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1 Chapter 6

Please replace Part III of the lab with the following.
Write a program consisting of two commands, two directives, and one

label that causes P3.4 (which is connected to the on-board LED) to toggle as
fast as possible. Make sure to comment your code properly. Use your ’scope
to measure the frequency of the square wave output to P3.4. Add a comment
to your code that gives the frequency of the square wave you observe.
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2 Chapter 8

There are no changes to Part I of the lab. These instruction replace the
instructions for Part II.

In the second part of the lab, set the voltage on P3.4 to be 5 V in the
“main” (set P3.4 in the “main”), and set up external interrupt 0 so that
each time the voltage on P3.2 goes from high to low, external interrupt 0 is
asserted. In the interrupt subroutine, set the voltage on P3.4 to be low (0 V)
each time the voltage on P3.2 goes from high to low. Note that this means
that the first time the voltage on P3.2 goes from high to low the voltage
on P3.4 will go from 5 V to 0 V, but after the first high-low transition, the
voltage on P3.4 will always be 0 V. This makes the output of P3.4 a good
trigger source to use to “see” bounce.

When your program is running properly, connect your ’scope probes to
P3.2 and P3.4. Connect P3.4 to channel A and P3.2 to channel B. Set the
’scope to trigger when it sees a falling edge on channel A. Set the trigger
level to 3 V. Set the timebase to 100µs/div.

Now cause external interrupt 0 to be asserted by pressing on the INT0
button. What do you see on your ’scope? With a bit of luck, you will see
that on channel B the voltage drops to nearly 0 V and then after several tens
of microseconds rises to 5 V for a little while and then falls to 0 V. If you
don’t see this the first time you try it, reset the ADuC841 (by pressing the
RESET button) and try again.
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3 Chapter 9

This lab replaces the lab of Chapter 9.
Write a program that uses Timer 1 to cause the LED to blink 200 times

per second.
Please have Timer 1 run in autoreload mode – mode 2. Setting TH1 to

0 and having the timer complement P3.4 every 108 interrupts will cause
the output of P3.4 to be a square wave whose duty cycle is 1/2 and whose
frequency is exactly 200 Hz. In a brief comment to your code, please explain
why.

Check that your program works by examining the output of P3.4 using
the PicoScope. In addition to simply examining the signal output by P3.4,
use the measurements that the PicoScope interface provides to check the
period (called the “cycle time”) and the frequency of the signal. Please add
a brief comment to your code describing what you measured.
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4 Chapter 11

In this lab you will use PuTTY and not HyperTerminal to work with the
UART. Please see the Moodle site for information about how to use PuTTY.

This lab replaces the second part of the lab of Chapter 11.
Please write a program that causes the UART to transmit the ASCII for

the letter ‘A’ each time external interrupt 1 is asserted – each time that the
voltage on P3.3 changes from 5 V to 0 V.

External interrupt 1 must be run as an edge triggered interrupt (by setting
IT1), and its interrupt must be enabled (by setting ET1). As hinted at above,
external interrupt 1 is controlled by the voltage on P3.3.

The easiest way to get a “clean” signal on P3.3 is to jumper P3.3 to P3.2

and then use the INT0 switch.
The UART must be set to run at 9,600 bits/s. In this simple program,

there is no need to enable the serial interrupt.
After debugging your program in the IDE, download the program and

use PuTTY to check that when you ground P3.3 the ADuC841 transmits
an ‘A’ via its UART. Then connect channel ‘A’ of the PicoScope to P3.1 –
which doubles as the transmit pin of the UART – and check that the signal
on P3.1 indeed corresponds to the ASCII for ‘A’. (As the baudrate is 9,600
bits/s, each bit takes about 100µs.) In order to “catch” the signal, set the
’scope’s trigger to “repeat” mode, have it trigger on channel A, and have it
trigger on the signal’s falling edge. Set the trigger level to 3 V.

After viewing the signal this way, please make use of the “serial decoding”
feature of the PicoScope to let the PicoScope check that what is being send
via the UART is indeed the letter ‘A’.

To use the “serial decoding” feature, go to the “Tools” menu and click
on “serial decoding.” Then click on the “Create” button. Next, choose the
UART (which is the next to last choice). “Data” should be set to ‘A’. The
Baud Rate is 9.6 kbaud. Finally, unclick “Table.”

Press on the switch, and see what the ’scope responds with.
Please add a brief comment to your code describing what you saw when

using the ’scope.
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5 Chapter 12

5.1 Introduction

This lab replaces the lab at the end of Chapter 12.
In this lab, each time ’t’ or ’T’ is sent to the ADuC841 using the UART,

you will cause the ADuC841 to check the voltage on P3.2, the pin connected
to the INT0 switch, and report what it finds to the user.

You must run the UART using Timer 1 in autoreload mode. The UART
must be run at 57,600 bits/s, and SMOD must be set to 1.

5.2 Checking the Status of P3.2

The ADuC841 (and all 8051 derivatives) is built so that when you use the
JB command on a pin, when you use a command like JB P3.2, LABEL if the
voltage on the pin is “high”, the processor will jump to the instruction at
LABEL, and otherwise, it will continue to the next instruction. Thus, when
the INT0 switch is not pressed, when the voltage on P3.2 is (its “default”
value of) 5 V, JB P3.2 “sees” a one, and when it is pressed, and the voltage
on P3.2 is 0 V, the command “sees” a zero.

5.3 Implementation Notes

It is good practice to keep interrupt subroutines short. One way to do this
is to raise a user-defined-flag in an interrupt subroutine to alert the “main”
that it needs to deal with something. In the “main,” you check the value of
the flag.

For example, suppose that you would like the processor to do something
when it has received a ’t’ or a ’T’ over the UART.

Let CHECK P32 be user-defined-flag in the BSEG. In the serial ISR you
might include code like the following

MOV A, SBUF

CJNE A, #’T’, LOWER_CASE

SETB CHECK_P32

JMP END_SERIAL

LOWER_CASE:

CJNE A, #’t’, END_SERIAL

SETB CHECK_P32

In you main, you would CLR the flag in the initializations, and you would
have a loop that checks the flag – perhaps something like the following.
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JNB CHECK_P32, $

CLR CHECK_P32 ; Reset the value so the flag can be used again.

The basic structure of your program should be:

• Jump to MAIN when the processor starts/is reset.

• Process the serial interrupt in the serial ISR.

• Start the MAIN.

• Initialize Timer 1 and the UART.

• Initialize your user defined flags.

• Wait for the use-defined-flag to go high.

• When it goes high, do the real work. Check the value of P3.2, and
output the correct string.

• After all the code for the program, add lines that define the two strings.

• After defining the two strings, define the user-defined-flag in BSEG.

• Don’t forget the END directive.
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6 Chapter 14

6.1 Introduction

This lab replaces the lab in the course text.
As we have learned, the internal structure of the pins of port 0 and that

of the pins of ports 2 and 3 are different. In this lab, you will be able to see
the difference.

In this lab, you will “short” P0.4 to P3.3. You will set one of the pins
to be “high” and you will cause the other one to toggle between “high” and
“low”. You will use the UART to switch between having P0.4 set to “high”
and P3.3 set to toggle and having P3.3 set to “high” and P0.4 set to toggle.

6.2 The UART

Use Timer 1 to cause the UART to run at a baudrate of 19,200 bits/s. You
will not be transmitting anything, but you must enable the UART to receive
data.

When the UART recieves an ‘I’ (short for “Internal Pull-Up”), have it set
a user-defined flag and have it turn on the LED. When the UART receives
an ‘N’ (short for “No Internal Pull-Up”), have it clear the user-defined flag
and turn off the LED.

6.2.1 Initializing the User-Defined Flag and the LED

Please have the user-defined flag set initially, and make sure to turn on the
LED as well. (This should be done in the “main.”)

6.3 Timer 0

Have Timer 0 run in autoreload mode, and have it overflow every 4µs. In
the ISR, check the user-defined flag from §6.2. If the flag is set, set P0.4 and
complement P3.3. If the flag is cleared, set P3.3 and complement P0.4.

Use the debugger to check that your code works properly. When it is
working properly, download it to the ADuC841 and “jumper” P3.3 and P0.4.
That is, connect the two pins together with a short piece of wire. Use the
PicoScope to check the output of the shorted pins when you are and toggling
P3.3 and when you are toggling P0.4. Please have the PicoScope measure
both the rise time and the cycle time (the period) of the signal. Please add
a short comment to your program to explain what you see both when you
have transmitted an ‘I’ over the UART and when you have tranmitted an
‘N’.
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7 Chapter 18

This lab replaces the lab of Chapter 18. Rather than implementing our own
PWM DAC, we will make use of one of the built in PWM DACs.

7.1 The Header File

In this lab, we make use of the PWM DACs – peripherals that did not exist
on the 8051. In order to define the new SFRs for the compiler, you must
include the line #include <ADUC841.H> at the beginning of your code, and
in the options for the target, in the “A51” tab, you must “uncheck” the check
next to “Define 8051 SFR Names”.

7.2 The Onboard PWM DACs

The ADuC841 has two rather versatile PWM digital to analog converters.
For more information about them please see pp. 50 – 52 of the datasheets
which can be found at
https://www.analog.com/media/en/technical-documentation/data-sheets/ADUC841_842_843.pdf.

The PWM DACs can use pins P3.3 and P3.4 or P2.6 and P2.7 as their
outputs. This choice is made be either setting or clearing bit 6 (the next-to-
most-significant-bit) of CFG841. When cleared, the pin on port 2 are used.
When the bit is set, the pins on port 3 are used. In this lab, we will use the
pins on port 2. These DACs are controlled by five SFRs – PWMCON and four
data SFRs: PWM0H, PWM0L, PWM1H, and PWM1L.

We will make use of the mode in which the DAC works as a sigle DAC
and sends its output to P2.7 – the single variable resolution PWM mode. In
order to make the DAC work as fast as it can, we will set the DAC’s clock
to be the ADuC841’s clock – an 11.0592 MHz clock.

To accomplish all of this, one must set PWMCON to 10010011B. Please make
sure to add a comment to your code that explains what the bits here control.
(Please, look at the datasheets.)

In the single variable resolumtion PWM mode, the value stored in PWM1H,

PWM1L (considered as a single 16-bit number) sets the period of the PWM
signal. The number in PWM0H, PWM0L sets the number of “ticks” that the
output is high.

7.3 The Lab

Set PWMCON to 10010011B to put the PWM DAC in the correct mode and to
set the clock speed of the DAC to the frequency of the ADuC841’s crystal.
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Clear bit 6 of CFG841 to make P2.6 and P2.7 the (potential) outputs of the
DAC. Set both PWM1H and PWM1L to 0FF so that the period of the waveform
output by the PWM DAC is as long as possible.

Use Timer 0 in mode 1 (where TH0 and TL0 are cascaded. Have the timer
interrupt occur every 216 clock cycles. (Note that as you want the time to
start from zero everytime it overflows, even though you are not using the
autoreload mode, you do not need to reload TH0 and TL0.) In the Timer 0
ISR, increase the value stored in PWM0H, PWM0L by 16 each interrupt. (You
will use ADD and ADDC for this purpose.) Remember to PUSH and POP any
registers whose values you change.

In order to make your output visible, jumper P2.7 to P3.4 – to the pin
connected to the LED. (Make sure that P3.4 is initialized in such a way that
its internal “switch” is open.)

When everything is working properly, you should see P3.4 changing peri-
odically. In each period, it should start off quite bright, and over the course
of several seconds, it should dim and turn off.

Please calculate the period you should see and compare it to what you do
see. Add a comment to your code with the calculation and the comparison.

Finally, please use your ’scope to observe the waveform output to P2.7.
Set the ’scope’s timebase to 5 ms/div, and use the measurements to measure
the signals period (“Cycle Time”) and duty cycle. (You should use the
’scope’s trigger options to stabilize the picture you see.) Add a comment to
your code describing what you saw and why that is what you “should have”
expected to see.
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8 Chapter 19

This lab replaces the lab of Chapter 19.
In this lab, you will control the output of DAC0 using the UART. Please set

the baudrate to 4,800 bits/s using Timer 1. When the ADuC841 receives an
‘O’ (for output) via the UART set a user-defined flag. When the ADuC841
receives an ‘F’ (for freeze) via the UART, clear the user-defined flag. When
any other input is received, do not change anything.

Set the DAC so that the DACs runs in 8-bit mode and so that DAC0
runs from 0 V to Vref . (Remember to set the synchronization bit – bit 2 of
DACCON.)

Have Timer 0 interrupt every 1/(256 × 1000) s. If the user-definied flag
is set, increment DAC0L. This causes DAC0L to “overflow” every 256 Timer 0
interrupts. This means that when the user-defined flag is set, the output of
DAC0 will be an (approximately) 1 kHz sawtooth wave. If the user-defined
flag is cleared, then do not change the value of DAC0L – freeze the output of
DAC0.
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9 Chapter 20

This lab replaces the lab in the manual.
Please write a program that causes the ADuC841 to sample the signal at

the input to the 4th channel of the analog to digital converter (ADC or A/D)
and to output the samples to channel 1 of the digital to analog converter
(DAC or D/A). The program should make use of the ADC interrupt and no
other interrupts.

Use P3.2 (whose voltage is controlled by INT0) to control the rate at
which the signal is sampled. If the voltage on the pin is 5 V when the
ADuC841 comes out of reset, then sample using the continuous conversion
mode – which causes the sampling rate to be close to 300 kSamp/s. If the
voltage on P3.2 is 0 V as the microcontroller comes out of reset, set the Timer
2 conversion bit and use Timer 2 to cause the signal to be sampled every 5 ms
– at a rate of 200 Samp/s. I.e. when P3.2 is high as the ADuC841 comes out
of reset, set the continuous coversion bit and clear the Timer 2 conversion
bit, and when P3.2 is low when the ADuC841 comes out of reset, set the
Timer 2 conversion bit and clear the continuous conversion bit. (For more
information about Timer 2, please see the “Timer 2” section of Chapter 15
of the lab manual.)

Please set the DAC to work in 12-bit mode, and have its output run from
0 V to 5 V. Remember not to change settings unnecessarily.

Examine your program using the debugger to make sure that it is working
properly. Then download it to the ADuC841. Connect the output of the
arbitrary waveform generator (AWG) to the input to channel 4 of the ADC,
connect a ’scope probe from channel A to the same pin, and connect the
second probe from channel B to the DAC1 pin.

Set the AWG to output sine waves, set the offset to 1 V and the amplitude
to 800 mV. Set the frequency to 1 kHz. What does the output of the DAC
look like when the ADuC841 comes out of reset when the INT0 button is not
pressed. Now press the INT0 button while resetting the ADuC841. What
does the output look like? Why does this happen? Please add a comment to
your code with the answers to the questions in this paragraph.

Next set the frequency of the AWG to 10 kHz and the timebase of the
scope to 5µs/div, and use the cursors to measure the width of one step when
the ADuC841 comes out of reset with P3.2 when is high. How long (in
µs) is a single step? Does this agree with what you know about continuous
conversion mode? Explain. Please add a second comment to your code with
the answers to the questions in this paragraph.
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