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Application of the static relay in a system will improve the efficiency of the 
current transformer. The static relay does not use a contact mechanism. Static 
components are divided into two parts: 1) Passive Static and 2) Active Static. This 
thesis deals with the design and implementation of an over-current static relay on a 
personal computer. 

The implementation of interfacing an over-current static relay with a modem 
integrated computerized system is presented. The design method significantly in­
creases the accuracy of the current transformer. The use of the static components in 
this relay design is to improve the reactive speed of the relay as compared to the 
electromagnetic or conventional relays. 

An over-current static relay is desired, and its continuation function on a 
personal computer is investigated. A digital computer program for simulating the system's 

response Is developed not only for checking the correctness of the program ttseH, but also 11 

1 part of the over-current static relay design. 
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Chapter One 1 

I.I. Identification 

This thesis will introduce you to the fascinating and basically simple interface 
principles that are the basics of the applied over-current static relay, operational 
amplifier, and computers. Learning to use a current transformer and integrated circuit 
is like learning to play games on the computer. Pursuing the analogy further, one can't 
become a master of a computer game just by studying it, one must also play it. To 
develop skill, knowledge, and appreciation of an interface physical control of a com­
puter, we have to combine theory and application. 

A modest investment in a few essential pieces of equipment is recommended 
for this research. This research is also based on a formula commonly used in current 
transformers, rectifiers and operational amplifiers. Possibly the most common method 
of improving accuracy is to use a practice formula to implement current transformers 
through a computer. Most of these cases assume that the readers already have a 
profound knowledge of circuits and circuit design. 

In addition, the research covers the working principles when using components 
and working out required values, and it describes in detail the basis for standard 
(current transformer, rectifier, voltage limiter, time delay, design op-amp comparator) 
circuits, and the necessary calculations needed to arrive at suitable component values 
that are used in this research. 

When it comes to the computer interface card the problem is a little bit different, 
but most of the basic command program necessary to activate the interface is listed in 
Appendix 4. The application program itself is written in BASIC language and uses the 
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Microsoft Professional Basic Compiler to compile (produce file extension OBJ's) the 
program application. After compiling the program, it is then combined with the card 
interface driver program (using Microsoft Linker or Sourcer mixed language) to 
produce a stand alone program (with the extension name EXE). 

In this case, the program must be specifically related to an individual card 
interface. This method will be adopted in describing an applied over-current static 
relay on a personal computer procedure. 

1.2. Objective 

Recently, the improvement of the personal computer has made it a necessary 
tool in many activities. This is not only because of its low power consumption, 
reasonable speed, and durability, but also because its flexibility makes the personal 
computer an important tool in many fields. 

One of the interfaces called "DAS-8" can be used to make the personal computer 
applicable to a protection system. Therefore, it's important to use a personal computer 
to detect the over-current problems that result from power system contingencies. 

1.3. Overview 

This thesis is organized into four main parts. Chapter Two and Three cover the 
background knowledge of the basic role requirements of the over-current static relay 
protection system. 

Chapter Four constitutes the second part which describes the pre-application 
of devices including current transformer requirement, rectification, RC time-constant, 
and the operational amplifier. 

Development of the design and experimentation of the over-current static relay 
make up the third part, consisting of Chapter Five and Chapter Six. In Chapter Six, 
the numerical and the graphical results of the unit pre-interface of this over-current 
static relay system design are given. 

Finally, for the fourth part, the conclusion and investigation of the graphical 
characteristics of the design and implementation of an over-current static relay on a 
personal computer are provided in Chapter Seven. 
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2.1. Over-current protection 

When power systems were set-up, the need to add automatic protection systems 
was soon realized. Equipment responsive to excess currents was the obvious solution. 
Selectivity was soon needed and the purpose of an over-current relay had to evolve to 
give discriminating fault protection. Usually, an over-current protection is achieved 
by a correct utilization of the protective devices. 

The over-current relay protection should be able to correctly recognize the need 
to clear the fault. As a result, settings are very important in realizing the objective of 
clearing the fault. 

2.2. Over-current relay 

The use of an over-current relay is one solution to protect an electrical line from 
over-current conditions. The relay must be able to detect the fault and send a 
command to activate the circuit breakers. Most protection relays have three units as 
follows: 

CT Sensing Processing Tripping CB .. .. .. and H r 

Unit 
r ., 

Control Unit Unit 

Figure 2-1. Block diagram of an over-current relay. 
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a. Sensing unit 
This unit senses a change in the primary current of the current transformer. 

b. Processing and control unit 
It has the ability to process the input signal from the sensing unit and sends 

a command to activate the tripping unit. 

c. Tripping unit 
The purpose of this unit is to energize the circuit breaker. 

The rating of a relay depends upon the relay reaction in response to different 
type of faults. Because some faults require clearance in a critical time interval, the 
time requirements for any relay is: 

Top=t+tcB 
Top = Operation time required for any specific type of fault. 

t = Length of time between the relay system receiving the input 

signal and sending an output command to the circuit breaker. 

tcB = Time for the circuit breaker to clear open. 

A relay must be able to react fast enough to clear the fault from the system. The fast 

reaction of a relay in response to a short circuit plays an important role for the following 

reasons: 

a. The length of time must be shorter or equal to the Critical Clearing Time ( CCT). 

b. Holding a short circuit on the power system for a duration of time greater than 

the Critical Clearing Time will damage the system. 

Generally, a conventional over-current relay is operated by a mechanism such 
as an electromagnetic relay or reed relay. Since these two types of relays need current 
to operate, the use of power in a current transformer must be designed to be equal to 
or less than its limit power accuracy. 

· Because protection systems are being developed rapidly, many designers are 
trying to use different elements or components such as "Static Relay" to replace the 
electromagnetic relay and reed relay. The reason for replacing these two types is to 
reduce the use of power by the current transformer. 
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3.1. Over-current static relay 

· Static relays are built from static components. They do not use contact 
mechanisms. Static components need only a small amount of power to operate, which 
will improve the performance accuracy of the current transformer. 
Static components consist of: 

1. Active Static 
-Tube. 

- Solid-state. 

- IC (Integrated circuit) 

• Linear. 

• TIL (Transistor-transistor logic). 

2. Passive static 
- R (Resistor). 

- L (Inductor). 

- C (Capacitor). 

It would be an advantage to use static components over conventional com­
ponents because of their effectiveness. The comparison between electromechanic 
and static components is tabulated in Table 3-1. 
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Table 3-1. Comparison between the electromechanic and the static components. 

Function Electromagnet Reed Semiconductor Thyristor 

Input 1 to 3 Watts 0.1 to 3 Watts 10 mWatts 40 mWatts 

Switching 
30 Watts up to 20 Watts 50 Watts 1200 Watts 

Capacity. 

Power Gain 10 to 30 7 to 200 5000 30,000 

Continuous 
Current Carrying 

5 Amps 1 Amp 1 Amp 5 Amps 

Delay 10 mSec 1 or2 mSec 20 µSec 50 µSec 

Contacts upto6 upto6 1 1 

Ambient temp0 

-5° to 70°C -5° to 55°C -20° to 100° C -'1JJ0 to 100° C 
Range 

Affected by 
Yes Little No No 

Vibration 

Affected by 
Corrosive, Yes No No No 

Atmosphere 
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This design provides the formulability used in static components including 
passive static and active static. Some instrumentation devices are needed to design an 
over-current static relay. The main control unit design is determined. Adding a 
current transformer to this over-current static relay design will transform the high 
primary current to a low secondary working current. 

In a protection system, the current transformer is used to monitor the current 
level of the electrical line. 

4.1. Current transformer 

A current transformer is an instrumentation device. Its rating depends upon 
the characteristics of the current transformer. Most manufacturers provide the for­
mulas which specify the ratings for their current transformers. With modem protec­
tive-gear testing equipment, it is possible to rate the relayability of the current 
transformer when assessing its performance in the laboratory. 

In fact, the current transformer accuracy represents the determination of its 
performance and also can influence its effective uses in protection systems. 

4.2. Current transformer requirements 

Protective current transformers provide the total burden in VA (Volt Ampere) 
at a rated current of the secondary circuit, including relay, and any other instruments. 
The winding load must be sufficiently below or equal to the secondary output capability 

WILLIAM f'. MAAG llBRARY 
YOUNGSTOWN. STATE UNIVERSllJ 
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of the current transformer. For example, *BS3938 classifies protective current trans­
formers as SP or lOP, corresponding to a maximum error of 5 percent or 10 percent, at 
the maximum secondary current. 

Protective current transformers are specified in terms of VA (Volt Ampere) at 
a rated current, with a class and accuracy limit factor, e.g. 10 VA/5 P/15/CT ratio 300:5. 

The impedance of burden (10 VA at rated current 5 Amperes) is: 

-----------~I 
Line 

Figure 4-1. Voltage reference of the current transformer. 

Example 1. 
- Suppose that resistance of secondary winding is 0.1 Ohm. 

- Therfore, total secondary impedance is 0.5 Ohm. 

- Secondary emf accuracy limit at the rated current of the current 

transformer is 

0.5 X 5 X 15 = 37.5 Volts. 

The maximum allowable secondary current is 

37.5 / 0.5 = 75 Amps. 

The maximum allowable primary current is 

300 
75 X S = 4500 Amps 
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Justifying the amount of power of the current transformer is important, because 
power is related to the accuracy performance of the current transformer. Reducing 
the total power of the current transformer from 12.5 ~ to 11 VA at the same rated 
current increases the accuracy. The lowest power of llVA for the maximum load is 
chosen to reduce the emf at the secondary side of the current transformer. 

Example 2, 
-Load impedance of the current transformer is 

P = Ier 2 ·(Zer + ZL) • Ztotat = Zcr + ZL 

Ztotal = 11/25 = 0.44 Q 

ZL = 0.44 - 0.4 = 0.04 Q 

Secondary emf accuracy limit at rated current is 

0.44 x 5 x 15 = 33 Volts 

The maximun allowable secondary current is 

33 / 0.44 = 75 Amps. 

The maximum allowable primary current is 

235.71X 300/5 = 4500Amps. 

From Example 1 and Example 2, the calculation shows the incremental emf 
accuracy of the current transformer (it is increased about 113.6% ). 

4.3. The circuit current reference 

The relay burden is quoted in VA (Volt Ampere) at the rated setting. The same 
energy must also be provided at the maximum winding load of the current transformer. 
This design provides the maximum power of the winding load about lVA. The CT ratio 
is 300/5, followed by its data l0VA/5P/l5. The rated current is 5 Amperes. 

With the CT impedance (Zcr) equal to 0.4 Ohm, the load impedance (ZL) must 
be equal to 0.04 Ohm. The total impedance of 0.4 Ohm is chosen here to get the voltage 
(Ver) across the current transformer, which is approximately 2.2 Volts. 

Thus, to achieve a CT ratio 300/5 at the rated current of 5 Amps and with a 
stalled total burden of llVA, this following formula is applied: 

Total secondary impedance is 0.04 + 0.4 = 0.44 Ohm. 
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Secondary emf at accuracy limit current is 

(0.4 + 0.04) X 5 X 15 = 33 Volts. 

Maximum allowable secondary current is = 33 / 0.44 = 75 Amps. 

Maximum allowable primary current is = 75 x 300/5 = 4500 Amps. 

Therefore, the secondary voltage at the nominal rated current (/er) is: 

Ver= (/erZL) + (/erZer) = 2 + 0.2 = 2.2 Volts. 

4.4. The circuit converter voltage divider 

This circuit is built from two units: 

- Unit rectifier. 

- Filter unit. 

Unit rectifier 

10 

The nonlinear characteristic of a diode is used to convert alternating currents 
into unidirectional current. The conversion process is called rectification. A rectifier 
can be of two types: 

Half-wave rectifier. 

Full-wave rectifier. 

Half-wave rectifier 
The actual diode is represented by an ideal diode with a forward resistance 

and an internal resistance, where the input current or voltage is 

lac= Im sin wt or Vac = Vm sin wt 

The purpose of rectification is to obtain a unidirectional current or voltage. 

The de component is the average value of the rectified current or voltage. 
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2'r 1C 

1 J . 1 J Vm sin Wt 
/de = 271' 1 d(wt) = 271' (R + R ) d(wt) + 0 

0 0 d L 

or 

In practice, the de component is approximately 30% of the maximum value. 

Full-wave rectifier 
The full-wave (bridge) rectifier provides a greater de value from the same 

input voltage. The de component is twice as large as in the half-wave 

rectifier or 

where 

Vm = ...fi ·Vac 

Filter unit 
The desired result of rectification is direct current, but the output currents of 

the rectifier circuits described obviously still contain large alternating components 
along with the de component. As a measure of the effectiveness of rectification one 
defines the ripple factor ( r ) 
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lac or I rms Vac or V rms 
where r = --- = ----

Ide Vdc 

If the ripple factor is low, the circuit is performing the conversion from ac to de 
effectively. The ripple factor can be reduced by putting a capacitor across its output. 
So the ripple voltage is: 

where f is the frequency and C is the capacitor, or the rectified voltage maximum is: 

Design of the converter voltage divider circuit 

The converter voltage divider circuit will rectify the signal from the current 
reference circuit and reduce its ripple and limit its output to approximately 1 Volt. 

This design, which has a rated current of 5 Amps with a winding load impedance 
of 0.4 Ohm, will produce a voltage Ver = 2.2 Volts. 

So that Vm = ¥2.2 ·Vet= 1.4142 X 2.2 = 3.11 Volts 

2 Vm 6.22 
Vdc = 3f = 

3
_14 = 1.98 Volt 

Suppose the design requires a de output voltage of 

Where 

Voot = 1 Volt 

Capacitor (C ) =470µF 

Resistor (R1) = 500 Q 

Frequency (f ) = 60 Hz 
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C--'-- Vdc 

Figure 4-2. Converter voltage divider circuit. 

The ripple voltage is 

500 = 0.98 R2 -
500 

R2 = 
0

_
98 

= 510.2 Q 

V, = Ide = 1.96· 10-3 = 0.0695 Volt 
r JC 60·470· 10-6 

13 

Vout 

In practice, the effective value of ripple voltage should be between 2% to 10% 
of the ac value that goes along with the de component. A benefit of reducing the ripple 
voltage in this design is the prevention of a spike voltage. 
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4.5. Operational amplifier 

One of the most versatile and widely used electronic devices in linear applica­
tions is the operational amplifier (op-amp). Op-amps are popular because they are 
low in cost and simple to use. The name op-amp was given to early high-gain amplifiers 
designed to perform the mathematical operation of addition, subtraction, multiplica­
tion, and division. The modem successor of those amplifiers is the linear integrated 
circuit op-amp. It inherits the name, works at lower voltages, and is available in a 
variety of specialized forms. Today's op-amps are used in the fields of process control, 
communications, computers, power and signal sources, displays, and testing or measur­
ing systems. Basically the op-amp is still a very good high-gain de amplifier. 

4.5.1. Inverting op-amp 

The inverting operational amplifier is one of the most widely used in op-amp 
circuits. The input voltage (E;) is applied through input resistance (R;) to the op-amp's 
(-) input. Negative feedback is provided by any feedback resistor Rf to the negative 
op-amp input. Because one side of R; is at E; and the other is at O Volts, the voltage 
drop across R; is E;. The input current(/;) through R; is found from Ohm's law: 

Ei 
VP-= /iRr = -Rr 

"' R; 

The current direction here is established by the input voltage forcing the right 
side of the feedback resistor Rr to go negative. Therefore, the output voltage (Eo) is 
negative when the input voltage is positive. 

The close-loop gain from Ei to Eo of this amplifier is set by Rr and Ri. It can 
amplify the ac or the de signal (Appendix 3). The gain (/3) of the operational amplifier 
is defined: 
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The load current (h) that flows through load resistance (RL) is determined only 
by RL and Eo and is furnished from the op-amp's output terminal. 

The input current (/; ) through the Rf must also be furnished by the output terminal. 

Note, the output of Io is set by the op-amp itself and is usually between 5 to 10 

milliAmperes. 

4.5.2. Op-amp comparator 

The op-amp comparator compares a signal of one input with a reference signal 
of another input. Voltage level detectors use op-amps to solve some types of signal 
comparison applications. 

Output eo will occur if (negative input Eo) + (positive input V m) s 0. The 
time to reach the maximum value of eo depends upon the characteristic slew rate of the 
op-amp. 

4.5.3. Design of the op-amp detector 

Vdc 

Figure 4-3. Operational amplifier detector circuit. 
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-
Note, eo is present if Eo + Vree s O and IC 2 will not have an output 

eo as longEo s O or Eo < (- Vrer ). 
From the previous solution (converter voltage divider) one has established the 

value of V out equal to 1 Volt. By substituting V out for Ei , one now has: 

where /3 ___ R4 E V. /3 
R

3 
- o = - out 

if /3 = 1 then, Eo is equal to V out • The amplification of Eo depends on {3. 

The output Eo is compared to Vrer. If Eo S Vrer (in an op-amp comparator), 
the output eo becomes equal to the supply voltage. The output eo represents the time 
delay from the minimum to the maximum value. By using the computer circuit analysis 
program (Micro Cap by Spectrum Advanced Circuit Analysis), one would be able to 
determine the effect of /3 on the time delay (Figure 4-4) of the circuit. 

eo 

6. t ___ _ 

Figure 4-4. Graphical results of the op-amp comparator with variable Eo-
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4.6. Delay unit 

The design uses the delay unit as an option. The delay unit here is only used to 
delay the action of the circuit breaker, because some types of apparent faults require a 
time delay to prevent the system from incorrectly tripping the circuit breaker, for 
example, when sensing the inrush effect of an inductive load. 

The delay unit in this design uses the RC time-constant circuit. The voltage 
across a capacitor increases as the charge builds up. After one time-constant the 
voltage becomes approximately 63% of the source voltage. The expression for the 
voltage across the capacitor is shown in Appendix 2. 

The formula that defines the time t as a function of Vj 

Vj 
t = RC In Vj _ V. 

Level versus Time 
t Time (In Second) 

0.4-
Vj = lOVolts, C = 470µFandR = lk3 Q 

0.35 

0.3 

0.25 

0.2 

0.15 

0.1 

0.05 

0 

u • ., 
n u/ 

OJ V 
, 

O.l ~ 
A 

, __ / 

-· lT 
O.l ~ 

0.1 ~ 
o.c ~~ 

0.1 ~ 

.5 1 1.5 2 2.5 3 3.5 ' 4-.5 

Level ( in Volt) 
Figure 4-5. Graphical result of the RC time delay circuit. 

o .. 2:) 

/ 
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4.7. Metra-Byte DAS-8 card interface 

Metra-Byte's DAS-8 interface board contains 8 analog input channels, 4 digital 
input channels, and 3 digital output channels. This board is IBM PC bus compatible 
and features a high speed 12 bit successive approximation ND (Analog/ Digital) 
converter with a conversion time of 25 µSec ( typically 35 µSec maximum ), resulting 
in data throughput rates in excess of 30 KHz. This card also provides 7 1TL( 
Transistor-lransistor Logic ) / CMOS compatible digital 1/0 ( Input / Output ) lines. 
All of the pin connections are made via a standard 37 pin D male connector, which is 
connected through the rear panel of the DAS-8 interface card. 

DAS-8 provides a fix± 5 Vdc input with a resolution to 0.00244 Volt, using a 
common ground, and it can withstand continuous voltage overloads of± 30 Vdc with 
brief transients to several hundred volts. 

The DAS-8 has been designed to provide power so that the interface card can 
provide versatile solutions for the most demanding applications. Applications include 
data logging, process control, signal analysis, robotics, energy management, product 
testing, and laboratory and medical instrumentation. 

Using software allows the user to perform many laboratory functions using a 
single set of tools. All of the commands are menu driven, so there is no need to 
remember the command sequences. Data acquisition, process control, storage, and 
screen display are all placed at one's fingertips. This card is strongly recommended 
for anyone who is involved in the repetitive data experiments and data control analysis. 

4.7.1. .Installing the DAS-8 interface card 

Before the DAS-8 card can be used, the Metra-Byte DAS-8 bus card must be 
installed into an 8 or 16 bits slot of an IBM PC XT or IBM PC AT compatible.The 
DAS-8 card requires 8 consecutive address locations in the 1/0 space. The 1/0 address 
will be occupied by the internal 1/0 systems and is determined by the setting of the Base 
Register Address switches, which are located on the DAS-8 card. To provide the 
flexibility in avoiding conflict with the DAS-81/O base address, the user should read 
the IBM technical reference manual first. 

The DAS-81/O address space encompasses the decimal between 256 to 1023 or 
100 to 3FF hexadecimal. Placing the memory address on the IBM PC/XT or AT 
compatible is very important because of potential conflicts with the computer's IRQ 
(interrupt request) address. Remember, the memory address for the DAS-8 card has 
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to be separate from the 1/0 address in the computer that is already in use to avoid a 
conflict with any add-on memory inside the computer. 

Usually, the best address for the card is either hexadecimal 300,308,310 
(&H300, &H308, &H310) or decimal 768, 776, and 784. Note, if there is an IBM 
prototype board installed, and it uses the hexadecimal address from 300 to 3 lFF, the 
DAS-S card should use a different address location (H330 or H340). By running the 
utility program called "UTIL.EXE,,, the base address on the DAS-S card can be set. If 
this is not done, a conflict with another add-on card will result, or the computer might 
hangup. 

4. 7.2. The realization of unit design with the DAS-8 interface 

The manual instructions of the DAS-S interface card should be studied before 
the DAS-S interface card is used as a part of the over-current static relay design. This 
interface card allows the user to use many different computer languages to communi­
cate. 

The manual of the interface card will introduce the user to all of the significant 
BASIC commands to activate the 1/0 (Input-Output) card. Two driver programs are 
needed when one activate the DAS-S interface card. One driver program is named 
DASS.BIN, and the other one is named DASS.OBJ. Both of the driver programs are 
saved in a binary type of file. The driver file with the extension name BIN only allows 
the programmer to call the driver program via BASIC, and the driver file with the 
extension name OBJ will allow the programmer to combine the driver with any other 
computer languages. Usually the program that is already compiled runs faster than 
the program that runs under BASIC, because the compiled program is already trans­
lated into machine code language. The advantage of using the driver with the extension 
name OBJ is for the flexibility of the programmer to build programs using many 
computer languages, such as Assembly, Fortran, Pascal or C, and then to combine them 
with the driver program. The combining of many computer languages requires a 
computer program tool called "LINK.EXE," known as Microsoft Linker Software. 

The program to interface an over-current static relay via DASS interface card 
to a personal computer was written using the Microsoft Quick BASIC command 
language together with Assembly compiler call (MASM Ver 5.1 ). All of the programs, 
including the DAS-S interface card driver program, are combined using a Microsoft 
linker. 
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Block diagram of the over-current static relay is shown in Figure 5-1. The 
information from the Delay Circuit and PI is used as the main information for DAS-8 
bus interface . 

. . . . . . . . . 

. . . .. . . . . . . . . . . .. . . . . . . . . . . .. 

PI = Pre-Interface 

DMB = DAS8 Module Box 

Figure 5-1. Block diagram of the over-current static relay. 
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5.1. Design constructions 

Construction of the over-current static relay design is shown in Figure 5-2. 
Gain op-amp is utilized in this design to determine the allowable limit for the secondary 
current (/er) of the current transformer. The decision of the secondary current of the 
current transformer depends upon the value of the feedback resistance (Rr). 

In this design, the current (/er) from the current transformer is utilized for 
producing the main information. By putting a resistor (ZL) across the current trans­
former, one is able to get the voltage (Ver). The voltage output of the current 
transformers depends upon the value of the resistor Z1--

Where Ver= IerZer + /crZL = /cr(Zcr + ZL) 

Ver = Voltage of the current transformer 

/ er = Secondary current of the current transformer 

Zcr = Impedance of the current transformer 

ZL = Load impedance 

The potential (Ver) will be rectified using a full-wave (bridge) rectifier. The 
voltage that is generated here cannot be used directly, because the voltage still contains 
both the ac and de voltages. 

A filter C (capacitor) must be placed across its output (Vdc) in order to reduce 
this ac voltage. The output (V out) of the converter voltage divider is equal to one volt. 
In Section 4.4., it was explained why the output voltage V out = 1 Volt was chosen. This 
output V out will be compared to the voltage reference (V rcr) using an op-amp com­
parator. Actually, the output (eo) of the comparator is used to inform the main 
information data. A Jumper Switch (JS) is used to determine the function of the 
output (e0 ) of the comparator. The positions of the JS will determine the actual 
function of the over-current static relay. 

- JS in position 1 will assume the relay function as an Instantaneous Relay 
- JS in position 2 will assume the relay function as a Time Delay Relay 
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Rectifier 

Voltage 

Divider 

Op-Amp 

(Gain control) 
Op-Amp 

Voltage .,__ __ Comparator 

Reference 

RC time delay 

circuit 

·::::::::::.·.-:: · ..... :::::::···· 

Trigger Circuit 

1 

---
·••••• Mdd61~·efut?L----------J 

Personal Computer 

Figure 5-2. Complete diagram of the over-current static relay design. 
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Instantaneous 
The voltage of (eo) will be used without delay as the main input data for DAS-8 

Module Box (DMB). 

Time delay 
The information of (eo) will be delayed, where the time delay (t) of the pick-up 

voltage value depends upon k, where 
k=RC 

or 

Vi 
t delay = k In ( Yi _ Ve ) (see Section 4.6) 

The output across the capacitor (Ve) here will be used as the main input data 
forDMB. 

In this design, a Personal Computer (PC) is needed to activate the DAS-8 card 
interface. Using a high-level or low-level computer language allows the user to 
communicate and to control within the DMB. The flow chart of the digital simulation 
of the interfacing between DAS-8 Module Box and DAS-8 card interface is shown in 
Figure 5-3. The software will use the voltage either from the comparator (eo) or from 
the delay circuit (Ve) as the main input of the system interfaces. 

Figure 5-3. Flow chart of the digital computer simulation. 
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During the operation, the PC will take control of all activities including: 

- Communicating and Controlling the DAS-S Module Box (DMB). 

DASS interface will scan all of the data using DMB to process and to control 

the changed level parameter of the Pre Interface (Pl). 

-Automatically commanding the DMB to energize the circuit breaker. 

If the changed level parameter input information from PI goes higher than 

the level set by the software, the DASS interface will send a command to the 

DMB to give an output to the switching circuit. 

In addition, the switching circuit is used to disconnect the load from the 
electrical source. 

5.2. Gain control 

The gain control unit uses an op-amp as an amplifier. An external feedback 
resistor connects the output (Eo) terminal and (-) input terminal of the op-amp. This 
type of circuit is called a negative feedback circuit or an inverting op-amp. 

where 

Utilization of the inverting op-amp has the following advantage: 

1. The circuit performance no longer depends upon the open-loop gain of the 
op-amp. 

2. The resulting circuit gain now is dependent on/3. 

Rr /3 = --Ri 

Note that adding a resistor across the op-amp's output (Eo) does not change the gain 

(/3) of the op-amp. 
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~1 
Figure 5-4. Inverting operational amplifier circuit. 

This op-amp design uses a general-purpose operational amplifier type LM 741, 
one fixed resistor type carbon/half watt (Ri = 0.5 k Q), and one variable carbon resistor 
type linear (Re= 2.5 k Q). Using the formula that was already described in Section 
4.5.1., now the result is: 

R2 
Ei = V 0111 = Vdc Rt + R 

whereR1 = 500Q, R2 = 510Q 

V. _ E- R1 + R2 
de - 1 R

2 

V.d = 2 Vm 
C :,r 

Note, where Ver= Vm I V2 and 

fer= Ver 
Zer + ZL 

Assuming that the current transformer has a ratio 300/5, then the current of the primary 

side of the current transformer (lijnc) is: 
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lune= /cr · ( current transformer ratio) 

300 
lune=Icr · -

5 

Table 5-1. Relationship between limit current of /cr with variable of /3. 
Vm Ei B Eo Ier lune 

3.11 Volts 1 Volt 1 1 Volt 5Amoeres 300 Amoeres 
1.555 Volt 0.5 Volt 2 1 Volt 2.498 Amoeres 149.8 Amoeres 
1.035 Volt 0.333 Volt 3 1 Volt 1.66Amoere 99.6 Amoeres 
o.nVolt 0.25 Volt 4 1 Volt 1.23 Amoere 73.8 Amoeres 
0.622 Volt 0.2 Volt 5 1 Volt 0.99Amoere 59.4 Amoeres 

5.3. Comparator 

Different general-purpose op-amps are available in industry for building the 
op-amp comparators. The most common op-amp comparator used .in industry is 
LMJCNµA 311. This op-amp has a low slew rate and low power consumption. 

In this design, op-amp type 311 is used as a comparator. The comparator here 
will perform as a comparing switch, where the input voltage from the op-amp gain 
control (Eo) will be compared with the voltage reference (Vrer) to get the output ea- To 
reduce the effect capacitance (slew rate) of the op-amp comparator, the voltage Eo 
must be increased. By using the digital computer circuit analysis program called 
"Micro Cap" from Spectrum, the output of the comparator (eo) is determined ( see 
Table 5-2 ). 

(+) 
"re 

(-) E 
0 

e 1-------- 0 

Figure 5-5. Op-amp comparator circuit. 
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Table 5-2. Correlation between the level and the time delay of eo-

Tune inµ second V ref = 1 and output of eo in Volt 

ti t2 t3 t4 ts Eo = -1 Eo = -2 Eo = -3 Eo = -4 Eo = -5 
0.0 0.0 0.0 0.0 0.0 0.2887 0.433 o.5n3 0.7216 0.866 

0.01 0.01 0.01 0.01 0.01 0.4699 0.7039 0.9379 1.1719 1.406 
0.038 0.024 0.22 0.21 0.019 0.6615 0.9403 1.2083 1.4687 1.7237 
0.11 0.067 0.05 0.04 0.034 0.7814 1.0989 1.4076 1.7034 1.988 
0.41 0.191 0.114 0.08 0.061 0.9489 1.2105 1.5324 1.8602 2.1797 
1.306 0.742 0.372 0.207 0.133 1.3972 1.4921 1.6826 1.9722 2.2996 
2.305 1.721 1.229 o.n4 0.433 1.8961 1.981 2.1120 2.2613 2.4669 
3.305 2.721 2.228 1.755 1.329 2.3952 2.48 2.6105 2.7512 2.915 
4.305 3.721 3.228 2.755 2.329 2.8941 2.979 3.1094 3.2501 3.4139 
5.305 4.721 4.228 3.755 3.329 3.393 3.4n8 3.6082 3.7489 3.9127 
6.305 5.721 5.228 4.755 4.329 3.8918 3.9766 4.107 4.2476 4.4114 
7.305 6.721 6.228 5.755 5.329 4.3904 4.4752 4.6056 4.7463 4.91 
8.305 7.721 7.228 6.755 6.329 4.889 4.973 5.1042 5.2448 5.4085 
9.305 8.721 8.228 7.755 7.329 5.3875 5.4723 5.6026 5.7432 5.9069 

10 9.721 9.228 8.755 8.329 5.7338 5.9707 6.101 6.2416 6.4052 

Table 5-2 shows the relationship betweenEo and eo with a 1 volt reference using 
Micro Cap circuit analysis program. 

...., 
0 
> 
C 

Q) 

> 
Q) 

.....I 

eo 
6 .0 

5.4 

4.8 

4.2 

3 .6 

3 .0 

Output Level of the comparator 

· ••• •·.· •· · · · · ·>· ··· · · ·>·· ·· ·• ·,• · · ·· · • •: ••· · . .. , . . . 

. ·-~- - . . . . . . . . .... . 
2.4 Eo= -4 Vqlts 

·,-.... ... . 
1 .8 Eo= -3 Vcil\s 

1 .2 

0.6 

0 .0 0 .7 1 .4 2 .2 2.9 3 .6 4.3 5 .0 5.8 6 .5 7 .2 

Time in micro second 

Figure 5-6. Graphical characteristics of output ea-
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The graphical result of the e0 (Figure 5-6) proves that the delay time of the 
comparator's output will depend upon the inputEo from the gain control output. These 
outputs eo with the delay time (ti , t2 , ... ts) are also shown in the Table 5-2. 

S.4. RC time delay 

In this design, the RC time delay is used as an optional function. The RC 
time-constant circuit is used to delay the operation of the circuit breaker because most 
of an inductive loads automatically generate an inrush effect. 

Over level during inrush current condition causes the relay to work because the 
relay senses only the target level that has been set for a certain system. The charac­
teristic relationship between an inrush effect and delay time is shown in Figure 5-7. 

To prevent the relay operation during inrush effect, delay the action of the relay. 
t1 to t2 is the periodic time of the relay reading the inrush effect. In ti the relay begins 
to react, but this condition is then delayed to t3. Because the delay period is longer 
than the reading period of the relay, the relay will terminate the operation of the circuit 
breaker. 

Voltage 

Level Detect r. 

Nominal 

Time 

t2 3 

Figure 5-7. Characteristic of delay time and inrush effect. 

· ti = Start time for the time delay when the Level Detector senses the inrush 
current 

t2 = Length of time of the Inrush current 
t3 = End time of the time delay 
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5.5. DASS Module Box and interface card 

The DASS Module Box (DMB) is used to connect the DASS interface card and 
the Pre-Interface (Pl), including the comparator and time delay circuit. The DMB will 
take all the information from the PI and input it to the Personal Computer (PC) via the 
DASS interface card. 

The most common interface card that can be used to interface between a 
Personal computer and instrumentation equipment is called "GPIB" ( General Purpose 
Interface Bus). 

In 1965 Hewlett Packard designed the Hewlett Packard Interface Bus (HP-IB), 
an interface bus to connect and to control their product line of programmable instru­
ments. Because of its high data transfer rates, this interface bus quickly gained 
popularity in other applications, such as intercomputer communications and peripheral 
control. 

This interface bus was later accepted by the industry as IEEE Standard 488-
1978. The versatility of this bus prompted the name General Purpose Interface Bus 
(GPIB). 

Metra Byte expanded the use of the GPIB among users of computers manufac­
tured by companies other than Hewlett Packard and National Instruments. The DAS8 
interface card is known for its high performance and high-speed hardware, and as a 
comprehensive, full function software that helps the user bridge the gap between the 
knowledge of instruments and computer peripherals. 

The DAS8 interface card is IBM PC bus compatible, and it provides a fixed + /-
5 Vdc input with a resolution to 0.0024 Volt using common ground (single ended), three 
bits of digital input and four bits of digital output. 

The card has a 12 bit successive approximation AID (Analog to Digital) con­
verter with a 25 µSeconds conversion time. The interface features a highly advanced 
Intel 8254 timer/counter providing 3 times 16 bits count-down register while it uses the 
clock cycles from the IBM PC system clock. 

· Using state of the art data conversion components, the DASS has been designed 
to provide powerful, analog/digital interface which provides versatile solutions for the 
most demanding applications, including process control, signal analysis, relay protec­
tion and laboratory testing equipment. 
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Figure 5-8. Wiring connection between PI and DMB. 
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Experimental design 

The experimental design of this over-current static relay uses two op-amps (741 
and 311 ). IC-1 (741) is used for controlling the gain input from the converter voltage 
divider circuit. The output of IC-1 is used as a trigger on the input gate of the IC-2 
(311). The comparator here will use this signal (Eo) as a negative input (see Section 
4.5.2.) to compare it to the positive input reference (Vrer) (Figure 6-1). 

The Personal Computer (PC) includes the DASS Module Box (DMB) and the 
DASS interface bus which will scan all of the unit input data and process it, as well as 
any output (eo) from the comparator unit. 

CT 

Gain 
Control 

Voltage 
Reference 

Delay 
Orcuit 

~ 
E0 / 

Yea 

Q,-hnp 
Comparator 

Crcult Breaker 
or 

Thyristor 

LOGIC 
SWTOIES 

Table ~2. 

LOAD 

Figure 6-1. Complete block diagram of the design experimentation. 
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6.1. Current reference 

The current transformer in this experimental design (Figure 6-2.) will transform 
the actual primary current to a voltage across the secondary (Ver) (see Section 4.3.). 
The experimental design of the over-current static relay provides the equivalent of an 
actual current transformer as a regulated power supply that impresses a voltage across 
the series of resistors R1 and R2 ( Section 4.5.3.). 

Power Supply 

Vdc 

~ ~ 
- + 

_I_ 

Figure 6-2. The current transformer equivalent. 

6.2. Gain control 

The operational amplifier IC-1 (741) used in this experimental design provides 
the gain so that the output (Eo) relates to the set current limit (I set) of the over-current 
static relay. The variation in the value of the feedback resistor (Re) (see Appendix 3) 
will represent the current limit of the primary side of the current transformer (Table 
4-1.) (see also Section 5.2.). 

Table 6-1. Gain relation between output Eo and the feedback resistor Re. 

Ei = !Volt with variable Re 

. out ut Eo in Volt feedback resistor Re in 0 
1 500 1 
2 lKO 2 
3 1K5 3 
4 2KO 4 
5 2K5 5 
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The output characteristics of the gain control circuit, which were obtained using 
the Micro Cap advanced circuit analysis digital computer program by SPECTRUM, 
are shown in Figure 6-3. 

I 
tin mic-Sec t (uSec) 

Figure 6-3. Characteristic relations between the variation of Re 

and the delayed output of Eo . 

Table 6-2. Delayed outputEo with variable of/3. 

Delaved time output of !Eo) inµSecond Voltasze reference I Vrcr) = 1 Volt and Eo in Volt 

/J=l /J= 2 /J = 3 /J = 4 /J = 5 Eo= 1 E 0 =2 Eo=3 Eo=4 Eo=5 

0 0 0 0 0 0.067 0.045 0.033 0.026 0.021 

0.01 0.01 0.01 0.01 0.01 0.066 0.043 0.031 0.023 0.018 

0.11 0.11 0.11 0.11 0.11 0.036 0.009 -0.005 -0.014 -0.02 

0.506 0.463 0.443 0.432 0.425 -0.13 -0.144 -0.153 -0.158 -0.162 

0.793 0.740 0.715 0.7 0.691 -0.259 -0.272 -0.28 -0.285 -0.288 

1.061 1 0.972 0.955 0.944 -0.382 -0.394 -0.402 -0.405 -0.41 

1.323 1.256 1.224 1.205 1.193 -0.503 -0.515 -0.523 -0.528 -0.531 

1.583 1.509 1.474 1.454 1.44 -0.623 -0.635 -0.643 -0.649 -0.652 

1.583 1.762 1.724 1.702 1.687 -0.743 -0.756 -0.763 -0.768 -O.m 
1.841 2.014 1.973 1.949 1.933 -0.863 -0.876 -0.883 -0.887 -0.892 

2.1 2.267 2.223 2.197 2.18 -0.938 -0.996 -1.003 -1.009 -1.013 

2.358 2.519 2.472 2.444 2.426 -0.985 -1.116 -1.123 -1.128 -1.132 

2.m 2.771 2.721 2.692 2.672 -1 -1.236 -1.363 -1.368 -1.252 

3.m 3.024 2.970 2.939 2.918 -1 -1.356 -1.483 -1.488 -1.492 

4.773 3.276 3.220 3.187 3.165 -1 -1.476 -1.603 -1.608 -1.612 

The real-time simulation of delayed output E 0 is shown on pages 34 through 38. 
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6.3. Comparator 

Chapter 4.3. included the explanation of how to get the voltage output of eo by 
comparing the voltage Eo (negative input terminal) and the voltage reference Vrcf 

(positive input terminal) of the comparator circuit. Table 6-3. shows that the outputs 
eo of the comparator are dynamically dependent upon the input from the gain control 
(Eo) with the delayed time of&. 

Table 6-3. Delay time of the output eo-

Level output of eo in Volt Tune delav of llJ in µSecond 

Eo= -1 Eo= -2 Eo= -3 E0 = -4 Eo= -5 llt1 l!J2 llt3 /lJ4 llls 
0.2887 0.433 o.sm 0.7216 0.866 0 0 0 0 0 
0.4699 0.7039 0.9379 1.1719 1.406 0.01 0.01 0.01 0.01 0.01 

0.6615 0.9403 1.2083 1.487 1.7232 0.038 0.024 0.022 0.021 0.019 
0.7814 1.0989 1.4076 1.7034 1.988 0.11 0.067 0.05 0.04 0.034 

0.9489 1.2105 1.5324 1.8602 2.1797 0.41 0.191 0.114 0.08 0.061 

1.3972 1.4921 1.6826 1.9722 2.2996 1.306 0.742 0.372 0.207 0.133 

1.8961 1.981 2.1120 2.2613 2.4669 2.305 1.721 1.229 0.774 0.433 

2.3952 2.48 2.6105 2.7512 2.915 3.305 2.721 2.228 1.755 1.329 

2.8941 2.979 3.1094 3.2501 3.4139 4.305 3.721 3.228 2.755 2.329 
3.393 3.4778 3.6082 3.7489 3.9127 5.305 4.721 4.228 3.755 3.329 

3.8918 3.9766 4.107 4.2476 4.4114 6.305 5.721 5.228 4.755 4.329 
4.3904 4.4752 4.6056 4.7463 4.91 7.305 6.721 6.228 5.755 5.329 

4.889 4.973 5.1042 5.2448 5.4085 8.305 7.721 7.228 6.755 6.329 

5.3875 5.4723 5.6026 5.7432 5.9069 9.305 8.721 8.228 7.755 7.329 

From Table 6-3, we get the new characteristic input Eo with the delayed time of 
llt and the output eo with the time delay of&. The numerical result on Table 6-3. also 
shows the time of llt changed upon the input Eo- In Figure 6-4. shows that & will 
decrease if the input of Eo increases . 

Voll Voll 

I In uSec ---+ 

Figure 6-4. Characteristic of delayed output eo proved by Eo-

The real-time simulation using a Microcap advance circuit analysis program of 
this comparator circuit is shown on pa&es 40 throu&h pa~e 44. 



--
Chapter Six 

~ 17 
3 2 

1yj_ 1V 

I--J 

ANALYSIS LJNIJS 

NAXIIIJN SIN TINE (SEC> 
NAXIIIJN DELTA TINE <SIC) 
NINIIIJN ACQUb\CY <i> 
UPPER TRACE A 
UPPER TRACI B 
UPPER TRACI RANGE<HICH/LOW) 
LOWER TRACI A 
LONER TRACE B 
LONER TRACI RANCI<HIGHILON> 
ZERO INITIAL CONDITIONS <YIN> 
IDIJ/RlVIDI INITIAL CON)ITJOHS (YIN> 
DUNP NODE WAUIJ'OJIN TO USER J'JLE (YIN> 
CRT PLOT(C) OR TABLI(T) 
WORST CASI (YIN) 
TENPIRATUJtl (LOW/HIQI/STEP> 
CAL<llLATE D.C. OPERATING POINT(Y/N) 
SAUI<S> RITRil'VE<R> OR NOIINAL(N) RUN 
All THESE CORRICT CY/N)? 

\ 

1[-5 
1£-6 
5 
1 
3 
6/-6 
2 
3 
6/-6 
y 

" N 
C 
N 
27 

n 

1 

u 

, .............................................................. ............... .. ................. ........... .......................................... .. . 
3. 61 :::::::::::::: ::::::::=::::: =::::::::::::: :::::::::::::: ::::::::::::::: ::::::::::::::: ::::::::::····· ·········:::::: :::::::::::::::---

, .. 
3.60 

1.28 .............. . ............... ............................................. 1.28 ----- .. ............................. ...................................... ...... ··············· ............... ··············· ···•··········· -1.28 ,___,___,___,___,___,___,___,___,___..,_,--t -1,28 
............... ············-· ........................................ "··············· ···········-·· ............... ··············· .............. . 

-3,68 .............................. .................... .......... ·······-·· .. ·· .............................. ............... ·············· ··•··········· -3.68 
·····••·••··-················· ··-·-······· ........................................................................................................ . 

-, .. ............... ............... ·-·················· ................. . ·············· ··············· ·············· ............... ............... -6.N 
Node 1 = -1 Uolt 

3 

u 

2 

u 

6 •• ··-· .. ······· .............................. .............................. ............................................................ ··············· 6.. 3 
............................................. ............... .......................................................................... ...-

:::: t:::;::::;:::::::::t:::l::::~::::j::::~:::i::::i::::.j·:::~:::~::::~::::~::::~:::=····=····~····~····~=:=:=::::::~::::::::::::.j .... ~ ... j .... :: .. ::::::::~:::;::::;:::::::::~::::;:::·;.:::·~.::: :::: u 
,,... ,,oou,o,, _ .. ,,,,.,, , ,, , •• ••• ••• •••••• • ••• •••••••U• •• ••••••••••••••• •000000• •••• •• • •o oouoo •• • •• ,. ••• •••••• oo•• •• ••••• ••••• •• ••• •••• ••••••"••• 

-1.28 ............... ....... ....................... .............................. ..... ................... ..... ............... ............... ············ ··· -1.20 

-3.68 ............. .. .............................. ············································· ········· ······ ··············· ............... ··············· -3.60 
········· ··········•· ... · .................... ............... ............... ............... ............... ......... ................ ..... .............. . 

-, .• ··············· ····························· ·········"···· ····················································· ... ·································· -6.8'1 
2 4 6 8 19 

TINE IN USC 10.81) 

40 



-
Chapter Six 

~l 3 2 
1V..L Z'i 

_l-J 

1 6.88 ............... ........ _. ...... ............ ... ........................................................................... ............... ............. .:: 6.88 3 

3.68 
u 

2 

u 

3:~1 ........... .... ......... ...... ................... . 

1.28 ..... .......... ······ .......................................... .. ............. ·· ············· ............... ............. .. ··············· 1.21 
i------:-:::: ............. .................................. .. ........................ ........ ......... .......................................... . 

-1.28 ............... ··············· ............... ... ............ .... ........... ............... .......... .. ... ............... ..... .......... ............... -1,29 

-3.68 ............... ··············· ............................................. ··············· .............................. ······ ····· ···· ... ............ -3.68 

-6.88 ········································································································· ··············· ··············· ··············· -6.18 
Nodt 1: -2 Uolts 

6,111······························ ························· ····· ··············· ·············................. ............................................. 6.81 -··-··-.. ·· ··• ··•·····•······ ............................................................................................... . 
3. 68 ······-······· ·········-.. ·· ............... ··············· ............... ............... · ............. ··············· ........... .... 3. 69 

1.28 1.29 
~ . ··•····· .................... ···-·········· ............................................. ·········· ..... ····· ·· ·• ...... ···•··········· 

-1.28 ............................................. ............... ......................................................................... _............... -1.28 

-3.69 ... ............ ............... ............... ··············· ·· ············· .............................. ... ............ ....... ........ ............... -3.68 
on•-••-•••• ••••••••oo•••• ••n••••o •u•••••••••••••••••oooooooooooouo, ••••• •••••••• .. ••-•••• •• ••••• •••• ••••u•• ••••••••••••• ••••• , 000 00• • •,.• •• • _, •• ............... ······-······· ............................. ·•············· .............................. ··············· ............... ............... _, .• 

2 4 6 8 18 
TINE IN US< 18.88) 

u 

3 

u 

41 



Chc!pter Six 

1 

u 

' .. ............... ··············· ....••......... ·········· ..... ······•···•···· ............... ··············· .............................. . --
3:,11 ::::::::::::::: ::::::::::::::: ::::::::::::::: ::::::::::::::: ::::::::::::::: :::::::::::::·· ··············: ::::::::::::::: ::: .. ..... .. ... ... :::::::::::: 

······· ··································"•'••······ ................................................................................. .. 
1.211 ............... .. . ............. .............. ............... ······························ .............................. ...... ........ . 

i,:-:::: ..... ............................................. ••••••• •••• •••• •• ............. ...... ......... .............................. ••• •••••••• •••• 
-1.211 ............................................. .............................. ..... ............... .................... ..... ............... .............. . 

, .. 
3.69 

1.211 

-1.211 

-3.61 .................... ....................................................... ··························· ... ······ .... ·.·· ............... ............... -3.611 -, .. ............... .......................................................................... ,, , ........... ............................................ . 
Nodt 1 = -3 Volts 

2 , .. ............................................. ................ .............. ............................................................ ...... _ 

-, .. 
, .. 

·····••·••······ ............... ··············· ........... _,, ............... ··············· ............... ................. . 
3.611 ............... ··············· ............... .. ............ ............... ............. . .............................. .............. . 3.611 

u 
1.21 1.21 
~ ..... ............................................. ............... .... -..................................................... .......... .... . 

-1.211 ............................................. ··············· ······ ....................................... ............... ··············· ............... -1.21 
............................................. , .. _,,, ...................... ··············· ............... ··············· ········· ······ ..... ......... . 

-3.61 ........................................ ................................... ··············· .............................. ............... ··············· -3.61 

-, .. ··········................................................................. .............. ............................................ ............... -, .• 
2 4 6 8 19 

TINE IN US< 111.N> 

3 

u 

3 

u 

42 



Chapter Six 

'7 ~ 3 2 
lY .1. •Y 

1----3 

1 6 • • ·-·········· .. ············-· .............. ·········· .................................................. .............................. ·········~ 

u 

2 

u 

3:,1 ............... ............... ............... ............... ............... ......... . .... ............... ............................ .. 

1.21 ............... .. ...... ·-·················· ······························· ... · ....... ... .......... ......... ......................... . 
i.-;r:: ........... .. ........ ... .. ............. ............ .. .. .. .......... ··-·-······ ··· · ···· .. ······• .. . · ................ . .... . .. ... ... ........ . 

-1.21 ............... ··············· .............................. ............... ............... ............... ············ .................. .............. . 

-3.61 ........ ······················ ··············································-·························· ··············· ............... .............. . _, •• ............... ········ . . ,. ............. ............... ··-···-· .................................... _ ...................................... . 
Nob 1: -4 Volts , .• ····-········· ······· .. ······················"··························· ·· ....................... ..... ............................................ . 

3.61 .............................. ··············· ··············· ............... ········· ............ ....................... .............. . 
••-•• •••• ••.,••••••••••o ' uoo ooooooo •• ••••• • ••• •••••••••o u oo, , .,,.,,,,,,,,o,,,ou•••• • ••••• •••••••• " •••••• •• ••••••• •""'''' '"'' '' 

1.28 
~ ... . _ .. _ ...................... ............... ........ ·-······ ........................................................................ . 

-1.21 ··············· ··--········· ............ ... .............. ............... ··············· ............... ··············· ··············· .............. . 
-3.61 .............................. ............... ............... ................................. .... ....................... ..... ........................ . 

-6.111 ••••••••••• ••••••••"••· • •••••••••••• •• •••••• •• m .. •••••••• •••••• •••••• •••• .. •••• •• ••• •••••• ••••••••• ••- •••• •••• •• •• .. ••••••• ••• ••• ••••• ••••• • 

2 4 6 8 11 
TINI IN US< 11.11) 

43 

, .. 3 
3.68 u 
1.21 

-1.28 

-3.69 

-6.88 

6.88 3 

3.68 u 
1.28 

-1.28 

-3.69 

-6.88 



Chapter Six 

1 

u 

6,111 .... ·-········ ···································-····························· ... · .................... ..................................... = 6,111 

3:'68 ············ .. ·········.......................................................... ..;:-:::-:: ............... .............................. . 3,68 
.............................. ............... . .............................. .......................................................... .. 

1, 28 r" · ................ :::· :::::::::::::: ::::::::::::::: :::::::::=:::: :. ::::::::::::: ::::::::::::::: ::::::::::::::: ::::::::::::::: ::::::::::::::: 1, 28 
-J, 28 ········-····· ..................... -....... ............... ............... ............... ............... ............... ............... ............... -J, 28 

-3,61 ··--· ............. -........ .............................. ............... ............... ............... ............... ............... ............... -3.68 

_, •• .............. . ........................... ······ ......... ............... ........................................ ..... ···········-· ............... -6 .• 
No•• 1 = -5 Uolts 

3 

u 

2 6.11 ............... ............... ·-······················· ................................ .............................. ...................... = 6.80 3 

3,611 ............... ........................ . 3.60 
u u 

1.21 1.20 .... ...................................................... .......... , ............... .............................. ............................. . 
-1,211 ··············· ·············-·········...... ............................................. ............... .............................. ............... -1.21 

-3.61 ............................... ·-··················..................................................... ............... ................. ............. -3.68 

-,.. ............... .............................. ............................................................... ........... ............... ............... -6.111 
2 4 6 8 11 

TINE IN USC 10,80> 

44 



Chapter Six 45 

6.4. Delay circuit 

In Section 4.6., the delay circuit was discussed. This unit is used when the 
system protection needs to delay the operation of the circuit breaker. The purpose 
of this circuit is to prevent the action of the circuit breaker during inrush effect (see 
Section 4.4. ). Table 6-4. shows the actual delay of the voltage across the capacitor 
(see also Appendix 2) Ve. 

Table 6-4. Delayed output voltage of Ve 

1 
2 0.104 
3 0.167 
4 0.240 
5 0.325 

Level versus Time 
Time (In Second) 

0 .4 . . . 

0 .35 

0.3 

0.25 

0.2 

0.15 

0.1 ..... ; 

.5 1.5 2 2.5 3 3.5 4 4.5 5 

Level (in Volt) 

Figure 6-5. Characteristic of RC time-constant. 

6.5. Software design 

. To understand the DASS interface and the DMB, some knowledge of the 
computer software and hardware is needed. Reading the reference manual of the 
DASS interface card is recommended before installing. 
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In this design, the DAS8 interface card is set to the base address &H300 
hexadecimal or 768 decimal. The setup of this address is very important because if 
there are two card interfaces using the same address location, the computer will freeze 
(an internal conflict exists between those cards). 

Choosing the base address of DAS8 interface bus, the user should at least be 
knowledgeable about the stackable memory address within the personal computer. To 
find out about the stackable address memory of the personal computer, the IBM 
Technical Reference Manual is recommended. For this purpose, the interface card 
uses the starting address &HCOOO hexadecimal right below the address of the current 
fixed disk ( &H C800) hexadecimal. Usually, this address location is empty for the user 
to place the address. 

The computer languages that were used in this design were BASIC and Assemb­
ly, which is known as the Machine Language (Appendix 5). Communication between 
the operator and the computer is called "CU" (Command Language Interface). 

Figure 6-6. Final flow chart of the CU design. 
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The DASS interface does not limit the user to BASIC. The flexibility of this 
interface card will allow the user to utilize a different CLI such as Assembly, Fortran, 
Pascal· and C. The driver program should be loaded while the main program is 
executed. To make the card work properly, the driver program must be loaded into 
the memory of the computer and then called by the application program. 

The CLI in this system design is shown in Figure 6-6. The CLI program is 
written in BASIC, and the driver program is written in Assembly. The BASIC program 
will be compiled using the Professional BASIC compiler to produce the object file with 
the extension OBJ's. After compiling the program, it is then linked with the driver 
program to produce a stand-alone, executable application program. 

The purpose of using this method is speed, because a compiled program usually 
has a faster running time than a program running under CLI. 
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Summary 

· The main contribution of this thesis is the development of an over-current static 
relay in order to improve the accuracy and the relative speed operation of the relay. 
The experimentation to define the time delay of the system design supports the 
performance of the relay by following established relay policies. 

The objective is to reduce the power used by the current transformer during 
operation, if necessary, and also reduce the size of the current transformer from regular 
size into compact size (head room). 

In this thesis, the over-current static relay has been applied into protection 
systems by using fixed digital components or a stand-alone fixed static relay. The 
results of the over-current static relay using an analog and digital computer interface 
compared favorably with existing static relays when the different sets of the initial values 
were used. By observing the characteristics (Figure 7-1.) of the over-current static 
relay design in this thesis, the appropriate values of the time delay operation of the relay 
can be dynamically changed to avoid the primary jumping current of the current 
transformer. 

Finally, Figure 7-1. shows the final characteristics of the over-current static relay 
designed in this thesis. To get the final characteristic time delay of the Pre-Interface, 
combine the delay time of the gain control toe (Table 6-2.) and the comparator tc 
(Table 6-3.) which is: 

ti= toe+ tc 



Chapter Seven 

Where t1 = Summation of delayed output time of gain control and comparator. 

tac = Delayed output time (Eo) of the Gain Control. 

tc = Delayed output time (e0 ) of the Comparator. 
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The RC time-constant (t2) is used in this design only if needed. Therefore, 
time delay for all systems is : 

t =It+ t2 

And, finally 

Top = t + tcB ..... ( see Section 2.2. ) 

micro Second 

JS= 1 

JS= 2 

2 

-->- t1 
-->- t1+ t2 

RC Constant 

Second _____ ~ 

Figure 7-1. Characteristic of the over-current static relay design. 
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RECTIFIER 

The conversion process from alternating current (ac) to direct current (de) is 
called rectification. In converting the alternating current into a direct current use a 
component called a "Diode." The diode is a semiconductor device that will cut the 
negative or the positive area of the alternating signal (Figure 1.). 

K 

>v 

Figure 1. Diode. 

The rectifier is used to convert ac power into de power. Usually the rectifier is 
divided into two types: 

- Half-wave rectifier. 
- Full-wave rectifier. 

The two types of rectifiers have different ways of converting the alternating 
current. The half-wave rectifier converts only the positive or the negative side of the 
alternating current, while the full-wave rectifier converts both sides of the alternating 
current. 
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Half-wave rectifier 

In this type of rectifier, the actual diode is represented by an ideal diode with a 
forward resistance. The purpose of the rectification is to obtain a unidirectional 
current where the de component is the average value. Figure 2. shows the conversion 
of the ac component into the de component. 

DIODE 

IL 

Vm 
Im 

RL .318 Im 
0 

Figure 2. Half-wave rectifier. 

V= Vm sin wt 

2'r 

/de=~ Ji d(wt) = 1; 
0 

Vm 
V,d =-c 3'C 

Ide 
wt 

In practice, the de component of the half wave rectifier is not exactly equal to 

V m or Im I . . 1 30m f h . . 1 n . t 1s approximate y 70 o t e maximum mput vo tage. 
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Full-wave rectifier 

The full-wave (bridge) rectifier provides a greater de value than the half wave 
rectifier from the same voltage. Actually, the de component of the bridge rectifier is 
twice as large as the half wave rectifier. The bridge rectifier is divided into two types: 

. a. The center-tap (phase inverter) rectifier converts only one side of the ac 
component, either the negative or the positive. The remaining pole is always con­
nected to the ground or equal to zero (Figure 3.). 

b. The full-bridge rectifier is the most efficient because this type of rectifier 
converts both the negative and the positive sides of the ac component (Figure 4.). 

D1 
Vm~- -.. 11 12 , 
Im -Jt ~ 

.636 Im -----.----,-,-----,-,-.-
wt 

-Vm ~-~ 

Figure 3. Center-tap rectifier (phase inverter). 

Vm.---~ 
Im 

----------- ., Ide 
.636 lm~f-----''s-':--.,.-f------',;--:--

wt 

-Vm ---------"~ 

Figure 4. Full-bridge rectifier. 
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where 

Im= "2·Vac 

Ripple Factor 

The desired output of rectification is direct current, but the output currents of 
the rectifier circuits described obviously still contain large alternating components 
along with the de component. As a measure of the effectiveness of rectification we 
define the ripple /actor r as: 

r = lac = Vac = rms val.ue of ac components 
Ide Vdc de component 

Since the power dissipated in the load resistance defines the rms value of the current, 

and since the total power is the summation of the power dissipated by the direct and 

alternating components, 

therefore, I!c = /;ms - I~c and 

If the ripple factor is low, the circuit is performing the conversion from alternating 

current to direct current effectively (Millman & Halkias, Electronic Devices and 
Circuits, McGraw-Hill Book Co., New York 1971). 
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FILTER 

Although using full-wave instead of half-wave rectification reduces the ac 
component from 121 % to 48% of the de component, the output is still unsatisfactory 
for most electronic purposes. 

Capacitor Filter 

The ripple factor can be greatly decreased by using a filter consisting of a 
capacitor connected across the load resistor. The capacitor can be thought of as a 
low-impedance path taken by the ac components of the rectified wave. If the diode 
resistance is small and if the steady state has been reached, the operation is as shown 
in Fig. 5. At time t = 0, the source voltage is zero but the load voltage (vL) = capacitor 
voltage (vc) is appreciable because the previously charged capacitor is discharging 
through the load. At t = ti, the increasing supply voltage v slightly exceeds VL and the 
diode conducts. The diode current (io) rises abruptly to satisfy the relation 
ic = C dv I dt and then decreases to zero as expected from the natural response of the 
RC circuit. At the time t3, the supply voltage again exceeds the load voltage and the 
cycle repeats. 
Vm 

Im 

0 
1 2 

~o~ ·. V 

Figure. 5. A capacitor filter. 

The diode conduction is off when v drops below VL­

During the charging period ti < t < t2, 

. . . . 

~ ,;, !l i 

~ . ,,,,.,,,,,,::-: : 

3 

\ mt 
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VL = Vm sin wt 

During the discharging period, t2 < <t < t3, 
VL = y

2 
e -(t-t2) 1 Re 
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The load current is directly proportional to the load voltage. Because the load 
current will never go to zero, the average value or de component is relatively large 
compared to the half-wave rectifier alone, and the ac component is correspondingly 
lower. The ripple factor is greatly reduced by the use of the capacitor. 

Capacitor Filter - Approximate Analysis 

Design charts are available in handbooks published by rectifier manufacturers 
(Zener Diode and Rectifier Handbooks. Motorola Inc., Phoenix, Arizona, 1987) which 
relate RL,C,r, and VLI Vm, The following approximate analysis, which gives satisfac­
tory results for most purposes, illustrates the roles played by the various circuit 
parameters. Assume that: 

1. The time constant RL C is large enough that the charging interval between 
ti and t2 is small compared to the period time T for one cycle. 

2. The diode current fo, a portion of a cosine wave, can be approximated by a 
triangular pulse. 

3. Diode conducting time t2 occurs at the peak of the supply voltage wave so that 
Vi= Vm. 

4. The sinusoidal and exponential segments of the VL curve can be approximated 
by straight lines. 

On the basis of these assumptions, the behavior is illustrated in Figure. 6. 

Vm VL Vdc 
V rc==}·-~------=·-·-·-0·'· __ ?.I __ :-=----·-.:=.-----==------~------~------=-------==----- -~----=·---·-:::::::·-·-·-~------;------~---· _..- ------:------·. ·,. ·-------·--

___ ___;:It~.------•.. ~ . ~ ----(J)-' 

T _v ,----,...--___ J 
Figure. 6. Approximate analysis using a capacitor filter. 
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For a given Load and Capacitor, designers are interested in determining the 
necessary supply voltage, the diode rating, and the resulting voltage variation. H the 
charging interval is neg1igibly small, the load current is supplied by the capacitor and 
the charge transferred is: 

Q = Ide T= CL\Vc = CVr 

Solving, the ripple voltage is: 

V, = IdeT = Ide 
r C /C 

where/ is the frequency, usually 60 Hertz. The necessary supply voltage is: 

The charging interval fe>r the capacitor corresponds to the conducting angle for the 

diode which is: 

a -1 Vm - Vr 
17 = cos 

Vr 

and the conducting time 1s: 
8 

t2 - t1 = 2.7r T 

The charge carried thro-ugh the load is equal to the charge conducted by the diode 

during the triangular pulse, therefore: 

1 1 8 
Ide T = -lm (t2 - ti) = -i/m 2Jr T 

or 

47r 720° 
Im = Ide O =Ide~ 

The ripple voltage consists of the triangular wave of the maximum value Vr / 2 and the 

rms (root means square) -value Vr / 2¥3. The ripple factor is: 

Vac Vr /de/ Vdc 1 
r= 

Vdc = 2"3/C = 2¥3/C = 2¥3/CRL 
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RC time-constant 

Time-varying voltages and currents 

In a de resistor circuit, the currents and voltages are constant. Even if switches 
are included, a switching operation causes voltage or current jumps from one constant 
level to another constant level. These are two values from which the voltages or 
currents change exponentially to their final values, but the jumps almost never reach 
to the final values. These voltages and currents vary with time or they are time varying. 
The quantities for the time-varying are distinguished from constant quantities and the 
numerical values of voltage and current are called "instantaneous values" because these 
values depend on (vary with) exact instants of time. 

The specific time (T) here is not important because the charge in a resistive de 
circuit flows at a steady rate. For time-varying, the value of current (i) usually changes 
using a very short time interval /lJ. If &J is the small charge that flows during the time 
interval, then the current is approximately &j I /lJ. For the exact current value, this 
quotient must be found in the limit as /lJ approaches zero (/lJ • 0): 

._ lim M_4fI 
l- l!,J • o /lJ - dt 

The current for the capacitor can be found by substituting q = Cv into i = dq I dt : 

i = dq = !!_(Cv) 
dt dt 

because C is a constant, it can be factored from a derivative and the result is: 

. C dv 1= -
dt 
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This equation specifies that the capacitor current at any time equals the product of the 

capacitance and the time rate of voltage change. But the current does not depend on 

the value of voltage at that time. 

If a capacitor voltage is constant, then the voltage is not changing and so dv/dt 
is zero, making the capacitor current zero. Of course, from physical considerations, if 
a capacitor voltage is constant, no charge can enter or leave the capacitor, which means 
that the capacitor current is zero. With a voltage across it and zero current flow 
through it, the capacitor acts as an open circuit: a capacitor is an open circuit to de. 
Remember, though, it is only after a capacitor voltage becomes constant that the 
capacitor acts as an open circuit. Capacitors are often used in electronic circuits to 
block de currents and voltages. 

Another important fact from i = C dv I dt or i = C ~v I & is that a capacitor 
voltage cannot jump. If, for example, a capacitor voltage could jump from 3V to 5V 
or, in other words, change by 2V in zero time, then ~v would be 2 and & would be 0, 
with the result that the capacitor current would be infinite. An infinite current is 
impossible because no source can deliver this current. Further, such a current flowing 
through a resistor would produce an infinite power loss, and there are no sources of 
infinite power and no resistors that can absorb such power. 

Capacitor current has no similar restriction. It can jump or even change 
directions instantaneously. Capacitor voltage not jumping means that any capacitor 
voltage immediately following a switching operation is the same as it was immediately 
preceding the operation. This is an important fact for resistor-capacitor (RC) circuit 
analysis. 

Single-capacitor de-excited circuits 

When switches open or close in a de RC circuit with a single capacitor, all 
voltages and currents that change do so exponentially from the initial values to their 
final constant value, as can be shown from the circuit differential equation. The 
exponential terms in a voltage or current expression are called transient terms because 
they eventually become zero in practical circuits. 

Figure 1. shows these exponential changes for a switching operation at t = 0 
seconds. In Figure la, the initial value is greater than the final value, and in Figure 
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lb the final value is greater. Although both initial and final value are shown as positive, 
both can be negative or one can be positive and the other negative. 

The voltages and currents approach their final values asymptotically, which 
means that they never actually reach them. As a practical matter, they are close 
enough to their final values to be considered to reach them. 

Time-comtant, with symbol -r, is the measure of the time required for certain 
changes in voltages and currents. For a single capacitor RC circuit, the time-constant 
of the circuit is the product of the capacitance and resistance: 

RC time-constant = -r = RC 

The expressions for the voltages and currents are: 

v or i 

Initial 
value 

Final 
valu 

Vit) = v (00 ) + [ v (O+) - v (00)] e-t/r Volt 

l(t) = i (00) + [i (O+) - i (00)] e-t/r Ampere 

vor 1 

Final 
va 1 u e -·-·-·-·-·-·r·-·-·-·-·-·-·-·-·-·-·-·- ·-·---·-·-·-·-·· 

/1 

' ' ' 
' ' ' ' ' \ 

dVc 
dt 

/i 
i 

Initial; 

dVc 
dt 

'----+------· ·-_·-·-_·-·-_·-·-_-- t value -- ----"'----------- ----- -- ---- t 

?' ?' 

(a) (b) 

Figure 1. Characteristic of the RC time-constant circuit. 

for all time greater than zero (t > 0). In these equations, v(O +) and i(O +) are the 

initial values immediately after switching; v ( 00) and i ( 00) are the final values; e = 2. 718, 

the base of natural logarithms, and -r is the time-constant of the circuit. 
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To examine the variation of the voltage on the capacitor with the time-constant 
is 

and if t0 = 0 then 

therefore 

Vet) = RI ( 1 - e -t-to/T) 

Vet)= 1 - e RI ( -t/T) 

dVe _ Vit) -t/RC ---e 
dt RC 

By letting t = T = RC the equation becomes: 

Ve = Vet) ( 1 - ! ) == 0.632 Vet) 

The above equation shows that the charge on the capacitor builds up the voltage 
approximately 63.2% of the source voltage (Yi) and it also defines the time t when the 
values of Yi occur as function of Vet)• 

t = RC In Vit) 
Vet) - Ve 

or 

V; 
t = RC In Yi _• V. 
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)}APPENDl)(-3)( 

OPERATIONAL AMPLIFIER CIRCUITS 

Introduction 

Operational amplifiers, usually called op-amps, are important components of 
electronic circuits. Basically, an op-amp is a very high-gain voltage amplifier, having 
a voltage gain of 100,000 or more. Although an op-amp may consist of more than two 
dozen transistors, one dozen resistors, and perhaps one capacitor, it may be as small as 
an individual resistor. Because of its small size and relatively simple external opera­
tion, for purposes of analysis or design an op-amp can often be considered as a single 
circuit element. 

Figure 1.a shows the circuit symbol for an op-amp. The three terminals are an 
inverting input terminal a (marked -), a noninverting input terminal b (marked + ), and 
an output terminal c. A physical operational amplifier has more terminals. The extra 
two shown in Fig 1.b are for de power supply inputs, which offer + 15V and -15V. Both 
positive and negative power supply voltages are required to enable the output voltage 
on terminal c to vary both positively and negatively with respect to ground. 

a 

b 

(a) 

a 

b 

Fig 1. Basic op-amp. 

;;J;;;;J;;­

(b) 
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Op-amp operation 

The circuit of Fig 2a. is a model for an op-amp. It illustrates how an op-amp 
operates as a voltage amplifier. As indicated by the dependent voltage source, for an 
open-circuit load, the op-amp provides an output voltage of Vo= A (v+ - v-), which is 
A times the difference in input voltages. ThisA is often referred to as the open-loop 
voltage gain. From A (v+ - v-), observe that a positive voltage v+ applied to the 
noninverting input terminal b tends to make the output voltage positive, and a positive 
voltage V- applied to the inverting input terminal a tends to make the output voltage 
negative. 

The open-loop voltage gainA is typically so large (100,000 or more) that it can 
often be approximated by infinity ( oo ), as is shown in the simpler model of Fig 2b. Note 
that Fig 2b. does not show the sources or circuits that provide the input voltage v+ and 
v- with respect to ground. Instead, just the voltages v+ and v- are shown. This 
simplifies the circuit diagrams without any loss of information. 

In Fig 2a., the resistors shown at the input terminals have such large resistances 
(megohms) as compared to other resistances (usually kilohms) in a typical op-amp 
circuit, that they can be considered to be open circuits, as is shown in Fig 2b. As a 
consequence, the input currents to an op-amp are almost always negligibly small and 
assumed to be zero. This approximation is important to remember. 

The output resistance Ra may be as large as 75Q or more, and so may not be 
negligibly small. However, when an op-amp is used with negative-feedback com­
ponents ( as will be explained), the effect of Ra is negligible, and so Ra can be replaced 
by a short circuit, as shown in Fig 2b. Except for a few special op-amp circuits, negative 
feedback is always used. 

• 

b C 

... u. UD 

T l 
Fig 2a. Inside op-amp. 
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a C 

h 

I ACv+- v_) Uo u_ u+ 

Fig 2b. Op-amp equivalent circuit. 

The simple model of Fig 2b. is adequate for many practical applications. 
Although not indicated, there is a limit to the output voltage. It cannot be greater than 
the positive supply voltage or less than the negative supply voltage. In fact, it may be 
several volts less in magnitude than the magnitude of the supply voltages, with the exact 
magnitude depending upon the current drawn from the output terminal. When the 
output voltage is at either extreme, the op-amp is said to be saturated, or to be in 
saturation. An op-amp that is not saturated is said to be operating linearly. 

Since the open-loop voltage gainA is so large and the output voltage is limited 
in magnitude, the voltage v+ - v- across the input terminals must be very small in 
magnitude for an op-amp to operate linearly. Specifically, it must be less than 100 
µ V in a typical op-amp application. (This small voltage is obtained with negative 
feedback, as will be explained.) Because this voltage is negligible compared to the 
other voltages in a typical op-amp circuit, this voltage can be considered to be zero. 

This is a valid approximation for any op-amp that is not saturated. But if an 
op-amp is saturated, then the voltage difference v + - V- can be significantly large, and 
typically is. Of less importance is the limit on the magnitude of the current that can 
be drawn from the op-amp output terminal. For one popular op-amp this output 
current cannot exceed 40 milli-Amperes. 

The approximations of zero input current and zero voltage across the input 
terminals, as shown in Fig 3., are the bases for the following analysis of popular op-amp 
circuits. In addition, nodal analysis will be used almost exclusively. 
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0A 
11 ----..;._-,t 

0U 

+ -====-•----,! 
0A 

11 

Fig 3. Zero input op-amp. 

Popular op-amp circuits 

Fig 4. shows the inverting amplifier, or simply the inverter. The input voltage is 
Vi and the output voltage is Vo- As will be shown, Vo = f3 Vi in which f3 is a negative 
constant. The output voltage Vo is similar to the input voltage Vi , but it is amplified and 
inverted. 

f 

R 

Fig 4. Inverting op-amp. 

As has been mentioned, it is negative feedback that provides the almost zero 
voltage across the input terminals of an op-amp. To understand this, assume that in 
the circuit of Fig 4. Vi is positive. Then a positive voltage appears at the inverting 
input because of the conduction path through resistor Ri . As a result, the output 
voltage Vo becomes negative. Because of the conduction path through the resistor 
Re, this negative voltage also affects the voltage at the inverting input terminal and 
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causes an almost complete cancellation of the positive voltage there. If the input 
voltage Vi had been negative instead, then the voltage feedback would have been 
positive and again would have produced an almost complete cancellation of the voltage 
across the op-amp input terminals. 

This almost complete cancellation occurs only for a nonsaturated op-amp. 
Once an op-amp becomes saturated, the output voltage becomes constant and the 
voltage feedback cannot increase in magnitude as the input voltage does. 

In every op-amp circuit in this chapter, each op-amp has a feedback resistor 
connected between the output terminal and the inverting input terminal. Conse­
quently, in the absence of saturation, all the op-amps in these circuits can be considered 
to have zero volts across the input terminals. They can also be considered to have zero 
currents into the input terminals because of the large input resistance. 

The best way to obtain the voltage gain of the inverter of Fig 4. is to apply KCL 
(Kirchhoff Current Law) at the inverting input terminal. Before doing this, though, 
consider the following: Since the voltage across the op-amp input terminals is zero, 
and since the noninverting input terminal is grounded, it follows that the inverting input 
terminal is also effectively at ground. This means that all the input voltage Vi is across 
a resistor Ri, and that all the output voltage Vo is across a resistor Rr . Consequently, 
the summation of the currents entering the inverting input terminal is : 

and therefore 

!!.. +Vo= Q 
Ri Rr 

Rr 
Vo= --Vi 

Ri 

. So, the voltage gain is /J = - (Rr / Ri ), which is the negative of the resistance of 
the feedback resistor divided by the resistance of the input resistor. This is an 
important formula to remember for analyzing or designing op-amp inverter circuits. 
(Do not confuse this gain/J of the inverter circuit with the gain of the op-amp itself.) 

It should be apparent that the input resistance is justRi . Additionally, although 
the load resistor RL affects the current that the op amp must provide, it has no effect 
on the voltage gain. 

The summing amplifier, or summer, is shown in Fig 5. Basically, a summer is an 
inverter circuit with more than one input. By convention, the sources for providing 
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the input voltages Va, Vb, and Ve are not shown. H this circuit is analyzed with the same 
approach as used for the inverter, the result is: 

(
Rr Rr Rr ) 

Vo = - Ra Va + Rb Vb + Re Ve 

For the special case of all the resistances being the same, this formula simplifies to: 

Vo = -(Va + Vb + Ve) 

There is no special significance to the inputs being three in number. There can be 

two, four, or more inputs. 

Fig 5. Summing inverter op-amp. 

Fig 6. shows the noninverting voltage amplifier. Observe that the input voltage 
Vi is applied at the noninverting input terminal. Because of the almost zero voltage 
across the input terminals, Vi is also effectively at the inverting input terminal. Conse­
quently, the KCL equation at the inverting input terminal is : 

Vi Vi - Vo • • ( Rr) 
Ra + Rr = 0 which results m Vo = 1 + Ra Vi 
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Fig 6. Non-inverting op-amp. 

Since the voltage gain of f3 = (1 + Rr / Ra) does not have a negative sign, there is 
no inversion with this type of amplifier. Also, for the same resistances, the magnitude 
of the voltage gain is slightly greater than that of the inverter. The most significant 
advantage that this circuit has over the inverter is a much greater input resistance. As 
a result, this amplifier will readily amplify the voltage from a source that has a large 
output resistance. In contrast, if an inverter is used, almost all the source voltage will 
be lost across the large internal resistance of the source, as should be apparent from 
voltage division. 

The buffer amplifier, also called the voltage follower or unity-gain amplifier, is 
shown in Fig 7. It is basically a noninverting amplifier in which a resistor Ra is replaced 
by an open circuit and a resistor Rr by a short circuit. Because there are zero volts 
across the op-amp input terminals, the output voltage is equal to the input voltage Vj. 

Therefore, the voltage gain is Vo = Vj. This amplifier is used solely because of its large 
input resistance, in addition to the typical op-amp low output resistance . 

..... 
Fig 7. Unity gain op-amp. 
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There are applications in which a voltage signal is to be converted to a propor­
tional output current, such as in driving a deflection coil in a television set. If the load 
is floating (neither end grounded), then the circuit of Fig 8. can be used. This is 
sometimes called a voltage-to-cu"ent converter. Since there are zero volts across the 
op-amp input terminals, the current in the resistor Ra is iL = Vi / Ra, and this current 
also flows through the load resistor R1.,. Clearly, the load current iL is proportional to 
the signal voltage Vi. 

Fig 8. Voltage to current converter. 

The circuit of Fig 8. can also be used for applications in which the load resistance 
RL varies but the load current iL must be constant. Vi is made a constant voltage and 
Vi and Ra are selected so that Vi I Ra is the desired current i1.,. Consequently, when RL 
varies, the load current iL does not change. Of course, the load current cannot exceed 
the maximum allowable op-amp output current, and the load voltage plus the source 
voltage cannot exceed the maximum obtainable output voltage. 
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LISTING OF THE BASIC PROGRAM 

10 SCREEN 0:KEY OFF:CLS:WIDTH 80 

20 CLEAR, 48*1024 : DEF SEG = 0 

30 SG = 256 * PEEK(&H511) + PEEK(&H510) 

40 SG = SG + 49152!/16 

50 DEF SEG = SG 

60 BLOAD "DASS.BIN", 0 

70 INPUT "Enter Base address 300 Hex is ok ",B% 

75 IF B% = 0 THEN B% = &H300 

80 DIM D1O%(16) 

90 MD%= 0: FLAG%= 0: NCHAN%=8 

95 D%(0) = B% 

100 CALL DASS (MD%, D%(0), FLAG% 

::: .... -.. .-.-.-.·:: .. ·::.-.. . 

·/APPENDIX4 

105 IF FLAG%= 3 OR FLAG%= 10 THEN PRINT11 DAS8 not installed, or 1/0 

address out of range. 11 :GOTO 495 

110 IF FLAG%< >0 THEN PRINT"Error # ";FLAG%;" in DASS initialization." 

:GOTO495 

120 GOSUB 515 

130 DIM CH%(16),YL%(16) 

135 FOR 1%=0TO 16:YL%(1%)=-32768!:NEXTI% 

140 CLS:LOCATE 25, 1 :PRINT11 DAS8 Electronic strip chart Requires color 

graphics adapter";:LOCATE 1, 1 

145 PRINT"DAS8 is set for ";NCHAN%;" channels" 

150 PRINT 

69 
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155 INPUT "Which channels do you want plotted (0 - 7): ",X$ 

156 IF X$ = 1111 THEN GOTO 150 

160 X$ = 11
-

11 +X$ 
165 L%= LEN(X$) 

166 PRINT:INPUT11 Enter desired grid calibration (1/10/20): ",A$ 

167 IF A$= 11 111 THEN A= 1:GOTO 171 

168 IF A$= 11 1011 THEN A= 10:GOTO 171 

169 IF A$= 1120 11 THEN A= 20:GOTO 171 

170 BEEP:SOUND 400, 1 :GOTO 166 

171 FOR 1%= 1 TO L% 

70 

175 IF MID$(X$,I%, 1) = 11 "THEN MID$(X$,I%,1) = "- 11 

180 NEXT 1% 

185 FOR 1%= OTO NCHAN%-1:CH%(I%)=0:NEXTI% 

190 CR%= ASC(LEFT$(X$,1)) 

195 IF ((CR%> =48 AND CR%< =55) AND 0JAL(X$)< = NCHAN%-1 

AND VAL(X$) > =0)) THEN CH%0JAL(X$)) = 1 :L%= LEN(X$) 

:X$ = RIGHT$(X$,L%-(1 + INT0JAL(X$)/10))) 

200 IF VAL(X$) > NCHAN%-1 THEN PRINT "One or more entries are incompatible 

with the configuration. Please re-enter 11 :PRINT11Valid channel numbers range 

from Oto ;NCHAN%-1 :PRINT:GOTO 145 

205 IF I%<NCHAN%-1 THEN N%=ASC(MID$(X$,I+1,1)) 

210 L% = LEN(X$): IF L%> = 1 THEN X$ = RIGHT$(X$,L%-1):GOTO 190 

215 IF U%> =48 AND LI%< =55 AND N%> =48 AND N%<55 THEN 

CH%(10*(U%-48) + N%-48) = 1 :I= I+ 1 

220 SCREEN 2: CLS 

221 INPUT "Place your Level Detector ( 1 - 10 ): ";E% 

222 IF E%< 1 ORE%> 10 THEN BEEP:CLS:GOTO 220 

223 CLS:PRINT:PRINT11Do you want to interface as: 11 

224 PRINT:PRINT11 1. As an lnstantaneous. 11 :PRINT:PRINT11 2. As a time delay. 11 

225 PRINT:INPUT "Choose one from above ( 1 or 2 ): ";0% 
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226 IF 0%< 1 OR O%>2THEN BEEP:BEEP:GOTO 223 

227 CLS:ON 0% GOTO 2000,2050 

71 

228 CLS:ON E% GOSUB 1000, 1010, 1020, 1030, 1040, 1050, 1060, 1070, 1080, 1090 

230 LOCATE 25, 1 :PRINT"Press +/-to change speed, to pause - stop/start, 

to exit" 

235 X%=30:U%= 1:C%=1:LOCATE 23,15:PRINT"T(Delay) = 11 M 11 Sec." 

:LOCATE 23,49 :PRINT"Grid in 1 :":LOCATE 23,60:PRINT A:LOCATE 23,63 

:PRINT" second intervals"; 

240 DATA 5,4.5, 4,3.5, 3,2.5, 2, 1.5, 1,0.5, 0 

250 FOR 1% = 1 TO 11 :READ A$:LOCATE 1%*2-1, 1 :PRINT A$;:NEXT 1% 

255 VIEW SCREEN (30,0)-(610, 170) 

260 IFX%> = 610THEN LINE (X%,0)- (X%,169),0:X%=30 

:LINE (X%-A,0)-(X%-A, 169),0 

265 LINE (X%+A,0)- (X%+A,169) 

270 LINE (X%,0) - (X%, 169),0 

275 LINE (0, 170)-(620, 170) 

285 MD%= 1 :D%(0) =0:D%(1) = NCHAN%-1 

290 CALL DASS (MD%, D%(0), FLAG%) 

295 MD%= 4 

300 FOR Z% = 0 TO NCHAN%-1 

305 CALL DASS (MD%,D%(0),FLAG%) 

310 IF VL = 0 THEN DIO%(Z%) = D%(0) 

315 NEXTZ% 

320 FOR Z% = 0 TO NCHAN%-1 

325 IF CH%(Z%) =0 THEN GOTO 355 

330 IF X%<30 THEN X%=30 

335 Y% = DIO%(Z%) 

340 IF YL%(Z%) =-32768! THEN GOTO 350 

341 AA= 164-YL%(Z%)*160!/2048! 

342 BB= 164-Y%*160!/2048! 
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345 LINE (X%,AA)-(X%,BB) 

350 YL%(2%) = Y% 

355 NEXTZ% 

360 GOSUB 450: IF Q + C% > T THEN GOTO 375 

365 FOR 1% = 1 TO 11 :PSET (X%,1%*16-12):NEXT 1% 

370 Q=T 

375X%=X%+A 

380 FOR 1%=0TO U% 

385 A$= INKEY$:IF A$= 1111 GOTO 440 

3901%=U% 

395 IF A$= CHR$(27) THEN LOCATE 1, 1 :GOTO 685 

400 IF A$= 11 + 11 THEN U% = U%/2:IF U% = 1 THEN GOSUB 465 

405 IF A$= 11
-

11 AND U%< 16000 THEN U% = U%*2:IF U% > 16000 

THEN GOSUB 465 

410 IF A$= 11
-

11 AND U% > 16000 THEN GOSUB 465 

415 IF U%< =200 THEN C%= 1 :LOCATE 23,1:PRINT SPC(79) :LOCATE 23,15 

:PRINT "T(Delay) = "M 11Sec. 11 :LOCATE 23,49:PRINT"Grid in 1 :11 

:LOCATE 23,60:PRINT A: LOCATE 23,63: PRINT" second intervals"; 

420 IF U%>2000THEN C% = 60: LOCATE 23,1:PRINT SPC(79) 

:LOCATE 23, 15:PRINT11T (Delay) = 11 M 11 Sec. 11 :LOCATE 23,51 :PRINT11Grid 

in 1 :11 :LOCATE 23,62:PRINT A: LOCATE 23,65:PRINT" min intervals"; 

:GOTO430 

425 IF U% > 200 THEN C% = 10: LOCATE 23, 1 :PRINT SPC(79):LOCATE 23, 15 

:PRINT "T(Dealy) = "M 11 Sec. 11 :LOCATE 23,51 :PRINT11Grid in 10 :11 

:LOCATE 23,63: PRINT A:LOCATE 23,66:PRINT" sec intervals"; 

430 IF A$= 11 "THEN GOTO 435 ELSE GOTO 440 

435 IF INKEY$ = 1111 GOTO 435 

440 NEXTI% 

445GOTO260 

450 T$ = TIME$ 

72 
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455 T = 3600! *VAL(LEFT$(T$,2)) + 60! *VAL(MID$(T$,4,2)) + VAL(RIGHT$(T$,2)) 

460 RETURN 

465 IF U% = 1 THEN LOCATE 23, 1 :PRINT11 MAX SPEED"; 

470 IF U%> 10000THEN LOCATE 23,1:PRINT"MIN SPEED"; 

475 SOUND 500,3:SOUND 400,3 

480 LOCATE 23, 1 :PRINT" 

485 RETURN 

"· I 

495 PRINT:COLOR 0,7:PRINT" - Hit any key to return to Menu - ";:COLOR 7,0 

500 IF INKEY$ = 1111 GOTO 500 

505 CLS:GOTO 685 

515 VL=0 

520 MD%=20:CALL DASS( MD%,D%(0),FLAG% ):IF D%(3) =-1 THEN RETURN 

685 SCREEN 0:CLS:PRINT:PRINT11 1. Do you want to rerun !11 

690 PRINT:PRINT112. Do you want to go back to Menu." 

695 PRINT:INPUT11 Enter number: ";2% 

700 IF 2% < OR 2% > 2 THEN BEEP:BEEP:CLS:GOTO 685 

710 ON 2% GOTO 3000,3010 

800 MD%=14 

805 OP%=0 

810 FLAG%=0 

815 CALL DASS (MD%,OP%,FLAG%) 

820 IF FLAG%< > 0 THEN CLS:PRINT"Error writing digital outputs! :GOTO 720 

825 LOCATE 23,40:PRINT "TP = ";OP% 

830 RETURN 

900 IF INKEY$ = 1111 THEN GOTO 900 ELSE RETURN 

1000 LINE (30,156)-(610,156) :RETURN 

1010 LINE (30, 140)-(610, 140):RETURN 

1020 LINE (30, 124)-(610, 124):RETURN 

1030 LINE (30, 108)-(610, 108):RETURN 

1040 LINE (30,92)-(610,92):RETURN 
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1050 LINE (30,76)-(610,76):RETURN 

1060 LINE (30,60)-(610,60):RETURN 

1070 LINE (30,44)-(610,44):RETURN 

1080 LINE (30,28)-(610,28):RETURN 

1090 LINE (30,12)-(610,12):RETURN 

2000 CLS:PRINT:PRINT11 Please follow this direction: 11 

2005 PRINT:PRINT11 1. Disconnect the wire between Op-Amp comparator and 

74 

RC time constant circuit.":PRINT112. Exchange the polarity when you connect 

into the box interface. 11 :PRINT13. Connect that wire directly into the channel 

interface that you prefere 

2010 PRINT:PRINT11Strike any key to continue .... . "; 

2015 IF INKEY$="" GOTO 2015 

2020 CLS:GOTO 228 

2050 CLS:PRINT:INPUT"Enter your Capacitor (in uF): ",Q 

2055 PRINT:INPUT"Enter your Resistor (in Ohm) : ",R 

2060 PRINT:INPUT'Enter input Voltage (in Volt): ",V 

2065 D = E%* .5 

2070 M = R*Q*10"' (-6)*LOG(V/(V-D)) 

2075 PRINT:PRINT:PRINT'The delay time is ":PRINT:PRINT M" Second. 11 

2080 PRINT:INPUT11 IS above time okay ...... . (Y/N): ";ZZ$ 

2085 IF ZZ$ = "Y" OR ZZ$ = "y'' THEN CLS:GOTO 228 

2090 GOTO 2050 

3000 RUN "RELAY" 

3010 END 
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APPENDIX5 

DAS8.ASM ASSUME CS:SEG_A , DS:SEG_A 

(C) 1991 ADCdriver Vers. Vl.O PROGRAM ENTRY POINT 

DASS PROC FAR 
movseg macro reg16, unused, lmm16; Fi>up for AJ.sembler 

ifidn reg16, bx START: 
db 0BBb 
endif NOP 
ifidn reg16, ex JMP L_OOBD 
db 089b COPYRJGIIT DB '(c) 1991 ADCdriver Vers. V!.0' 
endif 0_0021 D80, 0 ; xref 9F02:0181, 0382, 0646, 069A 
ifidn reg16, dx ; 06A 7, 0702, 0788, 0AC4 
db 0BAb D_0023 DW9EF2H ; xref 9F02:00C4, OOF5, 013D, 015C 
endif ; 0443, 05D7, 089C, 0895 
ifidn reg16, si D_0025 DW0 ; xref 9F02:0620, 067C, 06EO, 07B7 
db 0BEb D_0027 DW0 ; xref 9F02:062A, 0689, 06ED, 07AD 
endif D_0029 DW0 ; xref 9F02:0634, 0691, 06F5, 0784, 082D 
ifidn reg16, di D_002B DW0 ; xref 9F02:00EA, 0141, 0169, 01F2 
db 0BFb ; 022A, 0251, 0262, 043E 
endif ; 0484, 0588, 0588, 05F0, 0659, 06A3, 06C6 
ifidn reg16, bp ; 070E, 0738, 0746, 07C2, 086A, 0878, 0897 
db 0BDb ; 0AAC, 0AB4, 0ABC, 0ACC, 0801, 080D 
endif ; 0868, 0E2D, 0E3E, 0E6D 
ifidn regl6. sp D_002D DW0 ; xref 9F02:0!FB, 0452, 04C9, 04D! 
db 0BCb ; 0574, 05BF, 05F4, 0681, 071D, 0811, 08AB 
endif ; 081D, 0BSc, OC14, OClF, OC54, OC96, 0DCS 
ifidn regl6, BX D_002F DW0 ; xref 9F02:05C9, 08CA, 082E, 089E 
db 0BBH ; OC27, OCC6, ODDS 
endif D_003! DW0 ; xref 9F02:08CS, 0832, 0849, 0BFD 
ifidn regl6, CX ; OC23, 0D36, 0DF0 
db 089H D_0033 DW0 ; xref9F02:08CO, OC!B, 0DFS, 0DFE, 0E!3 
endif D_0035 DW0 ; xref 9F02:08BB, OC44, 0E21 
ifidn regl6, DX D_0037 DW0 ; xref 9F02:018D, 0180, 027C, 03E5 
db 0BAH ; 0471, 0768, 08F7, 0884, 0F3D, 0FB9 
endif D_0039 DW0 ; xref 9F02:04!2, 087c, 0888, 09D6 
ifidn reg16, SI ; 09Fl, 0A8A, OBEO, 0ES9, 0FBl 
db 0BEH D_0038 DW0 ; xref 9F02:0108, 0llE, 012E, 0155 
endir ; 016E, 0lEl, 0!EB, 0219, 0223, 023A, 0255, 0266 
ifidn reg!6, DI ; 0490, 0488, 04E4, 055C, 0566, 05AA, 0584, 05E6 
db 0BFH ; 05F9, 060A, 064F, 065F, 06SC, 06CA, 0721, 073C 
endif ; o74A. om, 0815, 086E, 088D, 0913, 0934, 0946 
ifidn regl6, BP ; 0989, 09C6, 0A96, 0AA 7, 0ADl, 084D, 0865 
db 0BDH ; 0875, OCOB, OC7!, 0D71, 0D79 
endif ; 0D89, ODEA, 0E27, 0E84 
ifidn reg16, SP D_003D DW0 ; xref 9F02:0433 
db 0BCH D_003F DW0 ; xref 9F02:045E, 04A0, 0887, 0923 
endif D_004! DW0 ; xref9F02:0117, 0IDA 
dw seglmml6 D_0043 DW0 ; xref9F02:05!2, 0593, 0DDF, 0F54 

cndm D_0045 DW0 ; xref 9F02:00D3, 0I0E 
D_0047 DW0 ; xref 9F02:0212, 0233, 024D, 0273 

D _9EF2_ 0085 _E EQUSSH (=0) 
; 03C8, 03DC, 046D, 0554, 076C, 08F3, 09D8 
; OA03, 0ASS, 082A, OES0, 0EFF 

D _ 9EF2 _ 0089 _ E EQU89H (s0) ; OF06, OF69, 0F76 
D_9EF2_031B_E EQU3!BH (=3B06H) D_0049 DW0 ; xref9F02:0!9A, 01D0, 0797, 0A9F, 0839 

D_004B DW0 ; xref9F02:0!91, 0184, 0277, 03EO 
043A, 04F9, 0521, 0540 

SEGA 05A0, 0771, 0AFD, ODA! 

SEGMENT BYTE PUBLIC 0E8A, 0E90, 0F9c, 0FAS 
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D_004D DW0 ; .,-cf 9F02:02D9, 02F7 PUSH BP 
D_004F DW0 ; .,-cf 9F02:0288, 028D, 02E4 MOY BP,SP 
D_0051 DW0 ; .,-cf 9F02:0283 PUSH ES 
D_0053 DW0 ; .,-cf 9F02:02AD, 02C5, 02EO, 02EC PUSH BX 
D_0055 DW0 ; .,-ef9F02:04D6, 0519, 0DA7, 0E38 PUSH SI 

; OE46,0F5A PUSH DI 
D_0057 DW0 ; .,-cf 9F02:0209, 0306, 054F, 09E5 MOY CS:D_0023,DS ; ( • 9EF2H) 

; OA0B, 0A 78, 0BAC, 0BBC MOY CS:D_OOBB,CS ; (•9F02H) 
; OBED, 0E63, 0F73 MOY DJ,(BP+0AH] 

D_0059 DW7 ; .,-cf 9F02:020D, 03CF, 09EO, 0A07 MOY AX,[DI] 
; 0A80, 0BB9, 0E4A, 0F6D MOY CS:D _ 0045,AX ;(•0) 

D_005B DW0 ; .,-cf 9F02:0188, 0244, 026E, 0462, 047D, 0728 MOY DS,CS:D_OOBB ; (•9FO?.Ji) 
; 075B, 0702, 081F, 0842, 08EE, 0B21 MOY CX,[BP+8] 
; OC4B, OC66, 0E5F, 0F83; 0FAC MOY D_006F,CX ; (•0) 

D_005D DWJOOH ; .,-cf 9F02:03BB MOY CX,[BP+6] 
D_005F DW0 ; .,-cf 9F02:0407, 094F, 09Dl, 09EA MOY D_0073,CX ; (•0) 

; 0ASF, 0ADS, 0AF3, 0BD3, 0E53, 0FB5 MOY Dl,OFFSET D_002B ; (•0) 
D_0061 DW0 ; .,-cf 9F02:08CF, 093B, 09FF, OC2B MOY SLD_006F ; (•0) 
D_0063 DW0 ; .,-cf 9F02:09F8, 0A28, 0A39, OA4E, 0A5F, 0A 74 MOY ES,D_OOBB ; (•9F02H) 
D_0065 DW0 ; .,-cf 9F02:08D4, 094B, 095F, 0975 MOY DS,D_0023 ; (=9EF2H) 

; 0987, 0998, 09AA OC2F PUSHF ; Push nags 
D_0067 DW0 ; .,-cf 9F02:0992, 09A6, 0A30, 0A45 CLD ; Clear direction 

; 0A56, 0A6B MOY CX,6 
D_0069 DW0 ; .,-cf 9F02:0983, 09B5, 0A3E, 0A64 REP MOYSW ; Rep when a0Mov [si] 10 es:[di) 
D_006B DW0 ; .,-cf 9F02:08DE, 096C, 09BE, 0AJF, OC:33, OC3B POPF ; Pop nags 
D_006D DW0 ; .,-cf 9F02:08D9, 0963, 0979, 098B MOY DS,CS:D_OOBB ; (•9F02H) 

; 099c, 09AE, OC37 PUSH cs 
D_006F DW0 ; .,-ef9F02:00DF, OOED, 0144 POP DS 

DB0, 0 MOY D_003B,2 ;(•0) 
D_0073 DW0 ; .,-cf 9F02:00E6, 0150 MOY Sl,D_0045 ; (•0) 

DB0,0 CMP SL16H 
D_oon DW0,0 ; .,-cf 9F02:044D, 0459, 0495, 04A 7 JA L_0129 i Jump if above 

; 08A6, 08B2, 0918, 092A CMP D_0041,1 ; (•0) 
D_007B DW 0AOOOOOOOH ; .,-cf 9F02:0S04, 050D, 0539, 056D JE L_0l2C ; Jump if equal 

; 057E, 0B12, 0DBF, 0OCD, 0F47, 0F50, 0F65 MOY D_003B,l ; (•0) 
D_007F DW0 ; .,-cf 9F02:0534, 0583, 0B16, ODD!, 0F61 CMP Sl,0 

DB OOH,0A0H JE L_0l2C ; Jump if equal 
D_0083 DW0 ; .,-cf 9F02:0BC2 L_0129: ; .,-cf 9F02:0115 
D_0085 DB0, 0, 0, 0 ; ,a-cf 9F02:0BA1, OCA3, OCBC, OC:Dl, 0D39 JMP SHORT L_0138 
D_0089 DW0 ; .,-cf 9F02:0B8F DB90H 
D_008B DW0 ; ,a-cf 9F02:0B98 L_012C: ; ,iref9F02:011C, 0127 

D_OOSD DW OFFSET L_ 0169 ; Data table (indexed access) SHL Sl,l ; Shift w/zerot fill 
; .,-cf 9F02:0134 MOY D_003B,0 ; (=0) 

D_OOSF DW OFFSET L_ 0lEB ; .,-cf 9F02:0134 JMP WORD PTR D _ 008D[SI] ;•(•169H) 23 entries 

D_0091 DWOFFSETL_0223 ; .,-cf 9F02:0134 L_0138: ; ,ire£ 9F02:0129, 01E8, 0220, 0241 
D_0093 DW OFFSET L_ 0244 ; .,-cf 9F02:0134 ; 025C, 026B, 04AE, 04EE 
D_0095 DW OFFSET L_ 025F ; ,ire[ 9F02:0134 ; 0563, 05Bl, 05ED, 0656 
D_0097 DWOFFSETL_0431 ; .,-cf 9F02:0134 ; 06C3, 0728, 0743, 0nE 
D_0099 DW OFFSET L_ 04B1 ; .,-ef 9F02:0134 ; 081C, 0875, 0894, 08E8 
D_009B DW OFFSET L_ 0540 ; .,-cf 9F02:0134 ; 0931, 0AFA, 0B54, 0B81, 0E95 
D_009D DW OFFSET L_ 0566 ; .,-cf 9F02:0134 MOY DS,CS:D_OOBB ; (•9F02H) 
D_009F DW OFFSET L_ 05B4 ; .,-cf 9F02:0134 MOY ES,D_0023 ; (=9EF2H) 
D_OOAJ DWOFFSETL_05F0 ; .,-cf 9F02:0134 MOY SI.OFFSET D_002B ;(• 0) 
D_OOA3 DW OFFSET L_ 0659 ; .,-cf 9F02:0134 MOY DI,D_006F ; (=0) 
D_OOA5 DW OFFSET L_ 06C6 ; ,a-cf 9F02:0134 PUSHF ; Pusb nags 
D_OOA7 DWOFFSETL_0nB ; ,a-cf 9F02:0134 CLD ; Clear direction 
D_OOA9 DW OFFSET L_0746 ; .,-cf 9F02:0134 MOY CX,6 
D_OOAB DWOFFSETL_0781 ; .,-cf 9F02:0134 REP MOVSW ; Rep when a 0 Mov [si] to es:[di) 
D_OOAD DWOFFSETL_081F ; .,-cf 9F02:0134 POPF ; Pop nags 
D_OOAF DW OFFSET L_ 0878 ; .,-cf 9F02:0134 MOY DI,CS:D_0073 ; (=0) 
D_OOBl DW OFFSET L_ 0897 ; .,-cf 9F02:0134 MOY AX,CS:D_003B ; (• 0) 
D_OOB3 DWOFFSETL_OA98 ; .,-cf 9F02:0134 MOY ES:(DI],AX 
D_OOB5 DW OFFSET L_ 0AFD ; ,iref 9F02:0134 MOY DS,CS:D _ 0023 ; (• 9EF2H) 
D_OOB7 DW OFFSET L_ 0B5F ; .,-cf 9F02:0134 POP DI 
D_OOB9 DWOFFSETL_0D9A ; .,-cf 9F02:0134 POP SI 
D_OOBB DW9F02H ; .,-cf 9F02:00C9, OOD7, OOFl, 0101 POP BX 

; 0138, 0861 POP ES 
L_OOBD: ; .,-ef 9F02:0001 POP BP 
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REIF 6 ; Return far CALL S_026E 
MOV CS:D_003B,0 ;(=0) 

Indexed Entry Point L_0220: ; xref 9F02:01F9, 0202, 0207 
JMP L_0138 

L_0l69: ; xrcf 9F02:008D, 0134 
MOV DX.CS:D _ 002B ;(=0) Indexed Entry Point 
MOV CS:D _ 003B,3 ;(•0) 
CMP DX,lOOH L_0223: ; xrcf 9F02:0091, 0134 
JL L_01E8 ;Jump if MOV CS:D_003B,5 ;(-OJ 
CMP DX,3F8H MOV AX,CS:D _ 002B ;(•0) 
JG L_01E8 ; Jump if CMP AX,7 
MOV WORD !'TR CS:D _ 0021,DX ; ( =0) JA L_0241 ; Jump if above 
INC DX MOV CS:D_0047,AX ;(=0) 
INC DX CALL S_026E 
MOV CS:D _ 005B,DX ; (•O) MOV CS:D_003B,O ; (-0) 
MOV AX,CS:D _ 0037 ;(=O) L_0241: ; xrcf 9F02:023 l 
OR AX,CS:D _ 004B ;(=0) JMP L_Ol38 
OR AX,5 
OUT DX.AL ; port 2, DMA-1 bas&add cb 1 Indexed Entry Point 
MOV CS:D_0049,0 ; (=0) 
INC DX L_0244: ; xrcf 9F02:0093, 0134 
JMP SHORT$+3 ; delay for 1/0 MOV DX,CS:D _ 005B ; (•0) 
NOP IN AL.DX ; port 0, DMA-1 bas&add cb 0 
IN AL.DX ; port 3, DMA-1 bas&cnt cb 1 AND AX,7 
MOV CL,4 MOV CS:D_0047,AX ; (=0) 
SHR AL.CL ; Shift w/zeros fill MOV CS:D_002B,AX ; (• 0) 
AND AL.7 MOV CS:D_003B,0 ; (•0) 
CMP AL.5 JMP L_0l38 
JNE L_0lD7 ; Jump if not equal 
MOV AX,CS:D _ 0037 ;(•O) Indexed Entry Point 
OR AX,CS:D 004B ;(•O) 
OR AX,2 L_025F: ; xref 9F02:0095, 0134 
DEC DX CALL S_03B2 
JMP SHORT$+3 ; delay for 1/0 MOV CS:D _ 0028,AX ; (=0) 
NOP MOV CS:D_003B,BX ; (=0) 
OUT DX.AL ; port 2, DMA-1 bas&add cb 1 JMP L_Ol38 
INC DX DASS ENDP 
JMP SHORT$+3 ; delay for 1/0 
NOP 

SUBROUTINE IN AL.DX ; port 3, DMA-1 bas&cnt cb 1 
MOV CL,4 
SHR AL.CL ; Sbift w/zeros fill ; Called from: 9F02:01D7, 0216, 0237, 0559, 05A 7, 0A0F, 
AND Al.7 0A94 
CMP AL.2 
JNE L_01D7 ; Jump if not equal ' S_026E PROC NEAR 
MOV CS:D _0049,1 ; (=0) MOV DX,CS:D_OOSB ; (•0) 

L_0lD7: ; xref 9F02:01AE, 0lCE MOV AX,CS:D_0047 ;(•0) 
CALL S_026E OR AX,CS:D 004B ;(•0) 
MOV CS:D_0041,l ; (=0) OR AX,CS:D _ 0037 ; (=0) 
MOV CS:D_003B,0 ;(=0) OUT Dx,AL ; port 0, DMA-1 bas&add cb 0 

L_01E8: ; xref 9F02:0179, 017F REfN 
JMP L_0l38 S_026E ENDP 

Indexed Entry Point SUBROUTINE 

L_0lEB: ; xref 9F02:008F, 0134 Called from: 9F02:02C2, 02E9 
MOV CS:D _ 003B,4 ;(=OJ 
MOV AX,CS:D _ 002B ; (•0) 

S_0283 PROC NEAR 
CMP Ax.7 PUSH AX 
JA L_0220 ; Jump if above 

PUSH DX 
MOV CX,CS:D _ 002D ;(=OJ 

PUSH DI 
CMP CX.AX PUSH DS 
JB L_0220 ; Jump if below 

SHL AX,l ; Sbift w/zeros fill 
CMP CX,7 

SHL Ax.l ; Sbift w/zcros fill 
JA L_0220 Jump if above 

MOV DI.AX 
MOV CS:D_0057,AX (=OJ 

XOR AX.AX ; Zero register 
MOV CS:D _ 0059,CX (=7) 

MOV OS.AX 
MOV CS:D_0047,AX (=0) 

MOV AX,ES:[BX] 
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MOV DX,ES:(BX+2] Called from: 9F02:02D6 
PUSHF ; Pusb flags 
CLI ; Disable interrupu ;S_02FF PROC NEAR 
XCHG AX.[DI] PUSH BX 
XCHG DX,[Dl+2] PUSH ex 
POPF ; Pop flags MOV ex.AX 
MOV ES:[BX],AX MOV BX,1 
MOV ES:[BX + 2],DX SHL BL,CL ; Sbift wheros fill 
POP DS XOR BX,OFFH 
POP DI IN AL,21H ; port 21H, 825~1 int IMR 
POP DX MOV ex.AX 
POP AX AND AL.BL 
RETN JMP SHORT$+2 ; delay for VO 

S_0283 ENDP OUT 21H,AL ; port 21H, 825~ 1 int comancb 
; al • 0FSH, inhibit IRQ3-7 

SUBROUTINE MOV AX.ex 
POP ex 

Called from: 9F02:04El, 0D68, 0E79 POP BX 
RETN 

S_02AC PROC NEAR S_02FF ENDP 

PUSH ES 
MOV CS:D _ 0053,AX ; (=0) D_031B DW0 ; xref 9F02:0C5E, 0D5C, 0D88 

PUSH BX DB 50H, 53H, 51H, 52H, 57H, 06H 

PUSH cs DB lEH, 2EH, SEH, lEH,0BBH, OOH 

POP CS:D_OOSl ; (=0) DB 83H, 3EH, lBH, 03H, OOH, 75H 

POP CS:D_004F ;(=0) DB 16H, SBH, 16H, 21H, OOH, SBH 

MOV BX.OFFSET D_004F ;(=0) DB OEH, 83H, OOH,OC4H, 3EH, 89H 

PUSH cs DB OOH, SBH, lEH, SSH, OOH,0F7H 

POP ES DB OC3H,0FFH,0FFH, 75H, 03H,0EBH 

CALL 5_0283 DB 5EH, 90H,0FFH, 06H, lBH, 03H 

MOV AX.CS:D _ 0053 ;(=0) DB 42H, 42H, 91H,0EEH, 91H,0F6H 

CMP AX.0AH DB OC5H, 071-1, 74H, 02H,0FEH,OC1H 

JB L_02DD ; Jump if below L_0359: 

CMP AX.0FH DEC DX 

JA L_02DD ; Jump if above DEC DX 

SUB AX.8 INC DX 

CALL S_02FF INC DX 

MOV CS:D_004D,AX ; (•0) L_03SD: ; xref 9F02:0360 

L_02DD: ; xref 9F02:02CC, 02Dl IN AL.DX ; port 0, DMA-1 bu&add ch 0 

POP ES TEST AL,l0H 

RETN JNZ L_03SD ; Jump if not zero 

S_02AC ENDP DEC DX 
DEC DX 

SUBROUTINE INC DX 
OUT DX.AL ; ??IO NON-SfANDARD VO PORT. 

Called from: 9F02:054C, 0D8E, 0DAD 
JMP SHORTL_0372 

L_0368: ; xref 9F02:0392 
INC DX 

S_02DF PROC NEAR OUT DX.AL ; port 0, DMA-1 bas&add cb 0 
PUSH ES MOV ES:[Dl],AX 
MOV AX.CS:D _ 0053 ;(=0) INC DI 
MOV BX.OFFSET D _ 004F ; (=0) INC DI 
PUSH cs DEC BX 
POP ES JZ L_039A ; Jump if zero 
CALL 5_0283 L_0372: ; xref 9F02:0366 
MOV AX.CS:D_0053 ;(•0) INC DX 
JC L_02FD ; Jump if carry Set TEST CH,7 
CMP AX.0FH JZ L_0380 ; Jumpirzero 
JA L_02FD ; Jump if above XCHG AX.ex 
MOV AX.CS:D_004D ;(•0) OUT Dx,AL ; port 1, DMA-1 bas&cnt cb 0 
OUT 21H,AL ; port 21H, 825~ 1 int comands INC AL 

L_02FD: ; xref 9F02:02F0, 02F5 XCHG AX.ex 
POP ES JMP SHORTL_0380 
RETN DB 90H 

S_02DF ENDP L_0380: ; xref 9F02:0376, 03ID, 0383 
IN AL,DX ; port 1, DMA-1 bas&cnt cb 0 

SUBROUTINE TEST AL,SOH 
JNZ L_0380 ; Jump if not zero 
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DEC DX JNZ L_03F0 ; Jump if not zero 

IN AL.DX ; port 0, DMA-1 bas&add cb 0 DEC DX 
MOY AH,AL IN AL.DX ; port 1, DMA-1 bas&cnt cb 0 
DEC DX MOY AH.AL 
IN AL.DX ; ??IO NON-STANDARD 1/0 PORT. DEC DX 
TEST CH,7 IN AL.DX ; port 0, DMA-1 bas&add cb 0 
JZ L_0394 ; Jump if zero SHR AX,1 ; Sbift w/zcros fill 
DEC CH SHR AX,1 ; Sbift w/zeros fill 
JMP SHORTL_0368 SHR AX,1 ; Sbift w/zeros fill 

L_0394: ; :.ref 9F02:038E SHR AX,1 ; Sbift w/zer01 fill 
MOY ES:[DI],AX CMP CS:D_OOSF,1 ;(=0) 
INC DI JE L_0412 ; Jump if equal 
INC DI SUB AX,SOOH 
DEC BX L_0412: ; :.ref 9F02:040D 

L_039A: ; :.ref 9F02:0370 CMP CS:D _ 0039, 1 ; (•0) 
MOY DS:D _9EF2_ 0089 _E,DI ;(•0) JNE L_0427 ; Jump if not equal 
MOY DS:D_9EF2_008S_E,BX ;(=0) SHL BL,1 ; Sbift w/zerol fill 
DEC WORD PTR DS:D_9EF2_031B_E ; (=3B06H) SHL BL,1 ; Sbift w/zcros fill 

L_03A6: SHL BL,1 ; Sbift w/zeros fill 
POP DS SHL BL,1 ; Sbift w/zcr01 fill 
POP ES AND AH,8FH 
POP DI OR AH,BL 

POP DX L_0427: ; :.ref 9F02:04!8 
POP ex XOR BX.BX ; Zero register 
POP BX RETN 
MOY AL,20H ·" L_042A: ; :,ref 9F02:03C6, 03F2 

OUT 20H,AL ; port 20H, 8259-1 int command MOY AX,7FFFH 
; al ::z 20H, end of interrupt MOY BX,6 

POP AX RETN 
IRET ; Interrupt return S_03B2 ENDP 

SUBROUTINE Indexed Entry Point 

; Called from: 9F02:025F, 0488, 0501, 090B, 0AlC, 0F03 L_0431: ; :.ref 9F02:0097, 0134 
XOR AX.AX i Zero register 

S_03B2 PROC NEAR MOY CS:D_003D,AX ;(•0) 

MOY DX, WORD PTR CS:D _ 0021 ; ( •0) MOY AX,8 

INC DX MOY CS:D _0048,AX ;(•0) 

PUSHF ; Pusb 0agi, PUSH CS:D_002B :(•0) 

CLI ; Diaablc interrupts PUSH CS:D_0023 ; (•9EF2H) 

OUT DX.AL ; port 1, DMA-1 bas&cntcb 0 POP WORD PTR CS:D_0077+2; (•0) 

MOY CX,CS:D _ 005D ; (=lOOH) POP CS:D_0077 ;(=0) 

INC DX MOY AX,CS:D_002D ; (=0) 

IN AL.DX ; port 2, DMA-1 bas&add cb 1 DEC AX 

POPF ; Pop nags SHL AX,! ; SbifL w/zer01 fill 

AND AX.80H ADD AX,CS:D _ 0077 ; (=0) 

JZ L_042A ; Jump if zero MOY CS:D_003F,AX ; (=0) 

MOY BX,CS:D _ 0047 ; (=0) L_0462: ; >ref 9F02:046B 

MOY AX,BX MOY DX,CS:D _ 005B ; (=0) 

CMP AX,CS:D _ 0059 ; (=7) IN AL.DX ; port 0, DMA-1 bas&add cb 0 

JB L_03DB ; Jump if below AND AX,I0H 

MOY AX,CS:D 0057 ;(=0) JZ L_0462 ; Jump if zero 

DEC AX MOY AX,CS:D 0047 ;(•O) 

L_03DB: ; :.ref 9F02:03D4 OR AX,CS:D 0037 ;(•O) 

INC AX OR AX,8 

MOY CS:D_0047,AX ;(•0) OUT Dx.AL ; port 0, DMA-1 bas&add cb 0 

OR AX,CS:D _ 004B ;(•0) JMP SHORT L_ 047D 

OR AX,CS:D _ 0037 ;(•0) DB 90H 

OUT DX.AL ; port 2, DMA-1 bas&add cb I L_047D: ; >ref9F02:047A, 0486, 04AC 

NOP MOY DX,CS:D_OOSB ; (=0) 

NOP IN AL.DX ; port 0, DMA-1 bas&add cb 0 

JMP SHORTL_03F0 AND AX,8 

DB 90H JZ L_047D ; Jump if zero 

L_03FO: ; :,ref 9F02:03ED, 03F7 CALL S_03B2 

IN AL.DX ; port 2, DMA-1 bas&add cb I CMP BX,0 

DEC ex JE L_0495 ; Jump if equal 

JZ L_042A ; Jump if zero MOY CS:D _ 003B,BX ; (=0) 

AND AX,80H L_0495: ; :.ref 9F02:048E 
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LDS DLDWORD P'IR CS:D _ 0077; ( =0) Load 32 bit ptr POP AX 
MOV [DI],AX sn ; Enable intem.1pts 

INC DI lRET ; Interrupt return 

INC DI L_OS34: ; >ref9F02:051F 

PUSH cs PUSH CS:D_007F ; (•0) 
POP DS POP WORD P'IR CS:D_007B ;(=0) 
CMP Dl,CS:D _ 003F ; (•0) JMP SHORTL_OS28 
JA L_04AE ; Jump if above 
MOV CS:D _ 0077,DI ; (•0) Indexed Entry Point 
JMP SHORTL_047D 

L_04AE: ; xref9F02:04AS L_OS40: ; zref 9F02:009B, 0134 
JMP L_0138 MOV CS:D_004B,0 ; (=0) 

MOV CX,800H 
Indexed Entry Point L_OS4A: ; xref 9F02:054A 

LOOP L_OS4A ; Loop if ex 0 
L_04Bl: ; xref 9F02:0099, 0134 

PUSH AX CALL S_02DF 
PUSH BX PUSH CS:D_OOS7 ; (•0) 
PUSH ES POP CS:D_0047 ; (=0) 
MOV AX,CS:D _ 002B ;(=0) CALL S_026E 
MOV CS:D_003B,7 ; (=0) MOV CS:D_OOOB,0 ; (•0) 
CMP AX,2 JMP L_0l38 
JB L_04EB ; Jump if below 
CMP AX,7 Indexed Entry Point 
JA L_04EB ; Jump if above 
CMP CS:D_002D,1 ; (=0) L_OS66: ; xref 9F02:009D, 0134 
JA L_04EB ; Jump if above MOV CS:D_003B,8 ; (=0) 
PUSH CS:D_002D ;(=0) MOV WORDP'IRCS:D_007B,0 ;(=0) 
POP CS:D_OOSS ;(=0) PUSH CS:D_002D ; (•0) 
ADD AX,8 POP WORD P'IR CS:D_0078+ 2; (•0AOOOH) 
MOV BX,4FIH PUSH WORD P'IR CS:D_007B ; (• 0) 
CALL S_02AC POP CS:D_007F ; (•0) 
MOV CS:D _ 003B,0 ; (=0) MOV AX,CS:D 0028 ; (=0) 

L_04EB: ; xref 9F02:04C2, 04C7, 04CF CMP AX,! 
POP ES JL L_OSBl ; Jump if 
POP BX SHL AX,! ; Sbift w/zeros fill 
POP AX MOV CS:D _ 0043,AX ;(•0) 
JMP L_0!38 MOV AX,WORD P'IR CS:D_007B+2 ; (•0AOOOH) 
PUSH AX CMP AX,0 
PUSH BX JL L_OSBI ;Jump if 
PUSH ex MOV CS:D_004B,8 ;(•0) 
PUSH DX CALL S_026E 
PUSH DS MOV CS:D_003B,0 ;( • 0) 
PUSH DI L_0SBI: ; xref 9F02:0S8F, 059E 
PUSH cs JMP L_0138 
POP DS 
CMP CS:D _ 004B,8 ; (=0) Indexed Entry Point 
JNE L_0528 ; Jump if not equal 
CALL S 03B2 L_0SB4: ; xref 9F02:009F, 0134 
LDS DI,CS:D _ 0078 ; ( =0) Load 32 bit ptr MOV CS:D_003B,9 ;(=0) 
MOV [DI],AX MOV AX,CS:D_002B ; (• 0) 
INC DI MOV CX,CS:D_002D ; (• 0) 
INC DI CMP CX,l 
MOV WORD P'IR CS:D_007B,DI ; (•0) 

JL L_OSED ;Jump if 
CMP DI,CS:D _ 0043 ; (•0) MOV SLCS:D_002F ; (• 0) 
JB L_0528 ; Jump if below 

CMP SI,0 
CMP CS:D _ 0055,0 ; (•0) 

JL L_OSED ;Jump if 
JNE L_0534 ; Jump if not equal 

SHL SI,1 ; Sbift w/zeros fill 
MOV CS:D_004B,0 ; (•0) MOV DI.AX 

L_0528: ; xref9F02:04FF, 0517, 053E 
MOV ES,CS:D _ 0023 ; (•9EF2H) 

POP DI MOV DS,WORD P'IR CS:D_007B+2 ; (• 0AOOOH) 
POP DS CLD ; Oear direction 
POP DX REP MOVSW; Rep wben ex 0 Mov [si] to es:(di] 
POP ex PUSH cs 
POP BX POP DS 
MOV Al.,20H MOV CS:D_003B,0 ;(•0) 
OUT 20H,AL port 20H, 8259-1 int command 

L_OSED: ; >ref9F02:0SC7, 0SD! 
al = 20H, end of intem.1pt 

JMP L_0138 
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SHL DX,1 ; Shift w/zeros fill 

Indexed Entry Point OR AX,DX 
MOV DX, WORD PTR CS:D _ 0021 ; ( =0) 

L_OSFO: ; D"ef 9F02:00Al, 0134 ADD DX,7 

MOV AX,CS:D_002B ;(•0) OUT Dx,AL ; port 7, DMA-1 bas&cnt ch 3 

MOV CX,CS:D_002D ;(=0) MOV AX,CS:D_002B ; (=0) 

MOV CS:D_003B,0AH ; (=OJ MOV DX,WORDPTRCS:D_0021; (=0) 

CMP AX,0 ADD AX,• 
JL L_0656 ; Jump if ADD D){,AX 

CMP AX,2 MOV AX,CS:D _ 002D ; (=0) 

JG L_0656 ; Jump if OUT Dx,AL ; port •, DMA-1 bas&add ch 2 

MOV CS:D_003B,0BH ; (•0) MOV ~ 

CMP cx,o JMP SHORT$+3 ; delay for 1/0 

JL L_06S6 ;Jump if NOP 

CMP cx.s OUT Dx,AL ; port •, DMA-1 bas&add ch 2 

JG L_06S6 ;Jumpir MOV CS:D_003B,0 ; (•0) 

CMP AX,0 L_06C3: ; D"Cf 9F02:0669, 066E 

JNE L_062S ; Jump if not equal JMP L_0138 

MOV CS:D_002S,CX ;(•0) 
L_062S: ; =f 9F02:061E Indexed Entry Point 

CMP AX,1 
JNE L_062F ; Jump if not equal L_06C6: ; Jll"ef 9F02:00AS, 0134 

MOV CS:D_0027,CX ;(•0) MOV AX,CS:D 002B ;(=0) 
L_062F: ; D"ef 9F02:0628 MOV CS:D_003B,0AH ;(=0) 

CMP AX,2 CMP AX,0 

JNE L_0639 ; Jump if not equal JL L_0728 ; Jump if 

MOV CS:D _ 0029,CX ; (=0) CMP AX,2 

L_0639: ; D"ef 9F02:0632 JG L_0728 ; Jump if 

MOV BX,CX CMP AX,0 

MOV CL,6 JNE L_06E8 ; Jump if not equal 

SHL AX,CL ; Shift w/zeros fill MOV BX,CS:D_002S ;(=0) 

SHL BX,1 ; Shift w/zeros fill JMP SHORTL_06FA 

OR AX.BX DB 90H 

OR AX,30H L_06E8: ; lll"ef 9F02:06DE 

MOV DX.WORD PTR CS:D_0021; (•0) CMP AX,1 

ADD DX,7 JNE L_06FS ; Jump if not equal 

OUT DX.AL ; port 7, DMA-1 bas&cnt cb 3 MOV BX,CS:D_0027 ; (=0) 
MOV CS:D _ 003B,0 ; (•0) JMP SHORT L_ 06FA 

L_0656: ; =f9F02:0603, 0608, 0614, 0619 DB 90H 
JMP L_0138 L_06FS: ; D"Cf 9F02:06EB 

MOV BX,CS:D_0029 ;(•0) 

Indexed Entry Point L_06FA: ; D"ef 9F02:06ES, 06F2 

SHL BX.1 ; Shift w/zeros fill 

L_0659: ; D"Cf 9F02:00A3, 0134 MOV CL,6 

MOV AX,CS:D_002B ;(=0) SHL AX,CL ; Shift w/zeros fill 

MOV DX.AX OR AX.BX 

MOV CS:D _ 003B,0AH ;(=0) MOV DX. WORD PTR CS:D _ 0021 ; ( =0) 

CMP Ax,0 ADD DX,7 

JL L_06C3 ;Jump if OUT Dx,AL ; port 7, DMA-1 bas&cnt ch 3 

CMP AX,2 SUB DX.3 

JG L_06C3 ;Jump if MOV BX,CS:D_002B ;(•0) 

MOV CL,6 ADD DX.BX 

SHL AX,CL ; Shift w/zeros fill IN AL,DX ; port •, DMA-1 bas&add ch 2 

OR AX,30H MOV AH,AL 

CMP DX,0 JMP SHORT$+2 ; delay for 1/0 

JNE L_0684 ; Jump if not equal IN AL,DX ; port •, DMA-1 bas&add cb 2 

MOV DX,CS:D_002S ;(•0) XCHG AH.AL 

JMP SHORTL_0696 MOV CS:D _ 0020,AX ;(•0) 

DB 90H MOV CS:D_003B,0 ;(=0) 

L_0684: ; D"Cf 9F02:067 A L_0728: ; =f 9F02:06D•, 06D9 

CMP DX,! JMP L_0138 

JNE L_0691 ; Jump if not equal 

MOV DX,CS:D _ 0027 ;(=0) Indexed Entry Point 
JMP SHORTL_0696 

DB 90H L_072B: ; D"ef 9F02:00A 7, 0134 

L_0691: ; D"ef 9F02:0687 MOV DX,CS:D _ OOSB ;(•0) 

MOV DX,CS:D _ 0029 ; (•0) IN AL,DX ; port 0, DMA-1 bas&add cb 0 

L_0696: ; D"Cf 9F02:0681, 068E MOV CL,• 
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SAR AX.CL ; Shift w/sign fill JMP SHORT$+ 2 ; delay for VO 

AND AX,7 AND AX,20H 
MOV CS:D_002B,AX ;(•0) JZ L_07D7 ; Jump if zero 
MOV CS:D_0038,0 ;(•0) L_0IDF: ; :,ref9F02:07E5 

JMP L_0138 IN AL,DX ; port 0, DMA-1 bas&add ch 0 
JMP SHORT$+2 ; delay for VO 

Indexed Entry Point AND AX,20H 
JNZ L_0IDF ; Jump if not zero 

L_0746: ; :,ref 9F02:00A9, 0134 MOV AX,OFFFFH 

MOV AX,CS:D _ 0028 ; (•0) INC DX 
MOV CS:D _ 0038,0CH ;(=0) INC DX 
CMP AX,0 Otrr DX,AL ; port 2, DMA-1 bas&add ch 1 

JL L_077E ;Jump if JMP SHORT$+2 ; delay for VO 

CMP AX,0FH Otrr DX,AL ; port 2, DMA-1 bas&add ch 1 

JG L_077E ;Jump if DEC DX 
MOV DX,CS:D _ 0058 ;(=0) DEC DX 

SHL AX.1 ; Shift w/zeros fill L_07F2: ; :,ref 9F02:07F8 

SHL AX.1 ; Shift w/zeros fill IN AL,DX ; port 0, DMA-1 bas&add ch 0 

SHL AX,1 ; Shift w/zeros fill JMP SHORT$+2 ; delay for VO 

SHL AJC,1 ; Shift w/zeros fill AND AJC,20H 

MOV CS:D _ 0037,AX ; (=0) JZ L_07F2 ; Jump if zero 

OR AX,CS:D _ 0047 ;(•0) L_07FA: ; :,ref 9F02:0800 

OR AJC,CS:D _ 0048 ; (• 0) IN AL.DX ; port 0, DMA-1 bas&add ch 0 

Otrr DX.AL ; port 0, DMA-1 bas&add ch 0 ·JMP SHORT$+2 ; delay for VO 

MOV CS:D_0038,0 ; (•0) AND AJC,20H 

L_077E: ; :a-ef 9F02:0754, 0759 JNZ L_07FA ; Jump if not zero 

JMP L_0l38 INC DX 
INC DX 

Indexed Entry Point IN AL,DX ; port 2, DMA-1 bas&add ch 1 
JMP SHORTS+ 2 ; delay for VO 

L_0781: ; :a-ef 9F02:00AB, 0134 
MOV CL.AL 

MOV AX,3 
IN AL,DX ; port 2, DMA-1 bas&add cb 1 

MOV CS:D _ 0029,AX ; (=0) 
MOV CH,AL 

MOV AX,086H 
MOV AJC,0FFFFH 

MOV DX, WORD PTR CS:D _ 0021 ; ( =0) 
SUB AJC,CX 

ADD DX,7 
MOV CS:D _ 0020,AX ;(=0) 

Otrr DX.AL ; port 7, DMA-1 bas&cnt cb 3 
MOV CS:D_003B,0 ; (•0) 

MOV AX,952H JMP L_0138 

CMP CS:D_0049,l ; (•0) 
JNE L_07A2 ; Jump if not equal Indexed Entry Point 
MOV AJC,3E8H 

L_07A2: ; :a-ef 9F02:079D L_081F: ; :,ref 9F02:00AD, 0134 

DEC DX MOV DX,CS:D_005B ; (•0) 

Otrr DX,AL ; port 6, DMA-1 bas&add ch 3 L_0824: ; :a-er 9F02:0828, 0848 

JMP SHORT$+2 ; delay for VO IN AL.DX ; port 0, DMA-1 bas&add ch 0 

MOV AI..,AH AND AX,20H 

Otrr DX,AL ; port 6, DMA-1 bas&add ch 3 JNZ L_0824 ; Jump if not zero 

INC DX ADD DX,5 

MOV AX,3 MOV CS:D_0029,0 ; (•0) 

MOV CS:D_0027,AX ; (=0) MOV AJC,0BOH 

MOV AX,76H Otrr DX.AL ; port 5, DMA-1 bas&cnt ch 2 

Otrr DX.AL ; port 7, DMA-1 bas&cnt ch 3 DEC DX 

JMP SHORT$+2 ; delay for VO MOV AI..,0FFH 

MOV CS:D _ 0025,0 ; (•0) Otrr DX.AL ; port 4, DMA-1 bas&add ch 2 

MOV AX,30H NOP 

Otrr DX.AL ; port 7, DMA-1 bas&cnt ch 3 NOP 

MOV AX,CS:D_0028 ; (• 0) JMP SHORT$+3 ; delay for VO 

SHL AX,1 ; Shift w/zeros fill NOP 

DEC DX Otrr DX,AL ; port 4, DMA-1 bas&add ch 2 

DEC DX MOV DX,CS:D_005B ;(•0) 

Otrr DX,AL ; port 5, DMA-1 bas&cnt ch 2 IN AI..,DX ; port 0, DMA-1 bas&add ch 0 

JMP SHORTS+2 ; delay for VO AND AJC,20H 

MOV AI..,AH JNZ L_0824 ; Jump if not zero 

Otrr DX.AL ; port 5, DMA-1 bas&cnt ch 2 L_084D: ; :,ref 9F02:085 I 

JMP SHORTS+2 ; delay for VO IN AI..,DX ; port 0, DMA-1 bas&add ch 0 

MOV DX,CS:D _ 0058 ;(=0) AND AJC,20H 

L_07D7: ; :a-ef 9F02:07DD JZ L_084D ; Jump if zero 

IN AI..,DX ; port 0, DMA-1 bas&add ch 0 L_0853: ; :a-ef 9F02:0857 
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IN AL.DX ; port 0, OMA-I bas&add cb 0 CMP BX,0 
AND AX,20H JE L_0918 ; Jump if equal 
JNZ L_0853 ; Jump ir not zero MOY CS:D _ 0038,BX ;(•0) 
ADD DX,4 L_0918: ; =f 9F02:0911 
IN AL,DX ; port 4, OMA-I bas&add cb 2 LOS Dl,DWORD PTR CS:D - oon 
MOY CL,AL ; ( =0) Load 32 bit ptr 
JMP SHORT$+3 ; delay for 1/0 MOY [DIJ,AX 
NOP INC DI 
IN AL,DX ; port 4, OMA-I bas&add cb 2 INC DI 
MOY CH.AL PUSH cs 
MOY AX,0FFFFH POP DS 
SUB AX,CX CMP D~CS:D_003F ; (•0) 
MOY CS:D _ 0028,AX ;(=0) JA L_0931 ; Jump if above 
MOY CS:D _ 0038 ,0 ;(•0) MOY CS:D_OOTT,DI ;(=0) 
JMP L_0l38 JMP SHORTL_08EE 

L_0931: ; ...,f 9F02:0928 

Indexed Entry Point JMP L_0138 

L_0878: ; xref 9F02:00AF, 0134 SUBROUTINE 
MOY AX,CS:O_0028 ; (• 0) 
MOY CS:O_0039,0 ; (=0) Called from: 9F02:08E3, OC3F 
CMP AX,0 
JLE L_088D ;Jump if or= S_0934 PROC NEAR 
INC CS:D_0039 ; (• 0) MOY CS:D_003B,0DH ; (•0) 

L_088D: ; xref 9F02:0886 CMP CS:D_0061,7 ;(•0) 
MOY CS:D _ 0038,0 ; (=0) JBE L_0946 ; Jump if below or = 
JMP L_0l38 L_0943: ; xref 9F02:09SD, 096A, 0981, 0990 

JMP L_09CF 
Indexed Entry Point L_0946: ; =f9F02:0941 

INC CS:D_003B ; (=0) 
L_0897: ; xref 9F02:00B 1, 0134 MOY Ax,CS:D_0065 ; (=0) 

PUSH CS:D_002B ; (=0) CMP CS:D_OOSF,l ; (=0) 
PUSH CS:D_0023 ; (•9EF2H) JE L_09SA ; Jump if equal 
POP WORD PTR CS:D_OOTT+2; (=0) ADD Ax,800H 

POP CS:D_oon ;(=0) L_09SA: ; xref 9F02:09S5 
MOY Ax,CS:D _ 002D ; ( • 0) CMP Ax,lOOOH 

DEC AX JAE L_0943 ; Jump if above or = 

SHL AX.I ; Sbift w/zern• fill MOY CS:D _ 0065,AX ;(• 0) 
ADD AX.CS:o_oon ; (=0) MOY Ax,CS:D _ 006D ;(•0) 
MOY CS:D_003F,AX ; (•0) CMP Ax,800H 

PUSH CS:D_0035 ; (•0) JAE L_0943 ; Jump if above or = 
PUSH CS:D_0033 ; (•0) TEST CS:D_006B,l ; (•0) 

PUSH CS:D_0031 ; (•0) JNZ L_0998 : Jump ir not zero 
PUSH CS:D_002F ; ( • 0) MOY Ax,CS:D _ 0065 ; (•0) 

POP CS:D_0061 ; (•0) ADD Ax,CS:D _ 006D ; (•0) 

POP CS:D_0065 ; ( • 0) CMP Ax,lOOOH 

POP CS:D_006D ; (•0) JAE L_0943 ; Jump ir above or = 
POP CS:D_006B ; (•0) MOY CS:D _ 0069,AX ; (•0) 

CALL S_0934 MOY Ax,CS:D _ 0065 ; (•0) 

JNC L_08EB ; Jump if carry=0 SUB Ax,CS:D _ 006D ; (=0) 

JMP L_0l38 JC L_0943 ; Jump if carry Set 

L_08EB: ; xref 9F02:08E6 MOY CS:D_0067,AX ;(•0) 

CALL S_09Dl JMP SHORT L_ 0989 

L_08EE: ; xref 9F02:092F L_0998: ; xref 9F02:0973 

MOY DX,CS:D _ 0058 ; (=0) MOY Ax,CS:D 0065 ;(•0) 

MOY Ax,CS:D _ 0047 ;(•0) ADD Ax,CS:D _ 006D ; (• 0) 

OR Ax,CS:D _ 0037 ; (=0) CMP Ax,!OOOH 

OR Ax,8 JAE L_09CF ; Jump if above or = 

OUT Dx,AL; port 0, DMA-1 bas&add cb 0 MOY CS:D _ 0067,AX ; (•0) 

NOP MOY Ax,CS:D 0065 ; (•0) 

NOP SUB Ax,CS:D_006D ; (•0) 

JMP SHORTL_0905 JC L_09CF ; Jump if carry Set 

DB 90H MOY CS:D _0069,AX ;(•0) 

L_0905: ; xref 9F02:0902, 0909 L_0989: ; xref 9F02:0996 

IN AL.DX ; port 0, DMA-1 bas&add cb 0 INC CS:D_003B ; (•0) 

AND Ax,8 CMP CS:D_006B,l ; (•0) 

JZ L_0905 ; Jump if zero JA L_09CF ; lump if above 

CALL S_03B2 MOY CS:D_003B,0 ; (•0) 
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cu: ; acar carry flag POP CS:D_0047 (=0) 
RETN POP CS:D_0039 (•0) 

L_09CF: ; xref 9F02:0943, 09A4, 09B3, 09C4 POP CS:D_OOSF (=0) 
STC ; Set carry flag CALL S_026E 
RETN RETN 

S_0934 ENDP S_09Dl ENDP 

SUBROUTINE Indexed Entry Point 

Called from: 9F02:08EB, OCSB L_0A98: ; xref 9F02:00B3, 0134 
MOV CS:D_003B,11H ;(•0) 

S_09Dl PROC NEAR CMP CS:D_0049,1 ;(•0) 

PUSH CS:D_OOSF ; (•0) JNE L_OAFA ; Jump if not equal 

PUSH CS:D_0039 ; (=0) DEC CS:D_003B ;(•0) 

PUSH CS:O_0047 ;(=0) CMP CS:D_(I02B,0 ; (•0) 

PUSH CS:D_OOS9 ; (=7) JE L_OAC4 ; Jump if equal 

PUSH CS:D_OOS7 ; (=0) CMP CS:D_002B,8 ;(•0) 

MOV CS:D_OOSF,1 ; (•0) JL L_0AFA ;Jump if 

MOV CS:D_0039,0 ; (=0) CMP CS:D _ 0028,0FH ;(•0) 

MOV CS:D_0063,0 ; (•0) JG L_0AFA ; Jump if 

MOV AX,CS:D _ 0061 ; (•0) L_0AC4: ; xref 9F02:0AB2 

MOV CS:D_0047,AX ; (•0) MOV DX.WORDP'IRCS:D_0021 ; (•0) 

MOV CS:O_0059,AX ; (•7) ADD DX,3 

MOV CS:D_0057,AX ; (•0) MOY AX,CS:D_002B ; (•0) 

CALL S_026E OlIT Dx,AL ; port 3, DMA-1 bas&cnt cb 1 

L_0A12: ; xref 9F02:0A 79 MOY CS:D_003B,0 ; (•0) 

MOY AH,1 MOY CS:D _ OOSF,0 ; (•0) 

INT 16H ; Keyboard "o/o ab=function 0lb CMP AL,0 

; get status. iCzf•O al=cbar JE L_OAFA ; Jump if equal 

JZ L_0AlC ; Jump if zero CMP AL,8 

CMP AL,lBH JE L_OAFA ; Jump if equal 

JE L_0A7B ; Jump if equal CMP AL,OAH 

L_0AlC: ; xref9F02:0A16 JE L_OAFA ; Jump if equal 

CALL S_03B2 CMP AL,OCH 

TEST CS:D_006B,1 ; (=0) JE L_0AFA ; Jump if equal 

JNZ L_0A4E ; Jump if not zero CMP AL,0EH 

CMP CS:O_0063,l ; (•0) JE L_0AFA ; Jump if equal 

JE L_0A39 ; Jump if equal MOY CS:D_OOSF,1 ; (•0) 

CMP AX,CS:D _ 0067 ; (•0) L_0AFA: ; xref9F02:0AA5, 0ABA, OAC2, OAE! 

JBE L_0A74 ; Jump i[ below or = ; OAES, 0AE9, OAED, OAFl 

JMP SHORTL_0A79 JMP L_0138 

L_0A39: ; xref 9F02:0A2E 

DEC CS:D_0063 ;(•0) Indexed Entry Point 
CMP AX,CS:D_0069 ; (=0) 

JAE L_OA7B ; Jump if above or = L_0AFD: ; xref 9F02:00B5, 0134 

CMP AX,CS:D_0067 ;(•0) MOV AX,CS:D_004B ;(•0) 

JB L_0A79 ; Jump if below MOY CS:O_0028,0 ;(•0) 

JMP SHORT L_ 0A 74 CMP AX,8 

L_OA4E: ; xref 9F02:0A26 JNE L_0B12 ; Jump if not equal 

CMP CS:D_0063,1 ;(•0) INC CS:D_002B ; (•0) 

JE L_0ASF Jump if equal L_0B12: ; xref 9F02:0BOB 

CMP AX,CS:D _ 0067 ; (•0) MOY AX, WORD P'IR CS:D _ 007B ; ( •OJ 

JAE L_0A74 ; Jump if above or = SUB AX,CS:D _ 007F ;(•0) 

JMP SHORT L_0A79 SHR AX,1 ; Sbift w/zeros fall 

L_0ASF: ; xref 9F02:0A54 MOY CS:D_002D,AX ; (•OJ 

DEC CS:D_0063 ; (•0) MOY DX,CS:D_OOSB ;(•OJ 

CMP AX,CS:D_0069 ; (•OJ IN AL,DX ; port 0, DMA-1 bas&add cb 0 

JBE L_0A7B ; Jump if below or= AND AX,7 

CMP AX,CS:D _ 0067 ; (•OJ MOY CS:D_0047,AX ;(•0) 

JA L_0A79 ; Jump if above MOY CS:D _ 002F ,AX ; (•0) 

JMP SHORTL_0A74 MOV CS:D_0031,0FFFFH ;(•0) 

L_0A74: ; xref 9F02:0A35, 0A4C, 0ASB, 0A 72 CMP CS:D_0049,1 ;(•0) 

INC CS:D_0063 ;(•0) JNE L_OB4D ; Jump if not equal 

L_0A79: ; xref 9F02:0A37, 0A4A, 0ASD, 0A 70 INC DX 

JMP SHORTL_0A12 JMP SHORTS+3 ; delay for UO 

L_0A7B: ; xref9F02:0A!A, 0A43, 0A69 NOP 

POP CS:D_0057 ; (•0) IN AL,DX ; port 1, DMA-1 bas&cnt cb 0 

POP CS:D_OOS9 ; (=7) AND AX,0FH 
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MOV CS:O_0031,AX (• 0) SHL AX,1 ; Sbift w/zeros fill 

L_0B4D: xref 9F02:0B3F SHL AX,1 ; Sbift w/uros fill 
MOV CS:D _ 003B,0 (•0) MOV AJ-1,AL 
JMP L_0138 MOV D_OC88,AX ; (•0) 

D_OB57 ow 0 ; xref 9F02:0B6F, 0886, OC05, OC6B L_0BFD: ; xref 9F02:0BE5 
; OC8F MOV AX,O_0031 ; (•0) 

D_0B59 OW OFFSET L_0B86 ; Data table (indexed acces.s) CALL S_OD4B 
; xref 9F02:0B7D JC L_OCll ; Jump if carry Set 

D_0B5B ow OFFSET L_OC14 ; xref 9F02:0B7D MOV D_OB57,1 ;(=0) 
D_0B5D OW OFFSET L_ OC8A ; xref 9F02:0B7D MOV D_003B,O ; (•0) 

L_OCll: ; xref 9F02:0C03 

Indexed Entry Point JMP L_OB81 

L_OB5F: ; xref 9F02:00B7, 0134 Indexed Entry Point 
PUSH cs 
POP DS L_OC14: ; xref 9F02:0B5B, OB7D 
MOV D_OOBB,DS ; (=9F02H) CMP D_(l02D,0 ;(•O) 
MOV D_003B,13H ; (=0) JE L_OC44 ; Jump if equal 
MOV BX,D_002B ; ( =0) PUSH 0_0033 ; ( • 0) 
CMP BX,D_0B57 ;(=0) PUSH 0_0020 ; ( • O) 
JA L_0B81 ; Jump if above PUSH 0_0031 ; (•0) 
MOV D_003B,0 ; (=0) PUSH D_002F ; (=0) 
SHL BX,1 ; Sbift w/zeros fill POP 0_0061 ; ( • 0) 
JMP WORD PTR D_0B59(BX] ;• ( •0B86H) 3 entries POP 0_0065 ; ( • 0) 

L_0B81: ; xref 9F02:0B73, OCll, OC77, 0D48 POP D_006B ; (•0) 
JMP L_0l38 POP O_006D ; (=0) 

D_OB84 OW 0 ; xref 9F02:0D4B, 006B, 0D81, 0091 DEC D_006B ;(• 0) 
CALL S_0934 

Indexed Entry Point JC L_OC77 ; Jump if carry Set 
L_OC44: ; xref 9F02:0C19 

L_0B86: ; xref 9F02:0B59, 0B7D CMP O_0035,0 ; ( • 0) 

MOV D_OB57,0 ; (=0) JE L_OCS4 ; Jump if equal 

MOV AX,O_002D ; (=0) L_OC4B: ; xref 9F02:0CS2 

MOV O_0089,AX ; (•0) MOV DX,D_OOSB ; (• 0) 

MOV D_OC7A.AX ; (=0) IN AL.DX ; port 0, DMA-1 bu&add cb 0 

MOV AX,O_0023 ; (=9EF2H) TESf Al.20H ... 
MOV D_008B,AX ; (=0) JZ L_OC4B ; Jump if zero 

MOV WORD PTR D_OC7A+2,AX ; (=0) L_OCS4: ; xref 9F02:0C49 

MOV AX,D_002F ; (=0) CMP 0_0020,0 ; ( • 0) 

MOV WORD PTR D _ 0085,AX ; (=0) JE L_OCSE ; Jump if equal 

MOV D_OC7E,AX ; (=0) CALL S_09D1 

MOV D_OC80,AX ; (=0) L_OCSE: ; xrer 9F02:0CS9 

OR ex.ex ; Zero? MOV D_031B,0 ; (•O) 

MOV AX,O_0057 ;(=0) MOV Al.8 

OR CL,AL MOV DX.D_OOSB ; (• O) 

OR CL,8 Ol!f Dx,AL ; port 0, DMA-1 bar.&add cb 0 

MOV AX,O_0037 ; (=0) MOV D_OB57,2 ; ( • 0) 

OR CL.AL MOV D_OOJB,0 ; ( • 0) 

MOV AX,O_0059 ; (=7) L_OC77: ; xrer 9F02:0C42 

SUB AX,O_0057 ; (=0) JMP L_OB81 

OR CH,AL D_OC7A ow 0, 0 ; xref 9F02:0B92, OCAB, OCCA. 0DOB 

MOV O_0083,CX ; (•0) D_OC7E ow 0 ; xref 9F02:0BA4, OCB2, OCCE, ODOF, 0D32 

INC AX D_OC80 OW 0 ; xref 9F02:0BA 7, OCA0, 0D2F 

MOV D_OC82,AX ; (=0) D_OC82 DW 0 ; xref 9F02:0BC7, 0D15, ODlF 

MOV D_OC84,AX ; (=0) D_OC84 OW 0 ; xref 9F02:0BCA. 0DlB 

MOV D_OC86,0 ; (•0) D_oal6 ow 0 ; xref 9F02:0BCD, OBDA. OBE7, OCE2, OCED 

CMP D_OOSF,1 ; (•O) D_OC88 OW 0 ; xref 9F02:0BF A. OCF5, 0D01, 0D23, 0D29 

JNE L_0BEO ; Jump if not equal 

OR D_OC86,l ; (•0) Indexed Entry Point 
NOP ;• ASM rlllllp. sign e.u, byte 

L_OBEO: ; xref9F02:0BD8 L_OC8A: ; xref 9F02:0B5D, OB7D 

CMP 0_0039,1 ; (=0) PUSH AX 
JNE L_0BFD ; Jump if not equal PUSH BX 
OR D_oal6,2 ; (•0) PUSH ex 
NOP ;• ASM fixup • sign em, byte PUSH DX 

MOV AX,O_0057 (• 0) PUSH ES 

SHL AX,1 Sbift w/uros fi ll CMP D_OB57,2 ; (•O) 

SHL AX,1 Sbift w/zeros fill JNE L_OCB9 ; Jump if nol equal 
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CMP D_002D,0 ;(•0) POP ex 
JE L_OCB2 ; Jump if equal POP BX 
CALL S_0D81 POP AX 
MOV AX,D_OC80 ; (•0) JMP L_0B81 
SUB AX, WORD PTR D _ 0085 ; (•0) 

JZ L_OCB9 ; Jump if zero SUBROUTINE 
MOV ex.AX 
LES BX,DWORD PTR D _ 0C7A; ( •0) Load 32 bit ptr Called from: 9F02:0COO 
JMP SHORTL_OCCE 

DB 90H 
S_0D4B PROC NEAR 

L_OCB2: ; xrer 9F02:0C9B CMP D_0B84,1 ;(•0) 
CMP D_OC7E,0 ;(•0) JE L_0D71 ; Jump if equal 
JNE L_OCBC ; Jump if not equal CMP AX,2 

L_OCB9: ; ,iref 9F02:0C94, OCA 7, OCDS 
JB L_OD79 ; Jump if below 

JMP SHORTL_0D2F CMP AX,7 
DB 90H 

JA L_OD79 ; Jump if aboYe 
L_OCBC: ; ,iref9F02:0CB7 MOV D_031B,2 ;(•0) 

CMP WORD PTR D _ 0085,0 ;(•0) ADD AX,8 
JNE L_OCC6 ; Jump if not equal MOV BX,31DH 
CALL S_0D81 CALL S_02AC 

L_OCC6: ; ,iref 9F02:0CC1 MOV 0_0884,1 ; (•0) 
MOV CX.D_002F ;(•0) L_0D71: ; xrer 9F02:0DS0 
LES BX,DWORD PTR D _ OC7A; ( •0) Load 32 bit ptr MOV D_003B,0 ;(=0) 

L_OCCE: ; xrer 9F02:0CAF, 0D2D CLC ; Clear carry nag 
MOV AX,D_OC7E ;(•0) RETN 
CMP AX, WORD PTR D _ 0085 ; (•0) L_0D79: ; ,iref 9F02:0DSS, 0DSA 
JBE L_OCB9 ; Jump if below or = MOV D_003B,7 ;(=0) 
MOV AX,ES:(BX] STC ; Set carry nag 
SHR AX,1 ; Shift w/zeros fill RETN 
SHR AX,1 ; Shift w/zeros fill S_0D4B ENDP 
SHR AX,1 ; Shift w/zeros fill 
SHR AX,1 ; Shift w/zeros fill 

SUBROUTINE 
TES!' D_OC86,1 ;(•0) 
JNZ L_OCED ; Jump if not zero 

SUB AX,SOOH Called from: 9F02:0C9D, OCC3, 0D40 
L_OCED: ; ,iref 9F02:0CE8 

TES!' D_OC86,2 ; (•0) S_0D81 PROC NEAR 

JZ L_0OOS ; Jump if zero CMP D_0B84,0 ;(=0) 

MOV DX,D_OC88 ; (•0) JE L_0D97 ; Jump if equal 

AND AH,SFH MOV D_031B,2 ;(=0) 

OR AH,DH CALL S_02DF 

ADD DH,l0H MOV D_OB84,0 ;(=0) 

MOV D_OC88,DX ; (=0) 
L_0DOS: ; ,iref 9F02:0CF3 L_0D97: ; ,iref 9F02:0D86 

MOV ES:(BX],AX RETN 

ADD BX,2 S_0D81 ENDP 

MOV D_OC7A,BX ;(•0) D_0D98 DW 0 ; ,iref 9F02:0D9A, 0DBO, 0E7E 

DEC D_OC7E ;(=0) 

JZ L_0D2F ; Jump if zero Indexed Entry Point 
DEC D_OC82 ; (•0) 

JNZ L_0D2D ; Jump if not zero L_0D9A: ; 1ref 9F02:00B9, 0134 
PUSH D_OC84 ;(•0) CMP D_OD98,0 ;(•0) 

POP D_OC82 ;(•0) JE L_ODB9 ; Jump if equal 

MOV DX.D_OC88 ; (•0) MOV O_004B,0 ;(•0) 

MOV DH,DL MOV o_ooss,o ; (•0) 
MOV D_OC88,DX ;(•0) CALL S_02DF 

L_0D2D: ; ,iref 9F02:0D I 9 MOV D_0D98,0 ;(•0) 

LOOP L_OCCE ;Loop if a 0 L_0DB6: ; ,iref 9F02:0DDB, ODES, 0DF6, 0DFC, 0E03 

L_0D2F: ; ,iref 9F02:0CB9, 0D13 JMP L_OE9S 
MOV AX,D_OCBO ;(•0) L_0DB9: ; ,iref 9F02:0D9F 

SUB AX,D OC7E ; (•0) MOV D_003B,8 ; (•0) 

MOV D_0031,AX ; (=0) MOV WORDPTRD_007B,0 ; (•0) 

CMP WORD PTR D_008S,0 ; (=0) PUSH D_002D ; (•0) 

JNE L_0D43 ; Jump if not equal POP WORD PTR D_007B+2 ; (•0AOOOH) 

CALL S_0D81 PUSH WORDPTRD_007B ; (•0) 

L_0043: ; ,iref 9F02:0D3E POP D_007F ; (•0) 

POP ES MOV AX,D_002F ; (•0) 

POP DX CMP AX,1 
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JL L_0DB6 ; Jump if D_0E9C DW 0; ,a-ef 9F02:0EOD, 0F98 

SHL AX,l ; Sbift w/uros fill D_0E9E DW 0 ; ,a-ef 9F02:0E1E, 0F92 

MOY O_0043,AX ;(•0) D_0EA0 DW 0 ; lire! 9F02:0EF3, 0Fll, 0F21 

MOY AX.WORD PTR D_007B+2 ; (•0AOOOH) D_0EA2 DW 0 ; lire! 9F02:0EF9, 0Fl 7, 0F24 

CMP AX,0 D_OEA4 DW 0 ; llref 9F02:0E24, 0EE6, 0EED, 0F0A, 0F28 

JL L_0DB6 ;Jump if D_0EA6 DW 0 ; llref 9F02:0EFO, 0FlB 

MOY D_003B,14H ; (=0) D_0EA8 DW 0 ; llref 9F02:0ES6, 0F2C 

MOY AX,O_0031 ; (•0) D_OEAA DW 0 ; llref 9F02:0ESC, 0F36 

CMP AX,0FH DB SOH, 53H, 51H, 52H, lEH, 57H 

JA L_0DB6 ; Jump if above DB OEH, lFH,OBOH, 20H,OE6H, 20H 

CMP AX,O_0033 ; (•0) DB OFFH, 36H, 37H, OOH,OFFH, 36H 

JA L_0DB6 ; Jump if above DB SFH, OOH,0FFH, 36H, 39H, OOH 

CMP O_0033,0FH ; (•0) DB 83H, 3EH, •BH, OOH, 08H, 74H 

JA L_0DB6 ; Jump if above DB 03H,0E9H,0E3H, OOH,OC7H, 06H 

SHL AX,l ; Sbifl W/Ur<>S fill DB SFH, OOH, 0lH, OOH,OC7H, 06H 

SHL AX,1 ; Sbift w/uros fill DB 39H, OOH, OOH, OOH,OAtH, 9AH 

SHL AX,l ; Sbift w/uros fill DB OEH,0A3H, 37H, OOH,OC7H, 06H 

SHL AX,l ; Sbift w/zeros fill DB •BH, OOH, OOH, OOH 

MOY D_0E9C,AX ; (=0) L_0EE6: ; lire! 9F02:0F88 
MOY D_0E9A.AX ;(=0) CMP D_0EA•, l ; (=0) 
MOY AX,O_0033 ;(•0) JBE L_0EFF ; Jump if below or = 

SHL AX,1 ; Sbift w/zeros fill MOY AX,D_0EA• ; (•0) 

SHL AX,1 ; Sbift w/uros fill MOY D_0EA6,AX ; (•0) 
SHL AX,1 ; Sbift w/uros fill MOY D_0EA0,0 ; (•0) 
SHL AX,l ; Sbift w/uros fill MOY D_0EA2,0 ; (•0) 
MOY D_0E9E,AX ;(=0) L_0EFF: ; ,a-ef 9F02:0EEB, 0FlF 

MOY AX,O_0035 ; (=0) PUSH 0_0047 ;(•0) 
MOY D_0EA4,AX ; (=0) CALL S_03B2 

MOY D_003B,7 ; (•0) POP 0_0047 ;(•0) 

MOY AX,D_002B ;(•0) CMP D_0EA4,l ; (=0) 

AND AX,7 JBE L_0F2C ; Jump if below or = 
CMP AX,2 ADD D_0EA0,AX ; (•0) 

JB L_0E95 ; Jump if below JNC L_0FlB ; Jump ifcany=0 

MOY D_OOSS,0 ; (•0) INC D_0EA2 ;(•0) 
MOY AX,D_002B ; (=0) L_0FlB: ; ,a-ef 9F02:0F15 

AND AX,8 DEC D_OEA6 ; (=OJ 
JZ L_0E•A ; Jump if zero JNZ L_OEFF ; Jump if not zero 

INC D_0055 ; (•0) MOY AX,D_0EA0 ;(• OJ 

L_0E•A: ; ,a-ef 9F02:0E44 MOY DX.D_0EA2 ;(•OJ 
MOY AX,D_0059 ; (•7) !DIV D_0EA4 ; (•0) ax,dllrem•dx:8ll/dat.a 

MOY WORD PTR D_0E98,AX ; (•OJ L_0F2C: ; ,a-ef 9F02:0F0F 

MOY O_0047,AX ;(•0) CMP D_0EAS,1 ; (•0) 

MOY AX,D_OOSF ;(=0) JE L_0F36 ; Jump if equal 

MOY D_0EAS,AX ; (•0) SUB AX,800H 

MOY AX,D_0039 ;(=0) L_0F36: ; ,a-ef 9F02:0F3 l 

MOY D_0EAA,AX ; (=0) CMP D_0EAA,l ; (•0) 

MOY DX,D_OOSB ; (=0) JNE L~0F46 ; Jump if not equal 

MOY AX,D_0057 ;(=0) MOY BX.D_0037 ; (•0) 

OR AX,D_0E9A ; (=OJ AND AH,8FH 

OlIT Dx,AL ; port 0, DMA-1 bas&add cb 0 OR AH,BL 

PUSH AX L_0F46: ; ,a-ef 9F02:0F3B 

PUSH DX PUSH DS 

MOY AX,D_002B ;(•0) LOS Dl,D_007B ; (=0) Load 32 bit ptr 

AND AX,7 MOY [Dl).AX 

ADD AX,8 INC DI 

MOY BX,0EACH INC DI 

CALL S_02AC POP DS 
POP DX MOY WORD PTR D_007B,DI ;(• 0) 

POP AX CMP DLD_0043 ; ( • OJ 

MOY D_0D98,1 ; (=0) JB L_OF69 ; Jump if below 

MOY D_003B,0 ; (•0) CMP D_0055,0 ;(•0) 

MOY D_004B,8 ; (=0) JE L_OFBl ; Jump if equal 

OR AX,D_004B ; (=0) PUSH D_007F ;(•0) 

OlIT DX.AL ; port 0, DMA-1 bas&add cb 0 POP WORD PTR D _ 007B ;(=0) 

L_0E95: ; ,a-ef 9F02:0DB6, 0E36 L_0F69: ; llref 9F02:0F58 

JMP L_0138 MOY AX,D_0047 ; (•0) 

D_0E98 DB 0, 0 ; ,a-ef 9F02:0E•D, 0F79 INC AX 
D_0E9A DW 0 ; xref9F02:0EI0, 0E66, 0F7F, 0FSB, 0FA2 CMP AX,O_0059 ; (=7) 



Appendix Five 

JBE L_0F76 ; Jump if below or s 

MOY AX,D_OOS7 ; (•0) 
L_0F76: ; xn:f 9F02:0F71 

MOY O_0047,AX ; (•0) 
CMP AX.WORD PTR D_0E98 ; (•0) 

JE L_0F8B ; Jump if equal 
OR AX,D_0E9A ; (•0) 
MOY DX,D_OOSB ; (•0) 

01.TI' O){,AL ; port 0, DMA-1 bas&add ch 0 

JMP L_0EE6 

L_0F8B: ; xref 9F02:0F70 
MOY BX,D_OE9A ;(=0) 
ADD BX.l0H 

CMP BX,D_0E9E ; (•0) 

JBE L_0F9C ; Jump if below or • 
MOY SX,D_0E9C ;(•0) 

L_0F9C: ; xref 9F02:0F96 
MOY D_004B,8 ; (•0) 
MOY D_0E9A,BX ;(•0) 
OR AX.BX 
OR AX,O_004B ; (•0) 
MOY DX,D_OOSB ;(•0) 
01.TI' DX.AL ; port 0, DMA-1 baa&add ch 0 

L_0FBl: ; xref 9F02:0F5F 

POP 0_0039 ;(•0) 
POP D_OOSF ;(•0) 
POP 0_0037 ; (•0) 
POP DI 
POP OS 

POP DX 

POP ex 
POP BX 
POP AX 
IRET ; Interrupt return 

SEG_A ENDS 
END START 

. CRQSS REFERENCE ~·KEY ENTRY POINTS 
. ·. << 

segloir · 
· 9F02:0000 

': type 
FAR 

Inte~p~ Usage Synopsis 

bibel 
SfART 

InterI'lipt 16H·: get status, if zf = o. al=·char 

1/0 · Pon Usage Synopsis 

P,?tlO >: DMA-1 bas&add ch 0 
- Pein i >: DMA-1 bas&cntch 0 
. Port2 : DMA-lbas&adcich i 
· Port3 < ;i:>MA"lbas&cntch 1 
Port4 c:' ·• : DMAslblis&addch2 
Ports< : DMA-fbiis&cntch2 ·-·•··•· 
Port 6 : oMA, lbiis&add ch 3 ·: 

· Poi:t7 · · :DMA-iblis&cntch3 
J>oi:tZOH ·= 8259-1 int command 
Pon21H <: 8259a1 intIMR 
Po!121H :8259-1 ini ,comands 

· 2" Ocurren~bs of Noil~Standard 1/0 pons used. 
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