed from:

~~
°

~~~
1 =  —AA~~~~ BB [w 51

where is the vecto r 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 f i rs t programmable
element when changed from min imum to maximum value are noted and their
min imum values are placed in the same list as the f irs t programmable
element minimum value. Those programmable elements that move an output
frequency in the reverse direction from the change caused by the f i r s t
element are noted and their maximum values are placed in the same lis t
as the f i rs t 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 f i rst  list as its
complement wherein , each maximum value in the f i rs t  list is rep laced by
a minimum value in the alternate list (and vice versa). Parallel
computations are made wi th 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 p r in tou t s) .
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IS J A !  A C~
) 

~rcECT ~

* ~ * * * k * k ~ * ,~ * * -~ *

SY 1 F~ ILEi E~~- u E J CY P LA
* * *** k* * * *k  ********* **,r *

ALT. ~R UEICIES H~~~i I) ~IL

~2 )  F ~f l u E 4 C Y  C ANNE k — P  J i l l  i C j~~~
-
~ - IN P -~ N A 4 ’ 4  

~~~~~~
*** ****** ~~-** **** ** *** *-k** ****** ** ******* ***** ,-******,.
Vc ’)\PN ’)J . JLE ‘-i. Cl .: I 2 3 4

.51]000-’)E+OO 0. N. 0.
2 0. .5-j O0 )Jf~ +3 0  2. 1.
3 0. 0. • 530 (3~~+ ’ N  - ) .
4 0, 0. 0. . 1’ ) N Yj ~-+00

U. 0. 0. .50527*— 13
6 . 50000 )E—1)3 .5 i00000—02 . -YX )MNN F— uI . 5’)fl- )( J r+(
I 0. 0. ~J. -N .

5O001YlE~ 03 . 5 30000F 02 .5 PONO( J — u I • ‘~~- ~~ )LJ~~+~ )i)

\‘C )\ P-A  U ; . ~ LFM. 0). : 5
u. 0.

2 u. 0.

3 u. 0.
4 o. 0.
5 .SoOJOOE+N I 0.
o . j 0 0 0 0 0 E+N i 0.
I u. . 5-ioC17F+N l

.S00 )U )h+ ’) I  .530000F+0 i

S04 1 ~~~ f - R N J RA U I A H LE  ELF~ EN fS
***,~ ** * * * * * * *- k k-k** * * * * * ***

Ct)LJ ‘0 I COLU 4)4 2
rid. “ATM IX ELF 1~ I4T ,4U~’ DEN II’ DEN

I 3 I 12 1 20 I H
3 2 4 I 23 I 14

3 3 3 lO I 22 I 13
4 3 4 10 I 2 1?
5 3 5 7 I 22 - I  13
o 3 7 2 I 210 I 12u

VC ) A d.) I-i EFhREN~~E ‘~~L3~~ J J C

*** **~. **+****** **- -**-- 
*~~~**

CCJ . i AN I Cr0 _U ‘4M 2
LOOP VCO ~~EF - - VC ) kEF

I .f i4SOOE+02 .5000uE+00 - .30000 E+02 .50000E+Oo
2 .86 000E+32 . 0  )JE+00 .1) 1 500E+02 .50300E+00
3 .85500 E+0 2 .N0033[+00 .Ml 000E+02 . 50300E+Ou
4 .85000 E+02 .5000JE+00 .430500E+02 .50000E+Ou
5 . I I000E+03 . 5000j E+O I • 65000E+02 . 502001-+M Io • I3000E+03 .20003E+02 .80000E+02 .1 5000E+02
1 .IOSOO E+04 . 0000E+O I .60000E +fll .50000 E+0 1
8 .IIROOE+04 .I30f)OE+03 .68000E+03 .80000E+02

Figure 18. Synthesizer Frequency Plan Printout
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-o E  IUL,1CIES . ; . IX E R  ~U s r~EM I
***********,. ****~ *****~ **

:.UX CDL USC 510 JUT
I 1 .845000E+02 .500000E+UI .095000E+02
I 2 .000000t +WA .50000uE+OI .dS0000E+02

EI-1E’)UE 4C IES, i4 1X E14 r~UM~3EM 2
************  ****~ *****,• **

MIX CDL USC S iC  NUT
2 1 .745000E+02 .045000 E+02 .I00000E+02
2 2 .74SUOUE+02 .000000E+02 .550000E+OI

r ME-3 U~ 4C 1E5, M IXER NUMOE R 3
************ ****~ *****g **
.;I X CDL USC 510 (jUT

.3 I .OO0000 E+02 .b95000E+0I .949500E+02
3 2 .OI5000E+02 .850000E+0I .V00000E+02

FM EQU EoCIES , M IXER NU M3 E R 4
************ ****~ ****** **

•i IX CDL USC SIC OUT
4 I .745000E+02 .060000E+02 . I 15000E+02
4 2 .74 5000E+U2 .415000E+02 .700000E+0I

-REQUENCIES . MIXE R NUMUER 5
************ ***** ****** **
MIX CDL USC SIC OUT
5 I .855000E+02 .949500E+0I .949950E+02
5 2 .BI0000E+02 .900000E+0I .90000u E+02

FREQUENC IES . M IXER NUM~ EM 6
************ ***** ****** **

- ‘ ‘
~ CDL USC SIC OUT

-5 I .745000E+02 .~ 55000E+02 .II0000 E+02
6 2 .745000E+02 .aI0000E+02 .650000E+OI

PREQUENC 1ES, M IX ER NUMB ER 7
************ ***** ****** **

M I X  CDL USC 510 OUT
7 I .850000E+02 .949950E+OI .944995E+02
7 2 .8U5000E+02 .900000E+O I .89500uE+02

6P76-0600-49

Figure 18. Synthesizer Frequency Plan Printout (Continued)
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Fr~t JJt ~~~N I ES , C I X EI~ 4 UMMEJ ~
************ ***** ****** **

~I X CDL USC SIC UUT
d I .745000E+u2 .db0000E+02 . Ij SJUUE+02
~ 2 • 145(01)~~+J2 DIO5000E+( 2 • 5— J ; j- j0’ +(~ I

t~r~~ )UbDC 1~~S . ~ IXE k  oU;~ j o i? 9
***********~ ****x **~~**,. **

- I X  CJL OSC SIC uUl
9 I .745000E+02 .94 4 9 9 5 E + )C . I y 9 y 9 5 E+ L~
9 2 .J45uUUE+02 .-~ON )r;UE+( 2 .

rC , )UL , 4C I ES , f I X E R  ;4UML3EM I’D
*~r********** ***** *****~ **

- I X CDL USC SIC uU1
10 I . IJ0000E+U3 . I IOOJuE+03 . 19?995E +02
0 2 .H()0000E+U2 .~~50uJuE+U2 .15 )uUUE+02

H- ~~ ~Jr~,4 C I ES,  .‘ I X E M  ~U ’ 0:9 I I
*** , ,* * * * * **~ ** * **  * ** * * *  **

~IX COL USC S IC u J f
I I  I . l~~5U00E+’)4 . I Id (-CJJ + ( 1 . 13 ’DUDOE+Oi
I I  2 .500uuOE+ 3 .O UUJO UL- ~- f l 3  .~~00UO0E+02

GP76 0600-50

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 Sections 4.5.1(2) and
4.5.1(3).

The steady state mixer output frequency vector is computed from:

~~M
1ss 

= (I—wY~
1 

(U—E AA
1 BB)

The vector of steady state reference frequencies is computed from:

[0] = A [0 ] + B [ 0 ]Rss Vss Mss
The computation is repeated for the alternate list (column 2) of sorted

prograimnable 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 ~~~~~~~ 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:

[S
M
] = [U:E:W] Ew s

:O
v
:O
M
]
s

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 list,, 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 ~~~~~~~~ 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.

If ~~~ 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 1

~Rj 
in

loop j ,  is obtained as , where

p(S) = (KF(S)/S)R(S) = (KF(S)/S) (I—AAKF(S)/SY ’

The diagonalmatrix KF(S)/S is computed for S=jU)R.: AA has been computed in

Section 4.5.1(2) so that R(jWR4) and P(i~
R.) are obtained by matrix algebraic

manipulation.
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

A spur, generated at mixer 2 , at a frequency offset from WMi 
by provides

phase modulation of the mixer output signal:
= K~2, sin (u 152, 

+

Where K~2, is the ratio of the amplitude of the spur at frequency offset

to the mixer desired signal amplitude. This modulation is transferred to VCO
V . with filtering equal to IP i,2,(S).Cc I 5~~~~

. Once is

determined, the computation is 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 

‘~~ siG 
— are computed (for

both lists of p rogrammable 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

~~~iG 
+ 

~~osc 
or — Kal I yield r~ffsets of opposite sign

f or 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 = uÔ2 / (

~~ l 
— 

~ S2~ 
where

and 
~ S2 are the offsets for the two 

programmable element

lists (NOTE: and 
~ 52 

have opposite signs). Then each VCO

frequency at the setting of the crossover spur is computed from;

V = V
2 + (V

2 
- V1).r

where V
1 
and V

2 
are the VCO output frequencies for the two
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Figure 19. Spurious Phase Modulation Phase Comparator Reference Spurs
Sample Printout
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lists computed in 4.5.3. The programmable element , p , at
crossover , has numerator and denominator given by

n = n  +(n - n  )rpc p2 p2 p1

d = d  +(d — d  ).r
pc p2 p2 p1

whe re n n d - d are the integer values of the numeratorspl, p2, p1, p2
and denominators of the pth programmable element in the two
lists. n and d are rounded to the nearest integer.pc Pc

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.

3) 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 de termined as the smalles t
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 , u~ , less than five times the

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

f torn the absolute value of the appropriate element of the
matrix p(S).CC.

3.b) A sample p rintout 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.
4) 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 .

0
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lists computed in 4.5.3. The programmable element, p , at
crossover, has numerator and denominator given by

n = n  +(n — n  )r
PC P2 p2 pi

d = d  +(d — d  ).r
PC p2 p2 p1

where n n d - d are the integer values of the numeratorsp1, p2, p1, p2
and denominators of the pth programmable element in the two

- ‘~ts. n and d are rounded to the nearest integer.pc Pc
2.b) ~~~- - is made to see which output frequencies vary with

c - - -. of each programmable element. This has been
dt~ Lam ed 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, sett ing the programmable elements, wi th
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.

3) For non—crossover spurs, the phase locked loops will provide filtering
to the spur modulation generated at the mixers. The worst case
frequency offse t 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 tha t
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. L

3.a) For worst case offsets , w6 ,  less than five times the
largest phase comparator reference frequency, S is set
equal to jw~ 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.

4) If the synthesizer includes a mixer which generates spurs that do
not vary in frequency wi th interchange of programmable element lists,
the spurs are identified as fixed frequency spurs .
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4.7 NOISE PHASE MODULAT iON

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 ~ 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 iioise
and combined noise. The sequence of computations :

1) Let Fl. (1 < I < L) be the set of minimum frequencies for the defined

noise modulation spectra of the L VCO ’s; let F21 
be the set of L VCO

uiaxflnum defined noise modulation frequencies. The greatest Fl
i 

and

smallest F2
i 
is determined and output VCO noise spectra are computed for

the band (Fli)max to (F2i)~~~ 
at these frequencies and at half decade

increments between them.
2) At each computed frequency , w , the matrices R(S), p(S) and p(S).CC

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), addin g
the contribut ions to each output and converting each resul t
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 2/HZ) at each
phase comparator, taking into account the gain (at S—jw) and
noise figure of the loop filter is:

S
D
(w) = kT.F.r/K~

where —21kT 4x10 watts/HZ

r0 = phase compa rator output resistance
= phase comparator gain constant (volt/rad)

84 

—_--—~~~~- _  --.~~~~-- -



~~~~~~~~~~~~~~
‘
~~~~~~~~~ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- _

4.b) The contribution of each phase compara tor to each output
is ob tained by multiplying each input noise by the magnitude
squared of the appropr iate elemen t of the ma trix , p(jw).
The contribu tions to each output are added. Computations
are made for both lists.

4.7.2.2 Mixer Noise

5.a) Noise (rad2/HZ) generated at each mixe~ is computed in accordance
with: SQfl KT/ PN
where pF1 = 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 (ju) 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
pr in tout .  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
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 y~~ 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) The initial frequency of fse t , w~~, of each VCO . This is dependent on

the resettability of each VCO and the statement of the acquisition
problem to be solved.

b) 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 compu ter runs , the initial signal phases will be
identical; otherwise, a new set of random ini tial phases will be
generated . The user is requested:

* VCO PHASES DETERMINED BY RAN DOM 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 ph ase locked loops exceeds six:
* ENTER INITIAL FREQUENCY OFFSET S FOR FIRST 6 VCO ’S
* ENTER INITIAL FREQUENCY OFFSET S FOR REMA INING VCO ’S

Initial conditions are computed for loop parameters from the initial
signal phases and frequency offsets .
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4 . 8 . 2  Choice of In t e g r a t ion  Increment  and N umber of Increments

The recursive solution is dependent on a choice of integration increment , 6,
s u f f i c i e nt l y small so tha t  t r apezo ida l  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. 

-

• To assist the user in choosing the integration increment , each loop is
considered separa tely. If the loop filter for the ith loop has a network
function F.(S) = n .( S )/ d .(S), the open loop gain G

i
(s) K.~K F . (S)/NS and the

closed loop gain:

Hi
(S)=G

i/ (l+G
i
)= (K

D
K /B) nj (S.d . + (K,~K /N)n .)

1/N is obtained from the i,i term of the matrix AA . The characteristic
polynomial sd . + (K

D
K /N) n . is generated from the poles , zeros and gain

constants of F.(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 DIFFEREN T 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 T IME INCREMENT (MICROSECONDS)
* ENTER NUM BER OF INTEGRATION INCREMENT S

The user is c f fe red  an option to pr int  the computations at selected
Incremen ts :

* OPTION TO PRINT EVERY NTH DATA PO INT ; 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,
choosin g 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 a~ each
output VCO, 0 and 0ve are printed for both lists of programmable 

elements.

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

* CONTINUE SOLUT ION?
If no the program terminates.
If ~~~ the progra m re turns to :

* OPTION S AVA ILABLE TO USE A DIFFERENT INTEGRATION TIME INCREMEN T
* ENTER INTEGRAT ION TIME IN CREM EN T (MICROSECONDS)
* ENTER NUMBER OF INTEGRATIO N 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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SECTION V

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 GENERAT ION OF NEW MIXER CATALOG

The user is asked:
* HAS A MIXER CATALOG FILE BEEN OPENED PREVIOUSLY?

If ~~~ 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
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
part number and 99 written for the power level. The program advances to
Section 5.3.

Mixer Catalog

HAS A M I X E R  ~ATAL UO F iL E  HEE ~ s) PE i~ED t~~E~~I s) ij SLY?
A~iS ,4ERC YES w~ M)

e Y ES
MiX ~~l MAi~UF CA L’. L4U . r’— O SC ( DL~’~)

I kELCUM •.~I4 A 7.
2 F~ELCUM 27.
3 I~ELCUC4 M I  7
4 b LA~CI ( 3LAL ~~ 99
5 bLA.~K 3LAHK
o ~LAr~ii~ t3LAi~r’

Figure 23. Mixer Catalog

5.2 DATA ACCESS

The user is advised:
* MIXER SPUR PRODUCT DATA IS TABULATED IN TWO WAYS:
* SPUR PRO DUCT INTERCEPT S (TABLE 0) OR
* SPUR PRO DUCT CONVERSION LOSS FOR GIVEN SIGNAL LEV EL (TABLE 1)

NOTE: Table 0 corresponds to specification of I~ k 
for spur product

type j,k; Table 1 corresponds to specification of R~ k 
and 

~a 
(refer to

Section 3.11).
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Mixer spur data is stored in the data file in the form of P~ k for each
j,k (0 < j< 7; 0 < K < 8) since P. k  is a characteristic of the mixer independent
of signal level, ‘

~a 
If a tabulation of R~ k is desired for a given ~a’ 

j~

is computed from (17) for ~~~ For ~—1~ is chosen (arbitrarily)

The user is requested :
* PRINT M IXER SPUR TABL E? ANSWER : YES OR NO

If no the program advances to Section 5.3.
If ~~~ the user is requested:

* ENTE R ONE MIXER NUMBER FROM CATALOG AND
* SPUR DATA TABL E DE SIRED
* 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 P4 k ~~ j  ,k is given in
accordance with Figure 24(a).

If Table 1 is requested, the user is requested:
* SPECIFY MIXER SIGNAL INPUT LEVEL

A printout of R~ k 
vs j  ,k is given in accordance with Figure 24(b ) computed

from P and P
a j,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 M IXER 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 ~ the user is requested :

* ENTER MIXER NUMBER
• If the mixer number entered is the integer I, the user is requested:

* ENT ER DE SCRIPTOR FOR MIXER NUMBER I
* ENTER: MANUFACTU RER , CATALOG NO. ,  OSC LEVEL (D~M)
* ENTER 10 CHARACTERS FOR EACH FIELD , BLANK FILLING IF NEEDED .
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M I X E R  5PU~ I-ML)UUCT DA i’A Is rAu ~ LATEo I D  LID t~A Y S Z
S- ~UM P~W L)DUC 1 IL~T ERCE I~TS (IAL J LE 0) OW
SL~U~ ~R~)0. C ( A 4 V E R S I t h~ LOSS k-OR 0 IVL- i~ SIUNA.. LLiVEL(TA8 LE I)

k-R I.~T •~I I X E R  Si-’UR IABLE C Ai~SrIEMI YES OR Dl)
•
~ C ES

E.~fEM ODE MIX ER DUMbER FROM CArALU(J AdI)
SPUR UAT t lAJLE L ) E S I R E )
EXA. )PLE $ 6.0

• 73 . 0

~ IXErk MAL’~UF CA f . L’~O . ~— USC( L)t3~~
)

3 RELCUM 41 7.
CUDV ERSLOD LuSS= 7.500

SP0~ I’ABLE 0
i /K 0 I 2 3 4 6 7 8
0 99 . 0 —3 6 .0 —45 .0  — 4 9 .0 — 60. () — 5 1 . 0  — 63.0 —59.0 — 6 1 . 0
I 24 .0 0.0 35.3 13.0 40.0 24.0 45.0 28.0 49.0
2 63.0 63.0 64.0 60.0 6 1.0 o4. O 59.0 54.0 59.0
3 23.5 22.0  24 .~ 15.0 28.5 13.5 21.0 12 .0 21 .0
4 I , . )  2u.U 1~~. 1 19.3 19.3 1 8 . 3  18.1 18.3 20.0
5 12.5  10.0 l 2 .  1.7 I2.5 1.0 12 .5 6.2 12.0

• 6 8.0 H.0  8.)  5.0 8.0 8.0 8.0 8.0 8.0
• I 5.0 ~ .0 ‘ .U o.0 5.0 5. ’) 5.3 5.0 5.0

a) Spur Table 0

PR! 41 A 4OTrI E -4 I X E R  SPUR lAbL~~e
~ YES ¼1R ~ )

‘e Y ~:S
LV D1~~~~R Oi~h 1 ,., E R  ~U.h ED I- LUM CA L’AL OIJ A .4 L
SPUr! DA TA TA ’ lL~,E DES! RED
tXAMP .c’ * 6 ,0

/3. I
M IX E !  ~A f .  ~~ ~— USC ( L) 0 M)

3 W ELCU~ • .I 1.
CHNVE RSLHD Lo~ S= 1.o Vb

SPLC 11- i • . IX t ,~ ~‘iU~ AL I~~~JT LiiV~ L
1-10.

SPU.! L ’ L ~ I
J/K 0 I 2 3 4 5 6 7 8

J 9O .() 26.0 J5 .J 3’? .O ~ IL.(’  4 1.0  53.0 49 .0 5 1.0
24 .0 0.0 35.0 13.0 40.0 24.0 45.0 28.0 49.0

2 13.0 13.0 14 .3 )J. () 7 1 . 0  64.3 69.0 64.0 69.0
3 5 1 . () 64 .() 69.0 50.0 11.0 4 1 . )  14.0 44 .0 74 .0
4 ~s 6 . I  90.0 06 .1  81. 9 8 7. 9  84.9 ~6. I 84.9 9J.0
0 03 .0 • ( ) . 0  90. ) 13.8 9U.0 68 . )  90.0 64 .8 h8.0
O 9~~.0 9( .0 93.0 ~0.0 90 .0 90.3 93.0 9u.0 90.0
I 90.0 90.0 90.0 ‘9 ) .0  90.0 9 i . ’) ‘10.1) 90.0 90.0
PR I .~ f A~ UTIIE r~ M IX ER SPUR TA 8LEI
A.~S.’~ERt YES ~~~ . 4 )

7 1 4 ) )

0P7$-OSOO-54

b )  Spur Table 1

Figure 14. Spur Product Table,
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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
The user enters the mixer descriptor and is then requested:

V 

* INPUT : MIXER CONVERSIO N LOSS (DB )

The user is then advised:
* MIXER SPUR PRODUCT DATA CAN BE ENTERED IN TWO WAYS :
* SPU R PRODUCT INTERCEPTS (TABLE 0) OR
* SPUR PROD. LOSS FOR GIVEN SIGNAL LEVEL (TABLE 1)
* ENTER DESIRED SPUR TABLE NUMBER (AN SWER 0 OR 1)

If the response to the question on spur table number is 0 , the user is
asked to enter the values of 

~j,k 
one row at a time for Oh 17:

* ENTER ROW j  OF SPUR PRODUCT INTERCEPT MATRIX
* ENTER 9 VALUES (FOR k=O to k=8)
* ENTER 99 FOR ANY UN KNOWN VALUES
* EXAMPLE: 63. , 58., 65., 60., 65., 55., 64., 99 , 99

If the response is 1, the user is requested:
* SPECIFY MIXER SIGNAL LEVEL (dbm)

The user enters P and is then asked to enter the values of R , one
a j,k

row at a tlme f o r 0 < J < 7
* ENTER ROW j  OF SPUR PRODUCT CONV ERSION 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

P is computed from R and Pj , k j , k a
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

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

If no the program advances to Section 5.4.
If ~ 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 DESCR IPTOR? ANSWER : Y ES OR NO
* CHANGE MIXER CONVERS ION LOSS? AN SWER: YES OR NO
* 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 NUMBE R
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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If the user has responded !~~ 
to the question , * CHANGE MIX ER SPUR DATA? ,

he is advised:
* MIXER SPUR CHANGES CAN BE ENTERED FOR SELECTED ROWS
* OF THE MATRIX OR BY CHANGING ALL MATRIX ROWS
* CHAN GE 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 i~~ he is asked the number of the row selected for data change.* ENTER ROW NUMBER (J=O 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 ~~~ 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 cotrected
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 P4 ~ or R. ~ and P is
a

stored in the data file as P .
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Section VI

CONCLUSIONS AND RECOMMENDATIONS

6.1 ARMM PROGRAM OBJECTIVES

The Advanced Receiver Modeling Methods (APNM) program is intended to provide
aerospace systems engineers with an enhanced cap ability for determination of
receiver performan ce 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 e f for t  and with greater speed , accuracy , completeness and
flexibility.

6.1.1 Flexibility

The receivers to be modeled for computer determination of performance parameters
may di f fe r 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 ARNM 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 AP.NN computer programs are requi red to compute receiver sensitivity,
dynamic range , intermodulation and spurious response performance. The programs are
also required to determiae 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 usert 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.

96

~

•-

~

-~



r ~~~~~~~~~~~~ i ~~~~~~~~~~~~~~~~~

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 of fe r  convenient data display , edit , Btore and
recall capability.

6.2 ARNM PROGRAM OUTPUT

All of the objectives listed in Section 6.1 h avt~ been achieved. Two computer
programs have been developed that model the receiver signal path and receiver
syn thesizer. 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
Dete ctor
Combiner

The program computes the following pe’ formance parameters :

Sensitivity
Dynamic Range
Intermodulation
3purious Response3 (Frequency and Level)
Signal Waveformb

Wors t case conditions are determiaed for  each spur product type generated
at each mixer. Worst case spurious response levels are computed. Algorithms
h ave 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 end 5 mixers .

6.2.2 ~~~~~~~~~~ Program (SYN)

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

VCO
Mixer
Frequency Divider/Multiplier (fixed/programmable)
Phase Com?arator
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

Wors t case programmable element values are determined for each spur product
type generated at each mixer and wors t case spurious ph ase 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 characteris tics for
each loop is computed.

Algorithms have been derived to determine synthesizer performance with arbitrary
interconnection of multiple phase locked ioops. 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 PROGRAM BEN~~~ TS
_
‘3 V I

Re ceiver per~~~ 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
comp lex , their number and interaction require an extensive set of computations for
receivers of even mode rate complexity. The ABMM computer program employs the high
speed digital computer to organize and perform these computations to provide
the basis for an advanced methodology for  .~valuation uf receiver performance in
great detail.

When the computer is not applied to the computation of rece iver performance
the required calculations are sufficiently extensive so that significant performance
pa rameters , deriveab le from available module data , are of ten ignored dur ing the
engineering phas e of receiver development programs, resulting in failure to achieve
speci fication 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 , toge ther 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 require d tes t time .
The emphasis given to determination of worst case conditions permits
rapid verification of performance compliance.

o impr oved p roposal evaluation .
ARMM compute r p rogram flexibili ty pe rmits compar ison of per fo rmance
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 improved integrated system performance.
Detailed knowledge of receiver spurious respons e and intermodulation
performance leads to enhanced accuracy in sys tem electromagnetic
compatability predictions . ARMM receiver acquisition time and wave-
fo rm analysis computations lead to accu rate determinat ion o f the
reaction time of the integrated system . Sensitivity and dynamic
range computations permit determination of system maximum and
minimum operating range.

o improved technical monitoring.
Du ring the receiver engineering phas e , usually of extended duration ,
the only technical output is module performance data. ARNM permits
determination of suitability of module performance.

o upgrade d receiver vendors .
Detailed knowledge of receiver performance and its relation to module
parameters should result in improved receiver designs in compliance
with s p e c if i c a tio n s . Improved capability for  interim technical monitor-
ing and ability to assess the impact of any variation of modu le
parameters should enhance compliance with schedules and design—to-
cost engineering.

6.4 FUTURE COMPUTER PROGRAM ENHANCEMENTS / RECONMENDAT IONS
The ARNM computer programs may be used to model , directly or indirectly, almost

all receiver modules , In accordance with the parame ters that  characterizc the V

lib rary of module types. Nevertheless , seve ral areas of enhancement of the computer
programs and the use r ’s manual, will permi t a more accurate modeling of some receiver
types. These areas of enhancement are discussed in this section.

o Receive r design trends lead toward the use of both analog and di gital
f i l t ers. Hence , the lib rary of module types should be extended to
include digital f i l ters.

o The f i l t e r  types modeled are based upon the use of lumped comp onents
leading to network functions represented as the ratio of two polv—
nomials in S with real coefficients having poles in the left  half S
p lane . Filters are often designed as a sequence of coup led resonators
modeled by dist ributed paramete rs. The programs should be extended
to model such f i l ters .
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• o Narrow band pass f i l ters  result in network funct ion polynomials that
are ill conditioned so that  the most common roo t 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 ARNM 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 bc wri t ten
to model a numbe r of the more common conventional and synchronous
detector types and compute detector output characteristics, th reshold ,
and , in the case of synchronous detectors , th e signal acquisition
characteristic.

o The user ’s manual may be expanded to include an appendix on flow gr aph
theory to assist in the indirect modeling of receivers with r . f .

• feedback. Additional examples could be included to illust rate other
• methods fo r indirect modeling of receivers by the ARMM computer programs .
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Section VII

GLOSSARY

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 .

Ampli tude Modulation volt See Carrier , Modulated
Function

Amplitude Modulatio n — See Carrier, Modulated
Index

Available Power wat t  The maximum power obtainable from a source or
network by means of a choice of terminating
impeda nce .

Available Power Gain See Gain , Available Power

Carrier n/a The signal r .cos(u t+~0
) where w0, r and

are constant .

Carrier, Modulated n/a The signal r(t) cos (w t+4(t)) where r(t) and/or

are time functions dependent on a modulat-
in g signal , m ( t ) .
r(t) is the amplitude modulation function .
r (t )=l+K Am ( t ) ; KA=amp li tude modulation index .

•(t) is the phase modulation function .
c
~

(t ) 4 Dm(t )  fo r PM.

4 ( t ) = w ~ f
t m ( t ) d t  for ~~

and W
D are peak p

hase 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 Convers ion Loss
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Te rm Unit  Defini tion

Crossover Spur n/a Mixer spur product which has the same frequency
as the desired mixer output for a possible
pai r of mixer input signal frequencies.

Crossover Spur Frequency MHZ The set of loop output frequencies which
result in a mixer crossover spur.

Crystal Video Receiver See Receiver, Crystal Video

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

Detecto r , AN Envelope n/a Module type that returns r(t) when fed with
modulated carrier r(t) cos(w t+4(t)).

Detector, AN Square Law n/a Module type that returns r
2/2 when fed with

modulated carrier r(t) cos(u t+q (t)).

Detector, FM n/a Module type that returns d~/dt when fed with
modulated carrier r(t) cos(w t+4(t)).

Detecto r , PM n/ a  Module type that returns ~(t) when fed with
modulated carrier r(t) cos(~~t+4(t)).

Dynamic Range db Difference (in decibels) between 1db compression
signal level and minimum signal level.

Envelope Detector See Detector , AN Envelope

Feedback Input Matrix n/a An array with rows associated with the phases
of the feedback signals to the loop phase
comparators in a s y n t h e si z e r  and wi th  column s
associated with the adj o~ n~ d ve ctor  of the
phases of the VCO and ~-ixer outputs.

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

Filter , Baseband n/a See Filter , Post Detection

Filter , Fixed n/a Filter with constant parameters .

Filter Gain Constant * The coefficient of the highest degree term
of the filter network numerator polynomial.

*(rad/sec)
d
~~ (rt and d are degrees of numerator and denominator polynomials).
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GLOSSARY (Cont ’d)

Term Unit Definition

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

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

Filter Poles rad/ The complex roots of the filter network
sec numerator polynomial.

Filter, Post Detection n/a Filter located in that part of the receiver
after the detector.

Filter, Predetection n/a Filter located in that part of the receiver
before the dctector.

Filter Transfer Function — 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, Tuneab].e n/a Filter with parameters that vary with receiver
tuned frequency.

Filter Zeros rad/ The complex roots of the filter network
sec denominator polynomial.

Frequency, Deviation rad/ See Carrier, Modulated
sec

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

Frequency Plan n/a The set of operating frequencies at each VcO,
phase comparator reference and mixer inputs
and output .

Frequency Standard n/a See Standard, Frequency

Gain See Gain , Available Power

Gain, (Available Power) db The ratio of available power at the network
output to the available power in the source
driving the network (expressed in decibels)
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Term Definition

• Input Impedance See Filter Input Impedance.

Intermodulation Intercept dbm Level of two sinusoid input signals correspond—
(Second Order , Third Order) ing to the intersection of the signal and

(second order, third order) output vs input
signal level characteristics.

Intermodulation Performance dbm Permissible level of two sinusoid input signals
(Second Order , Third Order) that produce a (second order , thi rd order )

intermodulation product at a level equal to
the noise level.

Inversion, Mixer n/a Mixer process occurring when output signal
decreases in frequency when input signal
increases in frequency.

Linear n/a Module type contributing no intermodulation ;
transfer function H(S) independent of S.

Mixer n/a 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.

Mixer Catalog n/a A list of mixers with tabulated parameters.

Mixer Catalog Descriptor n/a A three word listing in the mixer catalog:
(1) manufactuer , (2) manufactuer ’s part or
catalog number, (3) local oscillator power level.

Mixer Conversion Loss db The negative of the mixer available signal power
gain.

Mixer Inversion See Inversion, Mixer

Mixer Output Matrix n/a 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 .

Mixer Spur Product See Spur Product

Modulated Carrier n/a See Carrier, Modulated
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GLOSSARY (Cont ’d)

Term Unit Defin it ion

Noise Bandwidth HZ For a network with transfer function H(S),
with frequency of maximum transmission

the noise bandwidth is

(f IH(i~)I 2
~ ,2v)/ IH(iu0) 1 2

Noise Figure db Ratio of input to output signal/noise (expressed
in decibels) .

Noise Power Level watt/ The available noise power from a source or
HZ network in a unit bandwidth at a prescribed

frequency.

Noise Power Spectral Density watt! The available noise power from a source or
HZ network in a unit bandwidth at a prescribed

positive or negative frequency (one half of
the noise power level).

Noise Spectral Density volt2, Mean squared noise voltage from a source or
HZ network in a unit bandwidth at a prescribed

positive or negative frequency.

1db Compression Level db 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).

Output Impedance See Filter Output Impedance

Phase Comparator n/a 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.

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

Phase Comparator Gain volt! The peak slope of the output signal voltage vs
Constant rad input phase difference characteristic.

Phase Comparator Reference db The ratio of the undesired phase comparator
Leakage output signal at reference frequency to the

phase comparator gain constant , expressed in
decibels .
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GLOSSARY (Cont ’d)

Definition

Phase Deviation rad See Carrier, Modulated

Phase Error The difference between the 1oop output
• phase and the reference phase.

Phase Locked Loop n/a 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.

Phase Modulation Function rad See Carrier, Modulated

Phase Modu la tion , Noise rad Phase modulation on a phase locked loop out-
put signal caused by noise generated in the
loop or in another loop.

Phase Modulation, Spurious rad Peak phase deviation on a phase locked loop
• output signal caused by a spurious signal

generated in the loop or in another loop.

Phase Noise Spectral Density rad2/ Mean squared phase deviation in a unit band—
HZ 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.

Phase Noise Spect ral Density , rad 2
/ Mean squared phase deviation in a unit band—

vco HZ width of a VCO output signal caused by VCO
noise at a prescribed positive or negative
f requency .

Programmable Matrix Element n/a The elemen ts of the mixer output , reference
input and feedback input matrices that vary
with synthesizer output frequency . The variations
correspond to programnable values of frequency
multiplier and/or divider ratios.

Poles See Filter Poles

Receiver, Crystal Video n/a 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 Unit Definition

Receiver, Superheterodyne n/a 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.

Receiver, Tuned Radio n/a A receiver divided into two sections by the
Frequency 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.

Reference Input Matrix n/a 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.

Reference Phase rad 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.

Sensitivity dbm The signal level yielding a prescribed signal/
noise ratio.

Signal Voltage volt The open circuited source voltage of the input
or output signal of a network.

Spur product (j,k) n/a Undesired mixer output at frequency
~j*signai freq ±k*osc freq j

Spur Product (j,k) db The difference (in decibels) between the desired
Conversion Lose signal output level and the spur product (j,k)

level for a prescribed value of the signal
input level.
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Term Unit Definition

Spur Product Conversion n/a A table of spur product conversion losses
Loss Table (Table 1).

Spur Product (j,k) dbm For j~l1, the mixer input signal level at
Intercept which the j,k spur product output characterietic

intersects the desired signal output character—
is tic.

Spur Product Intercept n/a A table of spur product intercepts (Table 0).
Table

Square Law Detector See Detector, AN Square Law

Standard, Frequency n/a A signal source that serves as a frequency
reference for the output signals from a
frequency synthesizer.

Superheterodyne Receiver See Receiver, Superheterodyne

Synthesizer n/a 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.

Transfer Function See Filter Transfer Function

Tuneable Filter n/a See Filter, Tuneable

TRF Receiver See Receiver, Tuned Radio Frequency

VCO n/a A signal source module with output frequency
functionally dependent on its input signal
voltage .

VCO Gain Constant MHZ/ The slope of the VCO frequency vs tuning voltage
volt characteristic at any operating frequency

VCO Noise Spectral See Phase Noise Spectral Density, VCO
Density
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Term Unit Definition

Voltage Contolled See VCO
Oscillator

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

Zeros See Filter Zeros
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