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HEWLETT HPACKARD

WE NEED YOUR HELP

To provide better calculator support for people like you, we need your help. Your

timely inputs will enable us to provide high quality software in the future and improve
the existing application pacs for your calculator. Your early reply will be extremely

helpful in this effort.

1. Pac name 

2. How important was the availability of this pac in making your decision to buy a

Hewlett-Packard calculator? O Would not buy without it. O Important
O Not important

3. Did you buy this pac and your calculator at the same time? O Yes 0O No

4. In deciding to buy this application pac, which three programs seemed most

useful to you? Program numbers 1. 2. 3.

5. Which three programs in this application pac seemed least useful to you?
Program numbers 1. 2. 3.

6. What program(s) would you add to this pac?

 

 

 

7. In the list below and “please” select up to three application areas for which you

purchased this pac. Please indicate the order of importance by 1, 2, 3 (1

represents the most important area).

Engineering Business
— 01 Chemical — 51 Accounting
— 02 Civil/Structural — 52 Banking
— 03 Electrical/Electronic — 53 Insurance
— 04 Industrial — 54 Investment Analysis
— 05 Mechanical — 55 Real Estate
— 06 Surveying — 56 Securities
— 10 Other (Specify)- 57 Sales

—58 Marketing
ey g‘i‘gfongcf ___ 59 Other (Specify)
—32 Chemistry Other
— 33 Earth Sciences — 71 Architecture
— 34 Mathematics — 72 Aviation
— 35 Medical Sciences — 73 Computer Science

— 36 Physics — 74 Education
— 37 Statistics — 75 Navigation
— 39 Other (Specify)— 79 Other (Specify)

Thank you for your time and cooperation.
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ATTENTION: APPLICATIONS



INTRODUCTION

The 18 programs of EE Pac 1 have been drawn from the fields of network

analysis, network synthesis, transistor theory, and microwave engineering.

Each program in this pac is represented by one or more magnetic cards and

a section in this manual. The manual provides a description of the program

with relevant equations, a set of instructions for using the program, and one

or more example problems, each of which includes a list of the actual key-

strokes required for its solution. Program listings for all the programs in the

pac appear at the back of this manual. Explanatory comments have been

incorporated in the listings to facilitate your understanding of the actual

working of each program. Thorough study of a commented listing can help

you to expand your programming repertoire since interesting techniques can

often be found in this way.

On the face of each magnetic card are various mnemonic symbols which

provide shorthand instructions to the use of the program. You should first

familiarize yourself with a program by running it once or twice while following

the complete User Instructions in the manual. Thereafter, the mnemonics on

the cards themselves should provide the necessary instructions, including what

variables are to be input, which user-definable keys are to be pressed, and

what values will be output. A full explanation of the mnemonic symbols for

magnetic cards may be found in appendix A.

If you have already worked through a few programs in Standard Pac, you

will understand how to load a program and how to interpret the User Instruc-

tions form. If these procedures are not clear to you, take a few minutes to

review the sections, Loading a Program and Format of User Instructions, in

your Standard Pac.

We hope that EE Pac 1 will assist you in the solution of numerous problems

in your discipline. We would very much appreciate knowing your reactions

to the programs in this pac, and to this end we have provided a questionnaire

inside the front cover of this manual. Would you please take a few minutes to
give us your comments on these programs? It is in the comments we receive

from you that we learn how best to increase the usefulness of programs like

these.
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A WORD ABOUT PROGRAM USAGE

This application pac has been designed for both the HP-97 Programmable

Printing Calculator and the HP-67 Programmable Pocket Calculator. The most

significant difference between the HP-67 and the HP-97 calculators is the

printing capability of the HP-97. The two calculators also differ in a few
minor ways. The purpose of this section is to discuss the ways that the

programs in this pac are affected by the differences in the two machines,

and to suggest how you can make optimal use of your machine, be it an

HP-67 or an HP-97.

Most of the computed results in this pac are output by PRINT statements:

most often by the statement PRINTx, and occasionally by the command

PRINT STACK. On the HP-97, these results will be output on the printer.

On the HP-67, each PRINT command will be interpreted as a PAUSE: the

program will halt, display the result for up to two seconds, then continue

execution. The term ‘‘PRINT/PAUSE’’ is used to describe this output

condition.

If you own an HP-67, you may want more time to copy down the number

displayed by a PRINT/PAUSE. All you need to do is press down any key

on the keyboard. If the command being executed is PRINTx (eight rapid blinks

of the decimal point), pressing down a key will cause the program to halt. If

the command being executed is PRINT STACK (two slow blinks of the

decimal point for each value), the numberin the display will remain there until

the depressed key is released; then the next register in the stack will be dis-

played, and so on. After display of all four registers, the program will halt

execution if a key was pressed at any time during the display of the stack

contents. In both cases, execution of the halted program may be re-initiated by

pressing GRY.

For output purposes, a ‘‘display’’ subroutine has been incorporated into most

of the programs in this pac. This routine makes important use of internal

flag O as follows:

Flag0 “‘Set’”” — PRINT/PAUSE is enabled for output of result.

Flag 0 ‘‘Clear’” — PRINT/PAUSE is skipped and program execution

halts with result in display.

29

Every program with this feature has flag 0 ‘‘set’’, initially. Thus, the user

who is content to have his data output by PRINT/PAUSE simply loads the

program and begins execution. The user who desires that the machine stop to

display each result must press (o) (CLEAR FLAG 0) after loading the

program.



The HP-97 users may also want to keep a permanent record of the values

input to a certain program. A convenient way to do this is to set the Print

Mode switch to NORMAL before running the program. In this mode, all

input values and their corresponding user-definable keys will be listed on the

printer, thus providing a record of the entire operation of the program.

Another area that could reflect differences between the HP-67 and the HP-97

is in the keystroke solutions to example problems. It is sometimes necessary

in these solutions to include operations that involve prefix keys, namely,

2 on the HP-97 and 3, B). and @ on the HP-67. For example, the

operation is performed on the HP-97 as £} and on the HP-67 as
B) (07). In such cases, the keystroke solution omits the prefix key and

indicates only the operation (as here, ). As you work through the example

problems, take care to press the appropriate prefix keys (if any) for your

calculator.

Also in keystroke solutions, those values which are output by the command

PRINTx will be followed by three asterisks (***).
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NETWORK TRANSFER FUNCTIONS

NETWORK TRANSFER FUNCTIONS-INPUT

NETWORK TRANSFER FUNCTIONS-OUTPUT

ran A VAR

 

PyAN M2V

This program computes various transfer functions of a ladder network com-

posed of any number of standard elements. The ladderis built up one element

at a time by selecting shunt or series elements from the following menu.

MENU OF CIRCUIT ELEMENTS

Name Circuit

Series resistor AAA
R

o——o0

Shunt resistor

R

Series inductor YY"
L

o—————0

Shunt inductor

Series capacitor O—”—C—O

—

Shunt capacitor 0———_]_——0

L
* 1 is the Cyrillic letter ‘‘cha’’.

Chain-Parameter Matrix*

q

 

 
(1,0

L L—90
|WL

—

RLO

120

1L0  
— L —90
wC

1,0

1,0
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Series tank -
L. ¢ 100 —2E /90

q = 1 — wW2LC
0 120 |

O

Shunt L-C 1.0 0]

L

. U=|_<€_ 50 120
T 1 — w2LC _

The chain-parameter matrix is defined by the following sketch and matrix

equation.

 
 

   

Iy =——s0——m ———————O0+— |,

AL (.
o— 0o

Vi B Ui Y| Ve

I - Yor Y| |-l

The operation of the program is based on the fact that the chain-parameter

matrix of two cascaded circuits is equal to the product of their individual

chain-parameter matrices.

As the circuit is built up from right to left, the overall chain-parameter

matrix is updated with the addition of each element. When the circuit

description is complete, the second card is read in and any of the following

transfer functions may be computed from the overall chain-parameter matrix.

  

  

Input impedance Power Gain

2

7 = _Jdu Z, + Uy Pout  _ Iy Re {Z.} 7,p=—tk —out -2 =toud
l Upy Zp + Uy Pin I Re {Z;,}

Voltage transfer ratio Forward transfer admittance

Vg — ZL Iz — —"1

Vl qll ZL + q12 Vl qll ZL + I]:12

Current transfer ratio Forward transfer impedance

12 _1 V2 _ ZL
  

I Uy, Zp, + Uy, I, Uy Zy, + Uy,
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STEP INSTRUCTIONS oataunTs KEYS bAORITS

1 |Load program 1.

2 |Input frequency and initialize. f, Hz 0 0

3 Build circuit by selecting

any sequence of the

following elements.

Series resistor R 0

Series inductor L

Series capacitor C 0

Series tank L

C €

Shunt resistor R 20

Shunt inductor L 0

Shunt capacitor C o

Shunt L-C L

C oa

4 |Load program 2.

5 |Input load impedance. LZ,

|2, 0
6 Select desired network

function:

Input impedance 0 LZ;,

|Zi|
voltage gain LV,IV,

\AA

current gain 0 L 1/1,

1211,|
Transfer admittance 0 L 1,/V,

|1V,|

Transfer impedance oo LV,

\Z
Power gain a P,/P,     
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Example 1:

What current will flow in a 1€} resistor placed on the output of this network?

What is the input impedance?

10 10 10 10 4_\'

RL=1Q

 

  
34v==T

 

Keystrokes: Outputs:

Load card EE1-01A1

(A] > 0.000 00

Note:

No frequency need be input for a purely resistive network, but initialization

is still necessary.

groaIeea!
Q179010 0.000 00

 

Load card EE1-01A2

0 18 0 0.000+00 *** Angle of transfer
admittance

—29.41—-03 *** Magnitude of trans-

fer admittance

 

 

 

348 > -1.000+00 Current in load

resistor

0 — 0.000+00 *** Angle of input

impedance

1.619+00 *** Magnitude of input

impedance

Example 2:

This program can be used to compute voltages within a network by dividing

the problem into two parts. Find the voltage V, in the circuit shown.

500 Q 2.56puH

2v
f=4MHz

2400pf 500
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Solution:

First compute the input impedance of the circuit to the right of V.

Keystrokes: Outputs:

Load EE1-01A1
4 6 @ 2400
2002566 6@

 

TERER 20 —— 0.000 00

Load EE1-01A2

0 5000 984.0—03 *** Angle of input

impedance

497.7 00 *** Magnitude of input

impedance

Then compute the voltage transfer ratio for the network to the left of V,

terminated in 497.7 L 0.984.

Keystrokes: Outputs:

Load EE1-01A1

 

4 6@ 5008 0.000 00

Load EE1-01A2

.984 497.7 08 — 493.1—-03 *** Angle of voltage

ratio

498.9—(03 ***

28 v 997.7—-03 Magnitude of V,
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Notes
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2. REACTIVE L-NETWORK IMPEDANCE MATCHING

REACTIVE L-NETWORK IMPEDANCE MATCHING

 

b LS

An L-network consisting of purely reactive elements may be used to transform

any complex impedance into any other complex impedance. In general, there

are four possible networks, but in some situations there are only two. This

program accepts complex load and source impedancesin rectangular form and

outputs all possible solutions, displaying an error message if a given topology

is not suitable.

Either of these two networks is possible:

 

 

   

 

      
 

 

 

 

   

 

   

> O— X2 O |

] e "1
— o O

o X2 O

zg— X1 -—2ZzF

o o 
 

For each network there are two sets of reactances (X;, X,) that will transform

Z, into Zg*. These are given by:

. = RsXL CRsX _ Rs (X2 + R2)
! Rs —RL Rs — R,

RS (Xl + XL) - RL (X1 + Xs)

R,

 

X2= 

By reversing the subscripts S and L in these two equations, we get the two

sets of reactances for the second network.
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STEP INSTRUCTIONS patauniTs KEYS oTGRS

1 Load program.

2 |Input

Load impedance

Reactive part X, Q X, Q

Resistive part R, Q O X, Q

Source impedance

Reactive part Xs, Q2 Xs, Q0

Resistive part Rs, Q 0 Xs,

3 Compute values forfirst

network.

Shunt reactance X5, Q

Series reactance X, Q

Shunt reactance o Xy, Q

Series reactance X,, Q

4 Compute values for second

network.

Shunt reactance 0 X;, Q

Series reactance X5, Q

Shunt reactance 20 X, Q

Series reactance X5, Q

Note: If one of the above

networks is inappropriate,

an error message will occur.

Simply press any key and

continue with the next type

of network.
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Example:

What reactive L-networks could be used to match Z; = 50 + j50 to Zg =

25 + j50?

 

 

 

Keystrokes: Outputs:

50 5008 50
2500 -36.60 *** X,

~6.70 *** X,

> 136.60 *** X,
-93.30 *** X,

o0 > —-161.24 *** X,

~111.24 *** X,

0 > -38.76 *** X, 

11.24 *** X,
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Notes
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3. CLASS A TRANSISTOR AMPLIFIER BIAS OPTIMIZATION

WIS

 

This program is an automation of the method of bias optimization described

in ‘‘Designing class A amplifiers to meet specified tolerances’” by Ward J.

Helms (Electronics/August 8, 1974). The program requires the user to specify

a number of items from which it determines by an iterative technique the

optimum values for R;, Ry, Rg, and R;. The minimum power gain is also

computed.

chc
 

R1 RL

out

IN >_I

RE

Equations:

First, values are specified for the following parameters:

Alcq = maximum desired percentage variation of quiescent current

Tamax = maximum ambient temperature (use the maximum case tem-

perature for a transistor mounted on a heat sink)
Tamin = minimum ambient temperature

Timax = maximum junction temperature rating

Pp = maximum rated power dissipation at 25°C

I, = collector current, usually selected for convenience so that I,

and 10 I, bracket the expected operating point

AVgg = typical base-emitter voltage change over the range of I, to

10 I, at 25°C

VBEimin = minimum base-emitter voltage at I,, 25°C

VBEmax = Maximum base-emitter voltage at I;, 25°C

Then the transistor’s thermal resistance is calculated:

04 = (Thax — 25°C)/PD
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And the minimum load resistance and emitter resistance are estimated :

— 0JA VCC2 —
L1 — - RLn

4.4 (TJmax - TAmax)

 

Rg; = 0.1 Ry, = Rg,

Next, the quiescent, maximum, and minimum collector currents are calculated:

Vee

2 (RLn + REn)

leq =

Iemax = lcq (1 + Alcq)

Iemin = Ieq (1 — AICQ)

From these, we can calculate the base-emitter voltage under hot, high-current

conditions (Vggx) and under cold, low-current conditions (Vggy).

Ve

<« + TAmax
 

Tmax = 0JA ICQ

Lemax
Viex = Veeimin + AVee log—%— —0.0022 (Tpax — 25°C)

1

 
V-

Tmin = 64 Icq 2(C (1 — (Alcq)®) + Tamin

VBEN = VBElmax + AVBE IOglclfi —0.0022 (Tmin - 25°C)

1

Now, a better estimate for the emitter resistance can be made:

R _ 2 (Veex — Vgen)
Em+vy —<

ICmax - ICmin

From this point, if Vggx > Vpggn, then Ry is set to zero, R, is increased

by 10%, and the design procedure is repeated. Iterations continue until

RE(n+1) - REn

REn

Ry is increased by 10%.

< .5%. If at any time the condition Ty, > Tymax Occurs,
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When the iterative procedure is complete, Tyax, Icmaxs Tmins, and Icmin are

displayed.

Then values for

hremax = maximum worst-case current gain at Ty,, or Ty, and

ICmax or ICmin

and

hrgmin = minimum worst-case current gain at Tp,x or Tp;, and

ICmax or ICmin

are determined from the transistor’s data sheet and the Thevenin-equivalent

resistance (Rg) and voltage (Vpp) of the amplifier’s bias network are calculated:

 

R. = hrEmax NFEmin [RE(n+l) (Icmax — Icmin) + VBex — VBEN]g =

hFEmax ICmin - hFEmin ICmax

R
Vs = Vgen * Icmin (—B—'— +RE(n+1)>

hFEmin

Now the bias resistors R; and R, are calculated:

Rp VeR, =
Vs

R — RB VCC2 -

(VCC - VBB)

Finally, the minimum power gain and minimum signal power are calculated:

RB RL hFEmin

RE (RB + 1'lFEmin RE)

Vee? RPs = (1 — Alg)® —————s ( cQ) (8 R, +RE)2)

 P=
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1 Load program.

2 Store design objectives.

Power supply voltage Vee (0)

Maximum desired percent

variation of quiescent current Aleq O

Maximum ambient

temperature Tamaxs °C 2)

Minimum ambient

temperature Tamin: °C @

3 Store values from transistor’s

data sheet

Tsmax @

Po =

L ®

AVge

VBE1min

Vaeimax ©

4 Compute maximum and

minimum temperatures and

currents ; then stop with

500.0 -03 in display. o Tmax

ICmax

Tmin

ICmin

5 Input maximum hge

and minimum hge and compute Neemax

resistor R, Neemin B R,

resistor R, R,

load resistance R.

emitter resistance Re

minimum power gain A,      
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Example:

A single-stage class A amplifier is needed to operate from a 30-V power

supply. The maximum power output and maximum power gain must be obtain-

ed from a Texas Instruments type TIS98 transistor over an ambient tem-

perature range of 0°C to 70°C, with a maximum quiescent-current variation

of +20%.

From the transistor’s data sheet, determine:

TJmax = ISOOC

Py =0.36 W

AVge: = 0.10 v from 3 to 30 mA

Vegimin = 0.52 v at 3 mA at 25°C

Viemax = 0.72 v at 3 mA at 25°C

I, = 0.001 A

Keystrokes: Outputs:

First store the data

30. BR©
2 BP0
70. BEE
0.
150. BE @
36 BRGE
001 BGR @)
1
52
72 BRG

Then compute maximum and minimum temperatures and currents

0 > 148.04+00 *** T,
18.0-03 *** epmax
74.8400 *** T,
12.0-03 *** Iepin

 

From the transistor’s data sheet determine:

hrgmax = 600 at 150°C at 18 mA

hpgmin = 100 at 80°C at 12 mA

Finish problem



Keystrokes:

600 mpE——

Outputs:

45.0+03

4.18+03

888.+00

115.+00 X
<

N
A R,

R,
Ry,
Rg

22.94+00 *** Ap

03-06



04-01

4. TRANSISTOR AMPLIFIER PERFORMANCE

TRANSISTOR AMPLIFIER PERFORMANCE

 

ST IR M v

This program computes certain small-signal properties of a transistor amplifier

given the h-parameter matrix and the source and load impedances. Pro-

perties computed are current and voltage gains and input and output

impedances.
h

Zs —_—

Equations:

Definition of h-parameter matrix

  

 

Vi hi hr

1 hf ho

Current gain

A = 1_2 = _hf

' i 1 +h, Z,

Voltage gain

A = Vo _ AiZ,

Vi Zin

Voltage gain with source resistor

Ay = Vo _ Ai Z,

Vg Zin + Zg

Input impedance

Ziy, =h +h Z, A

 

   

 

V2 ZL

 

Zout
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Output impedance

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zoo=—_  m*tZs
h, hy + hy Zg — h¢ h,

STEP INSTRUCTIONS pataunTs XEYS parauNiTs

1 Load program.

2 Input h-parameters.

Angle 0,;, deg

Magnitude h;;

Designation ij 0

3 Input termination impedances.

Angle of source impedance 0s, deg

Magnitude of source

impedance Rs o0

Angle of load impedance 6., deg

Magnitude of load

impedance R, a

4 Compute

Voltage gain Ay

Current gain 0 Ai

Voltage gain with source

resistor 0 Avs

Input impedance na Z,

Output impedance a Zyut      
  
Example:

What are the small-signal properties of a transistor which has the following

h-parameter matrix and has source and load impedances of 1000 and 10,000

ohms, respectively?

1100 250E-6

[h] =
50 25E-6
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Keystrokes:

0 GRED 1100 GOED 11 B
0 EIED 250 G2 6 (B ENED
20

0 EIED 50 GNED 21 O
0 GIED 25 ED ED 6 ENED
2200

0 GIED 1000 0 @
0 GIED 100003 @ —

7e > 

 
»
»

 v

 w v

Outputs:

0.000+00 *** LA,
~400.04+00 *** |A,|

0.000+00 *** /A,
~40.00+00 *** |A,]|

0.0004+00 *** [ Aq
~200.04+00 *** |A]

0.0004+00 *** /7
1.000+03 *** |7,|

0.000+00 *** [ Z.,
52.50+03 *** |Z,,]
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Notes



05-01

5. TRANSISTOR CONFIGURATION CONVERSION

TRANSISTOR CONFIGURATION CONVERSION

 

CHRLTL (o1 20] cc-CB CC-CE L]

This program converts among h-parameter matrices for common-base,

common-emitter, and common-collector transistor configurations.

The program first converts the h-parameter matrix to a y-parameter matrix

using the following transformation:

 ly] = hlu

The y-matrix is then transformed into a y-matrix depending on the conversion

desired:

CB —>CEorCE—CB CC—>CB

Y’ =Y T Yz tya tyz Y = Y

Yie = = (Yiz + Ya2) Yie = = (Yo + Y22

Y21 = = (Yar + Ya2) Y21 = = (Y12 + Y22)

Y2 = ¥ Y22 =Y T Y1z T y21 +ya

CC—>CEorCE—>CC CB —>CC

Y1 = ¥n Y11 =Y tYie Ty+ya

Yi =~ (Yu t yi2) Yi2 = = (Yu * Yar)

Yo = = (yu + Yar) Yo = = (Yu + Yi2)

Y'22 =Y T Y1z + a1 +Yas Y'22 = Yu

Finally the desired h-parameter matrix is derived from the y’-matrix by the

[h] - [y] transformation used above.
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STEP INSTRUCTIONS oarhonTs KEYS |NS

1 Load program.

2 Input h-parameter matrix

(ij = 11, 12, 21, 22).

Angle of h-parameter 0,;, deg

then Magnitude of

h-parameter hi;

then Designation of

h-parameter ij 0

3 Perform desired conversion.

CE—CB 0

CB—CE 70

CC—CB

CB—CC a

CC—CE 0

CE—CC oe

4 Display converted

h-parameter matrix.* 8 0,,

hy

0;2

hiz

Y

h.;

6>,

hz,

*This feature may be used at

any time to display whatever

matrix is in storage.     
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Example:

Convert the following common-collector h-parameter matrix to common base.

hjc hye 1000 L30 100 X 1076 L -45
[hcc] = =

hg. hoe 60 L 30 30 X 107520

Keystrokes: Outputs:

30 1000 110
45 100
6 120 30 60

21@0 30 G213
6 200808 — —9.354+00 *** @,

38.31403 *** hy, = hy,
—9.349+00 *** 6,
2.299403 *** hy, = hy,

—179.8+00 *** 6,,
999.6—03 *** hy, = hg,

—39.35+00 *** 6,
1.149—03 *** hy, = hy,



05-04

Notes
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6. PARAMETER CONVERSION

PARAMETER CONVERSION S2Y,ZGH

TR S-Y:Z, S+2:Z, R{cTrM S+H:Z,

 

Two-port S-parameters may be converted to and from any of Y, Z, G or H

parameters using a single matrix equation. Appropriate pre- and postcondition-

ing operations must be performed depending on which conversion is desired.

First, the preconditioning operation generates a T matrix. Then occurs the basic

transformation

T =d+T)'d-T)

1 +t22 _t12 1 0

9 _

(1 + t5) (1 + tap) — tys tyy —toy 1+t 0 1

 

Finally, the postconditioning operation is performed.

The preconditioning operations performed when converting from S are

 

 

     

 

 

 

 

S—>Y S—>Z S—->G S—->H

1 0 -1 0

T=3S T=-S T = S T = S

0 -1 0 1

and those performed when converting to S are

Y—>S Z->S G—S H-—S

Zy g1y g12 hy1/Z hy,

T=2,Y |T=2/Z, T

g21 g20/Zy hy, hy Z,   
 

The postconditioning operations performed when converting from S are

 

S—>Y N/ S—-G S—H
 

 
Y =T'/Z, Z=27,T'

  
tIII/ZO t12l

to; tas Zo  
tiZo tio

tor’ too'/Zg
 

 

 



and those performed when converting to S are
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Y —S Z—S G—S H—S

1 0 -1 0

S=T' S=-T' S T’ S = T’

0o -1 0 1

STEP INSTRUCTIONS bataUNTs KEYS porrius

1 Load program.

2 |InputS,Y, ZG, orH.

Angle of elementij 0,

Magnitude of element ij M;;

Subscript to element ij oD

3 Select desired conversion.

S—Y Z, e

Y-S Z, oo

S—Z Z,

Z—S Z, o

S—G Z, o

G—S Z, na

S—H Z, a

H—S Z, ne

4 |Display elements of new matrix.

Input element subscript ij 0

Display angle of elementij 6;;

Display magnitude of

element ij M;;      
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Example:

The s-parameter matrix of a 2N3571 transistoris

0.62 L-44.0

9.0 L 130

0.0115 L 75.0

0.955 L

What is the h-parameter matrix? Z, is 50 ().

Keystrokes:

44 (B ELED 62 ERED 1!
00 75 GIED 0115 GRED
12 1 O 130 GIED 9 GIED
21 1 B 6 EREEID955
2posoR 10

e

PAN A

20

 

v
v

v

Outputs:

—53.88

119.1

39.26

18.14—-03

94.26

—14.19

21.17

2.272-03

-6.0

KoKk 011

*3k %k hll

*3k k 012

kkk h12

kK 3k 021

kKoK h21

K3k ok 022

kkok h22
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Notes
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7. FOURIER SERIES

FOURIER SERIES

et KX - {200 J M RECT t=f(t)

 

Any periodic function may be written as a series of sine and cosine waves

by the application of the following formulas.

f(t) = Doy E a; cos 12 + b; sin i2mt2 & T T
   

  

 

 

T = period of f(t)

This program computes the Fourier coefficients from discrete versions of the

above formulas given a large enough number of samples of the periodic

function. Up to ten consecutive pairs of coefficients may be computed at one

time from N equally spaced points. The coefficients may be displayed in either

rectangular or polar form.

The value of N should be chosen to be more than twice the highest expected

multiple of the fundamental frequency present in the wave to be analyzed.

A low estimate for N will cause energy above one-half the sampling rate to

appear at a lower frequency (a phenomenon known as aliasing).
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STEP INSTRUCTIONS oataonTs KEYS omoNms

1 Load program.

2 Initialize no

3 Input

Number of samples

in one period N

Number of frequencies

desired #freqs A N

Orderof first coefficient J 0

4 |Inputy,k=1,N Y 2,..., 111

5 Repeat step 4 until display

shows 0.111

6 Display coefficients for

J=<i=J+ #fregs

in polar form e i

6,

Ci

in rectangular form. 0 i

b;

g

7 Compute value of Fourier

series at t. t a f(t)     
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Example:

Compute a discrete Fourier series representation for the waveform shown.

Since there are 12 samples, select 7 frequencies (dc term plus 6 harmonics).

 

10 1 12

 

 

  

 

     

 

 

t f(t)

1 14.758

2 17.732

3 2

4 -12.

5 -7.758

6 -11

7 -9.026

8 -12.

9 2

10 14.268

11 10.026

12 15

Keystrokes: Outputs:

oo 2EED'O — 1.000

14.758 2.000

17.732 3.000

2 —» 4.000

12 5.000
7.758 6.000

11 7.000

9.026 8.000

12 9.000

2 > 10.000

14.268 11.000

10.026 12.000

 



 

 

Thus f(t) =2 + 15 cos Zmt

+ sin

— 5 cos

+ 3 cos

0.111

0.

0.000

4.000

1.

1.000

15.000

2.

1.000

3.000000001-08

3.

1.000

-5.000

4.

3.200000001-09

3.333333334-09

5.

1.467291667-05

3.000

6.

2.359925334-08

0.000
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+ sin

07-04

k3K bi

kKK a;

%3k %

koK k

koK k

KoKk

* 3k %k

* 3k k

KKK

* %k k

koK k

kKoK

*k kK

KKk

K3k %k

kK%

KoKk

%Kk

kKoK

*3k ok

 Tt

12
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8. ACTIVE FILTER DESIGN

ACTIVE FILTER DESIGN (LY.

 

[ LP:RCRRC HP:CRCCR BP:RRCCR

This program computes element values for the standard active filter circuits

shown. The user selects corner frequency f, or center frequency f,, midband

gain A, peaking factor o, and a capacitor C. The program then prints out

a list of elements which form the desired filter.

Equations:

o= L - 2¢, where Q is quality factor and {is damping factor.
Q

Low pass filter

C, =C

C, = 4C(A + 1)

o?

R =_@
4A7f,C

o . A
R3 = Rl 

4mf,C(A + 1) A+ 1

R, = AR,

 

 
Vo

 

O
I
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High pass filter

C,=C; =C

 

 

  
Bandpassfilter
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STEP INSTRUCTIONS oataUNTs KEYS poUTELT

1 Load program.

2 Input filter design

specifications.

Corner or center frequency f,, Hz 70 fo

Midband gain A o A

Peaking factor (1/Q) a 70

Capacitor value C,F 0 C

3 Select desired filter character-

istic and list elements.

Low pass Ri,

C,,

Ra,

R.,

Cs

High pass o0 C,,

Rz,

C,,

C.

Rs

Band pass R,

R.,

C,,

C.,
      Rs
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Example 1:

Design a high-pass active filter with the following parameters:

f, = 10 Hz

A =10

a =1

C=1uF

Keystrokes: Outputs:

ooIRl
36 00 1.000—06 *** C,

7.579+03 *#* R,
1.000—06 *** C,
100.0—09 *** C,
334.2+03 *** Ry
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9. BUTTERWORTH OR CHEBYSHEYVFILTER DESIGN

LP:fo BE:BW ¢ fo [TEIT =R REXeT

CHEBYSHEV BUTTERWORTH

 

This program computes component values for Butterworth or Chebyshev

filters between equal terminations. Inputs are termination resistance, bandpass

characteristics, attenuation at some out-of-band frequency, and, for the

Chebyshev filter, allowable passband ripple.

Before the filter elements can be calculated, a normalized frequency must be

computed from the desired cutoff or center frequency and band pass characteris-

tics. The normalized frequency is computed by one of these formulas:

  

Low Pass High Pass

_ Wy
w, = w, =

, w

Band Pass Band Elimination

_ @~ ) o = @BW
wn wa (1)02 - (1)2

The basic form of the filter is this low-pass prototype

    - J -Lca | R

whose elements are given by one of the following sets of formulas:



 

 

BUTTERWORTH

=1 o -D7i_135
mf.R 2n

L =R o -D7m sy, ..
mf, 2n

where

—AdB/10 __
0 = INT 1 +1In2 X 10 1)

2In(w/wy)

 

 

 

CHEBYSHEV

C1 - Gi ) = 19 39 59 ,n
2mf.R

L, = RG; , 1=2,4,6,...,n—1
27,

where

G, = 2a,

Y

4a;_, a .
G =—— 1=2,3,4,...,n

bi—; Gi_,

€
1 th ——

b f (CO 40 log e )
Yy = sin >

g =sinD™ 123 ..n
2n

b, =9 +sin?—~ i=1,2,3,...,n—1
n

e = ( 10AdB/10 _ )‘/z

09-02

]
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The filter order is found by using Newton’s method to solve for n in the
following formula:

@+VED)™ +(0+ VaZ1)= iz (10MB/10_1y 9
€

using

In [i(loAdB“O—l) —2]
62

In(w + Vo? — 1)
 

as an initial guess.

The resulting value is then increased slightly:

n < INT(n + 1)
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Once the low-pass values have been calculated, if some other bandpass

characteristic is desired, the componentsofthe filter are changed by frequency

transformation as shown.

 

 

 
 

   
 

   
 

BANDPASS

CHARACTERISTIC CIRCUIT ELEMENTS

Low pass o H O O "LY*\—Q

c, "

High pass o—MN____ oo jl} 0
Lh=“\)OCn -1

Ch— wOLn

Lop=Te2C,
Y

Lbp Cobp

Band pass o8 ®O0 Om—{|—o
Ln

W GL
1l
1 c

cbp= B\;V

Lbe=%

Y

Lpe Che

Band elimination o—o oe o
Ew  CoBWn moz

AL

N
Coe=T,BW

To aid in deciphering the output, capacitors are output with a negative sign.

A bit of thought may be necessary to determine whether the L-C’s are connect-

ed in series or parallel.

Note:

The program will give erroneous results if asked to compute filter order when

AdB is small (i.e.: when AdB ~ Loss (wy)).
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STEP INSTRUCTIONS aTAONTS KEYS ottt

1 Load first program (EE1-09A1).

2 Input termination resistance. R, Q A R

3 Input frequency information

for desired filter characteristic.

Low Pass fo, Hz Q

High Pass fo, Hz oo

Band Pass BW, Hz

f,, Hz 0

Band Elimination BW, Hz

f,, Hz

4 For Chebyshev filter, continue

with steps 5, 7, and 9.

For Butterworth filter, continue

with steps 6, 7 and 8.

5 |Input bandpass information and

compute Chebyshev filter order.

Passband ripple Ripple, dB no €

Frequency at which

attenuation is specified f,, Hz

Desired attenuation a, dB 0 n

6 Input bandpass information and

compute Butterworth filter order.

Frequency at which attenua-

tion is specified. f,, Hz

Desired attenuation a, dB G n

7 |Load second program

(EE1-09A2).

8 |Compute Butterworth filter

elements. a

9 |Compute Chebyshev filter

elements. o0      



Example 1:

Design a 100 Hz wide Butterworth filter centered at 800 Hz with a 30 db

09-06

attenuation at 900 Hz. R, is 50€). The termination resistance R is 50().

500 113mH 154mH

.26uF

880uH

 

41mH

61uF 45uF

.96uF

500

  

Keystrokes: Outputs:

Load card 1 (EE1-09A1)

50 @ 100 800
0 900 308 —» 6.000+00

Load card 2 (EE1-09A2)

G 1.000+00

—16.48—-06

2.402-03

 v

2.000+00

112.5-03

—351.7-09

3.000+00

—61.49—-06

643.6—06

4.000+00

153.7-03

—257.5-09

5.000+00

—45.02—-06

879.2—-06

6.000+00

41.19-03

—960.8—-09

kkok

k3K k

kkk

kK k

k3K k

kK k

kkok

kK k

K3k k

kK k

K3k k

kkk

kkok

kkk

K3k ok

KKk

KKk

*3k %k

kK 3k

filter order

component 1

capacitor

inductor

component 2

inductor

capacitor

component 3

capacitor

inductor

component 4

inductor

capacitor

component 5

capacitor

inductor

component 6

inductor

capacitor
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10. BODE PLOT OF BUTTERWORTH
AND CHEBYSHEV FILTERS

LP: fo BE:BW+*fo fi1tfatAf BN

 

This program provides gain, phase and group delay information for Bode
plots of n-pole Butterworth or Chebyshev filters. A frequency transformation

feature allows four types of filter characteristics: low pass, high pass, band

pass, and band elimination. Frequency steps may be either linear (additive

Af) or logarithmic (multiplicative Af).

The poles of an n-pole Butterworth filter are given by the following expression.

) . 2k—1 = ) 2k—1 ==0 +iw, = —sin —

)

- — k=1, ...Sk =0k tjwy ( 3 > ) ] cos ( 3 > ) ( , , n)

The poles of a Chebyshev filter are derived from Butterworth poles by the

following procedure.

  

1 .
— sinh™! —
n €

Let Bk =

Then the new poles are given by

sk = Oy sinh By + j wy cosh By

The gain, phase and delay functions of a filter are given by the following

expressions.

The network transfer function is

K

09 = G =) Go — s - Go — )
 

K

M; LO)M; L 6)...(M,, L 6,)
 

kK
M(w) L 6(w)

in which K is a constant chosen such that

|HGO)| =1
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The magnitude of the transfer function is

H(jo) | = 

and its phase is

arg [H(jw)] = - 0w = — z tan~! g—

The nomalized group delay is

_ d _
tg = _dw— {0((1’)}

i=1 0,

2 7,
T ot (0 — wy)?

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

STEP INSTRUCTIONS pataonTs KEYS parmUNirs

1 Load program.

2 Select which filter.

Butterworth

# poles n o

Chebyshev

# poles n

Passband ripple in dB dB oo

3 Select passband characteristic.

Low pass-cutoff frequency fo Q

High pass-cutoff frequency f o0

Band pass-Bandwidth BW

Center frequency f, 0

Band elimination-Bandwidth BW

Centerfrequency fo

4 |Select linear or logarithmic

frequency incrementation. op 0-lin/1-log

5 |Specify band of interest.

Minimum frequency f,, Hz

Maximum frequency f,, Hz

Frequency increment Af,Hz or ratio 0
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STEP INSTRUCTIONS pataunTs KEYS orAbNIrs

6 |Start computing. a f

Magnitude of transfer function 20log |H(jw) | ,dB

Angle of transfer function arg{H(jw)}

Normalized group delay tg
 

7 |Step 6 is repeated auto-
 

matically for the band
     specified.
   
Example 1:

Plot the response of a 6-pole Butterworth band-pass filter with BW = 100,

fo = 800. Make a logarithmic plot using steps of 2!/® from 400 Hz to 1600 Hz.

Keystrokes:

6 @ 100G 800 1) B
0 @ 400 EIED 1600 EHED

 

2 006

Outputs:

400.000 T frequency 565.685 T

—129.502 Z |HG2 w1 —-90.309 Z
161.536 Y L HG2wf) 140.715 'Y

0.027 X group delay, sec. 0.122 X

436.203 T 616.884 T

—121.591 Z —74.863 Z

158.504 Y 126.993 'Y

0.036 X 0.223 X

475.683 T 672.717 T

—-112.727 Z —53.407 Z

154.506 Y 99.228 Y
0.051 X 0.524 X

518.736 T 733.603 T

—102.519 Z —-17.172 Z

148.966 'Y 6.544 Y

0.076 X 2.683 X
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0_

_20_

of —40

Y

K-60 -

I
_80_

-100

4

1 I | |

400 800 1600

f,Hz

800.000 T 1037.472 T

0.000 Z —74.863 Z

—9.682986738—06Y —126.993 Y

3.864 X 0.223 X

872.406 T 1131.371 T

—17.172 Z —90.309 Z

—6.544 Y —140.715 Y

2.683 X 0.122 X

951.366 T etc. for

—53.407 Z 1233.769

—99.228 Y 1345.434

0.524 X 1467.206

Example 2:

Plot the response of a 7-pole Chebyshev band-elimination filter of 5 Hz BW

centered at 60 Hz with 3 dB passband ripple. Make a linear plot using steps

of 0.5 Hz from 50 Hz to 61 Hz.

Keystrokes:

oD > 0.000  (linear plot)

7 3 0 @ 5 60
50 61

S008 —
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Outputs:

50.000

—2.997

—84.017

4.506

50.500

—2.964

—87.457

4.559

51.000

—2.880

—91.347

4.675

51.500

—2.730

—95.842

4.881

52.000

—2.491

—101.177

5.216

52.500

—2.140

—107.732

5.742

53.000

—1.651

—116.126

6.550

>
<
N
-

>
<
N
4

X
<
N

A4
>

=<
N
-

X
<
N
S

>
<
N
-

X
<
N
S

frequency

mag {H(s)}, dB
arg {H(s)}, degrees

group delay, sec.

53.500

—1.027

—127.379

7.737

54.000

—0.364

—143.029

9.239

54.500

0.000

—164.525

10.286

55.000

—0.478

169.348

9.368

55.500

—1.799

143.391

6.957

56.000

—2.932

119.424

5.448

56.500

—2.136

88.980

7.335

X
<

N
-

X
=<
N
-

>
<
N
=

X
o<
N
-

X
=<
N
-

X
<

N
-

>
=<
N
3



57.000

—0.479

8.481

13.596

57.500

—0.066

—122.266

37.279

58.000

—34.346

127.620

1.179

58.500

—59.784

113.071

0.338

-80T|H
(j
2T
t)
]|
,d
B

-120 T 
50

X
<
N
-

X
<
N
S

K
<
N
3

X
<
N

A

52

 

59.000

—88.662

103.950

0.111

59.500

—133.081

96.633

0.024

60.000

—1048.077

—90.000

1.985653756—15

60.500

—133.598

—96.577

0.024

X
<

N
S

>
<
N
-
<

N
S

X
<
N
-

Note symmetry

which indicates

that we can reflect

plot around 60 Hz.

10-06
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11. RESISTIVE ATTENUATOR DESIGN

RESISTIVE ATTENUATOR DESIGN

A1 AT +MINLOSS T:L+R's I:L*R’s

 

Both the T attenuator and the II attenuator can be used to match between two

resistive impedances, R;, and R,,;. This program computes the minimum loss

of the attenuator and values for the resistors R;, R, and R; which will yield

an attenuator having any desired loss.

    
The minimum loss in decibels is given by

2
Min Loss = 10 log ’\/ ll:i“ +'\ / llsi" —1)

out out

where R, = Ry

  

If N is the desired loss of the attenuator expressed as a ratio (loss in dB

= 10 log N), then for the T attenuator

2 v N Rin RoutR:

3 N — 1

=Rm( fi) R,R,

+ 1
R2 = Rout (N 1 —R3

Z

 

z
Z
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and for the II attenuator

R; =

Vs

RinRout
N-DH{ ———()( )

N +1

N-1

1

R: R(N-1)

Note: If the desired loss is less than the minimum loss, an error message will

be generated.

N
|—

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS oataonTs KEYS poUTERT

1 Load program.

2 Input impedance levels.

Input circuit Rin, Q 0

Output circuit Rout, (2 o

3 Compute minimum loss. min loss, dB

4 Input desired loss and

compute resistances.

For T attenuator Loss, dB 0 Loss

R,

R,

Rs

For II attenuator Loss, dB a Loss

R,

R,

R,
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Example 1:

Compute element values for T and II attenuators matching 75€) to 50€) with

6 dB loss.

Keystrokes:

7585000
6B

g E

Example 2:

 

v
v

Outputs:

5.719400 *** min loss

6.000+00

43.34+00

1.572+00

81.97+00

6.000+00

2.386+03

86.52+00

45.75+00 X
X

N
3

X
<
N
A
S desired loss

R,
R,

Ry

desired loss

R,

R,

R3

Compute element values for T and II attenuators matching 50€) to 50€) with
10 dB loss.

Keystrokes:

50835008

 

 108

103 v

Outputs:

0.000+00 ***

10.00+00

25.97+00

25.97+00

35.14+00

10.00+00

96.25+00

96.25+00

71.15+00 X
N

X
<
N
A
S desired loss

R,

R,

R3

desired loss

R,

R,

R;
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Notes
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12. SMITH CHART CONVERSIONS

SMITH CHART CONVERSIONS

 

SWR=+ O p+0 2ARl

The distance between a point on a Smith Chart and its center may be measured

by a number of parameters. The first three keys of this program allow conver-

sion among some of the most commonly used ones: standing wave ratio, reflec-

tion coefficient, and return loss. The last two keys of this program convert

between impedance and reflection coefficient.

The parameters

o = voltage standing wave ratio

SWR = standing wave ratio expressed in decibels

p = reflection coefficient

R.L. = return loss

 

O SWR P R.L.
are related as follows: 00} 00— “mj o]

- 40.
40 50 7 ]

20. —<: .90 : 1.0

SWR =20 log o T ]
10. -20. ] 7

-+ «80 2.0

1 ‘: 15. .70 ] 3.0 -

R.L. =20 log— soT ] 1
T 7 4.0 -p a0 60 ]

1+p 1. ] "]
g = 3.0 50 - 6.0 -|

1 - p + ] 4

8.0 ] 7'°:

1 -40 - 8.0 -

) . 9.0
2.0 -6.0 . 1o

1.8 :(‘_ -30 : -4

b 7] 12,
1.6 -4.0 ] .

. .20 - 14, -

14 n ]

| 2° .105 20.

I ] 25, -

10 o 0 _40."   
These relationships are perhaps more clearly seen in this sketch:

       

               

_RL O-1
10 2 O+ 20log0

R.L. P o SWR

- 20logs P 10%%&
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For a system having characteristic impedance Z,, the impedance and reflection

coefficient are related by

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Z —1

I'=plLop= é’

_ZT +1

and
1 +T

7=7.0160=17, =T

where

I' = complex reflection coefficient

p=|T|
b=1LT
Z = impedance

z=|z|
0=L1Z

STEP INSTRUCTIONS paTAUNITS KEYS DAYAIUNITS
1 Load program.

2 Convert among o, SWR, p,

and R.L. as desired.

o—SWR o o0 SWR

SWR—o SWR 0 o

aT—p o o0 p

p—c p 0 o

p—R.L. p 0 R.L.

R.L.—p R.L. P

3 Store characteristic

impedance. Z, o

4 Convert between Z and I’

as desired.

Z—-T 0

yA a é.p

I'-z b

P o 6,2       
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Example 1:

Convert a 6 dB SWR to o.

Keystrokes: Outputs:

60 v N q 

Example 2:

Convert a 7 dB return loss to SWR.

Keystrokes: Outputs:

Aan0n 8.35 SWR

 

Example 3:

A 50() system is terminated with an impedance of 62 £ 37°. What is the

reflection coefficient?

Keystrokes: Outputs:

sopB3EED 28 — 70.19 *** ¢
0.35 *** p

Example 4:

A reflection coefficient of .5 £ 7° is observed in a 72() system. What is the

impedance?

Keystrokes: Outputs:

7pd'EED S0 — 9.23 **x @
212.50 *** Z
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Notes
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13. TRANSMISSION LINE IMPEDANCE

TRANSMISSION LINE IMPEDANCE

 

[pXX LY dtht+e, Dtd+thte, D¢tdth+g, D+dte,

This program computes high frequency characteristic impedance for five types

of transmission line.

Transmission line

 

configuration Equation for Z,

open two-wire line _ 120 2D
Z, = 1 -

"T Ve U4

 single wire near ground Z, = 138 log (4h )

 
balanced wires near ground 276 D i Wl

Zy = logd — |1 + [—
Ve d 2h

wires in parallel near ground 69 4h on 2]+

Z, = log — |1 + {—
Ve d D

coaxial line 60 D
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STEP INSTRUCTIONS paTAUNITS KEYS paTaUNITS

1 Load program.

2 Compute impedance of open

two-wire line.

Input wire spacing D

wire diameter

relative permittivity € A Z,,

3 Compute impedance of a

single wire near ground.

Input wire diameter d

wire height h

relative permittivity € 0 Zo, )

4 Compute impedance of

balanced wires near

ground.

Input wire spacing D

wire diameter d

wire height h

relative permittivity € Z,, Q

5 Compute impedance of wires

in parallel near ground.

Input wire spacing D

wire diameter

wire height h

relative permittivity € 0 Z,, Q

6 |Compute impedance of

coaxialline.

Input inside diameter of

outer conductor D

outside diameter of inner

conductor d

relative permittivity €, a Zy, Q      
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Example 1:

Compute Z, of RG-218/U coaxial cable. (D = .68 in.,d = .195in., ¢ = 2.3

(polyethylene)).

Keystrokes: Outputs:

.68 195
2308 > 49.42 #xx 

Example 2:

Compute Z, of open 2-wire line with D = 6 in., d = .0808 in., €. = 1 (air).

Keystrokes: Outputs:

6 .0808 18— 600.08 *x*x

Example 3:

Compute Z, of an air line consisting of a single .1285 inch wire 6 inches from

a ground plane.

Keystrokes: Outputs:

1285 cEIED 1 @ — 313.44 ws
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Notes
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14. MICROSTRIP CALCULATIONS

MICROSTRIP CALCULATIONS

 

V2] ISRV 28 I

This program accepts conductor width w, dielectric thickness h, and relative

permittivity €., and computes relative phase velocity v, and characteristic

impedance Z. for lossless line. The following formulas are used.

~1
€ + 1 € — 1 h

=_T + = 1 +10 —€otf 5 > ( w)

Vi =

  

 

V €qff

comfls P+W v
W 4h h

 

oy = 1207

Zc = Vr ZO

where

€, = relative permittivity of dielectric

€ = effective permittivity of dielectric

h dielectric thickness

w = width of microstrip

vy relative phase velocity of lossless line

Z, = characteristic impedance of corresponding air line, ()

Z. = characteristic impedance of lossless microstrip, {1

It then accepts the conductor thickness and computes a normalized conductor
loss A.
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(
20hdB , uniform current distribution
In10 wZ,

g h - w )V h  hoow
10 w 4h w w ot dB W

7 1n 10 7, %0 Qh

A= j
5

Zo h? 6h? h
— |1 +0.44— + 1 ——
7207 In 10 [ w? w2 ( w )]

w |1+ 40w |dB Vo5
h ot Q h

l
where

Qg dme w1
T t h 2w

ow  _

at
1y 2 w1
™ t h 2

Finally, the program accepts conductor resistivity p and frequency f and com-

putes copperloss a., resistance per unit length R, and unloaded quality factor

Qo using the following equations.

_ RsA

h
 

m, =47 x 107° H/em

Rs = Vrfuep

R = 2Rg/w

 
acz

VI‘

_ 207 f

Qo In 10 ¢ v;
 

¢ =3 X 10 cm/s

Reference:

M.V. Schneider, ‘‘Microstrip Lines for Microwave Integrated Circuits,”’

Bell System Technical Journal, 48, No. 5 (May—June 1969).
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STEP INSTRUCTIONS bATAONTS KEYS ottt

1 Load program.

2 Input width of microstrip w, cm

thickness of dielectric h, cm 0 w/h

3 Input relative permit-

tivity and print relative

phase velocity and imped-

ance of lossless line. €, 0 Ve

Z

4 If a uniform current

distribution is desired,

skip to step 6.

5 Input conductor thickness. t, cm A

6 Input conductor resistivity. p Q

7 Input frequency and

print copper loss,

resistance per unit

length and unloaded Q. f, Hz a a;

R

Qo       
Example 1:

What are the characteristics of 50-mil microstrip on a 50-mil alumina (€, =9.5)

substrate at 2GHz? Assume a line thickness of 1 mil and a conductor resis-

tivity of 3 E -6.

Keystrokes: Outputs:

.05 2548 0
958 > 391.3—-03 *** v, 

49.54+00 *** Z,

.001 2548 3
ERB 26D 3 11.01-03 *** o

242.4—03 *** R
422.3+00 *** Q,
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Example 2:

Repeat the above example, but assume a uniform current distribution.

Keystrokes: Outputs:

.05 2548 0

v 391.3—-03 *** v,

49.54+00 *** Z,

IENEED2E 8 — 21.25—03 *** q
242.4—03 *** R
218.8+00 *** Q,

9.5
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15. TRANSMISSION LINE CALCULATIONS

TRANSMISSION LINE CALCULATIONS

 

vitRo | [eX3 3] A ptdc FARY AN

This program computes the input impedance of lossy transmission line ter-

minated in Z;. The program provides an exact solution when the distributed

line parameters R, (= VL/C), R, and G are given, and it provides an approxi-

mate solution when R, copper loss and dielectric loss are given.

 

  

   
 

 

 

 

 

o— —

Zi Z

o—{ +—

x ‘
| |

MODEL

L R

G

C

AX

 

The transmission line shown has a lumped model composed of elements L, C,

R, and G. From this model the following equations can be derived.

Let

A /LR, = =

 LR _ R
L R,

G
=—=vR,Gg C V Ky
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where

L = inductance/unit length

C = capacitance/unit length

R = resistance/unit length

G = conductance/unit length

v=3X10%v,

v, = relative phase velocity

f = frequency, Hz

Then

1+ Te
Zin =Zo (————p

0 (1 - FL 8_271

where

— 2, — 2y

Y70+ Z,

I = line length

Z,; = impedance of termination

Z, = characteristic impedance of line = Re {ZO} + ] Im{ZO}

v = propagation constant of line = a + j8

Z, and vy are computed differently depending on which solution is selected.

%
R() .

Re{Z,} :m[rg + o + V(I + )(g + 0’2)]

Y

* R, . A/

in which the + sign is chosen when g =r

and the — sign is chosen when g <r
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and

 

%

o= \/;_v [rg — o + V(I + H)(g + wz)]

 

%
B = \/liv [wz—rg+ (r2+w2)(g2+wz):|

The approximate solution is

_ 1 ac — Op 3aD+aCcoron4o4) )]
Im{Z,} = R, [%]

a = oc + ap

 

where

o = Copperloss, nepers/unit length = — R
2 R,

P
k

 

ay, = Dielectric loss, nepers/unit length = % GR.

Bo =

<
|
e
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STEP INSTRUCTIONS araNS KEYS oos

1 Load program.

2 Inputs when R and G are

known.

Frequency f, Hz no

Relative phase velocity v,

Characteristic impedance of

lossless line R, 0

Line length l, cm 0

Conductance of substrate

per unit length G, S/cm

Resistance of line per

unit length R, Q/cm

Angle of terminating

impedance LZ, deg

Magnitude of terminating

impedance |Z.], @ 6in

Z,

3 Inputs when a¢ and ap

are known.

Frequency f, Hz ng

Relative phase velocity Vv,

Characteristic impedance

of lossless line R,, 0

Line length l, cm 0

Dielectric loss per unit length op

Copper loss per unit length o, 0

Angle of terminating

impedance LZ, deg

Magnitude of terminating

impedance |z, @ a Oin
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Example 1:

A transmission line has the following properties:

R = 1.2664 {Ycm

G = 0.000 041 87 Siemens/cm

Ry, =55Q

v, = 0.85

Whatis the input impedance of 3.5 cm ofthis line at 2 GHzif it is terminated

inZ, =75 L-30°?

Keystrokes: Outputs:

260 90 0 35B
5508 3.5 8 .00004187

1.2664 @ 30 @B
753 28.48+00 *** [ 7,

48.014+00 *** |Z;,|

 

Example 2:

A 4-cm gold (p = 2.3 w{Ycm) microstrip line of 50-mil width is on a 50-mil

alumina (€, = 9.5) substrate. Assuming a uniform current distribution and

zero dielectric loss, whatis the input impedance of the line at 124 MHz when

it is terminated in 75 ?

Keystrokes: Outputs:

Load EEI-14A

05 2548
Ns5H > 391.3—-03 *** v, 

49.54+00 *** Z,

23E1 60 124G
63 v 4.632—03 *** o

52.84—03 *** R
62.23+00 *** Q,

Load EE1-15A

124E[ 600D 40 4.632

ED €5 3 EED 00
0 CIED 758

 

—12.06+00 *** L7
70.06+00 *** |7,|
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Notes
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16. UNILATERAL DESIGN: FIGURE OF MERIT,
MAXIMUM UNILATERAL GAIN, GAIN CIRCLES

UNILATERAL DESIGN

Sijtij [<1e1y)]=IV| (RN c PR AP

 

This program computes u, Gy, Gnin, Gmax> Go» Gimax, and Gopax from a

transistor’s s-parameters. It also computes r,; and py; from G; < Gjpax (1=1, 2).

When designing a transistor amplifier with the aid of s-parameters, the often

valid assumption that the reverse-transmission parameter s;, may be neglected

leads to simplified equations. A transistor for which s;, is negligible is said

to be a ‘‘unilateral device.’”” The unilateral figure of merit u may be used to

determine the reasonableness of the unilateral assumption:

u = |511 S12 S21 522|

I(l - |511‘2)(1 - |322|2)|

 

Clearly, the unilateral assumption is more nearly correct for u near zero.

The maximum unilateral transducer power gain is given by

_ Power delivered to load

Power available from source
 

u

_ \521‘2

|1 = Jsu [P= |s22]®]
 

Using the unilateral figure of merit we can place limits on the actual transducer

power gain:

1
Gmin = Gu—

(1 + u)?

1
Gmax = Gu—_

(1 —wy

When input and output impedances are conjugately matched, the transducer

power gain is

Gu = GO * G1 : G2

where

Power delivered to load
G, = transducer power gain = -

Power available from source
 

G, = |521 |2 = transducer gain for Z, input and output impedances
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1 . o
Gimax =— " gain contribution from change of source

1 - |511 | impedance from Z, to s;;*

_ 1 , o
Gomax = ———7, — &ain contribution from change of load

1= |522 ' impedance from Z; to sy, *

s;;* = complex conjugate ofs;;.

For source and load impedances other than s;;* and s;,*, G; and G, are less

than the maximum values given above. The loci of points on a Smith chart

representing values of source or load impedance which yield values of G, or

G, less than Gypax Or Gopay are circles. The center of a constant gain circle

is in the direction of s;;* (i = 1, 2) at a distance

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

r, = G sii

1 +G; |sii |2

from the origin.

The radius of the circle is

_ V1 =Gl — [s; %)

Poi = 1 + G Isii|2

STEP INSTRUCTIONS DamnumiTs KEYS oooTS

1 Load program.

2 Input magnitude of

s-parameters for i = 1, 2,

=1, 2.

Magnitude Sij

Designation j 0

3 Compute

Q u

Gy

Gimin

Gimax

Go

Gi1 max

Gizmax       
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STEP INSTRUCTIONS oarauniTs KEYS potriirs
4 Input desired gain

(=G;max) and compute loca-

tion * of center of gain circle

on input plane. G,, dB Fo1

Por

5 |Input desired gain

(=G,max) and compute loca-

tion * of center of gain circle

on output plane. G,, dB o lo2

Po2

*Note: These points are

located at a distance r; from

the origin of the Smith chart

in the direction of s;;.*        
Example 1:

An HP35876E option 100 transistor operating at 4 GHz has the following

s-parameters:

51 L154° .09 L26°

1.4 L22° .60 L-58°

What is the unilateral figure of merit?

What is the maximum unilateral transducer power gain?

What is the range of transducer gain due to the fact that s;, is not zero?

What are Gy, Gimax, and Gomax?

Draw 0 dB, .5 dB, and 1 dB constant gain circles on input and output planes.

Keystrokes: Outputs:

S1EHED 110 .09 ERED
2O 4EHED2 B
6 200 0.08 *** y

6.17 *** G,

5-49 otk Gactual min

 



0@

53

1@

ooa@

S08

100

6.91

2.92

1.31

1.94

0.40

0.40

0.44

0.32

0.48
0.20

0.44

0.44

> 0.48

v
v

v
v

 

0.38

0.52 v

0.30

input plane

16-04

kkk
Gactual max

Kok k GO

%3k k

Kkk

kokk

k3K k

KoKk

k3K k

*k3k ok

KKk

output plane

o1 Po1 To2 Po2

0 dB .40 L -154° .40 44 L 58° 44

.5dB .44 L -154° .32 .48 L 58° .38

1 dB .48 L -154° .20 .52 L58° .30

Output Plane  

 

SN
a8 wa \’-/
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17. BILATERAL DESIGN: STABILITY FACTOR,
MAXIMUM GAIN, OPTIMUM MATCHING

BILATERAL DESIGN: K, G,,. T},p

 

ell.sll ‘ij "K~Gmax "le

Sometimes sy, is not sufficiently small that it may be neglected in transistor

amplifier design. In this case it is necessary to compute a stability factor K

and use different design approaches depending on its value. The stability factor

is defined by the equation

 1LA sl [sl?
2 ‘521 S12 I

where

Sij are s-parameters

and

A= S11 S22 — S21 Si2

For K <1 the amplifier is potentially unstable and the designer must choose

input and output matching networks very carefully (see program EE1-18A).

For K > 1 the amplifier is unconditionally stable and this program may be used

to compute the maximum gain available and the load and source reflection

coefficients which yield the maximum gain.

Maximum gain is computed using the relation

Gmax = 521 (K £VK2-1)
|512|

 

in which the plus sign is used when the quantity

Bl = 1 + |Sll‘2 - |822|2 - |A|2

is negative and the minus sign is used when B, is positive.

The second portion of this program computes values of source and load

reflection coefficients required to conjugately match the transistor using the

equations

Fm —Cl* [Bl =+ \'Bl2 —4 Cl 2]

o 2]c, |2
 

 Fm1=C2*[B2t B —41C, 2]
2|C[?



where

C =5 — A522*

C,* = complex conjugate of C,

Co =892 — Asu*

C,* = complex conjugate of C,

17-02

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B =1+ [sult = Jsul? — |A]
B, =1+ [sn]? = [su? = |A]7

STEP INSTRUCTIONS paTauNTs KEYS parauniTs
1 |Load program.

2 Input s-parameter matrix

(ij=11, 12, 21, 22).

Angle of s;; 6,;, deg

Magnitude of s;; Isii]

Subscript j 0 |si;]

3 Compute stability factor and

maximum gain.* 0 K

Gmax, dB

4 Compute angle and magnitude

of source reflection

coefficient. o 0

T
5 Compute angle and magnitude

of load reflection

coefficient. O

| Ton |
 

 

*If k<1, this calculation
   causes an error.    
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Example:

Design a maximum-gain amplifier using a transistor having the following

s-parameters.

s;p = 0.277 L-59°

s;2 = 0.078 £L93.0°

So; = 1.920 L 64°

Sp = 0.848 L-31°

Keystrokes: Outputs:

50 @D ENED 277 CIED
11 0 93 GIED 078 CIED
12 @ 64 EIED 1.92 CIED
210 31 @B EIED848
200 1.0334+00 *** K

12.814+00 *** Gpax
 

 £ > 135.4400 *** [T,
729.8—03 *** ||

> 33.85+00 *** LT, 

951.1—03 *** |Iy|
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Notes
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18. BILATERAL DESIGN:
GAIN AND STABILITY CIRCLES,
LOAD AND SOURCE MAPPING

BILATERAL DESI(éN: LY
STABILITY CIRCLES

 

Gp"L rr P R Fms i*LIsis Isir Psi

If it is desired to build an amplifier having gain less than the maximum possible

for the transistor to be used, a gain circle is constructed. This circle shows

all possible loads for the output that yield the desired power gain. When a

load on this gain circle is selected, the load and source mapping routine may

be used to compute the new source reflection coefficient required.

This program computes the center

_ G *
fo2 [1+D2G] <

 

and radius

p _ (1—'2K|812521|G+ lslzszl‘sz)l/z

0 1+D,G

where

G = 5o
Gy

G, = desired gain

G, = maximum transducer gain = ’521 |2

Co, = spp — Asy*

D, = [s|* — [A]

A = sy 811 — Sp; S

When a two-port network is terminated in a load having reflection coefficient

I'., the source reflection coefficient for a conjugate input match becomes

*
_ S12 S21

s = Sy t+ l——_

— Sg9
I,
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Similarly, when the source reflection coefficient of a two-port network is

I's, the output reflection coefficient for a conjugate output match becomes

*
_ S12 S21

le = Sop t+ l—_

I
- Su

This routine accepts I', or I's and computes the corresponding source or load

reflection coefficient. A typical use is to determine which area defined by a

stability circle is the stable or unstable region (for stable operation, I, must

be such that |Fms| < 1 and I's must be such that |Fm1| < 1).

For the potentially unstable amplifier (stability factor K < 1), it is necessary

to avoid values of source and load reflection coefficients which could cause

oscillations. The boundaries between stable and unstable regions are circles on

the input and output planes.

The centers of the stability circles are located at:

I = Gsi TT
s[> = [A[?

where

r;; = location of center of stability circle on input plane

r; = location of center of stability circle on output plane

C; = s;p — Asy*

C, = 555 — Asy¥

A = s1; S32 — So1 Sp2

The radii of the stability circles are:

Py = ‘512 So1 |
St T1o

|s“’2 - ’A|2

where

ps; = radius of stability circle on input plane

Ps2 radius of stability circle on output plane
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STEP INSTRUCTIONS baThonTs KEYS oomts

1 First run EE1-17A, then

load this program.

2 Perform any or all of the

following steps in any order.

3 Input desired gain less than

Gnmax and compute location

and radius of gain circle. G,, dB 0 Lr

r

P

4 Input load reflection coefficient

and compute new source

reflection coefficient. LT, deg

L 0 L Tos

| Tos |
5 Input source reflection coef-

ficient and compute new load

reflection coefficient. L T, deg

|Ts| oo LT

| Ton|
6 Compute location and radius

of stability circles on input

(i=1) or output (i=2) planes. i Lrg
 

lrsil
      Psi
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Example 1:

A gain of 10 dB is desired from an amplifier using a transistor whose

s-parameter matrix is

277 L-59° .078 L93°

1.92 L 64° .848 £ -31°

Where is the center of the 10 dB gain circle and what is its radius?

Keystrokes: Outputs:

Load EE1-17A
59 277 3
B 93 078 12
0 o4 1.92 21
B 31! 848
2200 > 1.033+00 *** K

12.814+00 *** Gpax
 

£ > 135.4400 *** @,
729.8—03 *** T

 

v 33.85+00 *** 6,

951.1—03 *** ',

Load EE1-18A

103 > 33.85+00 *** [ 1,
781.2—03 **% |,|
214.2—03 *** pg,

 

Example 2:

We have determined that the 10 dB gain circle is located at ry, = .781£.33.85°

with a radius of py,, = .214. If we pick a load reflection coefficient of

(|r02| — Po2) L19s = .567 £.33.85°, what source reflection coefficient is

required?

Keystrokes: Outputs:

Continuing from Example 1,

33.85 5678 93.33+00 *** [ I

276.0—03 *** ||

 



18-05

Example 3:

Construct stability circles for a transistor having the following s-matrix.

385 [ -55° .045L90°

2.7 L78° .89 L-26.5°

Keystrokes Outputs:

Load EEI-17A

55 D ENED (385 ERED 11
B 9 EEEYD 045 EHED 12
0 EED27EED 2 0
26.5 (€0 EIED 89 CIED
2200 v 909.5—-03 *** K

““Error’’ signifies K < 1
(Clear ‘‘Error’’) 8

Load EE1-18A

 

 

18 > 122.4400 *** [ 1,
—8.371+00 *** |r,|
—9.271+00 *** pg,

2 > 29.88+00 *** [ rg,
1.178400 *** |, ]|
192.6—-03 *** pg,
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Program Listings

The following listings are included for your reference. A table of keycodes and

keystrokes corresponding to the symbols used in the listings can be found in

Appendix E of your Owners Handbook.

Program Page

la. Network Transfer Functions—Input . .....................L01-01

1b. Network Transfer Functions—Output ....................L01-03

2.  Reactive L-Network Impedance Matching .................L02-01

3.  Class A Transistor Amplifier Bias Optimization ............L03-01

4.  Transistor Amplifier Performance . .................... ... L04-01

5.  Transistor Configuration Conversion .....................L05-01

6.  Parameter Conversion: S=Y, Z, G, H....................L06-01

7.  Fourier Series . .....L07-01

8. Active Filter Design.......... ... ... .....L08-01

9a. Butterworth or Chebyshev Filter Design ..................L09-01

9b. Butterworth or Chebyshev Filter Design ..................L09-03
10. Bode Plot of Butterworth and Chebyshev Filters............L10-01

11. Resistive Attenuator Design ............................L11-01

12.  Smith Chart Conversions . . ......... ... ... .. .. ...,L12-01

13. Transmission Line Impedance . ..........................L13-01

14. Microstrip Transmission Line Calculations ................L14-01

15. Transmission Line Calculations .........................L15-01

16. Unilateral Design: Figure of Merit, Maximum

Unilateral Gain, Gain Circles . ............ .. .. ..........L16-01

17. Bilateral Design: Stability Factor, Maximum

Gain, Optimum Matching ..............................L17-01

18. Bilateral Design: Gain and Stability Circles,

Load and Source Mapping .............................L18-01
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Network Transfer Functions—Input

 

   
  

 

           

8e: sLBLh Input f es? 1%
eez  CLRE ese 9
ee: 2 592 e

eaq X ace CHS
ees Fi a1 ET02 Pass (wC)™' £ -90 to
08¢ X 8¢z slBle LBL 3'______
887 ST0e Store w A€ 6SBe )
008 1 864 CHS Pass - €/ 9010
gee  ST0! 1o o 865 K2 wC
[ s10? 128 LBL 2611 CLX [ [0 10 0] pee i |PRI
etz RN oo B6C  #LBLZ
@12 slELE PES  GSBT
£14 e @7e  RCLC
e1s  GT0: Pass R L0 to LBL 1. @71  RCLE 1T 0
e «BLC e €72  RCL m-{r (M
e17  RCLE €73 178 z

18 % 874 RCLA
e1s 9 75 CHS
eze e 87¢  £SB9
82! 6701 Pass wL £ 90 to LBL1. 77 ST0S
22 sLBLD - ere RI

27 RCLE 79 STOE
6824 X #%¢ RCL
25 1K ge!  RCLD
ez 2 882 RCLS
27 e 88z 1o¥
B2 CHS 884  RCLA
e2e  G70! Pass (wC)~' £ -90 to gos CHS
ele sLELE LBL 1. 88¢  £5BY
71 yeor == === =31 x Ber  ST07
ez gsee Pass 90 to age RY
@37 «lBL! 1 2 LC 8e9 sT08

834  GSEV - eop 1Y
eI RCLC o1 RN m——mmm-
e3¢ 5102 e9r #lBL7 INPUT: y = |Z|

37 ROL 12 897  STOA x=LZe3e SO . 094 ¢
eze CL [q] 0 1 [q] 89%  ST0¢9
eqe  ST04 896 RCLS

e‘i RCLQ 897 CLE Compute and store

€4z 5707 89  £SBY Uit + 2.
g4z LLX 892 RCL2
e44 RTN |____ 1#@  RCL1

@45 sLBLL 101 cepe

84¢ € 182 STOE
e4v 6702 Pass R £ 0 to LBL 2. 183 Ré
848 alBLc ¢ sroc e

€49 RCL 185 RCLA
es X 18€ RCLO

N e 187  RCLT

esz e 198 RCLE
esz 67102 Pass wL £ 90 to LBL 2. 8¢ ESBS Compute and store

es¢ «BLd - 116  RCL4 Y2 + 2.
o5 RCLE 11 RCLZ

£5¢ X 112 mmm=m=======
REGISTERS

0 3 3 6 7
w Yl LYy, Y121 LYy, 1921 LY, 22| L2 12|

S0 X 52 S3 S4 S5 S6 57 S8 S9

B
A Lz r lqfinewl LY11new |I{12nsw| ]E LY12new !
  



LO01-02

 

    
 

 

 

   

112 STOD
114 Ré
115 STOE
11¢€ RTN==
117 xLBL® Subroutine to add complex

118 IR numbers.

119 Rd
126 Re
121 R
122 Y
12 Re
12 +

125 Re
126 +

127 +
128 EY]

129 RIN e__
138 xLBLS Subroutine to multiply
121 Ré complex numbers.

132 X

122 Ré
134 +

135 Rt
13€ RTN e__
137 «xLBLB INPUT: y=b
132 X x=a

139 LSTX
146 RCLG
141 X

142 X3y
142 LSTX
144 Xz
145 X
146 1
147 -
148 CHS
149 z
15e 9
151 8 OUTPUT: y=—2
152 RTN 1-w?ab

152 R<S x =90

LABELS FLAGS SET STATUS

B Series R c Series L D Series C E Series tank [© FLAGS TRIG DISP

® ShuntR  [¢ ShuntL  [* shuntc  [|® Shunti-c | e DLl e = mx ®
0 Used 1 Used 2 Used 3 4 2 10K GRAD O SCI O

5 - 3 5 = 20 W RAD O ENG,X
Used CADD CMULT 3 0 K n           
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Network Transfer Functions —Output

 

   
 

 

           

881 *LELA Input Z, 857 RCLZ
B2 sT109 858  RCL!

ez Y 858 RCL4

064 ST0R pce RCL2

8es CcLX ee! [4:13

#6 RS |- #62  RCLA
067 xLBLE Compute Z;, B6Z RCLS

888  GSB4 854 Rt
889 RCLE 865 CHS
ele 1% BEE Rt

811 RCLI BE? o

812 CHS gee X2
812  €SB9 B€9  GSB9

14 ¢r0s |---------—--= ave X2
815 sLBLC Compute V,/V, 87! RCLC

B1€  RCL2 bre  x
817  RCLI 675 Fe°
812 RCL4 674 PRTX
819 RCL3 BI’S RTN ___________

8286 €SB6 87¢  xLBLS IF flag 0
821 RCLA 8rv Fe° THEN go to LBL O
822 RCLS B8ve 6108 ELSE

823 Rt 879 xlBLI Display y and x

824 CHS rae X2y alternately.

825 Rt Be! RS

82¢ 1-8 eez  eror —mmmmme—o
27 2y 882 «xLBLE Print y and x.

828  £SB9 864 2y
829 ¢ros |- B85  PRTX
836 xLBLD Compute I, /I, 88 xav
821 RCLE 887  PRTX

832 RCLS ege  RTN ___
832 RCLS 289 «xLBL4 Compute and store

834 RCL? B5e  RCL6 2.Y
835 E£SBS 89! RCLS
83¢€ 18 892  RCLS

837 v B892 RCL?

83e CHS 894 GSBE

829 2y 89  sTOB

848  CHS gge srm
841 105 ----—-———---= 97 01
842 #LBLE Compute P, /P, 9%  RCL? compate 2L*Tz
B4z  6SB4 899 RCLI

844  RCLB 168 RCL4
45 1% 181 rRCLZ o ________

846  RCLI 182 xLBLE

e47 CHS 183  STOE

@42 6SB9 164 R¢
649 IR 185 STOD INPUT: LA
85 RCLA 16¢ R |A|
85! RCLY 167 RCLS LB
es2 +R 188 RCLA 18]
BSZ 2y 189 6SB9
254 Re 118 RCLD OUTPUT: LZ_A+B
pEs z 111 RCLE 1ZL A +BI
gse ST10C 112 6SB8

REGISTERS
0 3 4

Il Ly 12| LYz s g2l Ly 2 ! Iq22! eLqu ’ 1Z|

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

ALz, |Denom| Used ° .8 Bl IT L Denom
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112 RTN
114 «lBlc
115 RCL2
116  RCL1
117 RCL4
118 RCLZ
119 6SBE
128 1-%
121 2y
122 CHE
122 Y
124 CHS
128 6705
12¢ #LBLd

 

Compute I, /V,

Compute V, /1,

 
 

 

 

 

        

127 RCLE

128 RCLS

129 RCLE

13é  RCL?

131 6SBE

132 RCLA

132 RCLS

134 Rt

135 CHS

13¢ Rt
a7 1%

128 Y

139 6SBS

14¢ 6105 ___ _ ________

14 sLBLE Subroutine to add complex
142 R numbers.

142 R

144 R

145 IR

14€ X3y

147 R
14¢ +

1492 R
15€ +

151 Rt

152 P
152 PN |\

154 #LBLS Subroutine to multiply
158 RY complex numbers.

15¢ X
157 R

15¢ +
152 Rt

16€ RTN o

1€! R &

LABELS FLAGS SET STATUS

"z +Zin Covavi Pl F oP,/P, P PRINT FLAGS TRIG DISP

’ ° Cobv Povalh [ 1 o R0 oes m Ax o
O Printy &x |' 2 ° f Zg e [ » D w| o0| ene B
5 Display [z A+B |7 8 cADD 9 cmuLt P 30 ® n   
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Reactive L-Network Impedance Matching

 

  
 

 

 

        
   

68! xLBLA 65° ¥LBLD Exchange Zg and Z|.
882  STO! Store R 858  €SB2 Compute X1 ().
8@z R 859 6SEl Compute X,
884  ST02 Store X 868  €SBS '
8es R’ e______ 8¢1 6SBE

86¢ ¥LBLE Store Rg @62 65BS
887  ST03 8€z + Save X, in LSTx.
eee RY 864  6SB2 Exchange Zg and Z| .

88  STO04 Store Xg 865  LSTX Recover X,.
e10 R’ e______ 86€ RIN e

e11 =LBL1 Subroutine to compute 867  #LBLd Exchange Zg and Z,.
812 RCLZ Xq(+) and Xq(_). 868  €SB2 Compute X1 (-).
812 xe 869 6SB1

814 RCLI 876  RCLS

815 xe 871 65BS

B1¢€ + 872  6SBE Compute X,
817 RCL3 872  6SBS

818 X 874 + Save X, in LSTx.
819 RCL1 875  65B2 Exchange Zg and Z| -

828 RCLZ 87 LSTX Recover X,.
B2 i - 877 RTN o__
32;: = 876 LBLE Subroutine to compute
22 LSTs 879  ST07 X,.
824 178 88e  RCL2

825  RCLZ 881 +

82¢ X 882 RCL3

827 RCLZ2 883 X

ez2e X 884 RCLT
829 xNe 885 RCL4

83e LsTX B8¢ +

83! Rd 887 RCL!
832 + #8e X
a3z IS 889 -
834 Rt 898 RCL1

835 Xy 89! s

83¢ - 2 RN |\
827 STO0S 893 =sLBL2 "838 LSy 94 RCL1 iubro:tlzne to exchange

839  ENTt 895 RCL3 sand e
848 + #9¢ STO!

#41 + 897 X3y
f42  STOE e9e  ST02

942 RN] B899 RCLZ

844 LBLC 168 RCL4
845 GCSPl ComputeX1(+) 181 STO2
846  £SBS 8z X3y
847  GSBE 182 ST04

848 CSBS Compute X, 184 RN f
849 RTN |_____ 185 &LBLS DISPLAY ROUTINE

856 sLBLc Compute X1 () XB(;; Fe> IF flag O
851  £SBI 1e7  PRTX THEN PRINT
852  RCLS 1ee  Fe°
852  6SBS 189 RTN ELSE
854 GSBE Compute X, 11e R-S DISPLAY.
855 6SBS 111 RTN

as¢ RTN 112 RS

REGISTERS
0 1 2 3 4 5 6 7 8 9

Ry XL Rs Xs X1(-) X1(+) X,
S0 S1 52 S3 S4 S5 S6 57 S8 59

A ]i C D IE Il

1
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PRINT FLAGS
OFF
O
K]
k]

Display 



L03-01

Class A Transistor Amplifier Bias Optimization

 

  
 

  

 

        
   

8e! «xlBLr esT  STOE
ee:  RCLY Transfer Vgmax to c b

ees 3G secondary register. 859 RCLY

8es  £T0@ 8ce Xe

ees P | et! -

ee¢ RCL 8€2 2
eer 2 etz :

ees S B84  RCLI
e - Compute 03o ecs X

g1e  RCLS 866 RCLS Compute Tmin

1 : Bev X

PO 2£~ 2 B6€  RCLE

€12 RCLE 8ce X

14 %t 87 RCLZ

€15 ¥ 87! ¢ |=

1 RCL4 Compute Ry 4 7¢  6SE3
17 RCL2 [2¢) CHE

18 - ev 1

e1e 4 TS RCLS Compute Vggn
eze . 87¢ -

2 4 77 GSB4

g2z X e’s P&

23 z 7?9 RCLC

ey s TTTTT——= ese +

625 . ee: P T TT—-
2¢ ! Compute Rgq 882 STO9

27 X ees  RCLE IF Vgex > VBeN
e ST |--——-———===—= 884 XX v° THEN reduce Rg to 0
82¢ sLBLB Begin iterative loop. ges  CT0? and increment R_

ele RcLe est - ELSE
€31 2 esr RCLI Compute a new value

ez 2 eee =z for Rg.

iz ENTT 8BS  RCL!
34 ENT? 89¢ :

675 ROLC 9!  RCLD
3c cLn 892 ¥

e + Compute | 89z  STOD
ezc : o 894 YCH
ez stor ________ gos .
04 RCLS 89€ 5 IF ARg > 5%

e4: X ear  Xiy” THEN repeat loop
842 X Compute Tyax e9s ¢T0e IF flag 1

84C  RCLE g9a F12 THEN finish problem
e44 + o _____ 188 €701 ELSErepeat loop
84S RCL4 1e1 SF1 once more to print.

84e  K:v IF Trnax > Tymax ez gvoe
84y Y7 THEN increase R_ 1eZ s#lBL!
e4c  GT0! 182 CF!

84c  £SB2 ELSE compute Vggx. 185 R-S Stop to accept hgg's

ese CHS le¢ ¢t ---—---=-=-=-=-=
51 CL: 1687 2y Store hFgmin

es2 1 188 ST0m Store hEg max
e ¢ 188 RCL
53  ESB4 11€ 2
€St RCLE 111 x

ese + 112 RCLI

REGISTERS

% vee ! Aleq *Tamax.Rg |° Tamin.Veg|' Timax Po.0sa I " oVge  |*Veemin | Vaen

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

VBEmax

C D |

hEEmax hEEmin Rin Ren VBEX leq
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112 X

114 RCL2
1% X

pOE LSTX
117 RCLD Compute Ay

118 RCLE
119 X

12e +
121 =

122 Compute Rg L06

122 :
124 e
12 X
126 PRTY

127 RN |=

12¢ sLBLZ
129 F1° IF flag 1

12¢ PRTY THEN PRINT T.

121 2
122 S
122 - Compute

124 2
175 . 0.0022 (x - 25)

12¢ 2
127 EEX
126 - ===—- CHE

139 3
14¢€ X

141 RV e
142 sLBL4

142 RCLI
144 Compute Vgg X

145 F17 IF flag 1
14¢ PRTY THEN PRINT I.

47 RCLE
148 =

149 LOC

e+ RCL?
151 x
182 Compute R, +
1527 RIN |e

154 WBL2 Re <0
3 0
/e e st [-
en sLBL!

A !i . Rin+1<Rpnx 1.1

16e Compute R, 1

1€1 RCLE

ifs X Rin+1
ies |- sT0C
164 . e
1 -

b RS
16€ PRINT Ry, Ro, Re, REe
167

168
LA%ELS FLAGS SET STATUS

ATl .. ° £ 0 FLAGS TRIG DISP
d e " Used ON OFF

se 0o 0 ® DEG & FIX O
0 Used 3 Used 4 2 1 0 & GRAD O scl O

s 3 3 2 0 ® RAD O ENG

3 0 X n_3 _   
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Transistor Amplifier Performance
 

   
  

 

         

1 sLBLA 857 RCL3
2 2 058  RCL4

88z x 859  £se9
804 2 860 RCL2
o6 1 Compute storage location. 061 RCL1

a8¢ - 662 £SBB
e8: ST0! 862 ST08
00c Ri 064 Y
ees  S10i Store h;; S 5701
eie 1521 o6 F1° IF flag 1
81! R 7 ESBS THEN PRINT or
812  ST0i Store 0;; #6e X3 DISPLAY.
ez RN e 869 F1° IF flag 1
814 oLBLE 878 CSBS THEN PRINT or
015  ST07 Store R_ 071 F1? DISPLAY.
8¢ 2y 872 SPC
17 STO08 Store 6 72 RN —m—————
18 RN e 874 &lBLD Compute A4

019 sLBLb s CF!
826 STOS Store Rg 87¢ CSBe Compute Z;, without
821 XY 877  SF1 printing.
022  £T06 Store fg 878 RCLS

822 RN o= 079 RCLS
824 slBLc Compute A; 088 CSBS

25  6SBY 881 1%
82¢ v eg: XY
827 6585 883  CHS
828 Y e84 XY
829  CSBS 085 RCLY
838  SPC 886 RCLA
03! RTM |-= 7 £SB9
032 #lBLC Compute A, 82 RCL7
833 (F! 082 RCLE
834 (SBe Compute Z;, without 09 (SB9

82  SF! printing. 091 Y
02 1% 092  6SBS
837 X2 09z XY
83e CHS 894 £SBS
829 Xy 895  SPC
842 RCL? 096 RIN ——-
841 RCLE #97 sLBLE Compute Zoyy
042  (SB9 #98 RCL2

043 RCLS 895 RCLI
044 RCLA 100 RCL6
845  £SB9 181 RCLS
b4 X3y 182 £SB8
047  £SBS 102 17X
84 XY 104 Y
049  (SBS 185  CHS
ese  spC 186 XY
851 RTN === 187 RCLB
052 slBle Compute Z;, 188 RCLC

053  £SBT 182 £SBY
854 RCL? 116 RCL2
055 RCLE 111 RCL

85¢  6ses 112 6SBQ
REGISTERS

® 120l ha=h o Prg=n [P Prs e TR P ar [P
S0 St S2 S3 S4 Iss S6 S7 S8 S9

AL A; h21 =hg © 03, ° hz22 =hg 2%} ll LZq
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113 CHS 1€2 R Subroutine to multiply

114 RCLE 17e X complex numbers.
115 RCLD IFs Ri
116 6s8e e 4
e 1w 172 Rt
ug Xy 76 RN

|

T
110 CHS 7 RS
126 GSPS
121 XY

122 6SBS
122 sPC
124 RTN
125 #LBLS IF flag 0

126 Fe8? THEN PRINT
127 PRTX IF flag 0
128 Fe? THEN RETURN

129 RTN ELSE DISPLAY.
13¢ RS
131 R"W |-
132 sLBL7 Subroutine to compute A,;.

132 RCLE
134 RCLD
135 RCL?
13¢  RCL®
137 6SBS
12¢ 8
139 ENTt
146 1

141 6£SB2
142 17K
142 R
144 CHS
145 %
14¢€ RCLB

147 CHS
148 RCLC
149 ESBS
156  STD9
151 Xy

152 STOA
152 Xav
154 RTW e—— =

155 #LBLS Subroutine to add complex
15€ P numbers.

157 Re
15¢ R
159 IR

16€ X2y
161 Ri
162 +
162 v
164 +

165 Rt
16€ IF
167 RTN
168 #LBLS

LABELS FLAGS SET STATUS

“outhitii [P OutRe [°-A 0A € 2Zow | PRINT FLAGS TRIG DISP
° ° 6stRs  |°-A; ¢ ° -z, "NOPRINT o B| oec = Fx o
0 1 2 3 4 2 16 O GRAD O sci O

I—5 DISPLAY 6 7 A 8CADD 9 CMULT 3 g g g RAD O ENG       
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Transistor Configuration Conversion

 

   
  

 

           

88! .BL# ST RCL
ae.;’ 2 . 858 RCLD ' _
ae: X Computeregister to be gSS  ESBE Yiz =={y12 +v22)

804 < used. BEC  CHS
ggg R ecr  sTOZ

pe;y  sTo! oo 5886 | ez Ss104 T
. i 864 Xy

:gg i‘;g; Storehj; 86 RCLC

g R 86€  RCLE

8;2‘ ST0i Store 0;; ber  oonro RTN tore Ujj 86e  RCL ,
o e 869 RCLD Vit =-ya2+(ly21 +y1a)

014 aBL cc~CB e7e  £SBE v
o C..‘Bg Compute a new y-matrix. ev CHS

g’g v T 72 RCL2 =Y tyiztyartya,
01:9 z":“'.‘ Routineto transform 72 RCL!

619 ST [:“ :’] i &5
26 R! 12 1 eve R¢

B.?i 5;{?2 into az7  §T02
3?; Ll 2 A ere RN ——--
22 RCLE [ 879 slBLd CE~CC

?.:i 5702 a2 a2 ece sLBLD CC—CE

B;.a ”R‘J' and then into ee:  65B@ Compute new y-matrix.
G:E ST0E 1 1 “aps 852 GSBY Transform [y] to [h].

'-;é. sfg'z an |an detJ ez RN e
8}“ c;‘dz 884 sBlc CB—~>CC

e_,-e" vive ees  Gte Compute new y-matrix.

7 STOF ege €107 Transform
P;: R;" eer slpLe T T T TT
e;; R:Zf‘ #8S  £SB7 Transform [h] to [y]

B&; °;0; 889 RCL2
o7c v RS ese CL!
0‘3’% o100 €91 RCL4

e  CsB” es:  RCLZ vi2' = =lyi1 +vyi2)

aze RTN 695 csee
879 Bt NmeTTT 894 CHE
8;9 LBLE CB-CE 89T S702

6: GSBE o bor 57064 - Compute a new y-matrix. ger sTO4 __
g:g cg?;' Transform [y] to [h]. e%e RCL2

Z A o
Bée sl rmmemiromiT| e ke
g:z gS'Bz 181 RCLE

247 RCZE {8‘; cfzg va1' ==y +vay)

::!;7 :gtg 184 STOE
< ' _ + 185 foa4ez' cgzg Y21 (y21 +v22) 1€ evo¢ |-

51 S 187 nay

es2  STo0p 18 RCL
852 o 3 g0 RCLZ
?;i E'-‘?C 11eé  6SBg Y22 = Vi1 tYiatyar tyas
T s== 111 RCL2

85¢ () 112 RCLI
REGISTERS

0 " b o [ ohe o6 P ® 1l Ton P °
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A hzl ¢ 621 o h22 022 !
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112 €5B¢ 169 ST0D

114 CHE 17 R

115 RCLE 17 STOE

116 RCLD 2 RN

|

mmeee
117 GSBS 172 slBL® Subroutine to add

118 STOD 17 R complex numbers.

119 R¢ 175 d

126 STOE 17¢ R¢

121 RIN e v R

122 «lBL7 Subroutine to convert 178 X3y

123 RCLZ o o 7o R
124 RCLI 18e +

125  RCLD 21 An 181 R{
126 RCLE g2 +
127 0SB into 1837 +
128 5706 b 184 9F
129 R 1 deta 1e5 RTHM o__

1%e  ST07 e 19€ sLBLY Subroutine to multiply
131 cL 187 RY complex numbers.

132 RCL3 18¢ X
122 RCLE 189 L

134 RCLC 19¢ +
125 GSB9 191 Rt

13€ CHS 92 4R

137 RCLT Compute det a 190 F

136 RCLE 19¢ RN o____
13 £SBS 195 slBLE Print [h]

14 ST0€ 1 RCL2

141 R¢ 197  GSBS

142 et07 | ___________ 19 RCL!
142 RCL2 199 ESBS

144 CHS 1 268 RCL4

145 ST02 ay < — 281 ESBS

14€ RCL} an 282 RCL2
147 18 28 GSBS

14¢ str \____________ 204 RCLC
142 RCLZ 28 £SBS

156 CHS 286  RCLE
15 RCL4 287 6SBS

152 6SB° aye 212 208 RCL
152 87103 ap 289 £SBS

154 . 216 RCLD
155 st04 ____________ 211 &LBLS
15¢  RCLZ 212 F8° IF flag 0
157 RCLI 212 PRTS THEN PRINT
158 RCLE 214 F8? ELSE DISPLAY.
i8¢ RCLC 215 RTN

166  6SB9 ay, < 2L 21¢ R-C

161  STOP an 217 RTN o _______
162 R 516 RS
1€ sTOC ____________

164 RCL2

1€ RCL!

166  RCLE ay, < Jet2
167 RCL? an

162 €SB9

LABELS FLAGS SET STATUS
Agjth;tii |B cB«<CE [CcB«cC [P cE<cc [F PRINT [h] [° PRINT FLAGS TRIG DISP

b c > d 1a CB-CE CB-~CC CE»CC |[° o 05 Fl ke o mx o

Othl=(yl" | 2 3 4 2 10 ®| GRaD O sc O
20X RAD O ENG B

5 pispLAY [© 7hz2ly]l  [® cApD % cmuLt  [° 30 ® n_3          
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Parameter Conversion: SITY, Z, G, H

 

 
 

  
  

 

         

801 lBla 857 CSBé
88>  (£SBe Store input data. 858 RCL = “o ,
88z R¢ 259 ¢T04 (2] =2, [T')

884  STO: éce eBld ST~
ees ISz 1 sroe G-s
86c R4 82 STx! Zo 911 912

887 ET0: 863 178 [T =

e RN |- 864 RCLD 921 812/Zo
80° «LBLA Display outputdata. e€s X

e1e ¢ccpe 86€ STOD ,

e11 RCLi ii=>0ij, M;; 8E7  £SBE Compute [T']

e12 152! 8ce ! £=-1
812 RCLi 869 e ——eee—a

814  £SBS 87¢ sLBL4
815 xry —mm———-—- e’ RCLEB 1.0
81€ sLBLS DISPLAY ROUTINE 872 ¥y [T]« [T]

e Fe? IF flag 0 73 x 0 &
818  PRTS THEN PRINT ez STOB
ey re” 7S LSTX
aze RTN ELSE a7 RCLD

21 RS DISPLAY. e x
822 RN = e’ sto¢8 |-mm——
822 «slBLO Subroutine to compute eze RTN S-+G
824 2 register location. 888 sLBLD E=-1

82c X ee1  SsT0e o
8¢ 2 882 1 [T] = [l

a7 1 88>  CHS -1
ez - 884  £SB4
29 ET0! 885  CSB6 Compute [T']
e RN e 88¢  RCLe
831 &lBlb Y-8 7 STa! 0!
32 5708 88  RCLD 7 ti

@3z  £SB! [T] =2, L] eee x G=| %
834 ET0€ Compute [T']; [S] = [T'] 8%e ST0p ta'  Zoty

% «BB |- 89! RTN
83¢ ST08 Sy 092 sBle ——e———
63" CSBE M= 897  ST08 H-S
83 RCLO Compute [T'] 894  ST=! i
@39 X E=1/2,; (Y] =(T')/2Z, 895  RCLD - hu
g4 Bl | 8% x m-| % (H]
841  CSB3 i o 897  STOD by hasZe
042 (SB4 [T)« T 898  £SBé

842 RTN 0 & 899 ! Compute [T']
044 slBLe |- 10e CHS =-1
84S  STOR Z-S ey sBLZ2 ]e

84€ 17% £=1/Z, 182 STx4 £

047  CSBI (T] = (2)/2 103 STx2 (T« M
848 CSBE Compute [T'] 104 RTN 0 1
849 ! E=-1 105 ®BLE e_ZT___

ese CHS [s] =-[T'] 186  STO@ S->H

st et |- 187 1 £=-1
852 &lBLC S+Z 18¢ CHS _ 0

852 ST08 189  GSB2 = (sl
54 ! £=-1 11  £SBE 0 1
855 CHS [T] =—[S] 111 RCLe

85¢  £5B: 112 sTx1 Compute [T']
REGISTERS

0 Zo ! My Ty 29||,LT|1' 3M|2.T|z' ¢ 6,2,LT,, 520 6 L2/D 7 8 9

IS0 S1 S2 S3 S4 S5 S6 S7 S8 59

A B ' " ' '
] My, T2y 02,,LTy, M;2, T2y I 022,L Ty pointer
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113 18 169 Xy
114 RCLD t1'Zo s 176 STO4
1% X [H] = , 171 RCLC
11¢ STOD ¢ t22 72  RCLB

117 RTN 21 Zo 172 CHS
112 sBL6 |-—"= 174 £SB2
119 RCL2 Subroutine to compute 175 SsT08 [

126 RCL! (T'] 176 w2
121 6SB? 177 ¢t

|

==

122 8705 178 RCL!
122 XY 179 RCLD Rearrange t,," and ty,’

124 ST0¢ 188 S0 )
125 RCLE 181 Yy
12€ RCLD 182 STOD
127 6SB? 182 RCLZ
128 RCLS 184 RCLE
129 RCLE 185 STO2
13¢  gse9 18€ L2y
131 8705 187 STOE
132 Xy 182 RN ————_———_——
132 ST06 18¢ &(BLS Subroutine to multiply by

124 RCL4 196 RCLS 2/D and add -1 L 0.
13¢  RCL3 191  RCLE
13¢ RCLE 192 §SBS
137 RCLC 192 6
138 6SBS 194  ENT?
13¢ CHE 19¢ 1
14 RCLE 19¢ CHE
141 RCLS 197 ¢086 |-—————
142 GSBE 198 7 Subroutine to add 1 £ 0.
142 2 19¢ 8
144 2 208 ENTt
145 1% 2e1 1
146 ST05 2 282 wplg ———_____
147 v D 2 >R Subroutine to add com-
148 CHS 204 RY plex numbers.

149 ST06 205 Ré
15¢ RCLE 20¢ R
15: RCLD 7 Xy
152 GSB7 288 R
152 ESBE 289 +
154 STOD t, 210 R
158 X3y 211 +
15¢ ST 212 Rt
157 RCLZ 212 P
15¢ RCL! 21 ROIN ___________

15¢ €587 215 «BL2 Subroutine to multiply
166 GSBS 21€ RCL by 2/D.
151 70! t2: 217 ROGL6 ________

ig‘_ 5;‘.;; iig ‘Lméf Subroutine to multiply
164 RCL4 528 x complex numbers.

165 RCL3 221 Ré
16€ CHS 222 +
167 6SB2 , 223 Rt
168 ST02 ti2 224 RTN

LAgELS FLAGS SET STATUS

AoyMy P sy Cs+z P 546 [F soH O PRINT FLAGS TRIG DISP
a gytmtii [° Y-S € z-s 4 Gos e H-s ! 0 05‘ EFl oec 8 rx o

0 jj>pointer |' Used 2 Used 3 Used 4 Used 2 10 ® (F;\ESD 8 25}5 8

5 pispLay [¢ T 74100 T“ CADD F’L cmuLt  ° § E S n      
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Fourier Series

 

  
 

  

 

        
   

001 #LPL. START es” 8 ELSE
88 CLRE ese  1o¥ DISPLAY 0.111.
882 P2S 852 RTN T
884 CLRE e6e sLELE
85 RAD BE; R-C DISPLAY new k.
ee¢c RN |---—--—-—-—-———- 862 £TOC oo
eer sLBLA N1# freqs 862 sLELd PRINT POLAR
sec 2 864 SF1
809 x 865  RCLE
ele STOE 86¢  STO!
e1: Xy 87 6102 -
212 STOE 86 sLBLD PRINT RECTANGULAR

812 RTN |- eee CF!

@14 sLBLE J 878 RCLE
15 STOD Store J ey et ===
e1€ 1 872 slBLZ BEGIN loop 2.

17 SToe INITIALIZE k 877  RCLI
gie RN |-— = 874 CLP

12 sLBLC Yk 7o -
82 sTocC Store y) 8¢ 2

221 RCLE 7T CHS
22 sT0! INITIALIZE pointer 8ve z

827 aLBLI BEGINloop 1. eTe  RCLD
24 oLy ege +
25 RCLE eg! FIX
82¢ CL ee2  psre
27 RCLE 8e:  6SBS

e2e - ag DSP3
829 z 8eS RCLi
ese CHE 88¢  DSZI
821 z 88 RCLi
832 RCLD ege F1? IF print polar
8zz + ag9 G703 THEN GO TO LBL 3

834 RCLE 8% 2 ELSE

'35_ s 99£ RC{-E Prepare to print
83t X eaz - rectangular.
ezr 2 esz X
ez X 894 ey
29 Pi BoS  LSTH
eqe X 89%¢ X

84! Xy 897 spLt¢ _______

84z i 89e X

842 ST+ 892  (£SBS
844 Ny 18€ R

#4c  DpS2: 181 £S
84 ST+; 182 Fe?

7 RCLC 182 spe
e4c  ENTE 184 DSZI IF pointer # 0
eq0 Dsz1 IF pointer # 0 185 o702 THEN REPEAT loop 2.

ese 5101 THEN REPEAT loop 1. 8 RN |
ggé STfé ELSE INCREMENTk. 338 ‘ng Convert (a, b) to (c, 6)

852 RCLE 18¢ IP
854 CL 11 2

esc  X<y? IFk<N 111 RCLE
85¢ CT08 THEN GO TO LBLO 112 z

REGISTERS

° k, t ! 2 a 3 b 4 a 5 b 6 a 7 8 a ® b

S0 St S2 S3 S4 S5 S6 S7 S8 S9
a a b a b a a b

A B C D |
a 2 x # freqs Yk J pointer
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113 X 1€ PRTY THEN PRINT
14 €14 |- 17 Fg°
115 #LBL t>f(1) 171 RIN ELSE DISPLAY
116 CF2 17z RS

117 8T0e 173 RTN

119 ST10I INITIALIZE pointer

12e oy ________

121 wlBLE BEGIN loop 6.
122 RCLI

122 RCL

124 -

125 2

12€ CHS
as s27 :

128 RCLD

129 +
3¢ X=8° IFi=0

121 SF2 THEN setflag 2.

132 Z

132
124 Pi

13% %
13¢  RCLE
127 X

138 RCL

129 :

14€ !

141 F2? IF flag 2
142 £sBe THEN ag <ao /2.

143 IR
144 RCLi

14T X
14¢€ Xy

147 Dps2!

148 RCLi

149 X

15€e +

151 RCLE
152 :

152 2

154 x

158 +

IS¢ DSZI IF pointer # 0

157 ET0€ THEN REPEAT loop 6

15¢ £5B5 ELSE DISPLAY f(t).

i5e Fe?

168 sPC

1€1 RSN |___

162 slBLE Subroutineto replace 1
163 CLY with 0.5.
164 .

1€S s
16€ RTM e____

1€7 &lBLT DISPLAY ROUTINE

168 Fa° IF flag 0
LABELS FLAGS SET STATUS

ANt#freas |B U C vk O RECT [F t~>f(1) O PRINT FLAGS TRIG DISP

a b c d e 1 ON OFFSTART POLAR POLAR 0 ® O DEG 0O FIX &

0 1 2 3 4 2 10 K GRAD O scr O3Used Loop Loop ->P PRINT Used
T 5 > 5 3 3 2 O K RAD K] ENG O

DISPLAY Loop 3 0K n       
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Active Filter Design

 

   
  

 

       

88! =slBla 857 RTINS ——e_=

882 STO0P Store fo 855 «lBLD HIGH PASS

882 Rhn |- 859 RCL3 Display C,

884 sLBLA 86e  6SBS

88 <STo! Store A 8€1 RCLO

86¢ RmN === 862 X

887 slBLb a3 2

fee  STO2 Store 864 X
eee RN |- 86T Pi

81 sLBLP 86¢ X

11 8702 Store C 867 STO4

e12 RN |V=== 868 RCL2

813 sLBLC LOW PASS 860 Y
814 RCL2 eve £

8:% 2 871 2
81¢ 2 72 RCL1

817 RCLI 873 17X

818 2 e7¢ +
e1° 2 e7c :
82e Pi 87€ EGSBS Display R,

e21 X 877 RCLZ
822 RCLE ere GSBS Display C;3

62z x 879 RCL
824 RCL2 ese z

25 X ee1  ESBS Display Cq
82¢ STD4 822 RCL!

827 £ 882 2

e2e ST105 894 X
829 £SBS Display R, 8es 1
838 RCL3 8g¢ +

o1 4 887  RCL2
832 X 88ge z
832 RCL! 8ee RCL4
0834 ! 89¢ z

835 + 891  €£SBS Display Rs

036 x 092 RN

|

————
03" RCLZ 892 sLBLE BAND PASS
e3e Xe 894 RCLZ

839 2 895 RCLE
48  £SBS Display C, 89¢ X
P41 RCL2 897 2
842 2 898 x
8z ¢ peo  Pi
844 RCL! 1 X
845 1 18? ST04

84¢ + 182 RCL!
847 z 187 x
84 CL4 o" o o
a5e £sps Display R 18€ 178 Display R,
851 RCLI 187  GSBS

852 RCLS 1ee 2

e x 189 RCL2
854 £SBS Display = Ry 11e ¥z

85 RCLZ 112 2
85€ CSBS Display Cs 112 RoL

REGISTERS

0 ¢ A 2 3 ¢ ‘amteC  |° Ry 7 8 9

Iso St 52 53 Sa S5 S6 57 S8 59

A B Ic D lE ],
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112 -

114 RCL4

115 X

1€ RCL2

117 X

118 178

119 ESBS Display R,

126 RCLS
121 6SBS Display C3

122 ESBS Display Cq4

122 2

124 RCL2

128 %

12€¢ RCL4

127 2
126 CSBS Display Rs

129 RTN |-===
136 sLBLS DISPLAY ROUTINE

132 PRTX THEN PRINT

123 F8°

13¢ RN ELSE
175 R/S DISPLAY.

12¢ RTN

137 R/S

LABELS FLAGS SET STATUS

An B ¢ C e P e € gp O PRINT FLAGS TRIG DISP
ag b o c d e 1 ON OFF

° 0 0 DEG K& FIX O
0 1 2 3 2 2 1 O ® GRAD O scl O
z = > = 5 T 2 O RAD O ENG K
DISPLAY 308 n_3         
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Butterworth or Chebyshev Filter Design

 

   
  

 

           

901 sLBLE 057 LN

082 1 858 X2y
083 e 059 z
804 2 66 Ssrv¢ —-m-————-
885 18* Compute order of 061 sLBL6 Newton’s method root

006 2 Butterworth filter. 862 RELE finder.

067 X 063 RCL3

808 1 864 RCLE

889 - 8635 yx

a1e LN 866 STOA

811 ST0B 867 ENTt
812 XY 868 17X

813 6589 869 +
814  6SB7 876 RCLB

815 RCLB 871 -

816 Y 872  RCLA

817 LN 872 ENTt

818  ABS @74 17%
819 : 875 -

820 1 876 :

821 + 877 RCL3

822 2 878 LN

823 z 79 :

024 INT a8e 2

825 STOE g8 z

@26 RIN |Tmmmmmmmmmm= sz -
827 sLBLA Store R 883 STOE

e sros |l------———-—=—-—- 884 LSTX
829 RTN 885 ABS

830 #LBLD 686 .
831 1 887 8
032 0 Compute order of 888 1

833 = Chebyshev filter. 889  X<Y°

834 18% e%e €106 e

875 1 89! RCLE

036 - 892 2

37 4 892 <
83e X 0894 1

633 RCL6 895 ¢

041 = 897 RTN |\

842 2 896 ““BL?‘ Subroutine to multiply
943 - €99 2 by 2n
844  STOB 188 X )
0845 2Y 161 Pi

846 6SBS 182 X
847  6SB7 83 RN |____

848 ENTt 184 #LBLT Subroutine to compute

84% X2 185  STOA normalized frequency.
856 i 166  RCLD
851 - 187 ST0I

:gg X le¢ e6v0i ________

+ 189 sLBL4 iminati954 703 118 6S83 Band Elimination.

as. LN 11y ev086 |e

856 RCLB 112 #lBL2 High pass.
REGISTERS

0 ! ¢ ° Used ‘Ripple,a |° R [ 7w Pew [P
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A w 8 Used F wn O o1we 3BP E n counter
2HP 4 BE
  



L09-02

 

   
 

 

 

 

  
      

117 6881 165 RTN
114 xLEL® 178 RS
115 IR

116 CHS

117 €108 T——-

11€ »lBL1 Low Pass

118 RCLA

12 RCL?

121 <
122 6105 T TTTTT~"
123 #LBL3 Band Pass

124 RCLA

129 X2

126 RCL

127 X2
128 -

129 RCLA

131 RCLE

132 =

122 LBLS

134 ABS
135 sfw0¢c. |--—-——-—-===——-

136 RTN

127 xLBLd

128 ST04

139 1

148 2 dB Ripple—€

141 :

142 1@

143 1

144 -

148 X

146 ST06 o______

147 RTN High Pass
148 #LBLb.

149 -

gsf ‘fggg Band Pass

i52 2 e

153 €701 Band Elimination
154 #LBLC
155 4
156 #LBLI

157 6588

158 R¢

159 6589

166 SsT08 o_____

161 RTN Low Pass
162 #LBLB

163 i

164 LBL8

165 STOD

166 R¢

167  65B9

168  ST07
- - - LAgg_Ls FLAGS SET STATUS

R LP: f BE: BWtf, [Ofita—n Efita>n |0 PRINT FLAGS TRIG DISP
a b . c . d . e 1 ON OFF- : HP:f BP: BWt f, |°dB Ripple~e o DTl bec m ix o

Used Used 2Used 3Used 4 Used 2 '+ O K| GRADO scI O

5 Used 6 Used 7 Used Ia 9 Used 3 g B S RAD O ENG   
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Butterworth or Chebyshev Filter Design

 

  
 

 

 

       
   

w61 SLBLE BUTTERWORTH 65;  RCLE
2 RCLE 58 2

883 STOI INITIALIZE counter 859  €SBé
004 sFr -—-—-—-—-—-—- 066  CSBS
085 o(BLS BEGIN loop 8. 861  LSTX
686 RCLE 862 :
907 RCLI Butterworth equations 963 178

[ - 864 RCL?
00 1 86S Xe
e1e + 3 £
811  ST09 Store i 867 CSBé
812 2 068 CHS
812 X 869 ¢17006 e
014 1 878 sLBL4 Band Elimination
815 - 871 X21
81é Pi 872 R
817 X 873 RCLS
81e 2 874 X
e1s : (2i - 1) n/2n 875  RCL?
828 RCLE 076 xe
821 2 77 :

822 SIN 878 €SB6
823 2 879  CSBS
624 x| e 888 LSTX
825 #LBLS 881 =z
82¢ ST0A 882 RCL?

827  RCLS 083 Xz
828 1 /84 X
82¢e CHS 8835 1-8

836 RCLS 88¢  CSB6
21 CSBS DISPLAYi 887 che |

832 yx ; 882 sLBLO

832 yx R -1 889  CSBS
834 X 0898 Fe?
835 RCLD Branch to appropriate 891 SPC
e3¢ 21 routine for frequency sz  F1? IF Butterworth
837 ¢6T0: transformation. 893 ¢T01 THEN REPEATloop 8

3¢ sBL! -——-m-————- 894 DSZI ELSE REPEAT loop 7.
839 21 Low Pass 895  ¢T07

040 R 89¢ RTIN e___
841 RCL7 897 sLBLI
042 2 89e  DSZI
042 (CSBé 899 6T08
844 CTOG 100 RIN e
645 B2 - 18! #LBL6 Subroutine to change sign
846 21 High Pass 182 1 of capacitors.

647 Ré 182 CHS

648 RCL7 184  RCLY9
049 X 185 yx
ese 1% 18¢€ X
851 6SBé 1ec RTIN e=

852 CHS 188  «!BLD CHEBYSHEV
esz ¢cvo6 ———————-- 1e9 1
854 sLEL3 Band Pass 116 STO9

8ss 21 N CF1
as¢ Ry RCL4

REGISTERS

° ! 2 3 4 Ripple, dB S R 6 € 7 wo 8 BW ° i

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A Gy, Gy —IF aq, 3 c p 0 ; H; 2 g"é n ' counter
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113 4 169 +
114 8 17e Pi
118 : w1 X

11€ 1 172 2

1z e 72 z
118 LOE 174 CL

119 z 7 :

126 ENTt 176 SIN
121 177 ST08
122 e Chebyshev setup i7e X

123 1 1we [}

124 XY ige X

125 121 RCLA

126 LSTX 182 :
127 1 182 RCLC
128 184 RCLE
128 : 195 RCLI
1386 RCLE 1e€ -

131 1) er Pi
132 2 180 %

132 x 10 RCLE
13 12X 19e z
12 ¥ 101 SIN
136 ENTt 102 $E

5o s’ - 194 z
139 2 19co sar141 xe o~ F@" DISPLAY ROUTINE
142 sTOC 19 PRTX IF flag 0
142 Pi (9 Fp? THEN PRINT
144 2 ar2 e RN145 z 81 RS ELSE
146 RCLE - DISPLAY.e 26z RN _T

. ] 2ez R/S
148 SIN =

149 STOB

156 2
1351

152 RCLC

152 X

154 z
155 6709

15¢ wBL? |____________

157 RCLB BEGIN loop7.
158 RCLE

159 RCLI
16e -

;g‘: ! Chebyshev equations

162 8T09

1€4 1

1€3

16€ 2

167

168 1
LABELS FLAGS SET STATUS

A B P cH'sHEv [ B'WORTH [° PRINT FLAGS TRIG DISP

: ° ’ ° "Butteworth |,U| pes ® Fx O
0 1 3 4 2 1 0 K GRAD O sci O

Vaed 5 D — 3 Ysed 5 Used 3 2 00| RAD O

|

ENG
5 DISPLAY Used Loop Loop Used 3 08 n        
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Bode Plot of Butterworth and Chebyshev Filters

 

  
 

 

 

       
   

Ba: sBL: esT  PRCL
eez : ese ¢t —-———--
eez e Convert dB ripple to €. 859 5SBY Compute wy

ees z ece sBLS  ——-————=
ges g BE:  RAD BEGIN loop 8.
£8¢ i BEZ  GSBE Compute sy
ee’ - g€z RCL
eec 5 864 cLe
eae  ST0E Store € acs +
ele R B86€ RCL2
11 CFe Chebyshev BE7 P

e12 STOE Store n 868 ST Gain
e RN | #60  ¥=v
14 sLBLA #7e ST-5 Phase

25 SFe Butterworth ev1 RCL2
e1e  STOE Store n 72 RCLI
817 RTY e__ 73 IP

eie ‘-’-BLE 874 STx4 Gain normalization
e1° < High Pass ers R
exe 6706 |________ 87¢ RCL®
821 #LBl¢ o7 +
e2z 2 Band Pass eve  RCL2
@2z e1o: o____ 8 IP
824 *LELC 88e b1
2T 4 Band Elimination e sy
82¢ ¥LPL! #ge2 R
27 GcBe Store filter characteristic ez s
82t R and wq. B84 ST+32 Time delay
82¢  5SBe 88c DSZ! WHILE counter #0

e3e SToe Store 21 x BW eee  STOf REPEAT loop 8.

gz RN e ee;r RCta —-—----
822 slBLP 88c 1
33 1 Low Pass eee  6se9

834 =#LELE 896 z Frequency
935: SToD Storefilter characteristic. 891 RCL4
8¢ Ré 892 LOE
877 GSB9 Multiply by 2m. 892 2
ee 107 Store wg 894 e
e3e RTN e= 89c X

A4e LELD 89¢ RN Gain, dB
84: ST0R@ Store Af 897 RCLS
84z BSEQ e9¢s 1
84z STOC Store Aw a9e i

844 Ré 1086 DEE
84S CSP9 181 3F Phase, degrees
84  CST0B Store w, 182 CLy

7 v 182 CL3 Delay
e4e  E6SBY 184  PRST Print f, [H|, 6, t
849 STOR Store w; 18 CL

ese RTW e 186  RCLR
S1 slELE Initialize registers 167 F1° IF flag 1
52 e 18 6708 THEN GO TOLBLO

85z  ST02 18 RCLC ELSE
54 STO0S 11€ + wew+Aw

5% 1 111 6703
85S¢  ST04 112 sLBLE

REGISTERS

N —imfs} P-Refs} [*detay  [*-miml [26 @) ¢ 7 e ® Bw % wn
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A Wy, W B w, IC Aw o ;H; 2 gz n IT counter
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115 RCLEG 1€ LSTX
114 ¥ wew x of 17e CHS
115 ®lBLS 171 e
1€ STOR Store new w 172 +
17 XLye IF w<w, 175 ENT?

11&  GTOE THEN REPEAT loop E 174 ENT?
118 RTN ELSEstop. 175 LSTY

126 . |-=== 17 2
121 RCL Subroutine to compute wy. 1T X

122 el 176 B

122 ET0i GO TO case i. 179 T2
124 sLBL4 BE 10e R
125 6S82 11 STxd
126 6708 182 2
127 slBL2 HP 182 8T=2
126 6SB! 184 8T=!
129 sLBLE 185 RN _______
12€ 17X 18¢ slPL! Subroutine to compute
171 CHS 187 RCLI Butterworth pole

132 ETOS 1e¢ s location.

132 slBL! LP 18¢ X
134 =!I 19¢ !
135 RCLA 19: -
13¢  RCL? 19:  RCL
137 : 19z :
13¢  6T0S 194 GSBS
139 lBL? BP 198 4
14€ Nl 19€ £
141 RCLA 127 :
142 X2 19¢ +F
143 RCLT 120 STl
144 X2 2ee Xy

145 - 281 &r102
14¢ RCLA 28z RN |_____
147 : 282 &BLd
148 RCLE 264 !
149 z 2es F1°
156 #LBLT 28¢ oLy Set logarithmic

151 &10° Store wy 287 SF1 increment.
152 RTN |-= 28 x=£~ e
152 &lBLE Subroutine to computesy . 209 CF!

154 Fe° IF Butterworth 2 T . )
Xgfi 9731 THEN GO TO LBL 1 2§B tLgl.f!' Set linear increment.

15¢ GSB! ELSE get Butterworth pole 212 2 Subroutine to multiply
157 1 and modify it. 2137 x by 2y 2m.
15¢ RCLE 214 Pi
15¢ 178 21T X
156€ +P 21€ RTN
1€1 Y 217 R/S
162 R+
162 L2TH
164 +
16 LN
16€ RCLE
167 :
168 ex

LABELS FLAGS SET STATUS

AB'WORTH n (B LP: f, C BE: BWIt, |Of,tf,taf [ ~PLOT  |° B'WORTH FLAGS TRIG DISP

aCHEBn1 dBR|° HP: f, © BP: BWtf, [ILIN-LOG [° ' LoG c DTl o ol mx &
0 Used ! Used 2 Used 3 Used 4 Used 2 T &0 GRAD O sci O

Used 5 Used 7 Used 8L o 3 2 8 Roop Used 3 0 K n         
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Resistive Attenuator Design

 

   
 

 

           

8e: xLBLA 15 T

@8z  ST0! Store R, ese -

ee: RTW |-== e8s¢e CHE
ees sLBLP ece  S10%
ees  sT02 Store Roye e ]
e8¢ RIN |-=== == 8t RCL4
eeT #lPLC ecz +
eee  RCLI ecs  LSTN
86° RCL2 Bes !
e1e < 113 -
811 ENT* Compute min loss. BeT :

12 ENTT 868 RCL2
13 1 B€Q X

e:d - eve RCLT
15 s 71 -

e1¢ hoad T2 STO6
817 I e’z 687100 ——-

e + 874 slBL II calculation
81¢ X 87c  RCLZ
eze Loc ave s yY? IF min loss > desired loss
21 1 [ €709 THEN ERROR

822 e ve w2y ELSE
822 X ere 1 Compute Ry, R,, R;

824 ESES ase e
25 ST02 ee! :
82t RN | egz 1e*
827 «lBLL T calculation eez  ST04

e2¢ cL 824 178
82 my? IF min loss > desired loss 8es  RCL:
3¢ 6709 THEN ERROR 8ee ¥

I yz ELSE eer  RCL2
22 1 Compute Ry, R;, R3 88¢e X

8zs e eee I
€24 : 89¢ RCL4
25 16> 891 !
83¢ °T04 es2 -
827 CL! 9z
83e X 294 2
83¢ RCLZ 89c :
846 X e s1o7
e4: Iy 897 1
84z 2 898 RCL4
84z X e9¢e +
844 RCL4 188 LSTY
84c 1 181 1
84¢ - 182 -
847 z 182 z

84 ST07 184 RCL!
842 3 1es 2
85¢ RCL4 186 RCLT
es1 + 87 1y
52 LETX 18¢ -

ess 1 180 18
€54 - 116 STOS

5 ¢ 1 1
B5¢  RCL! 112 RCLY

REGISTERS

0 ' R, ? Ror  [Pmintoss [* N ® R, ® R, [ 9
SO0 S1 S2 S3 S4 S5 S6 S7 S8 S9

A C D |
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113 +

114 LSTAH

118 :

11€ -
117 2

11e RCL2

118 2

126 RCLT

121 178

122 -

127 174

124 STOE
2 «BLr -__

128 CL RECALL OUTPUTS

127 LOE

12¢ :

12¢ e

136 X

121 GSBS

122 RCLS

132 ESES

124 PRCLE

175 GSES

12€ RCLT

137 GSES

13¢ RTN
129 #BLS |-—=

14€ Fe- DISPLAY ROUTINE

141 PRTY IF flag 0
142 Fe~ THEN PRINT
142 RTN ELSE

144 R-E DISPLAY.
14% RIN |—_—

14€ RS

LABELS FLAGS SET STATUS

A R Rout C >minloss |° Used € Used  PRINT FLAGS TRIG DISP
a b c d e 1 ON OFF

0o ® O pEG % FIX O
0 ' Used 2 3 4 2 10 ®| GrRapO s O

]

SpispLay [ 7 8 Error 3 2Rl ™ D] ENGg¥          
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Smith Chart Conversions

 

   
  

 

       
   

881 #LBlc pR.L e kI _______
ee2 eS 85¢ sLBL”

0882 #LBLu e5°  ENTt Input: La

884 L0 ese R{ lal
aes 2 0->SWR Be? R k
88¢ e 8 R
fer X Bsz Rt Subroutine to compute
ese R |-== é64 -

80° #LBLC R.L—>p 86C Y06 ala+klO
e CHS ggi :{ ala-kLO
oo oo 2 ¢

e1: 2 8te +

e1z e ece +
814 z SWR-0o e’e +F
e1s 19~ [ R
ete RN |-=== e?z  RCL
e17 slBLk ev: P

ele 178 0>p s"i R

e1¢ CHE 7 R

e2¢ wBlf e 67¢  R?
21 1 v :

e2: =y ere Pl
22 + evs -

824 1 p—o ese R Output: ang
825 LSTX ee1 RTN mag
e2¢ - 8g: pc TTTTTTTTT—=

82¢ RTH
g2 #Bd 02|-
83e 570! Store Z,
621 RN o__
32 slBLD r-z
827 :
834  CSE?
eI RCLI
£36  cuS
6837 X
eze R

exc P

e4e 6709 |____

4. LBLE z-T

84Z RCL!

84z CHS

es; €87 |____

0845 2LBLY Print results
4 N3V

847  ESBS

848 X3y

840  GSET
ese RTN e___

851 alBLS Print routine
esz Fe"

852  PRT.

854 Fe>
ST RTN

st R‘E
REGISTERS

0 1 Z, 2 3 5 6 Used 7 8 9

) St 52 S3 Sa S5 S6 57 S8 59

A la [c D IE I
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SWR-0

o—~>SWR

DISPLAY o
o
o
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Transmission Line Impedance

 

  
 

 

 

        
   

80: sELA esr 7
ee> <Toe Open two-wire line. as5¢ €

eez 3 85¢ X
884 < eee RCLe
/s 2 e¢! I

8¢ X 8cs 2

ae? LN ez g1t

|

- ——-————=———=

ees 1 864 sLBLD Wires in parallel near

faas z 8ec  STOE ground.

ele e 123 R!

11 ¥ ee7  STo!

812 RCLE eee R¢

e1z N 8ee  sToz
€4 2 eve R
e ¢ |-==== 7l ST03
@1€ sLBLE Single wire near ground. e cLe

e1T £T0e ez <
218 v 874 17X

219 4 87c 2
22e X eve X

21 : 87 Xz

2z 1Y e’s :
ez2:z L€ ere +
224 1 eee I

25 2 ee: RCL!
82¢ ¢ ees X

@27 X 88z RCL2

26 RCLE ees *
e2° Y :
eze = a%c X

831 ET05 g7 Lo¢

832 2L |- 88¢ €
eIz ST0e Balanced wires near g9 Q

€34 R{ ground. 89 X

3T STO! 891  RCLO

e3¢ R¢ esz N

air 8702 89z :
eze Re e%4 g0 -——=

€3¢ s702 895 sELE Coaxial line
84e RCL! 89¢ cT08

84c 2 ese 2

84z < 89e N

844 xe 18€ €

84% ! 1081 e

64 * 102 *
847 I 103 oL

gsc 10w 104 s
840 2 18< s-
ese X 186 sLBLS DISPLAY ROUTINE

1 RCLZ 187 Fa° IF flag O
es2 X 185  PRTY THEN PRINT

52 RCLZ 185 RTN ELSE
854 z T P DISPLAY.
cC L06

85¢ 3
REGISTERS

0 1 2 3 4 5 6 7 8 9
€ D

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A D |
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PRINT

DISPLAY 
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Microstrip Transmission Line Calculations
 

   
  

 

         

e8! sLPLn 57 RCLe
eez SF1 8s¢
88z  ST07 Store h ese 2

864 SV ece Pi
8BS  STOE Store w 8¢ x
86¢ £Fe BEZ X2y
eer XyY? IFw>h 862 z
eee CFe THEN clear flag 0 864 grg2 ——==———

80¢ = 96 sLBL! Compute Z, forw < h.

ei1e ST0¢ Store h/w 86€ e

811 17X 86T  RCL8
e12  ST0¢ Store w/h 868 %

e1z ! 869  LSTX
814 e 8ve 4
815 LN 871 s

81€  5T0e Store In 10 87z +
817 RTW e 73 L
81¢ sLBLE 674 «BL2 -
19 1 i 6
e2e 2y 87 8
821 + 7 X

82z  LSTX Compute €gtf ez STOA Store Z,
82z 1 87° X
024 - ese ST01 Store Z

ezs 1 #e: 2y
82¢ 8 @2  PRTY Print v,
827 RCLS e8> Xy
82¢e + 884 PRTY Print Z

82¢ 1 8es RN o___
83¢ + €8¢ LBLD IF uniform assumption

X5 I eer I THEN GO TO 1.
832 2 ase F1°
ez + #ee  ET0!
824 2 89¢ sLBL4
25 : 91 RCL4

83¢ ™ 892 X
ez 175 89z RCL7
82¢ ST02 Store v, 0894 2
829 Fe» IFw<h 895 2
e4e CT0! THEN GO TO 1. £9% x
e41 1 eov Pi
042 RCLY 298 %
84 - 899 8702 Store partial result.

844 6 Compute Z, for w> h 6 RN -
84c 1 181 sLBL!
84¢ . 182 2

847 4 ez 8

84¢ 4 184 L8
840 RCLE 185 z
ese 2 186  RCLS

1 - 187 x
85z 2 188 RCLA
852 . 180 z

854 4 1186 ST04
ess 2 1 R e
ase + 112 £T04

REGI;TERS

1o |z 2 ? o A P mne w 7 ® wih ° hw
S0 S1 S2 S3 jS4 S5 S6 S7 S8 S9

A Z F D ]
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197 gl 1€9 1

i Ve 7
115 9 171 Fe? IFw<h

11€ z weooeTo THENGOTO1.
q= ° 172 3

,3 “"}f 174 RCLO
116 RCL2 e - Compute A for w > h.

12e ¥ Print o, 325 5

R 7e 6
122 STOR e X

v 4o .

1 LTy o
126 «x 182 4
127 2 18 4
128 X Print R 186  RCLS

120 RCL4 g5 xe
138 : 18€ X

13:  RCLO 187 d
132 X 186 +
132 PRTX 180 X
124 2 19 RCLA

17 Pi 191 X
12¢ X 192 7

137 RCLE 182 2
138 z 194 e

129 RCLS 19 :

14¢ X 19¢ N
14: 3 197 E706

142 < Print Qq 19¢  #LBL! Compute A for w< h.
143 RCL2 100 2
144 : 2ee 2

145 RCLP 281 RCLO
146 z 282 Xt

147  PRTY 28z X

148 RN 204 :
45 WLBLC e -
15e Cr1 2e¢ ¥
151 RCLT 287 RCLR
152 2 2e¢ z

152 x Calculate 2% 28¢  LETY
15¢ %2y ot 21e €
15T : 211 e
15¢ RCLE 212 2

157 Pi 212 ex

58 2 214 3

150 X 215 .
16e X 21¢€ s ___________

1€: X 217 slBLe

1€2  X»y° 218 2

162 Y 219 RCLe

1€4 N 22e 2

16T Pi 221 Fi

1€€ 2 2z +

167 RCLE 222 85704 Store A

1¢e + 24 RTN
LABELS FLAGS SET STATUS

wh B v ze A P ) F foac, RQo[® w>h FLAGS TRIG DISP
1 . N

° ° © uniform DD oec m mx o
Used 1 Used Used 3 4 Used 2 1 O ® GRAD O SCl

5 E 5 - § 8 g RAD O ENG         
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Transmission Line Calculations

 

  
 

 

 

        
 

€6: #LELa ST RCLe
ee:  EEY #se +
ez : 859  £TD4
a4 @ #ce  RCLE
ees : 861 RCLE
#8:  STDO Store f/10'° eEE -

860 2 8cs  sToz
ee: Fi 864  RCLS
aee x 865 RCLZ
816 x ) 8¢ :
11 gTOR Store w Ber  STx)

etz RGN |- BESC  RCLS
12 #LBLA 860 RCL3
¢ €101 Store Ro 87 X
a1 o er:  STx?
e1c 5102 Storev T2 RTN
SO |- 77 sl e

315 wLBLP ez %
81  STOA Store £ 875 SToE Store ap
eze 2 87¢ Ré
21 ¥ @77 5702 Store ac

ez2: 3 87  RCLA
823  RCL2 a7 RCL2
€24 X ese  RCLO
e s02 Store 3 v, eel i
e2¢ z ee: X
e2T  ST07 Store 2¢/3 v, ez 1

82 R |- 84 .
29 ¥LBLC ees s
€38 RCLI 6ee =
%3] ¥ agv n

32 RCL! gee =
azz z ees  STOE
e34 705 Store 3 v, R/R, e9¢ X

e3s Re 09; 2
e3¢ P 89z X
ezr ¥ 8%z  STO7
eI STx3 R;<3v, RoG 894 RCLS
839 RCLS e9s 1
842 RCLS e9¢ 6
841 WP 897 LN
842 X £9¢ 2
g4z STOS 890 e
644 o2y lee =
P 2 181 RCLE
a4 2 182 B
047 ST06 182 STx3
e4c  RCLS 185 STxe
g4 ROL3 185 RCLE
esé N 18€ RCLZ
es1 5 187 -
85:  ST0Z 185 ENT?
esz  xy 18 ST0S
854 2 11 cLe
oS * 111 3

8s¢  §To¢ 11z X
REGISTERS

0 1 2 3 4
Ro. Zo v Used Used ® Used ® Used "20/3 vr.2802 Bw’, dp *tnot

SO0 S1 S2 S3 S4 S5 S6 S7 S8 S9

A 2 Ia C D E r    
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112 RCL3 1€9 CHS

114 + 1ve X
115 X 171 X3y

11€ z 172 CHE
"7 z 172 X3y

118 CHE 174 R

119 1 7 1

12e + 17¢ +

121 P 1w 3P

128 8Tx! 178 RCL?

122 XY 17s ¥

124 8102 1ee 17X

125 RCLS 181 X2y

12¢ Xz 182 RCLS

127 2 182 -

128 : 184 CHE
12¢ ! 1pe oy

26 ¢ 186 R
13 RCLZ 187 1

132 RCLE 106 -

2z 4 188 4P
134 P 19 1%
135 8Tx? 19; 7
13¢ Y 192 X

137 ET04 103 vy
128 RTH 194 CHS
13¢ #lBLE |_______ 195 g2
146 ET05 Store Z_ 19¢€ K
14! Xy 197 :197 :
142 5706 Store 6 1a8¢ +
143 RCL 190 Ip

144 RCL7 286 RCL!
145 R 281 X
145 CHS 282 gy

o e 283 RCLE
145 STOT 204 +
145 xv 25 £S
156 1 28¢ ¥
132 & 28T 6SES
152 é 286 RN
15T x 28 #BLS --—-——————-
154 Pi 218 Fe° DISPLAY ROUTINE
15T 2 211 PRTY IF flag 0
15¢  ST08 1z Fgo THEN PRINT

57 ROLE 213 RN ELSE
15¢ CLE 214 RS DISPLAY.o 2 <
152 - 215 RN —mmmm—————-
166  RCLS ayr -
1€ RCL: e RS
1€Z :

1€2 JF
1€4 :

1€65 +

1€€ 2P

167 174

1€8 2

LABELS FLAGS SET STATUS

v/ tRo 8 ¢ GtR  [Paptac £ z,-2, [°PRINT FLAGS TRIG DISP
a ¢ b d e 1 ON OFF

o ¥ O| DEG = FIX O
0 1 3 3 2 10X GRADO sc1 O

2 0K RAD O ENG &
5 DISPLAY [0 8 9 3 30K n       
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Unilateral Design: Figure of Merit, Maximum
Unilateral Gain, Gain Circles

 

 

  
 

 
 

 

        
  

86! #LELR 57 +
08z 2 e58 RCLD
f8c X 859 xe

4 2 ase CHS
6es ! Input (8] 661 GSE!
aes - 862 £SB2
eer S0l B3  6SBT Display G; max

eee R 864 RTN ——————————
8es ST0i 865 $LBLS DISPLAY ROUTINE
e:e RN

|

TT== 866 Fo” IF flag 0

8! sLBLF 867 PRTY THEN PRINT

812 RCL! Compute B6E Fe"
e1z RCLZ U, Gy, Gmin. Gmax 8¢9 RTN ELSE

e:s X Go. G1max, G2max- eze RS DISPLAY.
8! RCLB 871 ré0

|

-
e1¢ x 72 sLBL! Subroutine to compute

e17  RCL 8732 1
e1s X ev4 + 1

e1s 1 avs 1% 1+x
82 RCL! eze RN ---———————
821 X2 77 sLBL3 Subroutine to re-compute

822 - 87¢ RCLE Gy-

823 i 879 Xe
e24 cLD 88t RCLE
e2s 2 88! =} mmmme—-
2€ - es: sLBL2 Subroutine to convert to

827 % 88  L0¢ decibels.
828 ET0€ 884 1

82 8es e
83e S107 ese X
ez: 6SeS Display u [ R -
83: 6SB3 ees «LBL4 Subroutine to compute

82z 6SBS Display Gy eee !
835 RCL™ gg? ;. 1

83T  5Sk4 2

2  €SB2 892 1% {1 +x)
837 G5SB2 892 RIN e

e3s + 894 #lBLC Compute fo1. Pol

83° GSBS Display Gpmin e9s 1
84e RCL? es¢ 6106 -____
[.YH CHS 897 slBL¢ Compute ry2, Po2

842  £SB4 £9e 2
84z  ESB2 899 K
844 6GSEZ 168 &lBL6
645 ¢+ 181 STO0I

847  RCLE Py Bmax o =
g4 X% 184 8
#42  gSez 185 :
#se  6SeS Display Go 18¢ 18"

1 RCLY 187 ST08
52 X 188 RCLi
53 CHS 189 x

854 6GSP! 116 LSTX

S ese2 111 g2
856 6SBS Display G; max 112 RCLE

REGISTERS

0 Used T 2 3 o 4 5 G, 6 a1 /G, 7, 8 9 »

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A lB C D IE 1 ]
$21 $22 pointer  
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113 X

114 !

115 +

11¢ :
117 GSBS Display r

118 STOE

119 LSTX

12¢ 1

121 RCLi

122 st

123 -

124  RCLE

125 X

12¢ :

127 -

12¢ CHS

12¢ L3

13e Y

131 :

132 8BS Display p

132 8709

124 RN |

135 RS

LABELS FLAGS SET STATUS

A sitij B Compute  [C G, >rg1.001 [P € 0 PRINTj 17To1.Po1 FLAGS TRIG DISP

a b € Gy=rp2.002 d e 1 ON OFF

0 0O DEG & FIX B
0 1 Used 2 Used 3 Used 4 Used 2 108 GRAD O scI O

5 Used 6 Used 7 8 ® 3 § g g A0 0 ENGZD   
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Bilateral Design: Stability Factor, Maximum
Gain, Optimum Matching

 

  
 

 

 

           

ee; sLBLA es57 Ry
f8z Z ese  S107 Store L A
fe: X Compute pointer €59 RCLD

084 2 866 RCL!

66> ! 661 GSE?
6ee - ez RCL
887 570 867 vz

88¢e R 8c4 1

eec  ST0i Stores;; fEs +
ee 182! 86 RCL:
el R 8€- x2

81z STC: Store Gij 868 -

81z KN 8€°  RCLD
e4 sptg - e7e I

@15 RCL2 a7: -

81¢  RC Compute K, Gax 72 2
817 + 373 z

e1e ! 674 RCLZ
815 R 875 RCL
e2e RCL! €7t v

821 RCLD 877 ABS
ezx: X ere 2
822 X eve  Ee10e

24 ney ese 6SBS Display K

2 LSTX 88!  ENTt

e2¢ X eg: X

827 RCL ee:  LSTX

e2e  RCLB 2] Ny

829 X ees 1
e sTo9 88¢ -
83! CLY g7 IX
832 RCL4 888 RCL
83z RCLC 82¢e X
£24 + ese CHE

IS  RCLS 89! +

ez s107 e92 RCLE
v oLy 93 X

e3¢ 1 @94 RCL3
820 R 89 z

eq4e  ST06 895 ABS

84 R ear LO6
842  RCLT7 89¢g 1

64z X e99 8
644  LSTY 1ee X

& 8T 18 GSBS ’

bie s 12 RN S
847 oLE 183 slBL:fae Ri 184 RCLT Compute 'y

849 - 18T RCLE

ese R 186 RCLD
85! - 167 RCLE

852 CHS 1688 CHS

852 Rt 18  £See

854 nY 11e CHE

essc P 111 RCL2
as¢  ST0¢ Store |A| 112 RCL!

REGISTERS

° ¢ ! S11 2 0, 3 S12 ¢ 0y, 5 sgn & Used 7 Used 8 Used ° Used

SO S1 S2 S3 S4 S5 Sé6 S7 S8 S9

A IB S21 JC 04, ° S22 E 02, ! pointer   
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113 6SB§ 169 X=8°
114 CST08 17e 1
115 =y 171 ABS
1 €T0A 172 LSTX
117 RCLD 173 :
118 RCL1 174 ST0S
118 6587 7 RN e
126 6100 oo _________ 176 sLBL® Subroutine to add com-
121 #lBLC Compute ' 7 Ip plex numbers.

122 RCL7 178 R

23  RCLE 179 R
124 RCL: 18€ 7R
125 RCLZ 181 X3y

126 CHS 82 R
127 6Se9 183 +
128 CHS 184 R
12 CLE 108 +
138 RCLD 18¢ Rt
131 6588 187 W
132 ST08 188 RNZ. e==
133 Ny 189 #lBLY Subroutine to multiply

134 STO4 19¢e R: complex numbers.

135 RCL! 19; X
13¢ RCLD 192 R
137 GSE? 193 +
132 Bl e 194 "t
139 RCL8 195 RTN

146 RCLE 19¢ #BLS ——————————=
141 2 197 Fe? DISPLAY ROUTINE
142 2 198 PRTY IF flag 0
142 % 190 Fe° THEN PRINT

144  ENTt 2pe RTN ELSE

i :2 nl? 281 R/S DISPLAY.

2ez2 RN e
v - 282 RS
14¢ 8

149  RCLS

15¢ x
15! -
152 CLA
152 CHE

154 6585 Display L T’

155 Y

156 6585 Display |I'|
157 RTN

156 wBLY ____________

159 Xt
16€ X3y

161 sz
1€2 -

1€2 ]

164 + Compute sgn(B).

16T RCLE
16€ X2
167 -

168  ET08

LABELS FLAGS SET STATUS

Agitsitii [P~K Gmax | ~>Timi o £ ° PRINT FLAGS TRIG DISP
b d 1 ON OFF

’ 2lms ° o® O| pec ® FX O
0 1 Used 2 3 a 2 1 0O ® GrRaD O sci O

2 O K RAD O ENG_K
SDISPLAY |0 7 Used § CADD [0 cmuLT |° 50 " n_3          
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Bilateral Design: Gain and Stability Circles,
Load and Source Mapping

 

  
 

  

 

        
   

881 sLBLA 7 X
82 ! es¢ !
683 8 859+
864 z ece 2 Displayp
aec 18” @€: LBLS
”é Rfl;’g x§ P;:: :)Flsf:::AOY ROUTINE

a8 : 064 Fg° THEN PRINT

a8e  sv0l Store Gy, 865 RTN ELSE
ei1e CL7 86¢ RS DISPLAY.

81: RCL 867 kv |=

12 RCLI 868 sLBLC

812 CHS 862 ST01 Store pointer

814 RCL2 8ze £70i
815 CHS 7! sLBLI Compute input stability
81¢ £SB9 72 RCLE circles.

817 RCLE a2 CHE

e1e RCLD 874 RCLD

819 ©sBe 875 RCLé
e2e ST08 876 RCL7

21 X2y 877 65B9

822 CHS 87! CHS

22 6SBS Display Lr 87! RCL2

824 RCLD 886 RCLI

825 X2 ee:  gspe

826 RCLE 882 X7

e2? Xz 882 CHS

82¢ - 884  6SBS Display L rg
829 ST0A ees X2y

83¢ RCLI 88¢ RCL!
ez x 887 X2

632 LETX 88E  RCLE
yoy 882 Xe

A 0 -
83s + 89! :
03¢ 2 892  ESBS ;

67 RCLe 852 €103 ouetevial
83e X 894 sLBL2 Compute output stabilit
829  cses Display r 095 RCL2 circles, ¥ Y
646  RCL! 8%  CHS
841 RCL3 897  RCLI
842 x €98  RCL6
843 RCLE 899  RCL?
P44 X i6e 6see

845  ENT?® 18! CHS

B4¢  ENT? 182 RCLE

B4 RCLY 182 RCLD
84S  ENT? 184 £SBS
84° + 105 X2y

gi N 1866 CHS
¢ 167 £SBS Display L r

852 ! 108 g2y PRV S
852 + 189 RCLD
854 X 11e Xxe

@55 RCL! 111 RCLE
85€ RCLA 112 Xe

REGISTERS

el | s 20 [ osn 81 San® " "o P s ° k
S0 St S2 S3 S4 S5 S6 S7 S8 S9

A D, IB S21 c 02, ° S22 ]E 02, : Gp
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nzo- 162 RCLB
114 = 17 RCLC
115 B¢ Display Irgol 171 ESB9
11¢ B2 T~ 172 RN -
17 LSTY 177 sLBLS Subroutine to add com-
{18 175 17 IR plex numbers.
119 RCLZ 75 4
12e X 7€ i
121 RCLE 17 IR

12z X 17 X2y
122 GSES Display pg; 7o R{

124 RN |-=== 18€ +
125 sLBLB [>T 181 RY

12€ 1 182 +
127 "2y 182 *
128 CHS 184 +P

129 ¥ 15 RN mmee———
138 RCLE 18€ #LBLO Subroutine to multiply
121 RCLD 187 R complex numbers.

132 &se? 188 v

32 RCL2 182 R
134 RCLI 19¢ +
135 6SBg 191 +

126 ¥ 92 RN T
137 CHS 192 k€

13¢  6SBS
13¢ sy
146 6SBS
141 RV
142 wlBLb l—‘s%rml

142 18
144 Ay

145 CHS
14¢€ X2y
147 CL2
148 RCL!
149 GSE7
15¢  RC
151  RCLD
152 6seg
152 ney
154 CHE
155 GSBS
15€ 2
157 E6SES
15¢ RTN -
159 «&lBL7 Subroutine to compute
168 CHS
16!  6Spe
1€2 oy S12 S21

162 ney 1
164 CHE T i
165 Ry
166 RCL3
167 RCL
168 €SBI

LABELS FLAGS SET STATUS

AGpoLlrrp [PPL=Tme  [Ciotrrpe [P E ° PRINT FLAGS TRIG DISP
a P>Ty d e 1 ON OFF

o X O DEG X FIX O
0 1 Used 3 4 Used 2 10X GRAD O scr 0

2 O RAD 0O ENG_K
5 DISPLAY [6 8 cabD | cmuLT [ 3 0w n          
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Appendix A
MAGNETIC CARD

SYMBOLS AND CONVENTIONS
 

SYMBOL OR
CONVENTION

INDICATED MEANING
 

 

White mnemonic:

X

Gold mnemonic:

y
X

oG
X4y

0

~
~ >
B

0
0

+X,Y,Z

*X,y, 2

 

White mnemonics are associated with the user-

definable key they are above when the card is

inserted in the calculator’s window slot. In this case

the value of x could be input by keying it in and

pressing Y.

Gold mnemonics are similar to white mnemonics

except that the gold E# key must be pressed before

the user-definable key. In this case y could be input
by pressing £ 3.

4 is the symbol for @Y. In this case is
used to separate the input variables x and y. To

input both x and y you would key in x, press EYULL,
key in y and press Y.

The box around the variable x indicates input by

pressing 0.

Parentheses indicate an option. In this case, X is not

a required input but could be input in special cases.

+ is the symbol for calculate. This indicates that

you may calculate x by pressing key €Y.

This indicates that x, y, and z are calculated by

pressing Y once. The values would be printed in

X, Yy, z order.

The semi-colons indicate that after x has been calcu-

lated using @Y, y and z may be calculated by

pressing G .

The quote marks indicate that the x value will be

“‘paused’’ or held in the display for one second. The

pause will be followed by the display of y.

The two-way arrow <> indicates that x may be

either output or input when the associated user-

definable key is pressed. If numeric keys have been

pressed between user-definable keys, x is stored.

If numeric keys have not been pressed, the program

will calculate x.
  



SYMBOLS AND CONVENTIONS (Continued)
 

SYMBOL OR
CONVENTION

INDICATED MEANING
 

 

P?
0

 

The question mark indicates that this is a mode

setting, while the mnemonic indicates the type of

mode being set. In this case a print mode is con-

trolled. Mode settings typically have a 1.00 or 0.00

indicator displayed after they are executed. If 1.00

is displayed, the mode is on. If 0.00 is displayed,

it is off.

The word STARTis an example of acommand. The

start function should be performed to begin or start

a program. It is included when initialization is

necessary.

This special command indicates that the last value

or set of values input may be deleted by pressing

Three dots (...) indicate that additional output

follows. See User Instructions for complete

description of variables output.
  



Notes
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