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1 Building A Simple Voltmeter

1.1 Introduction

In this project, you use the A/D and the UART to implement a simple
voltmeter that outputs the voltage on channel zero of the A/D to your PC
using its UART. You will use MATLAB to write a good fraction of the
program, and you will have to be careful to keep your certain parts of your
program quite short.

1.2 Accuracy

The ADuC841’s A/D is a twelve bit A/D. In this lab, we build an eight
bit accurate voltmeter. That should give the final meter an accuracy of
2.5/256 ≈ 10 mV. The voltmeter must work as follows.

• The UART must run at 115,200 bits/second, and Timer 3 must be used
as the UART’s clock.

• Each time the user sends a capital m, ‘M’, to the UART, the ADuC841
must sample the zeroth channel of the A/D.

• As we only need to use eight bits of the measured value and as the top
four bits in ADCDATAH will be zero, it is simple to combine the values
in ADCDATAH and ADCDATAL into one eight-bit value. (You may
want to look up the SWAP command.)

∗Shlomo Engelberg is with the Electronics Department, Jerusalem College of Technol-
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• When I performed this project, I avoided calculating output strings on
the fly. I had MATLAB produce 256 seven-byte output strings and
store them in consecutive locations in CSEG. Once I had my eight bit
reading, I calculated the location of the string I needed to output and
loaded the data pointer with the location of the first character of the
string. Because the output strings all had seven bytes, I did not zero-
terminate them. I made use of their known length as a termination
condition.

• If you choose to store 256 fixed strings, make sure to keep the strings
short. Otherwise, you will find that the IDE will not compile the code
you wrote. (Because it is freeware, the IDE does not allow one to
compile large programs.)

• Make sure to test your code as you go along. I found the debugger to
be very helpful. When the lab assistants come to examine your project,
they will check that you know how to use the debugger to debug your
project.

1.3 Some Help with MATLAB

In writing a short script to prepare the output strings I needed, I found the
commands fopen, fprintf, fclose, dec2hex, and num2str helpful. It is
perfectly possible to have MATLAB output beautiful looking code for the
ADuC841.
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2 Implementing A Simple Oscilloscope

2.1 Introduction

In this project, you implement an oscilloscope that plots directly to your PC
using the UART and PuTTY; you will not use a regular oscilloscope at all
– though you will use a signal generator. This project is an extension of the
simple plotter – the project of Chapter 26 and the simple oscilloscope – the
project of Chapter 22. Read Chapters 22 and 26 before reading further. (All
chapter numbers in this document refer to ADuC841 Microcontroller Design
Manual: From Microcontroller Theory to Design Projects, Circuit Cellar,
2011, that appears on the Moodle site in PDF form.)

When performing this project, I started by writing the plotter routine. I
tested it with the debugger and by using the ADuC841. Only after it worked
well did I move on to sampling the signal of interest, checking for a trigger
event, and saving the samples in an array. I recommend that you implement
and test this project module by module too.

In implementing the simple ’scope, you must make use of Timer 2, Timer
3, the UART, and the A/D. Material about Timer 2 can be found in Chapter
15, and material about Timer 3 can be found Chapter 13.

2.2 The Implementation

First write a routine that accepts an array of 75 numbers from 0 to 15 and
converts them into a 16 row by 75 column picture. As described in Chapter
26, have the routine scan the array 16 times. The first time it scans the
array, it should output a space in each location whose entry is not 15 and
a period, ‘.’, wherever the entry is a 15. The next line should have spaces
wherever the elements in the array differ from 14 and periods wherever they
equal 14. Carry on with this procedure until all 16 number from 0 to 15 have
been taken care of. Store the 75 number array in the indirect segment. (See
§2.4.1 for information about ISEG.) Output the characters to the UART at
a baudrate of 115,200 bits/second, and clock the UART using Timer 3.

After this routine works properly, write additional code that uses Timer
2 to cause the A/D to sample channel 0 at a rate of 100,000 Samples/sec.
Examine the most significant byte, ADCDATAH, and have the processor check
to see whether or not the signal being input to it crossed from below 1.25 V to
1.25 V or above. If it crossed 1.25 V while increasing, then have the processor
store the most significant byte of the sample and the next 74 samples in an
array in ISEG. When the array is full, have the processor call the routine you
wrote previously to output the array values to PuTTY. After outputting the

3



values, start the process again. Each time the processor sees a trigger event,
it should store 75 samples and output them to PuTTY. When everything is
running correctly, you will have a simple working ’scope.

To make the output of the ’scope prettier, you will want to clear the
screen before sending a new set of data to PuTTY. To do this, you need to
send the four character sequence Esc[2J to PuTTY and the you will have to
send the three character sequence Esc[H to PuTTY. The ASCII value of Esc
is 27; the first sequence clears the screen; and the second sequence returns
the cursor to the upper-left-hand corner of the screen.

2.3 Technical Specifications

• The A/D must be set to sample each time Timer 2 overflows.

• The sampling rate must be set to 100,000 Samples/sec.

• Each screen must cover a period of 0.75 ms – must represent 75 samples.

• Each screen must be broken into 16 voltage levels. (The resolution will
be 2.5 V/16 ≈ 160 mV.)

• The UART’s baudrate must be set to 115,200 bits/second, and Timer
3 must be used to set the baudrate.

2.4 Some Useful Commands and Facts

2.4.1 ISEG

In this project we need to store 75 bytes. We would rather not use up all
of the free space in DSEG for this purpose, so we make use of the indirectly
addressable memory that sits “bellow” the SFRs. To allocate arrays in this
memory segment, one gives the assembler the directive ISEG AT 0080H. This
causes the assembler to locate the array in the indirectly addressable memory
that sits below the SFRs (which start at location 80H in the DSEG). One uses
the “usual” commands (MOV, etc.) to access such memory. One must keep in
mind that all accesses to this memory must be indirect.

2.4.2 Use Meaningful Names

When using constants whose values ought to mean something to the reader,
give the constants meaningful names. If your line-length is 75, consider
making the definition LENGTH EQU 75 so that when reading your code, people
will see words like LENGTH whose meanings are clear.
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2.4.3 CJNE

As has been pointed out several times, CJNE can be used to check which of
two numbers is smaller. CJNE may come in handy when you are trying to
determine whether or not a trigger event has occurred.
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3 Bit Banging: Implementing a Transmitter

To “bit bang” means to manage serial communications using software rather
than hardware. In this lab, you implement an interrupt-driven transmitter
that sends data to a UART at 9,600 bits/s. The transmitter transmits one
byte at a time (with its start and stop bits) just like the “regular” serial port.
You implement code to transmit strings – just as you have in the past. You
must use external interrupt 1 and the timer 2 interrupt in implementing the
transmitter.

Timer 2 handles the transmission of the bits in each byte. External
interrupt 1 is used to set up each byte to be transmitted (rather like the
standard transmit interrupt), and its ISR will be somewhat similar to the
ISR used for the “standard” transmit interrupt.

Your program must transmit a string each time P3.2 goes low. (While
the ADuC841 is transmitting a string it should be set to disregard P3.2

going low.) You may use external interrupt 0 in edge-triggered mode for this
purpose.

You must send the bits to be transmitted to P3.1 – the “regular” serial
transmit pin. You must use this pin because the level shifter in the serial
cable is connected to this pin and the cable is also connected the pin to the
correct pin on your PC.

In implementing this program you may want to proceed as follows.

• Have an array in the data segement in which the ones and zeros of
the current byte to be transmitted are stored. You will probably want
to store the start and stop bits there – so the array needs to be ten
elements long. (You will store ones in places where a one should be
transmitted and zeros in places where a zero should be transmitted. In
principle, it would be better to use an array of bits, but I know of no
simple way of reading from an array of bits indirectly.)

• Have a pointer that points to the bit to be sent.

• You may find it useful to read from the array using indirect addressing.
I.e., you may want to use commands like MOV A, @R0.

• Use Timer 2 in autoreload mode to generate an interrupt every 1/9,600 s.
(See Chapter 15 for a description of how Timer 2 is used.)

• If you are in the middle of transmitting a byte, have the timer 2 ISR
read the next bit and transmit it on P3.1 using the standard SETB and
CLR commands. Have the ISR move the pointer to point at the next
bit to be read as well.
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• Whenever the transmission of a byte finishes, have the timer 2 ISR
assert an “external interrupt 1” interrupt.

• Use “external interrupt 1” like the “regular” transmit interrupt. When
you want to begin a transmission, initialize everything and then assert
external interrupt 1. Each time external interrupt 1 is asserted, read
the next byte to be transmitted and trasmit the byte.

• There is one large difference between how external interrupt 1 is used
and how the transmit interrupt is used. In the external interrupt 1 ISR,
the ADuC841 must read the next byte, translate the byte into a start
bit, the eight data bits, and a stop bit and store these bits in an array
in the data segement, and then start the transmission of the byte.

• When the end of the string to be transmitted is reached, the external
interrupt 1 ISR must make sure that the transmitter stops transmitting.

Note that the UART expects to have the least significant bit (bit 0) trans-
mitted first.

Make sure to keep your ISRs short, to give variables meaningful names,
and to use subroutines where appropriate.
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4 Bit Banging: Implementing a Receiver

To “bit bang” means to manage serial communications using software rather
than hardware. In this lab, you implement an interrupt-driven receiver that
sends data to a UART at 9,600 bits/s. You use external interrupt 0 to detect
the start of reception, external interrupt 1 like the receive interrupt, and
timer 0 to deal with timing issues.

4.1 P3.2 and External Interrupt 0

In this mini-project, you use P3.2 to input data to the UART. As the commu-
nications cable sends data to P3.0, you need to short the two pins together.

Set external interrupt 0, which is associated with P3.2, to be edge trig-
gered. (You use the external interrupt to detect the begining of a transmis-
sion – which is indicated by the voltage dropping from 5 V to 0 V.) In the
external interrupt 0 ISR, load the timer 0 reload registers with a value that
causes the next interrupt to occur in half of 1/9,600 s. That is, after seeing
a 5 V – 0 V transition, use timer 0 to wait half a bit-width. Also, set a user-
defined flag to inform the other parts of the program that you’ve just seen a
potential start bit. Finally, disable the external interrupt 0 interrupt. (You
reenable it when you finished reading in a byte or when you decide that no
byte is actually being transmitted.)

4.2 The Timer 0 Interrupt

When you arrive in the timer 0 ISR, check whether you are in the middle of
receiving a byte or whether the ADuC841 just saw a potential start bit. If
the ADuC841 just saw a potential start bit, then check to see if the voltage
on P3.2 is still low. If it is, reload the timer 0 reload registers with values
that cause the time until the next interrupt to be a full bit period – to be
1/9,600 s. If it is not, clear P3.5 (to indicate that there was a “false start”)
and get the ADuC841 to wait to receive a new byte.

If the ADuC did not just see a potential start bit, then you are in the
middle of receiving a byte. The next bit value should now be accessible on
P3.2.

If you are expecting to receive another data bit, move the value in P3.2

to a location in the data segement in such a way that after all eight bits have
been received the value will hold the byte that was transmitted. (I found
the commands MOV C, bit and RRC A to be very useful.) If you have not
yet finished receiving the byte, reload the timer 0 reload registers so that the
next timer 0 interrupt will take place in 1/9,600 s.
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Keep track of which bit you are currently reading. When you get to the
bit after the last data bit – i.e., the stop bit – make sure that it is a one. If
it is not, set P3.6, and get the ADuC841 ready to receive a new byte. If it
is a one, get the ADuC841 ready to receive another byte and use external
interrupt 1 like the receive interrupt. That is, force external interrupt 1 and
have the external interrupt 1 ISR deal with the byte you’ve just received.

4.3 External Interrupt 1

In the external interrupt 1 ISR, have code that compares the byte you’ve
just received to the ASCII code for ‘A’. If they are the same, toggle the state
of the LED. Otherwise, do nothing.
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5 Implementing a Simple Signal Generator

5.1 Overview

In this experiment, you implement a simple signal generator. The signal
generator will be capbable of outputting a sine wave, a square wave, or a
sawtooth wave. It will be capable of output signals whose frequencies range
from 1 Hz to 999 Hz in steps of 1 Hz. The frequencies will be as accurate as
the board’s crystal allows.

The user will operate the signal generator by sending it commands via
the UART. The command will be a four character string. The first character
will be an ‘S’, and ‘A’, or a ‘Q’ – where ‘S’ stands for Sine wave, ‘A’ stands for
sAwtooth wave, and ‘Q’ stands for sQuare wave. The next three characters
will be a three digit number. Thus to have the signal generator output a
200 Hz sawtooth wave, the user will type A200.

5.2 Technical Specifications

Have Timer3 clock the UART, and set the baudrate to 115,200. Have the
signal output via DAC1. Set the DAC to run from 0 V to Vref in 8-bit mode.
The value passed to the DAC by the program should go from near 0 to near
255. The user will not be able to vary the amplitude of the signal being
output.

5.3 Some Hints

5.3.1 Setting the Frequency Accurately

In order to make the frequency as accurate as possible, the period of the
output should be set using a timer running in autoreload mode.

I found it helpful to work with a cosine sampled 200 times (rather than
256 times as in the lab of Chapter 19). I set a timer in autoreload mode
to interrupt every 1/(256× 200) s, and I had a two-byte “counter” that was
updated in the timer’s interrupt subroutine (ISR). The most significant byte
was allowed from 0 to 199, and the least significant byte varied from 0 to
255. Each time the ADuC841 entered the timer’s ISR, it caused the DAC to
output the sample whose position in the array of cosine values was equal to
the most significant byte of the counter.

In addition, each time the µC entered the ISR, it added the desired sam-
pling frequency to the two byte counter. Whenever the high byte of the
counter was 200 or greater, the µC subtracted to 200 from the value (us-
ing the SUBB command). Please think about why incrementing the two-byte
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counter by the sampling frequency works! (It is closely tied to the length of
the array of the values of the cosine and the frequency with which the timer
interrupt occurs.)

5.4 Reading a Four Character String

When reading the different characters, you may want to define four flags.
One flag is raised when you are expecting the first character, one for the
second, and so forth.

5.5 Converting the Numbers from ASCII to Binary

When reading in the numbers, note that the format of a decimal digit in
ASCII is 0011b3b2b1b0B. Thus, anding a character that is supposed to be a
number with 00001111B returns the number. Also, please note the 8051’s
assembly language has a multiply command – MUL AB. It should also prove
useful.
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6 Implementing an Electronic Ruler

6.1 Part List

1. Evaluation kit for the ADuC841.

2. HC-SR04.

3. 4 female-to-female jumpers.

6.2 Introduction

In this lab, you will write a program that causes the ADuC841 to measure
distances using the HC-SR04 ultrasonic distance sensor module. The module
has four pins: VCC, Trig, Echo, and Gnd. In order to connect these pins to the
relevant pins on the evaluation kit, it is simplest to use four female-to-female
jumpers. VCC must be conntected to the DVDD pin on the evaluation kit, Gnd
must be connected to the DGND pin on the evaluation kit, Trig should be
connected to P3.5, and Echo should be connected to P3.3.

When Trig is raised for over 10µs, the module outputs a “burst” of
ultrasound and measures how long it takes to return. The module outputs a
pulse to Echo whose width is proportional to the distance the sound traveled.
Each 14.7 µs of “pulse width” is equal to a distance of (approximately) 0.25
cm from the sensor to the object off of which the sound bounced. Thus, to
measure distance, all that you need to do is trigger the sensor and determine
the length of the pulse that appears on P3.3. A few simple calculations will
give you the distance. After calculating the distance, you must report it via
the UART. (For a bit more information about the HC-SR04, see
https://www.bananarobotics.com/shop/HC-SR04-Ultrasonic-Distance-Sensor.)

When implementing this project, you must use external interrupt 0 in
edge-triggered mode. Each time the switch attached to P3.2 – each time
INT0 is pressed – you must cause the ADuC841 to have the HC-SR04 make a
distance measurement. You will then have the ADuC841 interpret the results
and transmit a hexadecimal number (encoded as alphanumeric characters in
ASCII) whose value gives the distance from the sensor to the the item whose
distance is being measured. The distance must be measured in cm. You
must transmit the data via the UART running at 115,200 bits/s, and you
must use Timer 1 to clock the UART.
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6.3 Implementation

Please give your variables and pins meaningful names. The EQU directive
may be helpful with the latter. Also, please keep your interrupt subroutines
as short as is practical.

The following may help you think out how to organize your program.

• Set up interrupt 0 to work in edge-triggered mode.

• Set up the UART to work at 115,200 bits/s.

• In your main, initialize P3.5 to zero. When external interrupt 0 is
asserted, set P3.5 to one in the relevant ISR. Also, set a user-defined
flag to tell the “main” that INT0 has been pushed, and it is time to
start a measurement.

In order to avoid problems with bounce, stop allowing the ADuC841
to react when external interrupt 0 is asserted until the measurement is
finished. (You can do this by clearing EX0 in the relevant ISR. You will
need to set it again when the measurement is finished.)

• Set up Timer 0 to overflow every 14.7µs. This will be useful because
it makes each “tick” of Timer 0 “equivalent” to 0.25 cm. Do not have
the timer run yet. We will only have the timer run when we need it.

• In the Timer 0 ISR, set a user-defined flag each time the program
enters the ISR. You will check this flag in the “main” to determine
when 14.7µs have passed.

• In the “main,” loop in place until external interrupt 0 is asserted. When
you detect that it has been asserted, start Timer 0 running. The first
time that there is a Timer 0 interrupt after external interrupt 0 is
asserted, lower P3.5. At this point, the trigger of the HC-SR04, Trig,
will have seen an (approximately) 14.7µs pulse – which should cause
the HC-SR04 to make a distance measurement.

• Once you have triggered the HC-SR04, you must check to see when its
Echo pin goes high. You do this by checking the value of P3.3 and
waiting for it to go high.

• After Echo – connected to P3.3 – goes high, you must count how many
timer interrups occur before it goes low. Each “tick” represents 0.25 cm.

• When Echo goes low, you need to stop counting puses. The number
of pulses you counted gives the distance in “quarter centimeters.” In
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addition, you should stop Timer 0, clear IE0 (in case the switch had
“bounces”), and you should set EX0 so that the ADuC841 will react to
the next “button push.”

• Hint: If you define a counter and have it count groups of four pulses,
and if after every four pulses you increment a second counter, then the
second counter will have the distance in cm, and there will be no need
to perform any additional calculations.

• Next you need to output the distance to the UART. This can be done by
storing the string you want to transmit in the DSEG and using pointers
to access the values to be transmitted. (For example, the command
MOV @R0, #3 moves the value 3 into the address pointed at by R0.)

• When you finish transmitting the distance, cause the ADuC841 to go
back to waiting for INT0 to be pushed.
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