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... man's glory lieth in his knowledge,
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CHAPTER 4

1/0 PORT
PROGRAMMING

OBJECTIVES

Upon completion of this chapter, vou will be able to:

-
-
=2
-
=
g

List the 4 ports of the 8051

Deseribe the dual role of port 0 in providing both data and addresses
Code Assembly language to use the ports for input or output

Explain the dual role of port 0 and port 2

Code 8051 instructions for /O handling

Code IO bit-manipulation programs for the 8051
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This chapter describes the 10O pont programming of the 80531 with many
examples. In Section 4.1, we describe 1YO access using byte-size data, and in
Section 4.2, bit manipulation of the /0 ports 15 discussed in detail.

SECTION 4.1: 8051 VO PROGRAMMING

In the 8051 there arc a total of four ports for /0 operations. Examining
Figure 4-1, note that of the 40 pins, a total of 32 pins are st aside for the four ports
P, P1, P2, and P3, wherc cach port takes & pins. The rest of the pins are desig-
nated as V.. GND, XTALI, XTAL2, RST, EA, ALE/PROG and PSEN are dis-

cussed in Chapter 8.

PDIP/Cerdip
L
P1O 11 a0 [T Wee
AR i 38 [ PO.O{ADD)
P23 38 [] PO (ADY)
il 09
P1&S[]6 I:Bﬂ31] 35 [] P04 (aD4)
MEC]T (89420) 3 ] P05 (ADS)
P71 33 [] PO (ADE)
RST[Jo 3z [] POT(ADT)
(R¥D) P3O[] 10 31 [ EAvEP
(TXD} PRI[] 11 30 [ ALEIPROG
(INTOy p32 12 20 [ PFSEN
(INTT) P3| 13 28 ] P27 (A15)
(T} PIa[ |14 2T [] P26 (A14)
M1}PI&[]15 2] P25iad)
(WR) PAE[] 16 25 ] P24 (a12)
ROy P77 24 [ P23 A
XTAL2 [ 18 23 ] P22 (A1)
XTALI 18 22 [ P21 iag)
GND [ 20 21 [ P20 (AB)

Figure 4-1, 8051 Pin Diagram

/O port pins and their functions

The four ports PO, P1, P2, and P3 cach use 8 pins, making them §-bit ports.
All the ports upon RESET are configured as inputs, ready to be used as input ports,
When the first 0 15 written to a port, it becomes an output. To reconfigure it as an
input, a I must be sent to the port. To use any of these ports as an input port, it
must be programmed, as we will explain throughow this section, First, we
descnbe cach port.
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Port 0

Voo B
Port 0 occupics a é S
total of & pins (pins 32 - = § g

39). It can be used for -
input or output. To use
the pins of port 0 as both
npul and output ports, B051
each pin must be con-
nected extemally to a
10K -chm pull-up resistor,
Thas 15 due to the fact that
PO 1= an open  dram,
unhl:::l P1, P2, and P3, as Figure 4-2. Port 0 with Pull-Up Resistors

we will soon see. Open

drain is a term used for MOS chips in the same way that apen collector is used for
TTL chips. In any system using the 8051/52 chip, we normally connect PO to pull-
up resistors, See Figure 4-2. In this way we take advantage of port 0 for both input
and output. For example, the following code will continuously send out to port (b
the alternating values of 55H and AAH.

0 wod

SoSSoa00
= 3 LA B Ll R =D

;Toggle all bits of PO

BACK: MoV b, #55H
MOV PD,A
ACALL DELAY
MOV A, #0AAH
MOV  PO,A
ACARLL DELAY
SIMPF BACK

It must be noted that complementing 55H (01010101) tums it into AAH
(10101010}, By sending 55H and AAH to a given port continuously, we toggle all
the bits of that port.

Port 0 as input

With resistors connected to port 0, in order to make it an input, the port
must be programmed by writing 1 to all the bits. In the following code, port 0 is
configured first as an input port by wniting Is to it, and then data 15 received from
that port and sent o P1.

;Get a byte from PO and send it to P1
MCW A, #O0FFH ;h = FF hex

MOV PO, A jmake PO an input port
iby writing all 1s to it
BACK: MoV A, PO ;jget data from PO
MOV Pl,A jeend it to port 1
SJMP BACK ;keep doing it
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Dual role of port 0

As shown in Figure 4-1, port U 15 also designated as ADOD - ADT, allowing
it to be used for both address and data. When connecting an 8051/31 to an exter-
nal memory, port 0 provides both address and data. The 8051 multiplexes address
and data through port 0 to save pins. We discuss that in Chapter 14,

Port 1

Port | oceupies a total of 8 pins (pins | through 8). 1t can be used as input
or output, In contrast to port 0, this port does not need any pull-up resistors since
it already has pull-up resistors internally. Upon resct, pont 1 is configured as an
input port. The following code will contmuously send out to port | the alternating
values 55H and AAH.

;Toggle all bits of Pl continucusly
MOV A, #55H

BACE: MOV Pl.A
ACALL DELAY
CPL A ;oomplement (Invert) reg. A

SIMP  BACK

Port 1 as input

If port | has been configured as an output port, to make it an input port
again, it must programmed as such by writing | to all its bits. The reason for this
15 discussed in Appendix C.2. In the following code, port | s configured first as
an input port by wnting 1s to it, then data is reccived from that port and saved i
R7, R6, and R5.

MO A,#0FFH ;A=FF hex

MOV Pl,A ;make Pl an input port
;by writing all 1s to it

MO APl ;jget data from P1

MOV R7,A ;@ave 1t in reg R7

ACALL DELAY ;wait

MOV A,P1 ;get another data from Pl

MO k&, A ;save 1t in reg R6

ACALL DELAY ;walt

Mo A, P1 rget another data from Pl

MoV RS, A raave it in req RS

Port 2

Port 2 occupics a total of 8 pins (pins 21 through 28). It can be wsed as
mput or output. Just like P1, port 2 does not need any pull-up resistors since it
already has pull-up resistors internally. Upon reset, port 2 is configured as an input
port. The following code will send out continuously to port 2 the alternating val-
ues 35H and AAH. That 1s, all the bits of P2 toggle continuously.
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MOV A, #55H

BACE: MOV B2,A
ACALL, DELAY
CPL A jcomplement reg. A
sJMP BARCE

Port 2 as input

To make port 2 an input, it must programmed as such by writing 1 to all its
bits. In the following code, port 2 is configured first as an input port by writing 15
to it. Then data is received from that port and is sent to P1 continuously.

;Get a byte from P2 and send it to P1
MOV A,#0FFH  :A=FF hex

MOV P2.A jmake PZ an input port by
iwriting all 1s to it
BACK MOY AL, P2 jget data from P2
MOWV  P1,A j8end it to Port 1
SIMP BACK ;keep doing that

Dual role of port 2

In many systems based on the B051, P2 is used as simple 'O, However,
in 803 1-based systems, port 2 must be used along with PO 1o provide the 16-bit
address for external memory. As shown in Figure 4-1, port 2 is also designated as
Al - AlS, indicating its dual function. Since an 8051/3] is capable of accessing
64K bytes of external memory, it needs a path for the 16 bits of the address, While
PO provides the lower ¥ bits via A0 - A7, it is the job of P2 to provide bits A% -
A5 of the address, In other words, when the 8051/31 is connected to external

memory, P2 is used for the upper & bits of the |6-bit address, and it cannot be used
for 100, This 1s discussed in detail in Chapter 14.

From the discussion so far, we conclude that in systems based on 8731,
BRC31, or DSSEOC4x0 microcontrollers, we have three ports, PO, P1, and P2, for
YO operations. This should be encugh for most microcontroller applications.
That leaves port 3 for interrupts as well as other signals, as we will see next.

Port 3 Table 4-1: Port 3 Alternate
Funetions

Port 3 occupies a total of 8 pins, pins 10 ] - ]
through 17. Tt can be used as input or output, P3  L.Bit__ Function Pin
does not need any pull-up resistors, jpust as Pl P3.0 RxD 1]
and P2 did not. Although port 3 is configured as P3.] TxD 11

an mmput port upon reset, this is not the way it is =gt SR 12
most commonly used. Port 3 has the additional Lo INTL___13
function of providing some extremely important P34 10 14
signals such as interrupts. Table 4-1 provides F3. %_ 15
these alternate functions of P3. This information ﬁi? ﬁﬂ }?

applies to both 8051 and 8031 chips.
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P30 and P3.]1 are used for the RxD and TxD senal communications sig-
nals. Sec Chapter 10 to sec how they arc connected. Bits P3.2 and P3.3 are set
aside for external interrupts, and are discussed in Chapter 11, Bits P3.4 and P3.5
are used for timers O and 1, and are discussed in Chapter 9 where timers are dis-
cussed. Finally, P3.6 and P3.7 are used to provide the WR and RD signals of
external memories conpected in 803 1-based systems. Chapler 14 discusses how
they are used in 803 1-based systems. In systems based on the 8731, 89C51, or
DS8%C4x0, pms 3.6 and 3.7 arc used for /0 while the rest of the pins in port 3 are

normally used in the altermate function role,

Example 4-1

Solution:

BACK :

QEDELAY !

Hi:
H2:
HY &

ARG
Mo
Mo
Mo

1)

A,#55H

PO, A

Fl.A

Pz, A

QSDELAY

B, #ORRH

PO, &

Fl,.A

FZ,n

OSDELAY

BACK
SECOMD DELAY

#11
#248
255
Hl
Ha2
H3

RS,
R4,
R3,
R3,
R4,
RS,

Use an oscillescope to verify the delay size,

Write a test program for the DS8SC420/30 chip to toggle all the bits of PO, P1, and P2
cvery |/4 of a sccond. Assume a crystal frequency of 11,0592 MHz.

;Tested for the DSB9C420/30 with XTAL = 11.0592 MHz.

juarter of a gecond delay

14 MC for DERSC4xN

Delay = 11 x 248 x 255 x 4 MC x 90 ns = 250,430 ps
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Different ways of accessing the entire 8 bits

[n the following code, as in many previows 'O examples, the entire 8 bits

of port | are accessed,

BACK: MOV A, #55H
MOV Fl,A
ACALL DELAY
MOV A, #0ARH
MOV Fl,A
ACALL DELAY
SJMF BACK

The above code toggles every bit of P1 continuously. We have seen a vari-
ation of the above program before, Now we can rewrite the above code in a more
efficient manner by accessing the port directly without going through the accumu-

lator, This 1s shown next,

BACK: MOV
ACALL
MOV
ACARLL

S5JME

P1, #55H
DELAY
Fl, #0AAH
DELAY
BACHK

The following is another way of doing the same thing,

MOV A, #5SH
BACK: MOV Pl,A

ACRLY, DELAY

CEL A

SJMP BACK

We can write another variatton of
the above code by using a technique called

read-modify-write. This 15 shown at the -
end of this chapter, Register Reset Value (Binary)
PO 1T

Ports status upon reset Pl 11111111
Upon reset all ports have value FFH E 1:}:“1

on them as shown in Tahle 4-2. This makes —

them input ports upon reset.

Review Questions

1. There are a total of ports in the 8051 and each has _ bits.

2. True or falzse. All of the 8051 ports can be used for both input and output.

i. Which 8051 ports need pull-up resistors 1o function as an 'O port?

4. True or false. Upon power-up, the 1/0 pins are configured as output ports.

5. Show simple statements o send 99H to ports P1 and P2,

;A=55 HEX

jcomplement reg. A

Tahle 4-2: Reset Value of Some
8051 Ports

CHAPTER 4: I'O PORT PROGRAMMING
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SECTION 4.2: /O BIT MANIPULATION PROGRAMMING

In this section we further examine 8051 1'O mstructions. We pay special
attention o 1O bit manipulation since it is a powerful and widely used feature of
the 8051 family.

I/O ports and bit-addressability

Sometimes we need to access only | or 2 bits of the port instead of the
entire & bits. A powerful feature of 8051 /0 ports is their capability to access indi-
vidual bits of the port without altering the rest of the bits in that port. OF the four
8051 ports, we can access either the entire 8 bits or any single bit without allering
the rest. When accessing a port in single-bit manner, we use the syntax “SETB
% . ¥ where X is the pori number 0, 1, 2, or 3, and Y 15 the desired bit number from
0 1o 7 for data bits DO 1o D7. For example, “SETE P1.5" sets high bit 5 of port
1. Remember that DM is the LSB and D7 15 the M5B, For example, the follow-
ing code toggles bit P1.2 continuously.

BACK: CPL Pl.2 ;complement P1.2 only
ACABLL DELRY
SJMP BACK

;another variation of the above program follows

AGAIN: BETEB Pl.Z ;change only Pl.Z«<high
ACALL DELAY
CLE Bl.2 ;change only Pl.2=low

ACALL DELAY
SIMP AGHRIHN

Notice that P1.2 is the third bit of P1, since the first bit 1s P1.0, the sccond
bitis P1.1, and s0 on. Table 4-3 shows the bits of the 8051 VO ports, See Example
4-2 for an example of bit manipulation of IO bits. Notice in Exainple 4-2 that
unused portions of ports | and 2 are undisturbed. This single-bit addressability of
'O ports 15 one of most powerful features of the 8051 microcontroller and 1s
among the rcasons that many designers choose the 8031 over other microcon-
trollers, We will see the use of the bit-addressability of 170 ports in future chap-
Lers.

Table 4-3: Single-Bit Addressability of Ports
[3!] P1 | ! P3 Port Bit

P00 PILO P20 P3O DO
o L S P N O < Y O
PO.2 P12 P22 P32 D2
P03 PL3 P23 P33 D3
P04 Pld P24 P34 D4
Pas Pl P15 P35 DS
P06 PlL6 P26 P36 D6
P07 PLT PLT? PAT D]
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']-Elample 4-2

Write the following programs.
(a) Create a square wave of 50% duty cycle on bit 0 of port 1,
(b) Create a square wave of 66% duty cycle on bit 3 of port 1.

Solution:

(a}  The 50% duty cycle means that the “on™ and “off” states (or the high and low
portions of the pulse) have the same length. Therefore, we toggle P1.0 with a
time delay in between cach state.

HERE: SETE P1.0 ;sat to high bit 0 of port 1
LCALL DELAY ;jcall the delay subroutine
CLE P1.0 iP1.0=D
LCALL DELAY
SJMP HERE ikeep doing it

Another way 1o wnite the above program 1s;

HERE: CPL P1.0 jcomplement bit 0 of port 1
LCALL DELAY ;jcall the delay subroutine
SJMP HERE ;keep doing it
051
PLO

(b}  The 66% duty cycle means the “on™ state is twice the “off” state.

BACK : SETE P1.3 ;Bet port 1 bit 3 high

LCALL DELAY ;call the delay subroutine
LCALL DELAY ;eall the delay subroutine again
CLR Pl1.3 ;elear bit 2 of port 1(Pl.3=low)
LCALL DELAY ;call the delay subroutine

SIMP BACK ikeep doing it

8051
Pl.3
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Tahle 4-4: Single-Bit Instructions

Instruction Funclion

SETB bit Set the bit (bit = 1)

CLR hi Clear the bit (hit = )

CPL it Complement the bit (bit = NOT hit)

JB bit,target Jump to target if bit = | {jump if bit)

JNB bt target Jump to target if bit = 0 (jump if no bit)

JBC  bit,larget Jump 1o target of it = 1, clear bt (jump if bat, then ¢lear)

Tahle 4-4 lists the single-bit instructions for the 8051, We will see the use
of these instructions throughout future chapiers,

Checking an input bit

The INB (jump if no bit} and JB (jump if bit = 1) instructions are also
widely used single-bit operations, They allow you to monitor a bit and make a
decision depending on whether it 1s 0 or 1. Instructions JNB and JB can be used
for any bits of 110 ponis 0, 1, 2, and 3, since all ports arc bit-addressable. However,
most of port 3 is used for interrupts and serial communication signals, and typi-
cally is not used for any /O, either single-bit or byte-wise. This is discussed in
Chapters 10 and 1. Table 4-5 shows a list of instructions for reading the ports,

Example 4-3

Write a program to perform the following:

{a) keep monitoring the P1.2 bit until it becomes high
{b) when P1.2 becomes high, wnite value 45H to port 0
{c) send a high-to-low (H-10-L) pulse to P23

Solution:
SETh P1.2 ;jmake P1.2 an input
MOV A, #45H sA=d5H
AGARIN: JHNB P1.2,AGAIN iget out when Pl1.2=1
MOV PO, A ;issue A to PO
SETH P2.3 imake PZ.3 high
CLR P2.3 jmake P2.3 low for H-to-L

In this program, instruction “JNE P1.2, AGAIN" (JNB means jump if no bit)
stays m the loop as long as P1.2 is low. When P1.2 becomes high, it gets out of the loop,

writes the value 45H to port 0, and creates an H-to-L pulse by the sequence of instruc-
tions SETB and CLE.
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Table 4-5: Instructions For Reading an Input Port

Mnemonic Example Description

MOV A, PX MOV &, P2 Bring mnio A the data at P2 pins
JNB PX.Y... JNE P2.1, TARGET Jump 1if pin P2.1 15 low

JB PX.Y,.. JBE Pl.3, TARGET Jump if pin P1.2 is high

MOV C, BX.Y MOV C, P2.4 Copy status of pin P2.4 to CY
Example 4-4

Assume that bit P2.3 1s an input and represents the condition of an oven. If it goes high,
it means that the oven is hot, Monitor the bit continuously, Whenever it goes high, send
a high-to-low pulse to port P1.5 to furn on a buzzer,

Solution:
HERE:JNB P2.3,HERE ikeep monitoring for high
S5ETE P1.5 rget bit Pl.5=1
CLE Fl.5 jmake high-to-low
SJMF HERE ;keep repeating

VOC
Ewltd'l_IT B051
P2.3
47k Buzzer

P1.5

74L504

Example 4-5

A switch is connected to pin P1.7. Write a program to check the status of SW and per-
form the following:

(a) If SW=0, send letter *N° 1o P2,

(b) If SW=1, send letier *Y" ta P2.

Solution:
SETE P1.7 ;jmake P1.7 an input
RGAIN: JB Pl.2,0VER fjump if P1.7=1
MOV B2, H#'N! ;8W=0, issue 'N' to PZ
SJMP AGAIN ;keep monitoring
OVER: MOV P2,H#'Y! ;8W=1, issue 'Y' to P2
5JMP AGAIN i keep monitoring
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Reading a single bit into the carry flag

We can also use the carry flag o save or examine the status of a single bit
of the port. To do that, we use the instruction “MOV €, Px.y" as shown in the
next two examples,

Example 4-6

A switch 1s connected to pin P1.7. Write a program to check the status of the switch and

perform the following:
{a) If switch = 0, send letter "N’ 1o P2.
(b) If switch = 1, send letter *Y" to P2.

Use the carry flag to check the switch status. This is a repeat of the last example.

Solution:
SETEB P1.7 ;make P1L.7 an inmput

AGRIN: MOV C,P1.2 ;read the SW status into CF
JC  OVER ;jump if 8W = 1
Mov P2,#'N! iSW = 0, issue 'N' to P2
SJIMP AGRIN ;keep monitoring

OVER : MOV P2,#'¥! EBW = 1, issue 'Y' Lo P2
SIMP AGRIN ;keep monitoring

Example 4-7

A switch 1s connected to pin P1.0 and an LED to pin P2.7. Write a program to get the
status of the switch and send it to the LED.

Solution:
SETE P1.7 ;make P1.7 an input

AGRIN: MOvw C,P1.0 ;read the SW status into CF
Mow p2.7,C ;send the SW status to LED
SJMP AGAIN ;keep repeating

Note: The mstruction “MCV P2.7, P1.0" 15 wrong since such an instruction does
not exist. However, “MOV PZ, P17 isa valid instruction.

Motice m Examples 4-6 and 4-7 how the carry flag is used to get a bit of
data from the port.
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Reading input pins vs. port latch

[r reading a port, some instructions read the status of port pins while oth-
ers read the status of an internal port latch. Therefore, when reading ports there
arc two possibilitics:

1. Read the status of the input pin.
2. Read the intemnal latch of the output port.

We must make a distinction between these two categories of instructions
sipce confusion between them 15 a major source of errors 10 8051 programming,
especially where external hardware is concerned. We discuss these instructions
briefly. However, readers must study and understand the matenal on this topic and
on the internal working of ports that is given in Appendix C.2.

Instructions for reading input ports

As stated carlier, to make any bit of any 8051 port an input port, we must
write 1 (logic high) to that bit. Afier we configure the port bits as input, we can
use only certain mstructions in order to get the external data present at the pins inlo
the CPU. Table 4-6 shows the list of such instructions.

Reading latch for output port

Some instructions read the contents of an internal port latch nstead of
reading the status of an external pin. Table 4-6 provides a list of these instructions.
For example, look at the “ANL P1, A" instruction. The sequence of actions taken
when such an instruction is executed is as follows.

1, The instruction reads the internal latch of the port and brings that data into the
CPU.

2. Thas data 1s ANDed with the contents of register A.

3. The result is rewritten back to the port Jatch.

4, The port pin data is changed and now has the same value as the port latch,

Table 4-6: Instructions Rending a Latch (Read-Modilv-Wrile)

Mpemonic Example

ANL _Px ANL Pl.A

ORL Px DEL P2 A

¥RL Px XRL _PO,A

JBC PX.Y, TARGET JBC P1.1,TARGET
CPL PX.Y CPL Pl.2

INC Px INC Pl

DEC Px DEC EF2

OJHZE PX.Y, TARGET DJHZ P1l, TARGET
MOV PX.Y.C MOV P1.2,C
cLE PE.Y LR P2.3

SETE PX.Y SETB PZ.3

Note:r x50, 1, 2, or 3 for PO - P3.
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From the above discussion, we conclude that the instructions that read the
port latch normally read a valee, perform an operation (and possibly change it),
then rewrite it back to the port latch. This is often called *Read- Modify-Write™.

Read-modify-write feature

The ports in the 8051 can be accessed by the read-modify-write techmigue.
This feature saves many lines of code by combining in & single mstruction all three
actions of (1) reading the port, (2) modifying its value, and (3) wnling to the port.
The following code first places 01010101 (binary) into port . Next, the instruc-
tion “XLE P1,#0FFH" performs an XOR logic operation on P1 with 1111 1111
(binary), and then writes the result back into PI.
MO P1l, #55H Pl = 01010101

AGATIN: XLER Fl, #0FFH ;EX-OR P1 with 11111111
ACALL DELAY

SIMF AGAIN
Matice that the XOR of 55H and FFH gives AAH, Likewise, the XOR of
AAH and FFH gives 55H. Logic instructions are discussed in Chapter 6.

Review Questions

|. True or false. The instruction “SETE P2 . 1" makes pin P2.1 high while leav-
ing other bits of P2 unchanged.

2. Show one way to toggle the pin P1.7 continuously using X051 instructions.

3. Using the mstruction “JNB P2.5,HERE" assumes that bit P2.5 is an
= _ {input, output}.

4. Write instructions to get the status of P2.7 and put it on P2.0.

5. Write instructions to toggle both bits of P1.7 and P1.0 continusously.

CAUTION

We strongly recommend that you study Scction C.2 (Appendix C) if
you are connecting any external hardware to your 80531 system.
Failure to use the right instruction or the right connection to port pins
can damage the ports of your 8051 system.,

SUMMARY

This chapter focused on the 10O ports of the 8051, The four ports of the
RO51, PO, P1, P2, and P3, each use 8 pins, making them H-bit ports. These ports
can be used for input or output. Port O can be used for either address or data. Port
4 can be used 1o provide mterrupt and senal communication signals. Then /O
instructions of the 8051 were explained, and numerous examples were given. We
also showed the bit-addressability of the 8051 ports.
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PROBLEMS

SECTION 4.1: 8051 L'O PROGRAMMING

o s

9.
10.

11,
12.
13.
14,

135

The 8051 DIP package is a2 -pin package,

Which pins are assigned o V- and GND?

In the 3051, how many pins are designated as [/0 port pins?

How many pins arc designated as PO and which number arc they in the DIP
package?

How many pins are designated as P1 and which number are they in the DIP
package?

How many pins are designated as P2 and which number are they in the DIP
package?

How many pins are designated as P3 and which number are they in the DIP
package?

Upon RESET, all the bits of ports are configurcd as ~ (input, output),

In the 8051, which port needs a pull-up resistor in order to be used as /07
Which port of the B0O51 does not have any alternate function and can be used
solely for /0?7

Write a program to get 8-bit data from P1 and send it to ports PO, P2, and P3.
Write a program to get 8-bit data from P2 and send it to ports PO and P1.

In P3, which pins are for RxD and TxD?

Al what memory location does the B0O5| wake up upon RESET? What is the
implication of that?

Write a program to toggle all the bits of P1 and P2 continuously

(a) using AAH and 55H (b} using the CPL mstruction.

SECTION 4.2: YO BIT MANIPULATION PROGRAMMING

16,
17.

18.
1Y,
20.
21,

2
23

24,
25,
26,

27.
28,

Which ports of the 8051 are bit-addressable?

What is the advantage of bit-addressability for 8031 ports?

When P1 is accessed as a single-bit port, it is designated as

|s the instruction “CPL P1" a valid instruction?

Write & program to toggle P1.2 and P|.5 continuously without disturbing the
rest of the bits.,

Write a program to toggle P1.3, P1.7, and P2.5 continuously without disturb-
g the rest of the bits,

Write a program to monitor bit P1.3, When it is high, send 55H 1o P2.

. Write a program to monitor the P2.7 bit. When it is low, send 55H and AAH

1o PO continuously.

Write a program to monitor the P2.0 bit. When it s high, send 99H 10 P1. 1T
it is low, send 66H o P1.

Write a program to monitor the P1.5 bit. When it is high, make a low-to-high-
to-low pulse on P1.3.

Write a program to get the status of P1.3 and put it on P1.4,

The P1.4 refers to which bit of P17

Write a program to get the status of P1.7 and P1.6 and put them on P10 and
P1.7, respectively.
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ANSWERS TO REVIEW QUESTIONS

SECTION 4.1: B0 VO PROGERAMMING

4.1,

True

i

False

MOV PILFOOH
MO P2 r00H

T R el e

SECTION 4.2: [0 BIT MANIPULATION PROGRAMMING
I. Truc

2. HI: CPLPILY
SIME HI

1. Inpa

4. MOV C P27
MOV PLOC

5 HI: CPLPELT
CPL P
SIMP HI
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CHAPTER 7

8051 PROGRAMMING

INC

OBJECTIVES

Upon completion of this chapter, you will be able to:

2
=
-
=
Ed
-
=
2

Examine the C data tvpe for the 8051

Code 8051 C programs for time delay and /O operations
Code 8051 C programs for I'O bit manipulation

Code 8051 C programs for logic and arithmetic operations
Code 8051 C programs for ASCII and BCD data conversion
Code 8051 C programs for binary (hex) to decimal conversion
Code 8051 C programs to use the 8051 code space

Code 8051 C programs for data serialization




Why program the 8051 in C?

Compilers produce hex files that we download into the ROM of the micro-
controller. The size of the hex file produced by the compiler 15 one of the main
concerns of microcontroller programmers, for Iwo réasons.

1. Microcontrollers have limited on-chip ROM.
2. The code space for the 8051 is limited 10 64K bytes.

How does the choice of programming language afTect the compiled pro-
gram size? While Assembly language produces a hex file that is much smaller
than C, programming in Assembly language is tedious and time consuming. C
programming, on the other hand, is less time consuming and much easier to write,
but the hex file size produced is much larger than if we used Assembly language.
The following are some of the major reasons for wnting programs im C mstead of
Assembly;

|. It is easier and less time consuming to write in C than Asscmbly.

2. Cis casier to modify and update,

3. You can use code available in function librancs.

4. C code 15 poriable to other microcontrollers with little or no modification.

The study of C programming for the 8051 15 the main topic of this chapier,
In Section 7.1, we discuss data types and time delays. I'0) programming is shown
m Section 7.2, The logic operations AND, OR, XOR, inverter, and shift are dis-
cussed in Section 7.3, Section 7.4 describes ASCIl and BCD conversions and
checksums. In Section 7.5 we show how 8031 C compilers use the program (code)
ROM space for data. Finally, in Section 7.6 data seriglization for 8051 is shown.

SECTION 7.1: DATA TYPES AND TIME DELAY IN 8051 C

In this section we first discuss C data types for the 8051 and then provide
code for time delay functions.

C data types for the 8051

Since one of the goals of 8051 C programmers 1s to create smaller hex files,
it 15 worthwhile 10 re-examine C data types for 8051 C. In other words, a good
understanding of C data types for the 8051 can help programmers to create small-
er hex files. In this section we focus on the specific € data types that are most use-
ful and widely used for the 8051 microcontroller.

Unsigned char

Since the 8051 is an 8-bit microcontroller, the character data type 15 the
maost natural choice for many applications, The unsigned char is an 8-bit data type
that takes a value in the range of 0 - 255 (00 - FFH). [t is one of the most widely
used data types for the 8051, In many situations, such as setting a counter value,
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where there 15 ne need for signed data we should use the unsigned char instead of
the signed char, Remember that C compilers use the signed char as the default if
we do not put the keyword ursigned in front of the char {see Example 7-1). We
can also use the unsigned char data type for a string of ASCII characters, includ-
ing extended ASCI characters. Example 7-2 shows a string of ASCII characters.
Se¢ Example 7-3 for toggling ports.

In declanng vanables, we must pay carcful attention to the size of the data
and try to use unsigned char instead of int if possible. Because the 8051 has a lim-
ited number of registers and data RAM locations, using the int in place of the char
data type can lead 1o a larger size hex file. Such a misuse of the data types in com-
pilers such as Microsoft Visual C++ for x86 IBM PCs 15 not a significant issue,

[Example 7-1

Write an 8051 C program to send values 00 - FF 10 pont P,

Solution:
#include <regtl.hs
void main (void)
i
unsigned char =;
fori{zed; ZcmZS5 y24+)
Bl=x
!

Run the above program on your simulator 1o see how Pl displays values 00 - FFH in
binary.

Example 7-1

Write an 8051 C program to send hex values for ASCII characters of 0, 1,2, 3, 4, 5 A,
B, C, and D o port P1.

Solution:
#include <regsl.h»
void main(void]
| unsigned char mynum[]= "012345ABCD";
unsigned char z;
Eori{z=0;2<=10;2++)
Bl=mynum/[z] ;
i

Run the above program on your simulator to see how Pl displays values 30H, 31H,
32H, 33H, 34H, 35H, 41H, 42H, 43H, and 44H, the hex values for ASCIL 0, 1, 2, and

50 011

P =
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Example 7-3

Write an ¥051 C program to toggle all the bits of P1 continuously.
Solution:

J7/ Toggle Pl forever
#include <=reg5l.hs
vold main(void)

{

far{::) flrepeat forever
i
P1=0x55; //0x indicates the data is in hex [binary)
Pl=0xhhA;

}

Run the above program on your simulator to see how P1 toggles continuously.
Examine the asm code generated by the C compiler.

Signed char

The signed char is an B-bit data type that uses the most significant bit (D7
of DT - D) to represent the — or + value. As a result, we have only 7 bits for the
magnitude of the signed number, giving us values from -128 to +127. In situa-
tions where + and — are needed 1o represent a given quantity such as temperature,
the use of the signed char data type 1s a must.

Again notice that if we do not use the keyword unsigned, the default is the
signed value. For that reason we should stick with the unsigned char unless the
data necds to be répresented as signed numbers.

Example 7-4

Write an 8051 C program to send values of —4 to +4 to port P1.

Solution:

Jfeign numbers
finclude <regSl.hs
vold mainivoid)

{
char mynum([l= {+1,-1,+2,-2,43,-3,+4,-4};
ungigned char =;
[for(zeD;2cel; 24+4]
Pl=mynum [z]:;

!

Run the above program on your simulator to sce how P1 displays values of 1, FFH, 2,
FEH, 3, FDH, 4, and FCH, the hex values for +1, -1, +2, -2, and so on.
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Unsigned int

The unsigned int is a 16-bit data type that takes a value in the range of 0 to
65535 (0000 - FFFFH). In the 8051, unsigned int is used to define 16-bit variables
such as memory addresses. It is also used to set counter values of more than 256,
Since the 8051 is an B-bit microcontroller and the int data type takes two bytes of
RAM, we must not use the int data type unless we have 1. Since registers and
memory aceesses are 1 8-bit chunks, the misuse of int variables will result i a
larger hex file, Such misuse 1s not a big deal in PCs with 256 megabytes of mem-
ory, 32-bit Pentium registers and memory accesses, and a bus speed of 133 MHz,
However, for 8051 programming do not usc unsigned int n places where
unsigned char will do the job, Of course the compiler will not generate an error
for this misuse, but the overhead in hex file size is noticeable. Also in situations
where there is no need for signed data (such as setting counter values), we should
use unsigned int instead of signed int. This gives a much wider range for data dec-
laration. Again, remember that the C compiler uses signed int as the default if we
do not use the keyword wnsigned.

Signed int

Signed int is a 16-bit data type that uses the most significant bit (D15 of
D135 - 1X0) to represent the — or + value. As a result, we have only 15 bits for the
magnitude of the number, or values from 32,768 to +32,767,

Shit (single bit)

The shit keyword 15 a widely used 8051 C data type designed specifically
to access single-bit addressable registers, Tt allows aceess to the single bits of the
SFR registers. As we saw in Chapter 5, some of the SFRs are bit-addressable.
Among the SFRs that are widely used and are also bit-addressable are ports PO -
P3. We can use sbit to access the individual bits of the ports as shown in Example
-5,
Example 7-5

Write an 8051 C program to toggle bit DO of the port P1 (P1.0) 50,000 times.

Solution:
finclude <regsl.h=
shit MYBIT = P1°0; J/notice that ebit is

Jideclared outaide of main
vold mainf{woid)
{

ungigned int z;
for (z=l; Z<c=S50000; Z++)

MYBIT = Q¢

MYBIT = 1;

;

Run the above program on your simulator to see how P10 toggles continuously.
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Bit and sfr

The bit data type allows access o single bits of bit-addressable memory
spaces 20 - 2FH. Notice that while the sbit data type is used for bit-addressable
SFRs, the bit data type is used for the bit-addressable section of RAM space 20 -
2FH. To access the byte-size SFR registers, we use the sfr data type. We will sce
the usc of shit, bit, and sfr data types in the next section,

Tahle 7-1: Some Widely Used Data Types for 8051 C

Data Type Size in Bits  Data Halﬁem sage

unsiged char &-hit (1o 255

{signed) char &-hit ~ 128 o +127

unsigned int | 6-hit 0 10 65535

{signd) int | 6-bit 32768 to +32,767

shit | -bat SFR bit-addressable only

it | -hit RAM bit-addressable only

sfr K- it FAM addresses 80 - FFH only
Time Delay

There are two ways to create a time delay in 8051 C:
|. Using a simple for loop
2. Using the 805 | timers

In cither case, when we wnte a time delay we must use the oscilloscope to
measure the duration of our time delay. Next, we use the for loop to create time
delays. Discussion of the use of the 8051 timer to create time delays is posiponed

until Chapter 9.

In creating a time delay using a for loop, we must be mindful of three fac-

tors that can affect the accuracy of the delay.
1. The 8051 design. Since the onginal 8051 was designed in 1980, both the helds
of 1C technology and microprocessor architectural design have seen great
advancements. As we saw in Chapter 3, the number of machine cycles and the
number of clock periods per machine cycle vary among different versions of
the 8051/52 microcontroller. While the original 8051/52 design used 12 clock
periods per machine cycle, many of the newer generations of the 8051 use
fewer clocks per machine cycle. For example, the DS5000 uses 4 clock pen-
ods per machine cyele, while the DSROCA20 uses only one clock per machine
cycle.

The crystal frequency connected to the X1 - X2 input pins. The duration of the

elock period for the machine cycle is a function of this crystal frequency.

3. Compiler choice. The third factor that affects the time delay 15 the compiler
used to compile the C program. When we program in Assembly language. we
can control the exact instructions and thewr sequences used in the delay sub-
routing. In the case of C programs, it is the C compiler that converts the C
statements and functions to Assembly language instructions. As a2 result, dif-
ferent compilers produce different code. In other words, if we compile a given
8051 C programs with different compilers, cach compiler produces different
hex code.

For the above reasons, when we write time delays for C. we must usc the

oscilloscope to measure the exact duration. Look at Examples 7-6 through 7-8,

b
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Example 7-6

Write an 8051 C program to toggle bits of P1 continuously forever with some delay.
Solution:

// Toggle Pl forever with some delay in between "on" and "offr.
ginclude <reqS5l.hs
void main{void)

{

ungigned int x;

fori{;;) /frepeat forever
Fl=0x55;
Forix=0;x<40000;x%++}; /JSdelay size unknown
Pi=0XAA;
for (%=0;x<40000 ;x++};

Example 7-7

Write an 8031 C program to togele the bits of P1 ports continuously with a 250 ms
delay.

Solution:

The program below 15 tested for the DSE9C420 with XTAL = 11.0592 MHz

#include <regsl.h=
vold MBDelay {unsigned int);
void mainiwvoid)
{
while(l] /frepeat forever
{
Fl=0%55;
MEDelay (250 ;
Pl=0xAR;
M2Delay (250} ;

}

vold MSDelayiunsigned int itime)

[

unsigned ink 1, §;
forii=0;izitime;i++}
for{j=0;]<1275;:)++):

Run the above program on your Trainer and use the oscilloscope to measure the delay.
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Example 7-8

Write a 8051 C program to toggle all the bits of PO and P2 continuously with a 250 ms
delay.

Solution:

/fThis program is tested for the DS89C420 with XTAL = 11.0592 MHz
finclude <regsl.h>

void MSDelay(unsigned int);

void main(wvaid)

{

whileil] Jfanother way to do it forever
{
FD:ﬂIEE‘;
P2=0x55;
MsDelay(250] ;
FO=03AR
Ba=0xARA;
MSDelay (250} ;
. 1
f
vwolid MEDeldy{unsigned int itime)
{
unsigned int i, j;
for{i=0:icibime:ies]
forii=0;7<1275;j++};

Review Questions

L

Giive the magnitude of the unsigned char and signed char data types.

2. Give the magnitude of the unsigned int and signed int data types.

3. If we are declaring a variable for a person’s age, we should use the  data
type.

4. True or false, Using a for loop to create a time delay 15 not recommended if
you wanl your code be portable to other 8051 versions.

5. Give threc factors that can affect the delay size

SECTION 7.2: /O PROGRAMMING IN 8051 C

In this section we look at C programming of the 1'0 ports for the 8031, We
look at both byte and bit 1/O programming.

Byte size /O

As we stated in Chapter 4, ports PO - P3 are byte-accessible. We use the
PO - P3 labels as defined in the 8051/52 C header file. Sce Example 7-9. Examine
the next few examples to get a better understanding of how ports are accessed in
8051 C.
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Example 7-9

LEDs are connected to bits P1 and P2. Write an 8051 C program that shows the count
from 0 to FFH (0000 0000 to 1111 1111 in binary) on the LEDs,

Solution:

#include <regsl.h:

fidaefine LED P2 Jinotice how we can define B2
volid mainivoid)
i
Pl=00: Jlelear P1
LED=0; fifolear P2
ford;;) J/repmat forever
{
Pl++; J/increment Pl
LED++ ; Sifineramant B2
}
}
Example 7-10

Write an 8051 C program to get a byte of data from P1, wait 1/2 second, and then send
it to P2,

Solution:

#include <regSl.h»
void MSDelay{ungigned int);
void main{wvoid)

{
unsigned char mybyte;
Pl=0xFF; ff{make P1 an input port
while{l}
{
mybyte=Pl; [/get a byte from P1
MSDelay (500) ;
PZsmybyte; J/eend it to B2

)

void MEDelay (unsigned int itime}
{
unsigned int i, j;
for{is0;icitime;l+4)
fDrEj:ﬂ;jelZ?E;j++];
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Example 7-11

Write an 8051 C program to get a byte of data from PO, If it is less than 100, send it to
P'1: otherwise, send it to P2.

Solution:

#include <reghil.h=
vold main(woid)

i
unsigned char mybyte;

PO=0XFF; S /make PO an input port
while(l)
|
mybyte=Pl; [faet a byte from PO
if imybyte<100)
Pl=mybyte; Jfeend it to Pl if Iees than 100
elee
PZ=mybyte; Jfeend it to P2 if more than 100

Bit-addressable /O programming

The IO ports of PO - P3 are bit-addressable. We can access a single bit
without disturbing the rest of the port. 'We use the shit data type to access a single
bit of PO - P3. Onc way to do that is to use the Px"y [ormat where x s the port 0,
1,2, or 3, and v is the bit 0 - 7 of that port. For example, P1*7 indicates P1.7.
When usmg this method, you need to include the reg51.h file. Study the next few
examples o become familiar with the syntax.

Example 7-12

Write an 8051 C program to toggle only bit P2.4 continuously without disturbing the
rest of the bits of P2,

Solution:

Fiftoggling an individal bit

finclude <regsSl.hs

abit mybit = P2%4; f/notice the way single bit is declared
vold main{void)

(

while{l}
{
mybib=1; Heurn on B2 .4
mybit=93; {feurn off P2.4
}
t

190



Example 7-13

Write an 8051 C program to monitor bit P1.5. If it is high, send 55H 10 PO; otherwise,
send AAH to P2,

Solution:
#incliude <regsl.h>
gbit mybit = P1°%; //notice the way single bit is declared

vold maind{woid)

[

mybits]; //make mybit an input
while{l)
'I
if (mybit==1)
B0=0x55;
elge
Pa=0hA;

Example 7-14

A door sensor 15 connected to the P1.1 pin, and a buzzer is connected to P1.7. Write an
2051 C program to monitor the door sensor, and when it opens, sound the buzzer, You
can sound the buzzer by sending a square wave of a few hundred He.

Solution:

#include <regsl.h=>

void M8Delay{unsigned int);

gbit Daensor = P171; //notice the way single bit is defined
sbit Buzzer = P1%7;

vaid maini{void]

{
Deensor=1; //make P1.1 an input
while{Daensor==1)
{
buzzer=0;
MSDelay (200) ;
buzzer=1;
MSDelay (200) ;
}
}
void MSDelay{unaigned int itime}
{

unsigned int 1, 7;
forf{i=0;icitimm;1++)
fgr(j=ﬂ;j:ll75;j++ll
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[Example 7-15

The data pins of an LCD are connected to P1. The information is latched nto the LCD
whenever its Enable pin goes from high 1o low. Write an 8051 C program to send “The
Earth is but One Country™ to this LCD.

Solution:

$include <regsl.h=
#define LCODData Pl JiLCDData declaration
sbit En=pP270; /fthe enable pin
void mainl(wvoid)
{
unsigned char message| ]= "The Earth 1s but One Country®;
unsgigned char z;

faor{z=0;z<28;24++) fdeend all che 28 characters
{
LCDData=message [z] ;
Eﬂ:l; ,-",FEI. high—
En=0; Fl=-to-1low pulse to latch the LCE data
}

}

Run the above program on vour simulator to see how P1 displays cach character of
the message. Meanwhile, monitor bit P2.0 after cach character is issued.

Accesssing SFR addresses 80 - FFH

Another way to access the SFR RAM space 80 - FFH is to use the sfr data
type. This is shown in Example 7-16. We can also access a single bit of any SFR
if we specify the bit address as shown in Example 7-17, Both the bit and byte
addresses for the PO - P3 ports are given in Table 7-2. Notice in Examples 7-16
and 7-17, that there is no #include <reg51.h> statement. This allows us 1o access
any byte of the SFR. RAM space 80 - FFH. This is a method widely used for the
new generation of 8051 microcontrollers, and we will use it in future chapters.

Table 7-2: Single Bit Addresses of Ports

_F[I Addr Pl Addr P2 Addr P3 Addr Port’s Bit
POO  ROH PI.O  90H P20 AOH P30 BOH Do
POl &IH PI1 9H P21 AIH P31 BIH D]

PO.2  &2H Pl.2  92H P22 AXH Pl2 B2XH D2
P33 KIH P13  93H P23 AJH P13 BiH 23
P4  B4H Pld4  GS4H P24  A4H P34 B4H D4
PS5  BSH Pl.5 95H P25 ASH P35 BSH D5
Pile  H6H Ple  96H P26 A6H Pis  BeH Dt
P07  87TH P1.7  9TH F27 ATH PM.7 BTH D7
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Example 7-16

Write an 8051 C program to toggle all the bits of PO, P1, and P2 continupusly with a
250 ms delay, Use the sfr keyword to declare the port addresses.

Solution:
// Accessing Ports as 5FRs using the sfr data type
sfr PO = OxB0; //declaring PO using sfr data type

sfr P1 = 0x50;
gfr P2 = OxA0;
void MSDelay (unsigned int);
void main(void)

{

while (1) f/do it forever

#
PO=0X55 ;

B1=0x%55;
P2=lx5h5;

MSDelay (250) ; f/250 ma delay
BO=0xRAA;

P1=0xAh;

P2=0x%AA;

MS8Dalay (250) ;

I

vaid MSDelay {unsigned int itime)

{
unsigned int i, j;
for{i=0;i<itime;i++}
fFor{j=0;7<1275;j++) ;

Example 7-17

Write an 8051 C program to tumn bit P1.5 on and off 50,000 times,
Solution:

gbit MYBIT = 0x95; //anothar way to declare bit p1*s
void main(void)
{
unsigned int z;
for(z=0;z<50000;z++)
{
MYBIT=1;
MYBIT=0;

1
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Using bit data type for bit-addressable RAM

The sbit data type is used for bit-addressable SFR registers only.
Sometimes we need to store some data in a bit-addressable section of the data
RAM space 20 - 2FH, To do that, we usc the bit data type, as shown in Example
T-18.

Example 7-18

Write an 805] C program to get the status of bit P10, save it, and send it to P2.7 con-
tinuoustky,

Solution:

#include =<regSl.h=

abit inbit = PF1%0;

gbit outhit = p2°7; J/ebit is uged to declare SFR bits

bit membit; //notice we use bit to declare
Jibit-addressable memory

vold main{void)

|
while (1)
{
membit=1inbit; /fget a bit from P1.0
cutbit=membit; //and send it toc P2.7
1
1
Review Questions

The address of P1is |
Write a short program that toggles all bits of P2.
Write a short program that toggles only bit P1.0.

Truc or false, The sbit data type is used for both SFR and RAM single-bit
addressable locations.

5. True or false. The bit data type is used only for RAM single-bit addressable
locations,

e e b =

SECTION 7.3: LOGIC OPERATIONS IN 8051 C

Omne of the most important and powerful feares of the C language is s
ability to perform bit manipulation. Because many books on C do not cover this
important wpic, it is appropriate to discuss it in this section. This section describes
the action of bit-wise logic operators and provides some examples of how they are
used.
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Bit-wise operators in C

While every C programmer is familiar with the logical operators AND
(&&), OR (]1), and NOT ('), many C programmers are less familiar with the bit-
wise operators AND (&), OR (|), EX-OR ("}, Inverter (~), Shift Right (>=), and
Shift Left (<<). These bit-wise operators are widely used in software engineering
for embedded systems and control; consequently, understanding and mastery of
them are critical in microprocessor-based system design and interfacing. See

Table 7-3.
Table 7-3: Bit-wise L&Eic Operators for C
AND OR EX-OR Inverter
A B A&B AlB A*B Y=~B
0 0 0 0 0 |
4] | 0 | I {
I 0 0 1 I
| 1 1 I 0

The following shows some examples using the C logical operators.

I, Ox35 & OxOF = Ox05 * ANDing */
2. 0x04 | Ox68 = Ox6C /* ORing: */
3, 0x54 * 0x78 = 0x2C /* XORing */
4, ~0x55 = DxAA /* Inverting 55H */

Examples 7-19 and 7-200 show the usage bil-wise operators.

Example 7-19
Run the following program on your simulator and examine the results.

Solution:

#include <regSl.h>
vold main {veid)

{
FO= 0x35 & 0xOF; J/ANDing
Pl= Ox04 | 0x6B; //ORing
P2= Ox54 * 0x78; /fXORing
PO= ~0x55; Jfinversing
Pl= 0x9A >3 3; J/ehifring right 3 times
P2= O0x77 > 4; f/shifting right 4 times
PO= Ox6 << 4; f/ahifting left 4 times
!
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Example 7-20

Write an 8051 C program to toggle all the bits of PO and P2 continuously with a 250 ms
delay. Use the inverting operator.

Solution:
The program below 15 tested for the DS82C420 with XTAL = 11.0592 MHz

#include <reg5l.h=
vold MSDelay (unsigned inkt};
woid main(wvoid)
{
BO=0x55;
P2=0x55;
while(l)
{
BO=-E0;
P2=~P2;
MSDelay [250) ;
f
)

volid MSDelayiunsigned int icime)
{

uneigned int i, j;
for{i=D;izitime;i++}
for (j=0;3<1275;:3++);

}
Bit-wise shift operation in C

There are two bit-wise shift operators in C: (1) shift right { ==), and
{2) shift feft (==<).

Their format in C iz as follows:
data >> number of bits to be shifted nght
data =< number of hits to be shifted feft

The following shows some examples of shift operators in C.

1. Ox9A >>3=0x13 /* shifting right 3 times */
2. 77 >> 4 =(x07 * shifting right 4 times */
3. Oxf =<4 = (bl * shifting left 4 times */

Study Examples 7-21, 7-22, and 7-23, showing how the bit-wise operators
are used in the BOS| C.
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Example 7-21

Write an B051 C program to toggle all the bits of PO, P1, and P2 continuously with a
250 ms delay. Use the Ex-OR operator.

Solution:

The program below 1s tested for the DSEQCA20 with XTAL = 11.0592 MHz.
finclude <regsl.hs
vold MSDelay(unsigned int};
woid main(woid)
{
PO=0x55;
P1=0x55;
P2=lX55;
while (1)
[
PO=PO"OxFF;
Fl1=P1*0xFF;
P2=P2°0xFF;
MEDelay (250) ;

]

vold MSDelay(unaigned int itime)
{
unsigned int i, Jj;
for(i=D;icicime;i++)
fl‘.‘ll‘[j:ﬂ-;jci!?ﬁ-;j-ﬁf!;

Example 7-11
Write an 8051 C program to get bit P1.0 and send it to P2.7 after inverting it.

Solution:

#finclude <regsSl.h>
gbit inbit=P1°0;
sbit putbit=p2"7; f/abit 1z used declare port (EFR} bite
bit membit; finotice this is bit-addressable memory
vold main(void)
{
while(l]
{
membit=inbit; J/get a bit Erom P1.0
outbite-membit; Jlinvert it and send it to P2.7
}
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Example 7-13

Write an 8051 C program 1o read the P1.0 and P1.1 bits and issue an ASCII character to
PO according to the following table.

Pl PLO

0 i send 0" to PO
i I send 17" to PO
1 1] send “2" w PO
1 | gend *3" to PO

Solation:

#include <regsl.h>
vold main{wvoid)

[

unsigned char 2;

Z=Pl: {/read Pl
ZeT&OMI fimagk the unused bite
gwitechiz) fimake decislon
{
casei0}
{
BFO=*0" - flissue ASCIT 0
break;
I
case|{l):
Pl="1": flimsue ASCII 1
break;
cage{2):
{
PO="23", Jliasue ASOTY 2
break;
I
page{3)
Pl=s" X' frissue AECII 3
break;
b

|

Review Questions

|. Find the content of P1 after the following C code in each case.

(a) P1=0x3T7&0xCA; (b) P1=0x37|0xCA; (c) P1=0x37"0xCA;
To mask certain bits we must AND them with

To set high certain bits we must OR them with

Ex-ORing a valuc with it=elf results in

Find the contents of P2 afier exccution of the f fﬁllcmmg code,
P2=0;

P2-P2|0x99;
F2==-P2;

LA A bed bd
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SECTION 7.4: DATA CONVERSION PROGRAMS IN 8051 C

Recall that BCD numbers were discussed in Chapier 6. As stated there,
many newer microcontrollers have a real-time clock (RTC) where the time and
date are kept even when the power 15 off. Very often the RTC provides the nme
and date in packed BCD. However, to display them they must be converted to
ASCIL In this section we show the application of logic and rotate instructions in
the conversion of BCD and ASCII.

ASCIl numbers

Un ASCII keyboards, when the key “07 1s activated, “011 0000 (30H) 18
provided to the computer. Similarly, 31H (011 0001) is provided for the key *17,
and so on, as shown in Table 7-4.

Table 7-4: ASCII Code for Digits 0 - 9

Key  ASCII (hex) Binary BCD (unpacked)
1] 10 011 0000 Q000 0000
| 31 011 0001 Q000 0001
2 32 011 0010 QOO0 CH 1D
3 33 011 0011 0000 0011
4 34 011 G100 0000 0100
] 15 011 0101 Q000 0101
1] 36 011 0110 aoan o110
7 EY) 011 0111 OO0 0111
8 38 011 1000 Q000 100
9 39 011 1001 0000 10401

Packed BCD to ASCIl| conversion

The RTC provides the time of day (hour, minute, second) and the date
(vear, month, day) continuously, regardless of whether the power is on or off.
However, this data is provided in packed BCD, To convert packed BCD to ASCII,
it must first be converted to unpacked BCD. Then the unpacked BCD is tagged
with 011 0000 (30H). The following demonstrates converting from packed BCD
to ASCIL See also Example 7-24.

Facked BCD Unpacked BCD ABCII
0x29 0x02, 0Dx09 Dx32, 0Ox39
00101001 ooooooL1d, 00001001 00110010,00311001

ASCI| to packed BCD conversion

To convert ASCI to packed BCD, it 15 first converted to unpacked BCD
(1o get rid of the 3), and then combined to make packed BCD. For example, 4 and
7 on the keyboard give 34H and 3TH, respectively. The goal is to produce 47H or
“0100 01117, which is packed BCD.
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Eey ASCII Unpacked BCD  Packed BCD
4 34 4000100

7 3T Q0000111 01400131 or 47H

After this conversion, the packed BCD numbers are processed and the
result will be in packed BCD format. Chapter 16 discusses the RTC chip and uses
the BCD and ASCI] conversion programs shown in Examples 7-24 and 7-25.

Example 7-24

Write an 8051 C program to convert packed BCD 0x29 to ASCII and display the bytes
on Pl and P2,

Solution:

finclude <regsl.h>
void mainiwoid}
i
unsigned char x, ¥. 2;
ungigned char mybytse = 0x29;

x = mybvte & 0x0F; f/mask lower 4 bicts
Pl = x | oxin; //make it ASCII
v = mybyte & O0xPF0; //magsk upper 4 bits
Vo= YW oxx 4 flehift 1k to lower 4 bits
P2 = v | 0Ox30; f/imake it ASCII
t
Example 7-28

Write an 8051 C program to convert ASCII digits of *4" and *7" to packed BCD and dis-
play them on P1.

Solution:

#include <regsl.hs

vold main{woid)
ungigned char bodbyte;
ungigned char w='4";
unsigned char z='7";

w = w &k Ux0OF: dimask 3
W o= W o<e 4; //shift left to make upper BCD digit
z = 2 & O%0OF; S imagk 3

bodbyte = w | z; f/combine to make packed BCD
Fl = bodbyte;
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Checksum byte in ROM

To ensure the integnty of ROM contents, every system must perform the
checksum calculation. The process of checksum will detect any corruption of the
contents of ROM. One of the causes of ROM corruption is cwrrent surge, either
when the system is turned on or during operation. To ensure data integrity in ROM,
the checksum process uscs what is called a checksum byte. The checksum byte is
an extra byte that is tagged to the end of a series of bytes of data, To calculate the
checksum byte of a serics of bytes of data, the following steps can be taken,

I. Add the byies wogether and drop the carries,
2. Take the 2's complement of the total sum. This is the checksum byte, which
becomes the last byte of the series.

To perform the checksum operation, add all the bytes, including the check-
sum byte. The result must be zero, 1f 1t 15 not zero, one or more bytes of data have
been changed (comupled). To clarify these imponant concepts, see Example 7-26.

Example 7-26

(a)

(b)

(ch

Assume that we have 4 bytes of hexadecimal data; 25H, 62H, 3FH, and 52H.

{a) Find the checksum byte, (b) perform the checksum operation to ensure data
integrity, and {c) if the second byte 62H has been changed to 22H, show how check-
sumn detects the error.

Solution:

Find the checksum byte.
Z5H
+ BiH
+ 1FH
+ 52H
116H (Drmopping carry of 1 and taking the 2°'s complemend, we get ESH.)

Perform the checksum operation to ensure data integrity.

25H
+ B2H
+ AFH
52H
+  E8H

200H {Dropping the carries we get 00, which means data is nat commupted.)

If the second byte 62H has been changed to 22H, show how checksum detects
the error.

2%H
+ 232H
+ 3FH
-+ S2H
4+ ERH

LCOH (Dropping the carry, we get COH, which means data 15 cormupled. )
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Enmplf: T-27

Write an 8051 C program to calculate the checksum byte for the data given in Example
7-26.

Solution:

finclude <regsl.hs
vold main(volid)
{
unsigned char mydatal] = {0X25,0x62,0x3F,0x52};
ungigned char sgum=0;
unzigned char x;
uneigned char chksumbyte;
for(x=0;x<4;x++}

E

FZz=mydata [x] ; Jlissue each byte to F2
sum=sum+mydata [x] ; ffadd them together
Pl=gum; /fissue the sum to Pl
)
chksumbyte=-sum+1; fimake 278 complement
Pl=chkeumbyte; //show the checksum byte

}

Single-step the above program on the 8051 simulator and examine the contents of P1
and P2. Notice that cach byte is put on P1 as they arc added together.

Example 7-28

Write an 8051 C program to perform step (b) of Example 7-26. 1f data is good, send
ASCII character *G” to PO. Otherwise send *B” to PO,

Solution:

finclude <regsl.h>
volid main{void)
{
unsigned char mydatall={0x25.0x62, 0x3F, 0x52, 0xER};
ungigned char chkeum=0;
unsigned char x;
Eorix=0;x<8;3++)
chksum=chksum+mydata[x] ; /fadd them together
if (chksums=0]

pO="'G';
slos
Pl="E';

202



Binary (hex) to decimal and ASCIl conversion in 8051 C

The printf function is part of the standard [YO library in C and can do many
things, including converting data from binary (hex) to decimal, or vice versa, But
printf takes a lot of memory space and increases your hex file substantially, For
this reason, in systems based on the 8051 microcontroller, it is better to write your
own conversion function instead of using printf.

One of the most widely used conversions 15 the binary to decimal conver-
sion. In devices such as ADC {Analog-to-Digital Conversion) chips, the data is
provided to the microcontroller in binary. In some RTCs, data such as time and
dates are also provided in binary. In order to display binary data we need to con-
vert it to decimal and then to ASCIL. Since the hexadecimal format is a conven-
tent way of representing binary data we refer to the binary data as hex. The bina-
ry data (0 - FFH converted to decimal will give us 000 to 255. One way to do that
15 to divide it by 10 and keep the remainder, as was shown in Chapter 6. For exam-
ple, 11111101 or FDH 1s 253 in decimal, The following is one version of an algo-
rithm for conversion of hex (binary) to decimal:

Quotient Remainder
FDvOA 19 3 (low digit) LSD
1 904 2 5 (middle digit)

2 (high digit) (MSD)

Example 7-29 shows the C program for that algorithm.

Example 7-1%

Write an 8051 C program to convert 11111101 (FI) hex) to decimal and display the dig-
its on PO, P1, and P2,

Solution:

#include <regSl.h=>
volid main (wvoid)

i
unsigned char X, binbyte, 41, 42, d3;
binbyte = 0xFD; {/binary{hex} byte
¥ = binbyvee S 10: /fdivide by 10
dl = binbyte ¥ 10; {/find remainder {LSD)
d2-='x % .10; J/middle digit
d3 = x J 10; f/most Blgnificant digit (M5D)
p0 = di;
F1 = d2;
P2 = d3;
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Review Questions

i

I L B2

o

10,

For the following decimal numbers, give the packed BCD and unpacked BCD
representalions.

la) 15 (b) 99

Show the binary and hex formats for 76" and 115 BCD version.

6TH in BCD when converted to ASCITis _ Hand _ H.

Does the following convert unpacked BCD i register A to ASCIN?
mydata = 0x0% + 0x30;

Why is the use of packed BCD preferable 10 ASCIN?

Which one takes more memory space: packed BCD or ASCIITY

In Question 6, which 15 more universal?

Find the checksum byte for the following values; 22H, T6H, 5FH, 8CH, 99H.
To test data integrity, we add them together, mcluding the checksum byte. Then
drop the carries. The result must be equal to if the data 15 not corrupted.
An ADC provides an input of 0010 0110, What happens if we output that to
the screen?

SECTION 7.5: ACCESSING CODE ROM SPACE IN 8051 C

Using the code {program) space for predefined data 15 the widely used

option in the 8051, as we saw in Chapter 5, In that chapter we saw how to use the
Assembly language instruction MOV to access the data stored in the 8051 code
space. In this chapter, we explore the same concept for 8051 C,

RAM data space v. code data space

In the X051 we have three spaces in which to store data. They are as fol-

fovars:

()

The 128 byvtes of RAM space with address range 00 - TFH. (In the 8032, it is
256 bytes.) We can read (from) or write {into) this RAM space directly or indi-
rectly using the RO and R1 registers as we saw in Chapter 5,

The 64K bytes of code (program) space with addresses of 0000 - FFFFH. This
B4k bytes of on-chip ROM space is used for storing programs (opcodes) and
therefore is directly under the control of the program counter (PC). We can use
the "MOVC A, =A+DPTR" Assembly language instruction to access it for
data {scc Chapter 5). Therc are two problems with using this code space for
data. First, since it is ROM memory, we can bum our predefined data and
tables into 1t. But we cannot write into it during the execution of the program.
The second problem is that the more of this code space we use for data, the less
1% left for our program code, For example, if we have an 8051 chip such as
DSRPC420 with only 16K bytes of on-chip ROM, and we use 4K bytes of it to
store some look-up table, only 12K byies is left for the code program. For
some applications this can be a problem, For this reason Intel ercated another
memory space called external memory especially for data, This is discussed
next very briefly and we postpone the full discussion to Chapter 14.
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3. The 64K bytes of external memory, which can be used for both RAM and
ROM. This 64K bytes is called external since we must use the MOVX
Assembly language instruction to access it. At the time the B051 was designed,
the cost of on-chip ROM was very high; therefore, Intel used all the on-chip
ROM for code but allowed connection to external RAM and ROM. In other
words, we have a total of 128K bytes of memory space since the off-chip or
external memory space of 64K bytes plus the 64K bytes of on-chip space pro-
vides you a total of 128K bytes of memory space. We will discuss the exter-
nal memory cxpansion and how to access it for both Assembly and C in
Chapter 14,

Mext, we discuss on-chip RAM and ROM space usage by the 8051 C com-
piler. We have used the Proview32 C compiler to venfy the concepts discussed
next. Use the compiler of your choice 1o verify these concepts.

RAM data space usage by the 8051 C compiler

In Assembly language programming, as shown in Chapters 2 and 5, the 128
bytes of RAM space is used mainly by register banks and the stack. Whatever
remains is used for scratch pad RAM. The 8051 C compiler first allocates the first
# bytes of the RAM to bank 0 and then some RAM 1o the stack. Then it starts to
allocate the rest to the variables declared by the C program. While in Assembly
the default siarting address for the stack is 08, the C compiler moves the stack’s
starting address o somewhere in the range of 50 - TFH. This allows us to allocate
contiguous RAM locations to array elements.

In cases where the program has individual vanables in addition to amay
elements, the 8051 C compiler allocates RAM locations in the following order:

1. Bank 0 addresses 0 - 7

2. Individual varizbles addresses 08 and beyond

3. Ammay clements addresses right after variables

4. Stack addresses nght after array elements

You can verify the above order by "

running Example 7-30 on your 8051 C
simulator and examining the contents of s e i
the data RAM space. Remember that 0
array clements need contiguous RAM sp

locations and that limits the size of the Birt-Addressable RAM
armay due w the fact that we have only ;‘F'

128 bytes of RAM for everything. In the Ragister Bank 3
case of Example 7-31 the array clements L

are [imited to around 100, Run Example 17
7-31 on your 8051 C simulator and exam- 1
ime the RAM space allocation. Keep o
changing the size of the array and monitor Biegister Bank 1 {Stnck}

the RAM space to see what happens, :::

Eepister Bank I

Foegester Bank 0

THE
Figure 7-1. RAM Allocation in the 8051
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Example 7-30

Compile and single-step the following program on your 8051 simulator. Examine the
contents of the 128-byte RAM space to locate the ASCII values.

Solution:
#include =regsl.hs
vold main{veid)
4
unsigned char mynumils "RBCDEF"; //This uses FAM space

J/to eptore data
unsigned char z;

foriz=0;g<=6;2%+)
Pl=mynum [z];
!

R.un the above program on your 8051 simulator and examine the RAM space to locate

values 41H, 42H, 43H, 44H, eic,, the hex values for ASCI letters *A’, *B°, *C’, and so
on.

Example 7-31

Write, compile, and single-step the following program on your 8051 simulator
Examine the contents of the code space to locate the values,

Solution:
#include <reagsl.hs
vold mainlivoid)

i
!

unsigned char mydata([i00]; //100 byte space in RAM
unsigned char x,z=0;
Eoarix=0;x<100;%x++)

i
B dlocount down
mydata[x]=2; [lBEAave it in RAM
Pl=z; frfgive a copy to Pl too

I'

Run the above program on your 8051 simulator and examine the data RAM space to
locate values FFH, FEH, FDH, and so on in RAM.

The B052 RAM data space

Intel added some new features to the 8051 microcontroller and called it the
B052. One of the new features was an exira 128 bytes of RAM space, That means
that the 8052 has 256 bytes of RAM space imstead of 128 bytes. Remember thai
the 8052 is code-compatible with the 8051, This means that any program written
for the BO51 will run on the 8052, but not the other way around since some fea-
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tures of the 8052 do not exist in the 8051, The extra 128 bytes of RAM helps the
805 1/32 C compiler to manage its régisters and resources much more effectively.
smece the vast majority of the new versions of the 8051 such as DS89C4x0 arc
really based on B052 architecture, you should compile your C programs for the
8052 microcontroller. We do that by (1) using the reg32.h header file, and (2)
choosing the 8052 option when compiling the program.

Accessing code data space in 8051 C

In all our 8051 C examples so far, byte-size variables were stored in the
128 bytes of RAM. To make the C compiler use the code space instead of the
RAM space, we need to put the keyword code in front of the vanable declaration.
The following are some examples:

code unsigned char mynum[l= "012345ABCD"; Jffuse code space
code unsigned char weeskdaye=7, month=0x12; /S use code space

Example 7-32 shows how to use code space for data in 8051 C.

Example 7-32

Compile and single-step the following program on your 8051 simulator, Examine the
contents of the code space to locate the ASCII values,

Solution:

#include <regsl.h>
void main(wvoid)
i
code unsigned char mynum[]= "ABCDEF"; JS/uses code space

//for data
unsigned char z;

for{z=0;2<=6;2++)
Pl=mynumlz] ;

}

Run the above program on your 8051 simulator and examine the code space to locate
values 41H, 42H, 43H, 44H, etc., the hex values for ASCII characters of *A', ‘B, *C".
and so on.

Compiler variations

Look at Example 7-33. Tt shows three different versions of a program that
sends the stmng "HELLO™ to the P1 port. Compile each program with the 8031 C
compiler of your choice and compare the hex file size. Then compile cach pro-
gram on a different 8051 C compiler, and examine the hex file size to see the effec-
tiveness of your C compiler. See www. MicroDigitalEd com for 8051 C compil-
ers,
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Example 7-33

Compare and contrast the following programs and discuss the advantages and disad-
vantages of each one.

(a)
#include <regil.h=>
wold mainlvoid)

{
P1="H';
Pl='E';
Pl="L';
Pl="L";
Fl='0";
I

(b)
#include <regsi.hs
vyold maini{voaid)

{
unsigned char mydata(]="HELLO";
unsigned char z;
foriz=0;2<=5;2++]|
Plemydata[z];

(e}
#include <regs5l.h>
vaoid main(void)

{
/ /Hotice Keyword code
code unsigned. char mydata []="HELLD";
unsigned char z;
for(z=0;2<=5;2++)
Plemydatal[z] ;

}

Solution:

All the programs send out “HELLO™ to P1, one character at a time, but they do it in dif-
ferent ways. The first one is short and simple, but the individual characters are embed-
ded into the program. If we change the characters, the whole program changes. It also
mixes the code and data together. The second one uses the RAM data space to store
armay clements, therefore the size of the array 15 limited. The third one uses a separate
arca of the code space for data. This allows the size of the array 1o be as long as you
want if you have the on-chip ROM. However, the more code space you use for data, the
less space is left for your program code. Both programs (b) and (c) are easily upgrad-
able if we want to change the string itself or make it longer. That is not the case for pro-

gram (a),
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See the following Web sites for 8051 C compilers:
www.MicroDigitalEd.com

www.B052.com

Review Questions

. The 8051 has  bytes of data RAM, while the 8052 has ~ byies.
2. The 8031 has K bytes of code space and K bytes of external daia
space.
3. True or falsc. The code space can be used for data but the external data space
cannot be used for code.
4. Which space would you use to declare the following values for 8051 C7?
(a} the number of days in the week
(b} the number of months in a year
{c} a counter for a delay
5. In 8051 C, we should not use more than 100 bytes of the RAM data space for
varables, Why?

(==}

SECTION 7.6: DATA SERIALIZATION USING 8051 C

Serializing data is a way of sending a byte of data one bit at a time through
a single pin of microconiroller. There are two ways o transfer a byte of data
senally:

|. Using the serial port, When using the serial port, the programmer has very
limited control over the sequence of data transfer. The detail of serial port data
transfer is discussed in Chapter 10.

2. The second method of serializing data is to transfer data one bit a ime and con-
trol the sequence of data and spaces in between them. In many new gencrations
of devices such as LCD, ADC, and ROM the senal versions are becoming pop-
ular since they take less space on a printed circuit board.

Examine the next four examples to sce how data senalization is done in
R051 C.
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Example 7-34

Write & C program to send out the value 44H serially one bit at a time via P1.0. The
L58 should go out first,

Solution:
J/BERIALIZING DATA VIA P1.0 [S5HIFTING RIGHT!
#include <regil.h>
gbit P1B0 = P170;
sbit regALSE = RCC™0;
vold main(wvoid)
unsigned char conbyte = 0x44;
ungigned char x;
ACC = conbyte;
forix=0; x<8; X++)

{
F1bD = regALSE;
ACC = ACC > 13
. |
PIN
L REG A el 21,0}
D7 DO
Example 7-35

Write a C program 1o send out the value 44H serially one bit at a time via P1.0. The
MSB should go out first.

Solution:
//SERIALTIZING DATA VIA P1.0 (SHIFTING LEFT)
#include <regsl.h>
ghit P1bD = B170:
sbit regAMSE = ACC*7;
vold maln(wvoid)
(
unsigned char conbyte = 0xd4;
ungigned char x;
ACC = conbyte;
Eori{x=0; ®x<8; x++]
\
Flb0 = reghMER;
ADC = AQC =g 1;

]
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Example 7-36

Wnite a C program to bring in a byte of data senally one bit at a time via P1.0. The LSB
should come in first,

Solution:
//BRINGING IN DATA VIA F1.0 (SHIFTING RIGHT)
finelude =ragsl. hH>
gebit P1b0 = P1°0;
sbit ACCMSE = ACC™T:
vold main(void)
[
ungigned char conbyte = 0x44;
unsigned char x;
for{=x=0; <87 X++}
{
ACCHMER = Pibi;
ACC = ACC »>> 1;

|

pa=aA00,;

PIN

P1.0 - REG A
o7 Do

Example 7-37

Write a C program to bring in a byte of data serially one bit at a time via P1.0. The MSB
should come in first.

Solution:
J/BRINGIEG DATA IN VIA Fl1.0 (SHIFTING LEFT!
#include <reg5l.h>
ebit P1b0 = P1*0;
sbit TegALSE = ACCH0;
vold mainivoid)
[
ungigned char x;
for{x=0; X<B; MN++)
i
reghll8B = PlbO;
ACC = ACC << 1;

P2=sA0C;
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SUMMARY

This chapter dealt with 8051 C programming, espeeially 1/0 programming
and time delays in 8051 C. We also showed the logic operators AND, OR, XOR,
and complement. In addition, some applications for these operators were dis-
cussed. This chapter also described BCD and ASCII formats and conversions in
8051 C. We also compared and contrasted the use of code space and RAM data
space in 8051 C. The widely used technique of data serialization was alse dis-
cussed.

PROBLEMS
SECTION 7.1: DATA TYPES AND TIME DELAY IN 8051 C

I. Indicate what data type you would usc for each of the following variables:

(a) the emperature

(b} the number of days in a week

(¢) the number of days in a year

{d} the number of months in a year

(e} the counter to keep the number of people getting on a bus

(f) the counter 1o keep the number of people going to a class

(g) an address of 64K bytes RAM space

(h) the voliage

(1} a string for a message to welcome people to a building

(itve the hex value that is sent to the port for cach of the following C state-

menis:

(a) P1=14; (b)Pl=0x18; (c)Pl='A'; (d)P1=7;

(e} P1=32; (NPl=0x45; (g)P1=255; (h}P1l=0x0F;

3. Give three factors that can affect time delay code size in the 8051 microcon-
troller.

4. Of the three factors in Problem 3, which one can be set by the system design-
er?

5. Can the programmer set the number of clock cycles used to execute an instruc-
tion? Explain your answer.

6. Explain why various 8051 C compilers produce different hex file sizes.

Fd

SECTION 7.2: 'O PROGRAMMING IN 8051 C

7. What is the difference between the shit and bit data types?

8. Write an 2051 C program to toggle all bits of P1 every 200 ms.

9, Use your 8051 C compiler to see the shortest time delay that you can produce.
10, Write a time delay function for 106 ms.

|1, Writc an 8051 C program to toggle only bit P1.3 every 200 ms.

|2. Write an 8051 C program to count up P1 from 0 - 99 continuously.
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SECTION 7.3: LOGIC OPERATIONS IN 8051 C

13, Indicate the data on the ports for cach of the following.
Note: The operations are independent of each other.

(a) Pl=0OxFD&QOx45; (b) Pl=0xFO&EOX5E;
(¢) P1=0xXFO " 0Ox76; (d) P2=0xF0&Dx90;
{¢) P2=0xFO™0x530; (fy P2=0xF0|0x90;
(g) P2=0xXFO&0XFF; (h) P2=0xFQ|0x399;
(i) P2=0xF0"0xEE; (j} P2=0xXF0"OxAR;
14. Find the contents of the port after each of the following operations,
{2) Pl=-0OX65&0x76; (b) P1=0xT0|0xER;
{¢) P2=0x95"0xAA; {d) P2=OX5D&EOXTE;
{e) P2=0x05|0x12; {fi PO=0x6A"0xEE;

(g) Pl=0x37]0x26;
15, Find the port value afler each of the following is executed.
(a) Pl=0x&65>=2; (b) P2=0x39<<2;
(¢) P1l=0xD4>>3; (d) Pl=0xAT<<2;
16.  Show the C code to swap 0x95 to make it 0x59.
17. Wnite a C program that finds the number of zeros in an 2-bit data item.
I8, A stepper motor uses the fellowing sequence of binary numbers to move the
motor. How would you generate them in 8051 C7
1100,0110,0011,1001

SECTION 7.4: DATA CONVERSION PROGRAMS IN 8051 C

19, Write a program to convert the following serics of packed BCD numbers to
ASCIL Assume that the packed BCD is located in data RAM.
J6H, 87H, 98H, 43
20, Write a program to convert the following series of ASCIl numbers to packed
BCD. Assume that the ASCII data 15 located in data RAM.
II‘E‘_'II E'? 11
21, Write a program to get an 8-bit binary number from P, convert 1t to ASCIHI,
and save the result if the input 15 packed BCD of 00 - 0x99. Assume P1 has
1000 100] binary as input.

SECTION 7.5: ACCESSING CODE ROM SPACE IN 8051 C

22, Indicate what memory (embedded, data RAM, or code ROM space) you would
use for the following variables:
{a) the temperature
(k) the number of days in week
{c) the number of days in a year
(d) the number of months in a year
{e) the counter to keep the number of people getting on a bus
(f) the counter to keep the number of people going to a class
{g) an address of 64K bytes RAM space
(k) the voltage
(i) astring for a message to welcome people to buitlding
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23.

24,
25.
26,
27.

Discuss why the total size of your 8051 C variables should not exceed 100
bytes.

Why do we use the ROM code space for video game characters and shapes?
What 15 the drawback of using RAM data space for 8031 C vanables?

What is the drawback of using ROM code space for 8051 C data?

Write an 8051 C program to send your first and last names 1o P2, Use ROM
code space.

ANSWERS TO REVIEW QUESTIONS

SECTION T.1: DATA TYPES AND TIME DELAY 1N 8081 C

el

0w 255 for unsigned char and - 128 10 + 127 for signed char

0 b0 65,535 for unsigned int and 32,768 o +32.767 for signed int

Un=igned char

Tirue

(a} Crystal lrequency of B0ST sysiem, (b} BOE] machine cvele tming, and (¢] compiler wse for
8051 C

SECTION 7.2: 'O PROGRAMMING N 805 C

Fa

q,
5

S0H
#include <regh b=
verd main( )
§
P2 = (55,
P2 = (A
i
I
#include <regi ) k=
shil P10bdL = P17

voud maini |
[
Piha = 100,
POkt = I

}
False, only 10 5FR bit

True

SECTIHON 7.2: LOGIC OPERATIONS IM BOS] O

e

SEC

(m) 02 (ki FFH ict FOH
Leros

One

Al zeros

alil § !

THON 7.4 DATA CONVERSION PROGRAMS [N 805 C

(a) 15H = 0001 0101 packed BCD, 0000 0001,0000 0101 unpacked BCD
(b) 99H = 1001 1001 packed BCD, 0000 10010000 1001 unpacked BCD
3736H = 00110111 001101108

and in BCD we have T6H = 0111 01108
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A, ¥6H, 3TH

4, Yes, since A = 19H

5. Bpace savings

h. ARCI] T, ASCHI

5 2ICH

LR ]

1k First convert from binary to decimal, then to ASCIE, then send 10 screen.

SECTION T.5: ACCESSING CODE ROM SPACE IN BOS1 C

1. 128, 256

2 MK, 6K

1. True

4, ia)data space, (b) dato space, (c) BAM space

5 The compiler siarls storing varables in code space,

CHAPTER 7: 8051 PROGRAMMING IN C 218



216



CHAPTER 9

8051 TIMER
PROGRAMMING

IN ASSEMBLY AND C

OBJECTIVES

Upon completion of this chapter, vou will be able to:

&=
-
s
=

List the timers of the 8051 and their associated registers

Describe the varions modes of the 8051 timers

Program the B051 timers in Assembly and C to generate time delays
Program the 8051 counters in Assemhbly and C as evenl counters

239



The 8051 has two timers/counters. They can be used either as timers to
generate a time delay or as counters to count events happening outside the micro-
controller. In Section 9.1 we see how these imers are used to generate me delays.
In Section 9.2 we show how they are used as event counters. In Section 9.3 we
use O language to program the 8051 timers.

SECTION 9.1: PROGRAMMING 8051 TIMERS

The 8051 has two timers: Timer 0 and Timer 1. They can be used cither as
timers or 8s event counters, In this section we first discuss the timers” registers and
then show how to program the timers 1o generate time delays.

Basic registers of the timer

Both Timer 0 and Timer | are 16 hits wide. Since the 8051 has an &-hit
architecture, cach 16-bit timer 1s accessed as two separate registers of low byte and
high byte. Each timer is discussed separately.

Timer 0 registers

The 16-bit register of Timer 0 15 accessed as low byte and high byte. The
low byte register 1s called TLO {Timer O low byte) and the high byte register 1s
reforred to as THO {Timer 0 high byte). These registers can be accessed like any
other register, such as A, B, R0, R1, R2, cic. For example, the instruction “MOV
TLO, #4FH" moves the value 4FH into TLO, the low byte of Timer 0, These reg-
isters can also be read like any other register. For example, “"MOV RS, THO" saves
THO (high byte of Timer 0) in RS,

[ THO I TLO

D15 DMIDH DI2} DI

t:-mlnl;u pa || D7 I}{:IDS pa | pa | p2

[}

Figure 9-1. Timer 0 Registers

Timer 1 registers

Timer 1 is also 16 bits, and its 16-bit register is split into two bytes, referred
to as TL1 (Timer | low byte) and THI (Timer | high bytc). These registers are
accessible in the same way as the registers of Timer 0,

r THI I TL1

D15 n|4|u13 o1zl o [oie] pe nﬂlm EH':IDE D4 | D3 DEI

0]

Figure 9-1. Timer | Hegisters
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TMOD (timer mode) register

Both timers 0 and 1 use the same register, called TMOD, to set the varous
timer operation modes, TMOD is an 8-bit register in which the lower 4 bits are
set aside for Timer O and the upper 4 bits for Tamer 1. In cach case, the lower 2
bits are used to set the timer mode and the upper 2 bits to specify the operation.
These options are discussed next.

(MSB) (LSH)

GATE | €T [ MI Mo | GatE | o1 | M1 | Mo
Timer | Timer 0

GATE Gating control when sei. The timercounter is enabled only while the INTX pin
i5 high and the TRx control pin is set. When cleared, the timer is enabled
whenever the TRy control bit 15 set.

C/T  Timer or counter selected cleared for timer operation (input from internal
system clock). Set for counter operation {input from Tx input pin).

M1 Mode bit |

MD Mode bit 0

Mmmwﬂﬂ

0 I 3-bat timer mode
B-bit timer/counter THx with TLx as 5-bit prescaler

] i I | &-bat timier mode
1 6-bit timer/counters THx and TLx are cascaded: there is
no prescaler

| ] 2 B-bit auto reload

R-hit auto reload timercounter; THx holds a value that is
to be reloaded inte TLx each time it overflows.
| 1 3 Split timer mode

Figure 9-3, TMOD Register

M1, MO

MO and M1 select the tmer mode. As shown in Figure 9-3, there are three
mades: 0, 1, and 2. Mode 0 is a 13-bit timer, mode 1 is a 16-hit timer, and mode 2
is an B-hit timer. We will concentrate on modes | and 2 since they are the ones
used most widely. We will soon describe the characteristics of these modes, after
describing the rest of the TMOD register,

C/T (clock/timer)

This bit in the TMOD register is used to decide whether the timer i5 used
as a delay generator or an event counter. If C/T = 0, it 1s used as a imer for time
delay generation. The clock source for the time delay is the crystal frequency of
the 8051. This section is concerned with this choice. The timer's use as an event
counter is discussed in the next section.
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Example 9-1

Indicate which mode and which timer are selected for each of the following.
{a) MOV TMOD,#01H (b) MOV TMOD, #20H (c) MOV TMOD, #12H

Solution:

We convert the values from hex to binary. From Figure 9-3 we have:

(a) TMOD = 00000001, mode 1 of Timer 0 iz selected.
(b} TMOD = 00100000, mode 2 of Timer 1 is selected.
(c) TMOD = 00010010, mode 2 of Timer 0, and mode 1 of

Timer 1 are seleckted.

Clock source for timer

As you know, every timer néeds a clock pulse to tick. What 15 the source
of the clock pulse for the 8051 timers? 1f C/T = 0, the crystal frequency attached
tey the BO5 1 is the souree of the clock for the timer, This means that the size of the
crystal frequency attached to the 8051 alse decides the speed at which the 8051
timer ticks. The frequency for the timer is always 1/12th the frequency of the crys-
tal attached to the 8051. See Example 9-2,

Example 9-2

Find the timer's clock frequency and its period for various 8051 -based systems, with the
following erystal frequencies.

(a) 12 MHz

(b) 16 MHz

{c) 11,0592 MHz

Solution:

XTAaL
oscillator

4+ 12

(a) 1/12 % 12 MH=z 1 MHz and T = 1/1 MHz = 1 |s

(b} 1/12 x 16 MHz

1.333 MHz and T = 1/1.333 MHz = .75 s

(¢) 1/12 x 11.059%2 MHz = 921.6 kHz;
T = 1/921.6 kHz = 1.085 Us

NOTE THAT 8051 TIMERS USE 1/12 OF XTAL FREQUENCY,
REGARDLESS OF MACHINE CYCLE TIME.
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Although various B031-based systems have an XTAL frequency of 10
MHz w0 40 MHz, we will concentrate on the XTAL frequency of 11.0592 MHz.
The reason behind such an odd number has to do with the baud rate for serial com-
munication of the 8051, XTAL = 11.0592 MHz allows the 8051 system to com-
municate with the IBM PC with no errors, as we will see in Chapter 10.

GATE

The other bit of the TMOD register 1s the GATE bit. Notice in the TMOD
register of Figure 9-3 that both Timers 0 and | have the GATE bit. What 15 its pur-
pose? Every timer has a means of starting and stopping. Some timers do this by
software, some by hardware, and some have both software and hardware controls.
The timers in the 8051 have both. The start and stop of the timer are controlled by
way of software by the TR (timer start) bits TR0 and TR1. This is achieved by the
instructions *SETE TR1" and “CLE TR1" for Timer 1, and “SETE TRO" and
“CLR TRO™ for Timer 0. The SETB instruction starts it, and it 1s stopped by the
CLR instruction. These instructions start and stop the timers as long as GATE =
0 in the TMOD register. The hardware way of starting and stopping the timer by
an external source is achieved by making GATE = | in the TMOD register.
However, to avoid further confusion for now, we will make GATE = 0, meanmg
that no external hardware is necded to start and stop the timers. In using software
to start and stop the timer where GATE = 0, all we need are the instructions “SETE
TRx" and "CLE TEx". The use of external hardware to stop or start the timer 15
discussed in Chapter 11 when interrupts are discussed,

Example 9-3

Find the value for TMOD if we want to program Timer 0 in mode 2, use 8051 XTAL
for the clock source, and use instructions to start and stop the timer.

Solution:

TMOD= 0000 0010 Timer 0, mode 2,
C/T = 0 to use XTAL clock source, and
gate = {} to use internal (software)
start and stop method.

Now that we have this basic understanding of the role of the TMOD regis-
ter, we will look at the timer’s modes and how they are programmed to create a
time delay. Because modes | and 2 are so widely used, we describe each of them
in detail,

Mode 1 programming

The following are the characteristics and operations of mode 1
1. ltisa 16-bit timer; therefore, it allows values of D000 to FFFFH to be loaded
into the timer’s registers TL and TH.
3 After TH and TL are loaded with a | 6-bit initial value, the timer must be start-
ed. This is done by “SETE TRO" for Timer 0 and “SETE TR1™ for Timer 1.
3. After the timer is started, it starts to count up, It counts up until it reaches its

CHAPTER 9: 8051 TIMER PROGRAMMING IN ASSEMBLY AND C 243



limit of FFFFH. When it rolls over from FFFFH to (K0, it sets high a flag bit
called TF (timer flag). This timer Mlag can be monitored. When this timer flag
15 raised, one option would be to stop the timer with the instructions
“CLR TRO" or “CLR TR1", for Timer 0 and Timer 1, respectively. Again, it
must be noted that cach timer has its own timer flag: TFO for Timer 0, and TF1 for
Timer 1.

After the timer reaches its limit and rolls over, in order to repeat the process
the registers TH and TL must be reloaded with the original value, and TF must
be reset to 0.

g A g
XTAL |—a| 12 i — TH | TL }—={TF]
oscillator |
TR I'F poes high
cT=0 when FFFF =)

Steps to program in mode 1

To generate a time delay, using the imer's mode 1, the following steps are

taken, To clanfy these steps, se¢ Examplec 9-4,

Load the TMOD value register indicating which timer (Timer 0 or Timer 1) is
to be used and which timer mode (00 or 1) 15 selected.

2. Load rcgisters TL and TH with initial count values.

3. Start the nmer,

4, Keep monitoring the timer flag (TF) with the “JNE TFx, target” instrue-
tion to see if it is raised, Get out of the loop when TF becomes high.

5. Stop the timer.

6. Clear the TF flag for the next round.

7. Go back w Step 2 to load TH and TL again.

To calculate the exact time delay and the square wave frequency generat-

ed on pin P1.5, we need 1o know the XTAL frequency, Sce Example 9-5.

From Example 9-6 we can develop a formula for delay calculations using

mode 1 (16-bit} of the timer for a crystal frequency of XTAL = 11.0592 MHz,
This is given in Figure 9-4, The scientific calculator in the Accessories directory
of Microsoft Windows can help you to find the TH, TL values. Thes calculator

supports decimal, hex, and binary calculations.

{a) in hex

(FFFF - ¥YYXX + 1) = 1.085 ps
where ¥YXX are TH, TL 1nitial
values regpectively. MNotice
that wvaluea YYXX are in hex.

(b} in decimal

Convert YYXX values of the
TH,TL register to decimal to
gek a NMMMHN decimal number,
theniss536 - KHNHNNKN] = 1.0BS5 us

Figure 9-4, Timer Delay Caleulation for XTAL = 11.0592 MHz
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Example 9-4

R

In the following program, we are creating a square wave of 50% duty cycle (with equal
portions high and low) on the P1.5 bit. Timer 0 is used to generate the time delay.
Analyze the program.

oW THMOD, #01 dTimer 0, mode 1{1&6-bit mode)
HERE: MO TLO, #OF2H ;TLO = F2H, the Low byte
iinity THO , 40FFH ;THOD = FFH, the High byte
CPL Bl1.5 ;toggle P1.5
ACARLL DELAY
5JMP HERE jload TH, TL again
j—delay using Timer 0
DELAY :
SETE TRO ;etart Timer 0
AGRIH: JHE TFU,AGRIN jmonitor Timer 0 f£lag until
jit rolls aver
LK TRAQ ;8top Timer O
CLER TFO jclear Timer 0 flag
RET
Solution:

In the above program notice the following steps.

TMOD is loaded.

FFF2H is loaded into THO - TLO.

P1.5 is toggled for the high and low portions of the pulse,

The DELAY subroutine using the timer is called.

In the DELAY subroutine, Timer 0 1s started by the “SETE TRO" instruction.
Timer O counts up with the passing of each clock, which is provided by the crystal
oscillator. As the timer counts up, it goes through the states of FFF3, FFF4, FFFS,
FFF6, FFFT, FFFB, FFF9, FFFA, FFFB, and so on until it reaches FFFFH, One more
clock rolls it to 0, raising the tmer flag (TF0 = 1). At that point, the JNB instruction
falls through.

7. Timer D is stopped by the instruction “CLR TRO0". The DELAY subroutine ends,
and the process is repeated.

oa B ol o o

Notice that to repeat the process, we must reload the TL and TH registers and start the
Hmer again.

__________________________ - () —

TF=10 TF =1 TE=10 TF =1 TF=1
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Example 9-5

In Example 9-4, calculate the amount of time delay in the DELAY subroutine generat-
ed by the timer. Assume that XTAL = 11.0592 MHz.

Solution:

The timer works with a clock freguency of 1/12 of the XTAL frequency; therefore, we
have 11.0592 MHz / 12 = 921.6 kHz as the umer frequency. As a result, each clock has
aperiod of T=1/921.6 kHz = 1.085 us. In other words, Timer 0 counts up each 1085
us resulting in delay = number of counts x 1.085 ps.

The number of counts for the rollover 18 FFFFH — FFF2ZH = ODH (13 decimal).
However, we add onc to 13 because of the extra clock needed when it rolls over from
FFFF to () and raises the TF flag. This gives 14 3 1.085 ps = 15.19 ps for half the pulse.
For the entire period T =2 = 15.19 us = 30.38 ps gives us the time delay generated by
the timer.

Example 9-6

In Example 9-5, calculate the frequency of the square wave generated on pin P15,
Solution:

In the time delay calculation of Example 9-5, we did not include the overhead due 1o
instructions in the loop. To get a more accurate timing, we need to add clock cycles due
to the instructions in the loop. To do that, we use the machine cycles from Table A-1 in
Appendix A, as shown below,

Cycles
HERE: MO TLO, #0FZH 4
MO THO, #0FFH 2
CPL o 1
ACALL DELAY 2
SJMP HERE 2
; delay using Timer 0
DELAY :
SETE TRO 1
AGAIN: JNB TFQ,AGAIN 14
CLR TRO 1
CLR TFQ 1
RET .-
Total 28

T=2x 28 x LOBS ps = 60.76 us and F = 16458.2 Hz.

NOTE THAT 8051 TIMERS USE 1/12 OF XTAL FREQUENCY,
REGARDLESS OF MACHINE CYCLE TIME.
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Example 9-7

Find the delay generated by Timer 0 in the following code, using both of the methods
of Figure 94, Do not include the overhead due to instructions.

CLR P2.3 jolear P2.3
MOV THMOD,®01 ;Timer 0, mode 1(16-bit mode)
HERE: MOV TLO,HIEHR !TLD = 3EH, Low byte
MOV  THOD, #0BEH ;THO = BBH, High byte
SETE P2.3 ;8ET high P2.3
SETEB TRO ;atart Timer 0O
AGRIN JHE TFO,AGATIHN smonitor Timer 0 flag
CLE TR0 ;atop Timer 0
CLE TFD ;elear Timer 0 flag forx
;jnext round
CIL.R P2.3
Solution:

(a) (FFFF - BR3E + 1) = 47C2H = 18370 in decimal and 18370 x 1.085 us = 19.93145
ms.

(b) Since TH - TL = BRIEH = 47166 (in decimal) we have 65536 - 47166 = 18370,
This means that the timer counts from BE3IEH to FFFFH. This plus rolling over to
0} goes through a total of 18370 clock cycles, where each clock is 1.083 ps in dura-
tion. Therefore, we have 18370 = 1.085 ps = 19.93145 ms as the width of the pulse.

Example 9-8

Modify TL and TH in Example 9-7 to get the largest ime delay possible. Find the delay
in ms. [n your calculation, exclude the overhead due to the instructions in the loop.

Solution:

To get the largest delay we make TL and TH both 0. This will count up from 0000 to
FFFFH and then roll over to zero.

CLR P2.3 inlear P2.3

MOV THMOD,#01 iTimer 0, moda 1(16-bit mode)
HERE: Mo TLO, #0 ;TLO = O, Low byte

MOV THO,$#0 :THO = 0, High byte

SETE P2.3 :BET P2.3 high

SETE TRO jEtart Timer O
AGRIN: JHE TFO,R3AIN imoniter Timer O flag

CLRE TRO jatop Timer 0

CLR TFQ rzlear Timer 0 flag

CLE BF2.3

Making TH and TL both zero means that the fimer will count from D000 to FFFFH, and
then roll over to raise the TF flag. As a result, it goes through a total of 65536 states.
Therefore, we have delay = (65536 - 0) = 1.085 ps = 71,1065 ms.
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‘Example 9-9

The following program generates a square wave on pin P1.5 continuously using Timer |
for a time delay. Find the frequency of the square wave if XTAL = 11.0592 MHz. In
your caleulation do not include the overhead due to instructions in the loop.

MOV  TMOD, §10H ;Timer 1, mode 1(16-bit}

RAEAIN: MOV TL1,#34H ;TL1 = 34H, Low byte

MOV TH1,#76H ;THL = 76H, High byte

;1T634H = timer wvalue)

BETE TRl rstart Timer 1
BACE: JHE TF1,BARCK ;8tay until timer rolls over

CLE TR1 ;atop Timer 1

CPL Fl.5 jcomp. P1.5 to get hi, leo

CLE TF1 ;clear Timexr 1 flag

SJMP AGAIN jraload timer since Mode 1

rig not auto-relaoad
Solution:

In the above program notice the target of SIMP. In mode |, the program must reload the
TH, TL register every time if we want to have a continuous wave. Now the calculation.
Since FFFFH - 7634H = 89CHBH + | = 89CCH and 82CCH = 35276 clock count.
35276 x 1.085 ys = 38.274 ms for half of the square wave. The entire square wave
length is 38.274 % 2 = 76.54% ms and has a frequency = 13.064 Hz

Also notice that the high and low portions of the square wave pulse are equal, In the
above calculation, the overhead due to all the instructions in the loop is not included.

In Examples 9-7 and 9-8, we did not reload TH and TL since it was a sin-
gle pulse. Look at Example 9-9 to see how the reloading works in mode 1.

Finding values to be loaded into the timer

Assuming that we know the amount of timer delay we need. the guestion
15 how to find the values needed for the TH, TL registers. To calculate the values
to be loaded into the TL and TH registers look at Example 9-10 where we use crys-
tal frequency of 11.0592 MHz for the 805 system.

Assuming XTAL = 11.0592 MHz from Example 9-10 we can use the fol-
lowing steps for finding the TH, TL registers” values,

Divide the desired time delay by 1.085 ps.

Perform 65536 - », where # is the decimal value we got in Step 1.

Convert the result of Step 2 fo hex, where yyxx 15 the initial hex value to be
loaded inte the timer's registers.

4. 5et TL=2xxand TH = yp.

i

248



T:nmple 9-10

Assume that XTAL = 11.0592 MHz. What value do we need to load into the timer’s reg-
isters 1f we want to have a time delay of 5 ms (milliseconds)? Show the program for
Timer 0 to create a pulse width of 5 ms on P2.3.

Solution:

Since XTAL = 11.0592 MHz, the counter counts up every 1.085 ps. This means that out
of many 1.085 us intervals we must make a 5 ms pulse. To get that, we divide one by
the other. We need 5 ms / 1,085 us = 4608 clocks. To achieve that we need 1o load into
TL and TH the value 65536 - 4608 = 60928 = EE00H. Therefore, we have TH = EE and
TL = 00.

CLE P2.3 jclear P2.3

MOV TMOD, #01 ;Timer 0, mode 1 [16-bit mode}
HERE: MOV TLO, #0 sTLD = 0, Low byte

MOV  THO, #0EEH ;THO = EE{ hex), High byte

SETE P2.3 ;SET P2.3 high

BEETE TRO jatart Timer 0
AGRTIN: JHNE  TFD, AGARIN smonitor Timer 0 flag

junkil it rolls over

CLE FZ.3 roclear P2 .3

CLE TRO ;atop Timer 0

CLE TFD jelear Timer 0 flag

Example 9-11

Assuming that XTAL = 11,0592 MHz, write a program to generate a square wave of 2
kHz frequency on pin P15,

Solution:

This is similar to Example 9-10, except that we must toggle the bit to generate the
square wave. Look at the following steps.

(@) T=1/f=1/2kHz= 500 ps the period of the square wave.

(b} 1/2 of it for the high and low portions of the pulse is 250 ps,

(c) 250 ps / 1,085 us = 230 and 65536 - 230 = 65306, which in hex is FF1AH.

{d) TL= 1AH and TH = FFH, all in hex. The program is as follows.

MOV TMOD, #10H iTimer 1, mode 1{l6-bit}
AGHRTIN: MOV TL1,#1AH ;TL1=1AH, Low byLe
MOV TH1, #0FFH :TH1=FFH, High byte
SETE TR1 ;acart Timer 1
BACHK: JHNE TF1,BACK ;stay untill timer rolls owver
CLE TRl jsbop. Timer 1
CPL Pl1l.5 ;jcomplement PL.5 to get hi, lo
CLE TF1 ;olear Timer 1 f£lag
SIMP AGAIN jreload Eimer since mode 1

1is not auto-relcad
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Ti.lample 9-12

Assuming XTAL = 11.0592 MHz, write a program 1o generate a square wave of 50 Hz
frequency on pin P2.3.

Solution:

Look at the following steps.

{a) T=1/350 Hz= 20 ms, the period of the squarc wave.

{(b) 1/2 of it for the high and low portions of the pulse = [0 ms

ic) 10 ms / 1085 ps = 9216 and 65536 - 9216 = 56320 in decimal, and 1n hex 1t 18
DCOOH.

{(d} TL = 00 and TH = DC (hex)

The program follows.

MOW TMOD, #10H ;Timer 1, mode 1 {(l6-bit)
AGRIN: MoOW  TL1,#00 ;TL1 = 00, Low byte
MOW  TH1, #0DCH ;TH1 = DCH, High bEyte
SETE TRl ;etart Timer 1
BACEK: JHE TF1,BARCEK ;etay until timer rolls over
CLE TRl j8top Timer 1
CPL P2.3 jcomp. P2.3 to get hi, la
CLE TF1 ;elear Timer 1 flag
SJMP AGRIN sreload timer since mode 1

(1B not auto-reload

Generating a large time delay

As we have seen in the examples so far, the size of the time delay depends
on two factors, (a) the crystal frequency, and (b) the imer’s | 6-bit register in mode
1. Both of these factors are beyond the control of the 8051 programmer. We saw
carlier that the largest time delay is achieved by making both TH and TL zero.
What if that is not enough? Example 9-13 shows how to achieve large time delays.

Using Windows calculator to find TH, TL

The scientific calculator in Microsoft Windows is a handy and easy-to-use
tool to find the TH, TL values. Assume that we would like to find the TH, TL val-
ues for a tme delay that uses 35,000 clocks of 1.085 ys. The following steps show
the caleulation.

Bring up the scientific calculator in MS Windows and select decimal,

Enter 35,000,

Select hex. This converts 35,000 to hex, which is 88B8H.

Select +/- 1o give -35000 decimal (7748H).

The lowest two digits (48) of this hex value are for TL and the next two (77)
arc for TH. We ignore all the Fs on the left since our number is 16-hit data.

o o o 5 Sy
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Example 9-13

Examine the following program and find the time delay in seconds. Exclude the over-
head due to the instructions in the loop.

MOV  THMOD, #10H ;Timer 1, mode 1(l16-bit)
MOV R3,#200 reounter for multiple delay
ACRIN. MOV TL1,#0BH fTL1 = 08, Low byte
MOV TH1,#01H ;TH1 = 01, High byte
SETB TR1 ;etart Timer 1
BACE : JHNE TF1,BACK jatay until timer rolls owver
CLE TRL istop Timer 1
CLE TFi1 jelear Timer 1 flag
RS E3,AGATH jif R3 not zero then

jreload timer

Solution:

TH-TL = 0108H = 264 mn decimal and 65536 - 264 = 65272, Now 65272 x 1.085 ps
= 70,820 ms, and for 200 of them we have 200 x 70.820 ms = 14. 164024 seconds.

Mode 0

Maode 0 15 exactly litke mode 1 except that it is a 13-bit timer instead of 16-
bit. The 13-bit counter can hold values between 0000 to 1FFFH in TH - TL.
Therefore, when the timer reaches its maximum of 1FFH, it rolls over to 0000, and
TF 15 raised.

Mode 2 programming

The following are the characteristics and operations of mode 2.

I. 1tis an B-bit timer; therefore, it allows only values of 00 to FFH to be loaded
into the timer’s register TH.

2. After TH 1s loaded with the 8-bit value, the 2051 gives a copy of it to TL. Then
the timer must be started. This is done by the instruction “SETE TRO" for
Timer 0 and “SETE TR1" for Timer 1. This is just like mode [,

3. After the timer is started, it starts to count up by incrementing the TL register.
[t counts up until 1t reaches its limit of FFH. When it rolls over from FFH to
003, it sets high the TF (timer flag). I we are using Timer 0, TFO goes high; if
we are using Tumer 1, TF1 is raised,

rfl
= overflow
XTAL |—  +12 D_‘ TL |={TF] flag
ol latar |
i o TF goes high
CF =1 when FF =s={]
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4. When the TL register rolls from FFH to 0 and TF 15 set 1o 1, TL 5 reloaded
automatically with the original value kept by the TH register. To repeat the
process, we must simply clear TF and let it go without any need by the pro-
grammer to reload the original value, This makes mode 2 an auto-reload, in
contrast with modc 1 in which the programmer has to reload TH and TL.

It must be emphasized that mode 2 is an 8-bit timer.  Howewver, it has an
auto-reloading capability. In auto-reload, TH 15 loaded with the initial count and
a copy of it is given to TL. This reloading leaves TH unchanged, still holding a
copy of the orniginal value. This mode has many applications, including seting the
baud rate in senal commumication, as we will see in Chapter [0,

Steps to program in mode 2

To generate a time delay using the nmer's mode 2, take the following steps.
|, Load the TMOD value register indicating which timer (Timer 0 or Timer 1) is
ta be used, and select the imer mode (mode 2).

Load the TH registers with the initial count value,
Start the timer.
K.cep monitoring the timer flag (TF) with the *JNB TFx, target” mstruc-
tion to see whether it is raised. Get out of the loop when TF goes high.
Clear the TF flag.
o back to Step 4, since mode 2 s auto-reload.
Example 9-14 illustrates these points. To achieve a larger delay, we can use
multiple registers as shown in Example 9-15.

Rl

e

Example 9-14

Assuming that XTAL = 11.0592 MHz, find (a) the frequency of the square wave gener-
ated on pin P1.0 in the following program, and (b) the smallest frequency achievable in
this program, and the TH value 1o do that

MOV THMOD, #20H ;TL/mode 2/B-bit/auto-reload
MOV TH1, #i5 ;TH1 = 5§
SETE TR1 setart Timer 1

BALCK: JHNE. TF1,BACK retay untcll cimer rolls over
CPL PFl1.0 jeomp. P1.0 to get hi, 1o
ZLRE- TF1 ;clear Timer 1 flag
EJMP BACK pmode 2 is auto-reload

Solution:

(&) First notice the target address of SIMP. In mode 2 we do not need to reload TH since
it 15 auto-reload. Now (256 - 05) = |.OBS us = 251 = 1.085 ps = 272.33 ps is the
high portion of the pulse. Since it is a 50% duty cycle square wave, the period T is
twice that; as a result T= 2 % 272,33 ps = 544.67 ps and the frequency = | 83597
kHz.

{b) To get the smallest frequency, we need the largest T and that is achieved when TH
= (00. In that case, we have T = 2 x 256 x 1,085 ps = 555,52 ps and the frequency
= 1.8 kHz.
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Example 9-15
Find the frequency of a square wave generated on pin P1.0.

Solution:
MOV TMOD, #2H (Timer 0, mode 2
s{8-bie, auto-releoad)
MOV THO, #0O ;1 THO={
RAGAIN: MOV RS, H250 joount for multiple delay
ACALL DELAY
CPL PI1.0 ;toggle F1.D
S5JMF AGAIN jTEp&ak
DELAY: EETE TRO jstart Timer 0
BACK: JHNE  TFO, BACK jscay until timer rolls over
CLE TED ;atop Timer O
CLE TFO jolmar TF for next round
DoHNZ RS5,DELAY
EET

T=2(250 x 256 = 1.085 ps)= 138.88 ms, and frequency = 72 Hz.

Example 9-16

Assuming that we are programming the timers for mode 2, find the value (in hex) loaded
into TH for each of the following cases.

{a) MOV TH1,#-200 (b) MOV THO , #-60
{c) MoV TH1,#-3 (d) MoV TH1, #-12
{e) MOV THO, #-48

Solution:

You can use the Windows scientific calculator to verify the results provided by the
assembler. In Windows caleulator, select decimal and enter 200. Then select hex, then
+- 1o get the TH value, Remember that we only use the right two digits and 1gnore the
rest since our data is an 8-bit data. The following 1s what we get.

Decimal 2% complement {TH value)
-20) IBH
-6l C4H
-3 FDH
-12 F4H
48 DOH
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Assemblers and negative values

Since the timer is 8-bit in mode 2, we can et the assembler calculate the
value for TH. For example, in “MOV THL, §-100", the assembler will calculate
the 100 = 9C, and makes THI = 9C in hex. This makes our job casicr.

Example 9-17

AGATH:

DELAY :

BACK

Solution:

Mo

MOV THO,#-150

SETE

TMOD, #2H

P1.3

ACALIL DELAY
ACALL DELAY

CLR  Pl1.3
ACALL DELAY
SJMP  AGAIN
SETE TR0

JNB TFO,BACK
CLR TRD

CLE TFO

RET

Find (a) the frequency of the square wave generated in the following code, and (b) the
duty eyele of this wave,

;Timer 0, moda 2

;[B-bit, auto-reload)

;THO = EAM = 2'3a comp of -150
fPL.d = 1

;PL.3 = 0

;atart Timsr O

Btay until timer rolls over
;s5top Timer 0

iclear TF for next round

For the TH value in mode 2, the conversion is done by the assembler as long as we enter
a negative number, This also makes the calculation easy. Since we are using 150
clocks, we have time for the DELAY subroutine = 150 x 1,085 us = 162 ps. The high
portion of the pulse is twice that of the low portion (66% duty cycle). Therefore, we
have: T = high portion + low portion = 325.5 ps + 162.25 ps = 488.25 us and frequen-
cy = 2.048 kHz.

MNotice that in many of the time delay caleulations we have ignored the
clocks caused by the overhead instructions m the loop. To pet a more accurate
time delay, and hence frequency, you need to mclude them.  If you usce a digtal
scope and you don’t get exactly the same frequency as the one we have calculai-
ed, it is because of the overhead associated with those instructions,

In this section, we used the BO5! timer for time delay generation,
However, 8 more powerful and creative use of these timers i to use them as cvent
counters, We discuss this use of the counter next.




Review Questions

How many timers do we have in the 80517

In the instruction “MOV TH1, #- 200", find the hex value for the TH register.
To get a 2-ms delay, what number should be loaded into TH, TL using mode
17 Assume that XTAL = 11.0592 MHz.

. To get a 1{M}-ps delay, what number should be loaded into the TH register using
mode 27 Assume XTAL = 11.0592 MHz.

1.

2. Eachtimer has  registers that are  bits wide.

3. TMOD register is a(n) _ -bit register.

4. True or false. The TMOD register is a bit-addressable register.

5. Indicate the selection made in the instruction “MOV TMOD, $#20H".
6. In mode 1, the counter rolls over when it goes from 0
7. In mode 2, the counter rolls over when it goes from o

8.

D,

=

SECTION 9.2: COUNTER PROGRAMMING

In the last section we used the timer/counter of the 8031 to generate time
delays. These timers can also be used as counters counting events happening out-
side the B051. The use of the timer/counter as an event counter is coverad in this
section, As far as the use of a timer as an event counter is concerned, everything
that we have talked about in programming the timer in the last section alse applies
to programming it as a counter, except the source of the frequency. When the
timer/counter 1s used as a timer, the B051's crystal is used as the source of the fre-
quency. When it 1s used as a counter, however, it is a pulse outside the 8051 that
merements the TH, TL registers. In counter mode, notice that the TMOD and TH,
TL registers are the same as for the timer discussed in the last section; they even
have the same names. The timer's modes are the same as well.

CIT bit in TMOD register

Recall from the last section that the C/T bit in the TMOD register decides
the source of the clock for the timer. If C/T = 0, the timer gets pulses from the
crystal. In contrast, when C/T = 1, the timer is used as a counter and gets its puls-
es from outside the 8051, Therefore, when C/T = 1, the counter counts up as puls-
es are fed from pins 14 and 15. These pins are called TO (Timer 0 input) and T
(Timer 1 input). Notice that these two pins belong to port 3. In the case of Timer
0, when C/T = 1, pin P3.4 provides the clock pulse and the counter counts up for
each clock pulse commg from that pin. Similarly, for Timer 1, when CT = | each
clock pulse coming in from pin P3.5 makes the counter count up.

Table 9-1; Port 3 Pins Used For Timers 0 and 1
Pin  Port Pin Function Description

14 P34 TO Timer/Counter 0 external input
15 P3.5 Ti Timer/Counter 1 external input
(MSB) (LSB)
GATE | CT M1 MO | GATE | CT M1 M0
Timer | | Timer 0
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Example 9-18

Solution:

AGATIN:
BACH :

MoV  THMCD, #01100000B

MOV THL, #0

5ETE P2.5
EETE TR1

MOV A, TLY
MoV P2, R

JHNB  TFl,BARCE
CLRE  TR1

CLE TFl

SJMP AGAIN

P2 is connected to 8 LEDs
and input T1 to pulse.

Assuming that clock pulses are fed into pin T, write a program for counter 1 in mode
2 to count the pulses and display the state of the TL] count on P2.

roounker 1, mode 2,0/T=1
jexternal pulses
;clear TH1

smake

Tl input

;atart the counter
;get copy of count TL1
ydisplay it on port 2

i kmep
ratop
imake
ikeep

doing it 1f TF=0
the counter 1
TE=0

doing it

Notice in the above program the role of the instruction “SETBE P3,5". Since
ports are set up for output when the 8051 15 powered up, we make P3.5 an input port by
making it high. In other words, we must configure (set high) the T1 pin (pin P3.5) to
allow pulses to be fed into it.

8051

Tl

P2
LEDs

LTI

In Example 9- 18, we use Timer | as an event counter where it counts up as
clock pulses are fed into pin 3.5, These clock pulses could represent the number
of people passing through an entrance, or the number of wheel rotations, or any
other event that can be converted to pulses.

In Example 9-18, the TL data was displayed in binary, In Example 9-19,
the TL registers are converted to ASCII to be displayed on an LCD.

L overflow
Timer () flag
external _)—"]'Hfl ']'l-[l]_-‘! [0
if!pu{ 4 I— 1 |

in 3.
IT e TFO goes high
CT=1 TRO when FFFF =1}

J LML overflow
Timer ll flag
external — | T TL1 -
et I 5 i1 L il
pin 3.5 I :

i TF| goes high
Cm=1 1Rl when FFFF 0

Figure 9-5_ (a2} Timer @ hilhiutrrml Input
{Wiodde 1)

b} Timer 1 with External Input (Mode 1)

156




Example 9-19

Solution:

MOV
MoV
SETE
AGHTH SETB
BACEK : MoV
ACALL
RCALL
JHE
CLE
CLE
EJME

ACARLYI. LCD ZET UP

Assume that a 1-Hz frequency pulse is connecied 1o input pin 3.4, Write a program to
display counter 0 on an LCD. Set the mitial value of THO to -60.

To display the TL count on an LCD, we must convert 8-bit binary data to ASCIL See
Chapter 6 for data conversion.

;jinitialize the LCD

THID, 4000001108 jcounter O,mode 2,C/Tsl

THO, #-60
P3.4

TRO

A, TLO
CONY
DISFLAY
TFO, BACK
TRO

TFO
AGAIN

joounting 60 pulses
jmake TO as input
;jBtarte the counter
;e copy of count TLG
joonvert in R2, B3, ERd
;display on LD

sloop if TFO=0

j8top Ehe counter 0
;make TFOI=0

rkeep doing it

;oonverkbing 8-bit binary Eo ASCIT
;upcn return, R4, R3, R2 have ASCII data (R2 has LSD)

jdivide by 10

;Bave low digit
;divide by 10 once more

;make it ASCII
jsave MSD

smake 2Znd digit am ASCII
rEave 1t

;make 3rd digit an ASCII
rgave the ASCII

8051

GOV, MOV B, #1i0

DIV AB

MOV RZ,B

MOV B, #10

DIV AB

ORL A,#30H

MOV R4,A

MOV AL,B

ORL A,#30H

MOV E3iLA

MOV A, R2

ORL A, H3I0H

MOV R2,A

RET
o S e S
1 Hz clock TO

Pl
LCD

By using 60 Hz we can generate seconds, minutes, hours.

Mote that on the first round, it starts from 0, since on RESET, TLO = (.
To solve this problem, load TLO with -60 at the beginning of the program.
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T 1 cwer{iow (lag JLIL overflow flag
Turs — TL0 TFO] || Jimer ¢ j— TLI TFI
inpt l_ it I_ !

Pt 34 TR“ refoad mn 3.5 TR felaad
TH THI
CiT=1 TFO goes high CT=1 TF| goes high
when FF —=={ when FF —={)

Figure 9-6. Timer § with External Input (Mode 2)  Figure @7, Timer | with External Inpat {Maode 1)

As another example of the application of the timer with C/T = 1. we can
feed an external square wave of 60 Hz frequency into the timer, The program will
generate the second, the minute, and the hour out of this mput frequency and dis-
play the result on an LCD. This will be a nice dignal clock, but not a very accu-
rate one.

Before we finish this chapter, we need o state two important points.

1. You might think that the use of the instrection “JNB TFx, target” to mon-
itor the raising of the TFx flag is a waste of the microcontroller’s time. You
are right. There 1s a solution to this: the use of interrupts. By using interrupts
wie can go about doing other things with the microcontroller, When the TF flag
15 raised it will inform us. This important and powerful feature of the 803 15
discussed in Chapter 11.

2. You might wonder to what register TRO and TR1 belong. They belong to a
register called TCON, which 15 discussed next.

Table 9-2: Equivalent Instructions for the Timer Control Register (TCON)

For Timer 0 )
SETB TRO = SETB TCON.4
CLR TRO = CLE TCON.4
SETB TFO = SETB TCON.5
CLR TF0 = CLR TCON.5
For Tim_Ef__ 1 . _
- SETB TRI = SETB TCON.6
CLR TRI = CLE TCON.6
SETB TF1 = SETB TCOM.7
CLRE TFiI = CLE TCOMN.7

TCOMN: Timer/Counter Control Register

TFI

[ 7RI [ 10 [ TRO | IEL | ITI

[ 10 [ 1o
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TCON register

In the examples so far we have seen the use of the TRO and TRI flags to
turny on or off the timers. These bits are part of a register called TOON (timer con-
trol). This register is an 8-bit register. As shown in Table 9-2, the upper four bits
are used to store the TF and TR bits of both Timer 0 and Timer 1. The lower four
bits are set aside for controlling the mterrupt bits, which will be discussed in
Chapter 11. We must notice that the TCON register is a bit-addressable register.
Instead of using instructions such as “SETB TR1" and “CLR TE1", we could use
“SETE TCON.&" and “CLR TCOMN.E&", respectively. Table 9-2 shows replace-
ments of some of the instructions we have seen so far.

The case of GATE =1 in TMOD

Before we finish this section we need to discuss another case of the GATE
bit in the TMOD register. All discussion so far has assumed that GATE = 0. When
GATE = 0, the timer i3 started with instructions “SETE TRO" and “SETE TR1",
for Timers 0 and 1, respectively. What happens if the GATE bit in TMOD is set
to 17 As can be scen in Figures 9-% and 9-9, if GATE = |, the start and stop of the
timer are done externally through pins P3.2 and P3.3 for Timers 0 and |, respec-
tively. This is in spite of the fact that TRx is turned on by the "SETBE TRx"
instruction. This allows us to start or stop the timer externally at any time via a
simple switch. This hardware way of controlling the stop and stant of the timer can
have many applications. For example, assume that an 8051 system is used in a
product to sound an alarm every second using Timer 0, perhaps in addition to
many other things. Timer 0 is tumned on by the software method of using the
“SETE TRO" instruction and is beyond the control of the user of that product.
However, a switch connected to pin P3.2 can be used to turn on and off the timer,
thereby shutting down the alarm.

ETAL
— |
OSCILLATOR e e

CT=1
To N
Pin 3.2
TRO
Foa
Gata L=
INTO Pin
Pin 3.2

Figure 9-8. Timer/Counter
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KTAL )

OSCRLATOR CiT=0
T
— T et
CiT=1
TN
Pin 3.5
TR1

Gata

INT1 Pln
Fin 3.3

Figure 9-9. Timer/Counter 1

Review Questions

Who provides the clock pulses to BOS1 timers if C/T = 07

Who provides the clock pulses to B05 1 timers if CT = 17

Does the discussion in Section 9.1 apply o timers if CT = |7

What must be done 1o allow P3.4 to be used as an imput for T1, and why?
What is the equivalent of the following instruction? “SETE TCON.&"

LA du bl P e

SECTION 9.3: PROGRAMMING TIMERS 0 AND 1 IN 8051 C

In Chapter 7 we showed some examples of C programming for the 8051,
[n this section we study C programming for the BO5S1 timers. As we saw in the
examples in Chapter 7, the general-purpose registers of the 8051, such as RO - R7,
A, and B, are under the control of the C compiler and are not accessed direetly by
C statements. In the case of SFRs, the entire RAM space of 80 - FFH s ACCEssl-
ble dircetly using 8051 C statements, As an cxample of accessimg the SFRs direct-
lv, we saw how to access ports PO - P3 in Chapter 7. Next, we discuss how to
access the 8051 timers directly using C statements.

Accessing timer registers in C

In 8031 € we can access the timer registers TH, TL, and TMOD directly
using the reg51.h header file. This 1s shown in Example 9-20. Example 9-20 also
shows how to access the TR and TF bits,
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Example 9-20

Solution:

#include <regsl.h>
void ToDelay{wvoid);
vold main [woid)
!
while{l)
{
Pl=0x55;
TODelay();
Pl=0xAA;
TODwelayi);
.
!

vold ToODelay ()
i

THMOD=0x01 ;
TLO=0x00 ;
THO=0x35;
TRO=1 ;
while {TFOe=(]} ;
TRO=0;
TFO=0;

/frepeat forewver

//toggle all bitg of Pl
Jldelay silze unknown

Jftoggl

& all bita of P1

SATimer O, Mode 1

[ fload
il load
Jleurn
Slwait
SJ/ouen

TLO

THOD

on TO

for TPFO to roll cver
off TO

J/clear TFD

8051

FFFFH - 3500H = CAFFH = 51967 + 1 = 51968

31968 x |.085 pus = 56.3%4 ms is the approximate delay.

PO

LEDs

/

Writc a 8051 C program to toggle all the bits of port P1 continuously with some delay
in between. Use Timer 0, 16-bit mode to generate the delay.

CHAPTER %: 8051 TIMER PROGRAMMING IN ASSEMBLY AND C
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Caleulating delay length using timars

A owe martined in Chapter 7, the delay length depends on cares tacors:
fa b the erystal fegqueney, My the number of clecks per machine evele, and (01 the
C compiler. The aripmal 30371 used 122 of ke ervstal oseillator frequeney as ang
machine evele In wher wards, cach mackme cyele is cqual w12 clucks periods
uf the vrystal Freguency cennecied o the X1 - X2 mins. The time takos tor che
B3 Ao cregne amoinsireglion s oone of more machine cypeles, as shown in
Appemiliz A To speel up the BOR 1, iany rocenl versions ol the §5]1 have
rebieenl the number af elucks permachine cvele from 12 o Toar or cvep oie. For
erampe, the ATHMIITSZ waes 12, white the DESIHHY wses 3 clecks, and the
DSRS0 3l wses omly onz clack per machice eyele. As wo mentioned cachier in s
chapice. the ®OUS1 trners also use the ervskal frequency as the elock seuree, The
froquensy Tor the tmer s aoaays 10 2h e Erewoeney of the crestal acachcd
the BOAT, repardloss ol the 8031 version,  noother wonls, Toe the ATHSCS 52
Laaanno, or MERECEx0 the durgion of the time He $X00uty an insiacion vanes,
hut they all use 171200 ol the coystal™ oscilZalor feyoeaey e the clock source
fhe timers “Ths s done 1= erder 1o maention compatibility with the onpinal k05
e may designecs use 1eners e create time delay, Tais s ad o important paint
and needs o oe emphasized. The O compaler s 2 iactor inthe delay siae sines var-
ious WS O comptlers penerate different hex code sizes. Thes cxplains why ke
timsze celay dueution is wnknoswn for Bxample 9-20 anes nene ol the ather Gwetses
meiwaned aoapecatiod.

Delay duration for the ATE9CE1/52 and DSIBSC4Ax0 chips

A owe stated before, theae is a maggr diferenge Bgra pen e ATEYCS] and
DSE90ds clups in term b the gite 1L lakes wocxecute a saigle inslbiiehon,
Altough the DEXGC4) execules wsmuchons 12 mes Lanler than the ATS9CS]
chip. they both sotl use e 12 clock Tor there timers, The faster execution thine
for the instracoans will have an impact on vour dz@Ey lengeh, To veenty chis vere
irnperianl pairl, campissy parts (8] and (b of Exanyple Y-21 sicce they have been
L] e tese Bao Chops weith e same speell s C cinmpiler.

Timers 0 and 1 delay using mode 1 (18-hit nen auto-reload)

Tramples 9-21 angd 9-223 show 8051 C prygramming af the Uners O and |
rormekle | Ta-bin moo-aute rehwed ). Txanime them ogeet Tamidar with she semas,

Timers 0 and 1 delay using mode 2 [B-bit auto-reload)

Lxarnples 9-23 through 9-25 shows 881 C programmime ol fanzes O and
Canmwade 2 O8-hi aue-relead] Study these exampleos e ot lamiliar with the svn-
LA,
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Example 9-21

Write an 8051 C program to toggle only bit P1.5 continuously every 50 ms. Use
Timer 0, mode 1 (16-bit} to create the delay. Test the program (a) on the ATE9CS1 and
(b) on the DSE9CA20.

Solution:

#include <regsl.h>
void TOMlDelay(veoid):
gbit mybit=-P1"5;

void main(woid)

{
while{i}
{
mybit=-mybit; //toggle PL.5
ToMiDelay ()} ; J/Timer 0, mode 1{16-bit}
}
}

{a) Tested for ATE9CS1, XTAL=11.0592 MHz, using the Proview32 compiler

void TOM1Delay {void)

[

TMOD=0xX01; J/Timer 0, mode 1{16-bit}
TLO=0xFD; ffload TLO

THO=0%4E ; J/1load THO

TRO=1; f//turn on TO

while {TF0==0}; J/wait for TFO to roll over
TRO=0; J/eurn off TO

TFO=0; J/elaar TFOD

}
ib) Tested for DSEOCA20, XTAL=11.0592 MHz, using the Proview32 compiler

vold ToMiDelay (void)

{
TMOD=0x01 ; JSiTimer 0, mode 1(16-bit]
TLO=0xFD; //1oad TLO
THO=0x48 ; f/1load THO
TRO=1; Fiturn oo TO
while (TF0==0] ; S/walt for TFO to roll owver
TRO=0; Jlturn off TO
TFO=0; ffelear TFOD
}

FFFFH - 4BFDH = B402H = 460382 + | = 46033

Timer delay = 46083 x 1.085 ps = 50 ms

CHAPTER 9: 8051 TIMER PROGRAMMING IN ASSEMBLY AND C 263



Example 9-22

Timer |, mode | to create the delay.
Solution:

{ftested for DSRSCA20, XTAL = 11.0592 MHz, using the Proview32 compiler

#include <regsl.hz
volid TiMlDelay (void);
void maind{woaid)

[

unsigned char x;

B2=0x55;
while {1}
1
Pi=~F2; f/toggle all bitg of P2
for(x=0;x<20;%++)
T1M1Delay i} ;
|

}

void T1MlDelayiwvoid)

-I

TMOD=0x10; J{Timer 1, mode 1{16-bit)
TL1=0XFE: ffimad TL1
TH1=0XAS; {fload TH1
TR1=1: J/burn on T1
while (TFl==0] ; frwalt for TFl to roll over
TR1=0; Jfeurn off T1
TFl=l; //felear TF1
}

ASFEH = 42494 in decimal
65536 — 42494 = 23042

23042 » 1.085 ps = 25 ms and 20 = 25 ms = 500 ms

NOTE THAT 8051 TIMERS USE 1/12 OF XTAL FREQUENCY,
REGARDLESS OF MACHINE CYCLE TIME.

Write an 8051 C program to toggle all bits of P2 continuously every 500 ms. Use
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Example 9-23

Write an 8051 C program to toggle only pin P1.5 continuously every 250 ms. Use
Timer 0, mode 2 (8-bit auto-reload) to create the delay.

Solution:

Mested for DSE9C420, XTAL = 11.0592 MHz, using the Proview32 compiler

#include <regsl.h>
vold TOMZDelay(vodd);
gshit myblceP1*s;

void main(void)

!

unsigned char x, y;

while (1)
{
mybit=~myioit ; /fcoggle PL.S
for(x=0;x<250;X++} //dua o for loop overhead
forly=0;y<36;y++] /fwe put 36 and not 40
TOMZDelay () ;
}
}
vold TOMEDelayiwoid)
{
THOD=0x02 ; f/Timer 0, mode 2(8-bit auto-reload)
THO==23%; fflnad THO{auto-reload wvalue)
TRO=1; J/jturn on TO
while (TFO==0] ; //wait for TFO to roll over
TRO=0; //euarn off TO
TF0=0; //clear TFO
l
256 -23=233

23 % 1085 ps =25 ps
25 ps x 250 = 40 = 250 ms by calculation.

However, the scope output does not give us this result. This is due 1o overhead of the
for loop in C. To correct this problem, we put 36 instead of 40.
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Example 9-24

Write an BD51 C program to create a frequency of 2500 Hz on pin P2.7. Use Timer 1,
mode 2 to create the delay.

Solution:

fMested for DSB9CA20, XTAL = 11.0592 MHz, using the Proview32 compiler

#include <regSl.h»
void TiM2Delay({wvoid}
sbit mybit=P2"7;

void mainfivold)

{
ungigned char x;
whila(l)
[
myblte~mybit; Jreoggle B2.T
TiM2Delay() ;

void TiMzDelayivolid)

THOD=0X20; /{Timer 1, mode 2(8-bit auto-reload)
TH1=-1H4: JFlaad TH1 (auvto-reload value)

TR1=1; Jlturm on T1

while (TFl==0} ; /fwait for TF1 to roll over

TR1=0; Jfburn off Ti

TF1=0: Jfelaar TF1

1 / 2500 Hz = 400 ps
A00 ps 2 = 200 ps

200 ps / 1.085 ps = 184

8051

2500 Hz

hifplipigigigigigiin!
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Example 9-15

A switch is connected to pin P1.2, Write an B051 C program to monitor SW and create
the following frequencies on pin P1.7:

SW=0: 500 Hz

SW=l: 750 Hz

Use Timer 0, mode 1 for both of them.

Solution:

/ftested for ATEOCS51/52, XTAL = 11.0592 MHz, using the Proview32 compiler
finclude =<regSl.h>
sbit mybit=P1"5;
ebit EW=P1°7;:
void TOMlDelay (unsiged char);
vold main(vold)
{
SEW=1; //make P1.7 an input
whileil)
\
mybit=-mybit ; //toggle P1.5
Lf (EWamD) //fcheck switch
TOM1Delayi0} ;
else
TOM1Delay {1} ;
}
}

void TOM1Delay (unsigned char o)
{
TMOD=0x01 ;
iflc==0}
{
TLO=0XE7T; //FCB7
THO=0xFC;

TLO=039h; [/ /FDSA
THO=0xFD;
b
TRO=1
while (TFO==0];
TEQ=0;
TFO=0;

)

FC67TH = 64615

65536 — 64615 = 921

921 x 1.085 ps = 999,285 us
1 /(999,285 ps % 2) = 500 Hz
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C Programming of timers 0 and 1 as counters

In Section 9.2 we showed how 1o use timers 0 and | as event counters. A
timer can be used as a counter if we provide pulses from outside the chip instead
of using the frequency of the crystal oscillator as the clock source. By feeding
pulses to the TO(P3.4) and T1 {P3.5) pins. we turm Timer 0 and Timer | into count-
er (h and counter |, respectively. Study the next few examples to see how timers 0
and | are programmed as counters using the C language.

Example 9-26

count on P1. Start the count at OH.
Solution:

finclude <regsl.hs
sbit Tl = PA°E;
wold main{vaidl
i
Ti=1;
THEHCOD=0x60;
TH1=0;

while{l]

|

do

TRl1=1;
PleTLY
while {TFL==10) i
TR1=0;
TEl=0;

I'

P1 s connected to 8§ LEDs.
T1 {P3.5) 15 connected to a
|-Hz external clock.

Assume that a |-Hz external clock is being fed mto pin T1 (P3.5). Write a C program
for counter | in mode 2 (8-bit auto reload) 1o count up and display the state of the TLI

ffmake Tl an input
£

Jifaet count to 0O

! /repeat forever

[/atart timer
{//place value on pins

S iwait here

Jetop Cimer
S/eclear flag

B051

to
LEDs

P

T L _dpas

| Hz Tl
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Example 9-27

sters on P2 and P1, respectively.

Solution:

ginclude <regSl.h>

vold main{void)
TO=1;
THOD=0X05;
TLO=0;
THO=0;

while{l]
I

do
{
TRO=1;
F1l=TLD;
Pad=THQO;
Il
while (TFO==0} ;
TRO=0;
TFO=0;

}

Assume that a 1-Hz external clock is being fed into pin TO (P3.4). Write a C program
for counter 0 in mode | (16-bit) to count the pulses and display the THU and TLO reg-

//make TO an input
I

J/eet count to O
/fest count Eo O

/{repeat forever

//atart timer
//place value on pins

il

[/wait here
ffatop timer

8051
Pli— Pl and
[ P2
L] — LEDs
1 Hz clock TO P34 |

CHAPTER 9: 8051 TIMER PROGRAMMING IN ASSEMBLY AND C
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Example 9-28

Solution:

show as 00111001 on ports.

finclude «req5l . hs
vold BinToASCII(unsigned charl;
vold maind)
{

unsigned char wvalue:

Tl:l;

'IHD'I_'.I*{IJ{IJE;

THO=10;

while (1}

i
do

!
TRO=1;
value=TL0;
BinToASCII (value] ;
)
while (TFO0==0);
TRO=0;
TFQ=0;
}

|

void BinToASCII (unsigned char value)

':

uneigned char x,d1l,d2,43;
X = value f 10;

dl = walus % 190
42 = x % 10;

d3 = x / 10

PO = 310 | 41;
F1L = 30 | 42;
Pz = 30 | 43

Assume that a 2-Hz external clock is being fed into pin T1 (P3.5). Wnte a C program
for counter 0 in mode 2 (8-bit auto reload) to display the count in ASCIL. The &-bit
binary count must be converted to ASCIL Display the ASCII digits (in binary}) on PO,
P1, and P2 where PO has the least significant digit. Set the initial value of THO to 0.

To display the TL1 count we must convert 8-bit hinary data to ASCIL. See Chapter 7
for data conversion. The ASCII values will be shown in binary. For example, ‘9" will

//eea Chapter 7
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[Example 9-29

P2, respectively.

Solution:

finclude <reg5l.h>
vold ToTime (unsigned char)
wolid maini)
[
ungigned char wval;
Th=1;

THO=-50; /o =
while(1)
{

L

do
{
TRO=1;
gac=TL{;
ToTime (val) ;
}
while (TFO==0] ;
TEO=0 ;
TFQ=0;
}
)

volid ToTime (lunsigned char wval)

{

ungigned char sec, mimn:
min = wvalue / &60;

gec = value ¥ 60;

Fl = Beg;

FZ2 = min;

B051

THOD=0x06: JAT0, mode 2, counker

&0 pulses

Pl

__j-L_J__l___Jp14 P2

60 Hz clock TO

Pl amd
P2 o
LEDs

[EEETTT

By using 60 Hz, we can generate seconds, minutes, hours.

Assume that a 60-Hz external clock is being fed into pin TO (P3.4). Write a C program
for counter 0 in mode 2 (¥-bit auto-reload) to display the seconds and minutes on P1 and

CHAPTER 9: 8051 TIMER PROGRAMMING IN ASSEMBLY AND C
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For Examples of Timer 2, see the
www.MicroDigitalEd.com Web site.

Review Questions

Who provides the clock pulses to 8051 timers if C/T =07
Indicate the selection made in the statement “TMOD = 0x207.
In mode 1, the counter rolls over when it goes from 1o
In mode 2, the counter rolls over when it poes from o .
In the statement “TH1 = -2007, find the hex value for the TH register.
TFOand TF| are part of register .

In Question 6, is the register bit-addressable?

Show how to monitor the TF1 flag for high im 8051 C.

i B e S B

SUMMARY

The 8051 has two timers/counters. When used as timers they can gencrate
time delays. When used as counters they can serve as event counters, This chap-
ter showed how to program the timers/counters for vanous modes,

The two timers are accessed as two B-bit registers: TLO and THO for
Timer 0, and TL1 and THI for Timer 1. Both timers use the TMOD register to st
timer operation modes. The lower 4 bits of TMOD are used for Timer ¢ and the
upper 4 bits are used for Timer 1.

There are different modces that can be used for cach timer. Mode 0 sets the
timeer as a | 3-bit umer, mode | sets it as a 16-bit timer, and mode 2 sets it as an 8-
bit timer.

When the timer/counter is used as a timer, the 8051°s erystal is used as the
source of the frequency:; when it is used as a counter, however, 1t 15 a pulse outside
the 80351 that increments the TH, TL registers.

PROBLEMS
SECTION 9.1: PROGRAMMING 8051 TIMERS

. How many timers do we have in the 80517
2. The timers of the 8051 are -bit and are designated as and

3, The registers of Timer 0 are accessedas  and
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The registers of Timer | are accessedas = and

In Questions 3 and 4, arc the registers bit-addressable?

The TMOD register is a{n} __ -bit register.

What 1s the job of the TMOD register?

True or false, TMOD is a bit-addressable register.

Find the TMOD value for both Timer 0 and Timer 1, mode 2, software start /
stop (gate = 0), with the clock coming from the 805175 crystal.

10, Find the frequency and period used by the timer if the crystal attached to the
#0351 has the following values.

ia) XTAL = 11.0592 MHz {b) XTAL = 20 MHz

o O LA

(c) XTAL = 24 MHz (d)} XTAL = 30 MHz
11. Indicate the size of the timer for each of the following modes.
(a) mode O ibymode 1 (c) mode 2
12. Indicate the rollover value (in hex and decimal) of the timer for each of the fol-
lowing modes,
(a) mode 0 (bymode | (c) mode 2
|3, Indicate when the TF1 flag is raised for each of the following modes.
{a) mode 0 (bymode |  (c) mode 2

14, True or false. Both Timer 0 and Timer | have their own TF.
15. True or false. Both Timer 0 and Timer 1 have their own timer start (TR).
16, Assuming XTAL = 11.0592 MHz, indicate when the TFO flag 1s raised for the
following program,
MOV TMOD, #01
MOV TLO,§1ZH
MOV THO, #1CH
SETB TRO
17. Assuming that XTAL = 16 MHz, indicate when the TF0 flag is raised for the
following program.
MOV TMOD, #01
MOV TLCG,#12H
MOV THO,#1CH
SETE TRD
I 8. Assuming that XTAL = 11.0592 MHz, indicate when the TFO flag 1s raised for

the following program,
MOV TMOD, #01

MoWw  TLO, §10H
MOV THO, ROFZH
SETB TRO
19. Assuming that XTAL = 20 MHz, indicate when the TFO flag 15 raised for the
following program.
MOV  TMOD, #01
MOV TLO,#12H
MOV THO,#1CH
SETB TRO
20, Assume that XTAL = 11,0592 MHz. Find the THI1,TL| value to generate a
time delay of 2 ms., Timer | 1s programmed 1n mode 1.
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2.

28,

20,

30,

il.

£

33.

34,

5.

36,

33,

%,

40,

. Assume that XTAL = 16 MHz. Find the THI,TL1 value to generate a nme

delay of 5 ms, Timer | is programmed in mode 1.

. Assuming that XTAL = 11,0592 MHz, program Timer (} to gencrate a time

delay of 2.5 ms.

. Assuming that XTAL = 11.0592 MHz, program Timer | to generate a time

delay of 0.2 ms.

. Assuming that XTAL = 20 MHz, program Timer | to gencrate a ime delay of

[ 0} ms,

Assuming that XTAL = |1.0592 MHz, and we are gencrating a square wave on

pin P1.2, find the lowest square wave frequency that we can generate using
mde |,

. Assuming that XTAL = 11,0592 MHgz, and we are gencraling a square wave on

pin P1.2, find the highest square wave frequency thal we can generate using
mode |

Assuming that XTAL = 16 MHz, and we are generating a square wave on pin
P1.2, find the lowest square wave frequency that we can generate using
mode 1,

Assuming that XTAL = 16 MHz, and we are generating a square wave on pin
P1.2, find the highest square wave frequency that we can gencrale using
mode 1.

In mode 2 assuming that THI = FIH, indicate which states timer 2 goes
through until TF1 is raised. How many states is that?

Program Timer | to generate a square wave of | kHz. Assume that XTAL =
11.0592 MHz.

Program Timer 0 to generate a square wave of 3 kHz. Assume that XTAL =
11.0592 MHz.

Program Timer 0 to generate a square wave of 0.5 kHz. Assume that XTAL =
20 MHz.

Program Timer | to generate a square wave of 10 kHz. Assume that XTAL =
20 MHz.

Assuming that XTAL = 11.0592 MHz, show a program to generatc a !-second
tme delay, Use any timer you want,

Assuming that XTAL = 16 MHz, show a program to generate a 0.25-second
time delay. Use any timer you want.

Assuming that XTAL = 11.0592 MHz and that we are generating a square
wave on pin P13, find the lowest square wave frequency that we can generate
using mode 2.

. Assuming that XTAL = 11,0592 MHz and that we are gencrating a square

wave on pin P1.3, find the highest square wave frequency that we can gener-
ate using maode 2.

Assuming that XTAL = 16 MHz and that we are gencrating a square wave on
pin PL3, find the lowest square wave frequency that we can penerate using
mode 2.

Assuming that XTAL = |6 MHz and that we are gencrating a square wave on
pin P1.3, find the highest square wave frequency that we can generate using
maxe 2.

Find the value (in hex) loaded into TH in cach of the following.
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{a) MOV THO#-12 (b} MOV THO#22
e} MOV THO#-34 id) MOV THO#92
(e} MOV TH1#-120 (f) MOV THI#104
(g) MOV THI1#-222  (h) MOV THI 367
41. In Problem 40, indicate by what number the machine cycle frequency of 921.6
kHz (XTAL = 11.0592 MHz) is divided.
42. In Problem 41, find the time delay for each case from the time the timer starts
to the time the TF flag is raised.

SECTION 9.2; COUNTER PROGRAMMING

43, To use the timer as an event counter we must set the C/T bit in the TMOD reg-
ister 1o (tow, high).

44, Can we use both of the timers as event counters?

45, For counter 0, which pin is used to input clocks?

46, For counter 1, which pin is used to input clocks?

47. Program Timer | to be an event counter. Use mode | and display the binary
count on P1 and P2 continuously. Set the imitial count 1o 20,000,

48, Program Timer 0 to be an event counter. Use mode 2 and display the hinary
count on P2 continuously. Set the initial count to 20.

49, Program Timer | to be an event counter. Use mode 2 and display the decimal
count on P2, P1, and PO continuously. Sct the mitial count to 99.

50, The TCON register is aln)  -bit register.

51. True or false. The TCON register is not a bit-addressable register.

52. Give another instruction to perform the action of “SETB TR0,

SECTION 9.3: PROGRAMMING TIMERS 0 AND 1 IN 8051 C

53. Program Timer 0 in C to generate a square wave of 3 kHz. Assume that XTAL
= 11.0592 MHz.

54. Program Timer | in C 1o generate a square wave of 3 kHz. Assume that XTAL
= 11.0592 MHz.

55, Program Timer 0 in C to generate a square wave of 0.5 kHz. Assume that
XTAL = 11.0592 MHz.

56, Program Timer | in C to gencrate a squarc wave of 0.5 kHz. Assume that
XTAL = 11.0592 MHz.

57, Program Timer 1 in C to be an event counter, Use mode | and display the bina-
rv count on Pl and P2 continuously. Set the initial count to 20,000,

58. Program Timer 0 in C to be an event counter. Use mode 2 and display the bina-
ry count on P2 continuously. Set the mitial count to 20,
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ANSWERS TO REVIEW QUESTIONS

SECTION .1: PROGRAMMING 8051 TIMERS

|
2
3
4
¥
fi.
7
b
4
[

1]

Two

2.8

B

False

(100 0008 indicates Timer 1, mode 2, soflware start and siop, and using XTAL for frequency,
FFFFH o (0D

FFH 1o (K}

200 45 AEH; therefore, THI = 38H

2 ms LS ms = 1843 = 0733H where TH = 0TH and TL = 33H

1080 ma/§.0®S ms = 92 or SCH: therefore, TH = 3CH

SECTION §.2: COUNTER PROGRAMMING

B s

¥

The crystal attached 1o the B05]

The clock source for the timers comes from pins T and T1.

s

We must use the instruction “SETB P3.4" to conligure the T1 pin & input, which allows the
clocks o come frem an external source. This is because all pons are configured as output

UL TSl
SETBTRI

SECTION 9.3; PROGEAMMING TIMERS D AND | [N 8051 C

':n‘.'l-qﬂ'\-'\..n.h-l\...l-l-\.ll—

The crystal attached to the 2051
Timer 2, mode 2, E-bit suto relowd
FFFFH ta 0

FFH to

IEH

TMOD

Yea
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CHAPTER 10

8051 SERIAL PORT

PROGRAMMING IN

ASSEMBLY AND C

OBJECTIVES

Upon completion of this chapter, vou will be able to:

>
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Contrast and compare serial versus parallel communication
List the advantages of serial communication over parallel
Explain serial communication protocol

Contrast synchronous versus asynchronous communication
Contrast half- versus full-duplex transmission

Explain the process of data framing

Desribe daia transfer rate and bps rate

Define the R5232 standard

Explain the use of the MAX232 and MAX233 chips
Interface the 8051 with an RS232 connector

Discuss the baud rate of the 8051

Describe serial communication features of the 8051
Program the 8051 serial port in Assembly and C

Program the second serial port of DS89C4x0 in Assembly and C
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Computers transfer data in two ways: parallel and scnal. In paralle]l data
transfers, often ¥ or more lines (wire conductors) are used to transfer data to a
device that is only a fow feet away. Examples of parallel wransfers are printers and
hard disks; each uses cables with many wire strips. Although in such cases a lot of
data can be transferred in a short amount of time by using many wires in parallel,
the distance cannot be great. To transfer o a device located many meters away, the
serial method is used. In serial communication, the data is sent one bit at a time,
in contrast to paralle]l communication, in which the data is sent a byte or more at a
time. Serial communication of the 80351 is the topic of this chapter. The 8051 has
serial communication capability built into it, thereby making possible fast data
transfier using only a few wires.

In this chapter we first discuss the basics of serial communication, In
Section 10.2, 8051 interfacing to R8232 connectors via MAX232 line drivers is
discussed, Seral port programming of the 8031 is discussed in Section 10.3. The
second serial port of DSE9C4x0 is programmed in Section 10.4. Section 10.5 cov-
ers 8051 C programming for scrial ports #0 and #1.

SECTION 10.1: BASICS OF SERIAL COMMUNICATION

When a microprocessor communicates with the outside world, it provides
the data in byte-sized chunks, In some cases, such as printers, the information is
simply grabbed from the 8-bit data bus and presented to the 8-bit data bus of the
printer. This can work only if the cable is not too long, since long cables diminish
and ¢ven distort signals. Furthcrmore, an B-bit data path is expensive. For these
reasons, serial communication is used for transferring data between two sysiems
located at distances of hundreds of feet to millions of miles apart. Figure 10-1 dia-
grams serial versus parallel data transfers,

Serial Transfer Parzllel Transler

Do

Sender |————»| Heceiver Sender

e

=
o —=
_—P
— —
 ——— RN
—

Dy

Receiver

Figure 10-1. Serial versus Parallel Data Transfer

The fact that serial communication uses a single data line instead of the
H-hit data line of parallel communication not only makes it much cheaper but also
enables two computers located in two different cities o communicate over the

telephone.
For serial data communication o work, the byte of data must be converted
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to serial bits using a parallel-in-senal-out shmft register; then it can be fransmitted
over a single data line, This also means that at the recciving end there must be a
serial-in-parallel-out shift register to receive the serial data and pack them inio a
byte, Of course, 1if data is to be transferred on the telephone line, it must be con-
verted from Os and 1s to audio tones, which are sinusoidal-shaped signals. This
conversion i8 performed by a peripheral device called a modem, which stands for
“modulator/demodulator,”

When the distance is short, the digital signal can be transferred as it 15 on
a simple wire and requires no modulation, This is how TBM PC keyboards trans-
fer data to the motherboard. However, for long-distance data transfers using com-
munication lines such as a welephone, serial data communication requires a modem
to modulate (convert from 0s and 15 1o audio wones) and demodiate (converting
from audio tones to 0s and 15).

Scrial data communication uscs two methods, asynchronous and synchro-
nous. The synchronows method transfers a block of data (characters) at a time,
while the asyachromons method transfers a single byte at a ime. It is possible to
wnite software to use either of these methods, but the programs can be tedious and
long. For this reason, there are special 1C chips made by many manufacturers for
serial data communications. These chips are commonly referred to as UART (umi-
versal asynchronous receiver-transmitter) and USART (universal synchronous-
asynchronous receiver-transmitter). The 8051 chip has a built-in UART, which 15
discussed i detai] in Section 10.3.

Simplex Transmitter =| Recaiver

Half Duplex Transmitter [~ - | Receiver
Receiver .-"" - Transmitter

Full Duplex Transmitter «| Receiver
Receiver | Transmitter

Figure 10-2. Simplex, Half-, and Full-Duplex Transfers

Half- and full-duplex transmission

In data transmission if the data can be transmitted and received, it 15 a
duplex transmission. This is in contrast to simplex transmissions such as with
printers, in which the computer only sends data, Duplex transmissions can be half
or full duplex, depending on whether or not the data transfer can be simultaneous.
If data is transmitted one way at a time, it is referred o as haif duplex. If the data
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can go both ways at the same time, 1t 15 full duplex. OF course, full duplex requires
two wire conductors for the data lines (in addition 1o the signal ground), onc for
transmission and one for reception, in order to transfer and receive data simulta-
neously. Sec Figure 10-2,

Asynchronous serial communication and data framing

The data coming in at the receiving end of the data line in a senal data
transfer is all 0s and 1s; it is difficult to make sense of the data unless the sender
and receiver agree on a set of rules, a protocel, on how the data 15 packed, how
many bits constitute a character, and when the data begins and ends.

Start and stop bits

Asynchronous seral data communication 15 widely used for
character-onented transmissions, while block-oriented data transfers use the syn-
chronous method. In the asynchronous method, each character is placed between
start and stop bits. This 1s called framing. In data framing for asynchronous com-
munications, the data, such as ASCII characiers, are packed between a start bit and
a stop bit. The start bit is always one bit, but the stop bit can be onc or two hits.
The start bit is always a 0 {low) and the stop bit{s) is | {high). For example, look
at Figure 10-3 m which the ASCIl character A" (8-bit binary 0100 0001) 15
framed between the start bit and a single stop bit. Notice that the LSB is sent out
first,

- -
spaice 5;;;[3 0 1 0 : 0 0 ] : 0 1 i rnElrkE
goes out Ias! D7 DO goes out first

Figure 10-3. Framing ASCII “A” (41H)

Motice in Figure 10-3 that when there is no transfer, the signal 15 | (high),
which is referred to as mark. The O (low) is referred to as space. Notice that the
transmission begins with a start bit followed by DA, which is the LSB, then the rest
of the bits unul the MSB (D7), and Ninally, the one stop bit indicating the end of
the character "A",

In asynchronous senal communications, peripheral chips and modems can
be programmed For data that is 7 or 8 bits wide. This is in addition to the number
of stop bits, | or 2. While in older systems ASCII characters were 7-bit, in recent
vears, due to the extended ASCII characters, ¥-bit data has become common. In
some older systems, due o the slowness of the receiving mechanical device, two
stop bits were used to give the device sufficient time t organize itsell before rans-
mission of the next byte. In modermn PCs however, the use of one stop bit is stan-
dard. Assuming that we arc ransfernng a text file of ASCII characters using 1 stop
bit, we have a wtal of |0 bits for each character: 8 bits for the ASCH code, and |
bit ¢ach for the start and stop bits. Therefore, for cach &-bit character there are an
extra 2 bits, which gives 20% overhead,
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In some systems, the parity bit of the character byvie is included in the data
frame in order to maintain data integrity, This means that for cach character (7- or
8-bit, depending on the system) we have a single parity bit in addition to start and
stop bits. The parity bit is odd or even. In the case of an odd-parity bit the number
of data bits, mcluding the parity bit, has an odd number of 1s. Similarly, in an
even-parity bit system the total number of bits, including the parity bit, is even. For
example, the ASCII character “A”, binary 0100 0001, has 0 for the even-parity bit.
UART chips allow programming of the parity bit for odd-, cven-, and no-parity
options.

Data transfer rate

The rate of data transfer in serial data commurication is stated in bps (bits
per second). Another widely used terminology for bps is bawd rare. However, the
baud and bps rates are not necessarily equal. This is due to the fact that baud rate
15 the modem terminology and is defined as the number of signal changes per sec-
ond. In modems a single change of signal, sometimes transfers several bits of data.
As far a3 the conductor wire is concerned, the baud rate and bps are the same, and
for this reason in this book we use the terms bps and baud interchangeably.

The data transfer rate of a given compuler system depends on communica-
tion ports incorporated into that system. For example, the early 1BM PC/XT could
transfer data at the rate of 100 to 9600 bps. In recent years, however, Pentium-
bascd PCs transfer data at rates as high as 56K bps. It must be noted that in asyn-
chronous senal data commumication, the baud rate 15 generally hmited to
100,000 bps.

RS232 standards

To allow compatibility among data communication equipment made by
various manufacturers, an mterfacing standard called RS232 was set by the
Electronics Industries Association (ELA) in 1960, In 1963 it was modified and
called RS232A. RS2328 and RS232C were issucd in 1965 and 1969, respective-
ly. In this book we refer to it simply as R5232, Today, R5232 15 the most widely
used serial 'O interfacing standard. This standard is used in PCs and numerous
types of equipment. However, since the standard was set long before the advent of
the TTL logic family, its input and output voliage levels are not TTL compatible.
In R8232, a 1 is represented by =3 to =25 W, while a 0 bit 15 +3 to +25 V, making
-3 10 +3 undefined. For this reason, to connect any RS232 o a microcontroller sys-
tem we must use voltage converters such as MAX232 to convert the TTL logie
levels to the R5232 voltage levels, and vice versa, MAX232 IC chips are com-
monly referred to as line drivers, RS232 connection to MAX232 18 discussed in
section 10.2.

RS232 pins

Table 10-1 provides the pins and their labels for the R5232 cable, com-
monly referred to as the DB-25 connector. In labeling, DB-25P refers 1o the plug
connector (male) and DB-258 is for the socket connector (female). See Figure
10-4.
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Figure 10-4. RS232 Connector [YB-25

Since not all the pins are used in PC cables, IBM introduced the DB-Y ver-
sion of the serial 1/0 standard, which uses 9 pins only, as shown in Table 10-2, The

DB-9 pins are shown m Figure 10-3.

Data communication classification

Current terminology classifies data commumcation equipment as DTE
{data terminal eguipment) or DCE (data communication equipment). DTE refers
to terminals and computers that send and receive data, while DCE refers to com-

munication  cguipment, such as
modems, that are responsible for trans-
ferring the data. Notice that all the
RS232 pin function definitions of
Tables 10-1 and 10-2 are from the DTE
point of view.

The simplest conncction
between a PC and microcontroller
requires & mimimum of three ping, TxD,
RxD. and ground, as shown in Figurc
10-6. Notice in that figure that the RxD
and TxD pins are interchanged.

Examining RS232 hand-
shaking signals

To ensure fast and reliable data
transmission between two devices, the
data transfer must be coordinated. Just
as in the case of the printer, because the
receiving device m serial data commu-
nication may have no room for the data,
there must be a way to imform the

sender 1o stop sending data. Many of

the pins of the R5-232 connector are
used for handshaking signals. Their
descriptions are provided below only as
a reference and they can be bypassed
since they are not supported by the
8051 UART chip.

Table 10-1: R5232 Pins ([MB-15)

Description

Protective ground

Transmutted data (TxD}
Received data (RxD)

Request 10 send (RTS)

Clear to send (CTS)

Drata set ready (DSE)

Signal ground (GND)

Data carnier detect (DTD)
910 Reserved for data testing

11 Unassigned

12 Secondary data carrier detect
13 Secondary clear to send

14 Secondary transmitted data

15 Transmit signal clement timing
16 Secondary recerved data

17 Receive signal element timing
I8 Unassigned

19 Secondary reguest to send

20 Diata terminal ready (DTR)
21 Signal quality detector

22 Ring indicator

23 Data signal rate sclect

24 Transmit signal ¢lement timing
23 Unassigned

{?:-J-ﬂ\'i.n-h‘bdm—:
=
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1. DTR (data terminal ready). When a
terminal {or a PC COM port) is Vot Y 8

tumed on, after going through a i Al b
self-test, 1t sends out signal DTR to seen
LA RN O
]

indicate that it is ready for commu- O
nication. If there is something /
wrong with the COM port, this sig- R

nal will not be activated. This is an

active-low signal and can be used

to inform the modem that the com-  Figure 10-5, DB-9 9-Pin Connector
puter is alive and kicking. This is
an output pin from DTE (PC COM  Table 10-2: IBM PC DB-9 Signals

port) &énd an input to the modem. Pin  Description

2. DSR {dﬂ.tﬂ sl lﬂﬂdj'_]. When DCE ] Data carrier detect [_TH:_D:]
I:H'.Il'.'ldl:.-"m] 'iﬁ 1-"--l-'l'l'l':";l om H-T.Id I.'Iﬂb BOne 2 Rl'.".':Ej‘-"I:ﬁ-d dﬂtﬁ {R‘i DJ
l!'l]'!:mgh the scif-1est, it asserts DSR 3 Transmitied data (TxD)
to indicate that it is ready to com- Data terminal ready (DTR)
municate, Thus, it is an output : Signal ground (GND)
from the modem (DCE) and input ﬁ DﬂEt“a se!tj:fa ady (DSR)
to the PC (DTE). This is an active- 2 id
low signal. If for any reason the Request to send (RTS)
modem cannot make a connection 8 C]Icar.tu ,S'md (CTS)
io the telephone, this signal 2 Ring indicator (RI)
remains nactive, indicating to the
PC {or terminal) that it cannot
accept or send data. DTE DTE

3. RTS8 (request to send). When the =D TxD
DTE device (such as a PC) has a }(
byle to transmit, it asseris RTS 1o RxD RxD
signal the modem that it has a byte
of data to transmit. RTS is an ground
active-low output from the DTE

and an input to the modem. Figure 10-6. Null Modem Connection

4. CTS (clear to send). In response to

RTS, when the modem has room for storing the data it is to receive, it sends

out signal CTS to the DTE (PC) to indicate that it can receive the data now.

This input signal to the DTE is used by the DTE 1o start transmission.

DCD (carrier detect, or DCD, data carrier detect). The modem asserts signal

DCD to inform the DTE (PC) that a valid carrier has been detected and that

contact between 1t and the other modem is established. Therefore, DCD 15 an

output from the modem and an mput to the PC (DTE).

6. RI (ring indicator). An output from the modem (DCE) and an input to a PC
(DTE) indicates that the tclephone is ringing. It goes on and off in synchro-
nization with the ringing sound. Of the six handshake signals, this is the least
often used, due to the fact that modems take care of answering the phone.
However, if the PC is in charge of answering the phone, this signal can be used.

]
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From the above desenption, PC and modem commumcation can be sum-
marized as follows: While signals DTR and DSR are used by the PC and modem,
respectively, to indicate that they are alive and well, it is RTS and CTS that actu-
ally control the flow of data. When the PC wants to send data it asserts RTS, and
in response, if the modem is ready (has room) o accept the data, it sends back
CTS. If, for lack of room, the modem does not activate CTS, the PC will deassert
DTR. and try agam. BTS and CTS are also referred 1o as hardware control flow sig-
nals.

This concludes the deseription of the most important pins of the R8232
handshake signals plus TxD, RxD, and ground, Ground 15 also referred to as 5G
{signal ground).

IBM PC/compatible COM ports

IBM PC/compatible computers based on xB6 (X086, 286, 386, 486, and
Pentium) microprocessors normally have two COM ports. Both COM ports have
R5232-type connectors. Many PCs use one each of the DB-25 and DB-9 R5232
connectors. The COM ports are designated as COM | and COM 2. At the present
time COM 1 15 used for the mouse and COM 2 is available for devices such as a
modem. We can connect the 8051 serial port to the COM 2 port of a PC for serial
COMMUNICAon experiments.

With this background in serial communication, we are ready to look at the
8051. In the next section we discuss the physical connection of the 8051 and
R5232 connector, and in Scction 10.3 we show how 1o program the 8051 serial
comimunication por.

Review Questions

I. The transfer of data using parallel lines is _ (faster, slower) but

{more expensive, less expensive).

2. True or false. Sending data to a printer 1s duplex.

3. True or false. In full duplex we must have two data lines, one for transfer and
one for receive,

4. The start and stop bits arc used in the _ {synchronous, asynchro-
nous) method.

5. Assuming that we are transmitting the ASCII letter “E” (0100 0101 in binary)
with no parity bit and one stop hit, show the sequence of bits transferred seri-
ally.

6. In Question 5, find the overhead due to framing.

7. Caleulate the time it takes to transfer 10,000 characters as in Question 5 if we
use 600 bps. What percentage of time is wasted due to overhead?

8. True or false. R5232 is not TTL-compatible.

9. What voltage levels are used for binary 0 in RS2327

10, True or false. The 8051 has a built-in UART.

11, On the back of x86 PCs, we normally have ~ COM pont connectors.

i2. The PC COM ports are designated by DOS and Windows as ~~ and
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SECTION 10.2: 8051 CONNECTION TO RS232

In this section, the details of the physical connections of the 8051 to RS232
connéctors are given, As stated in Section 10.2, the RS232 standard is not TTL
compatible; therefore, it requires a line drver such as the MAX232 chip to con-
vert RS232 voltage levels to TTL levels, and vice versa, The interfacing of 8051
with R8232 connectors via the MAX232 chip is the main topic of this section.

RxD and TxD pins in the 8051

The B0S1 has two pins that are used specifically for transferring and receiv-
ing data serially. These two pins are called TxD and RxD and are part of the port
3 group (P3.0 and P3.1). Pin 11 of the 8051 (P3.1) is assigned to TxD and pin 10
{P3.0) is designated as RxD. These pins are TTL compatible; therefore, they
require & ling driver to make them R5232 compatible, One such line driver 1% the
MAX232 chip. This is discussed next

MAX232

since the R5232 15 not compabble with today’s microprocessors and
microcontrollers, we need a ling driver (voltage converter) 1o convert the R§232%
signals to TTL voltage levels that will be acceptable to the 80517s TxD and RxD
pins. Ome example of such a converter is MAX232 from Maxim Corp.
{(www.maxim-ic.com). The MAX232 converts from R5232 voliage levels to TTL
voltage levels, and vice versa. One advantage of the MAX232 chip is that it uses
a+3 V power source which, is the same as the source voltage for the 8051, In other
words, with a single +5 V power supply we can power both the 8051 and
MAX232, with no need for the dual power supplies that are common in many
older systems.

The MAX232 has two scts of line drivers for transferring and receiving
data, as shown in Figure 10-7, The line drivers used for TxD are called T1 and T2,

Voo _‘[ c3
16 +
+ 2| T
C1E]] MAX232 i e
=13 [+ 1 11 11 14 ]
et 4 THDO (P31} 5
ca =15 L+ 133
Tim Tlour
11 14 | 1d 12
e |1>° Rim RxD (P3.0) —
12 o] 13
T2 T2our
10 o 7
R2our R2m
g °<‘d B
TTLside ' _|  RS232side

Figure 10-7. (a) Inside MAX232 and (h) its Connection to the 8051 (Null Modem)
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while the line drivers for RxD arc designated as R1 and R2. In many applications
only one of each is used. For example, T1 and R1 are used together for TxD and
RxD of the 8051, and the second set is left unused. Notice in MAX232 that the T1
line driver has a designation of T1in and T lout on pin numbers 11 and 14, respec-
tively. The Tlin pin is the TTL side and is connected o TxD of the microcon-
trolfer, while Tlout is the R8232 side that is connected to the RxD pin of the
R5232 DB comnmector. The R1 line dnver has a designation of R1in and Rlout on
pin numbers 13 and 12, respectively. The Rlin (pin 13) 15 the R8232 side that is
connected to the TxD pin of the R5232 DB connector, and Rlout (pin 12) is the
TTL side that is connected o the RxD pin of the microcontroller. See Figure 10-7.
Notice the null modem connection where RxD for one is TxD for the other

MAX232 requires four capacitors ranging from | to 22 pF, The most wide-
lv used value for these capacitors is 22 uF.

MAX233

To save board space, some designers use the MAX233 chip from Maxim.
The MAX233 performs the same job as the MAX232 but climinates the need for
capacitors, However, the MAX233 chip is much more expensive than the
MAX232. Notice that MAX233 and MAX232 are not pin compatible. You cannot
take a MAX232 out of a board and replace it with &8 MAX233, See Figure 10-8
for MAX233 with no capacitor used.

".I'D:|
13 =
¥ n :[
12| MAX233 :: BOS MAX 233
1T
I: 1|:|:[ TxDO(P3 P2 ] 2 5
, Tim D"’ Tiour . 4 3
g mﬂmﬂ{} R i T T AL 3 Lo
T2 T2ear
1 Dn 18
R2our R2wm
20 o} 19

2] 4
TTL side L_|‘I RS233 side

Figure 10-8. (a) Inside MAX233 and (b) Its Connection to the 8051 (Null Modem)
Review Questions

I. Truc or false. The PC COM port connector is the RS232 type.

2. Which ping of the 8051 are set aside for senal communication, and what are
their functions?

3. What are line drivers such as MAX 232 used for?

4 MAX232 can support  lines for TxD and Iines for RxD.

5. What is the advantage of the MAX233 over the MAX232 chip?
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SECTION 10.3: 8051 SERIAL PORT PROGRAMMING IN

ASSEMBLY
:‘:{: ;&; i In this section we discuss the serial communication regis-
- ]Il]s ters of the 8051 and show how to program them to transfer and

receive data senially, Since IBM PC/compatible computers are so

_:gg widely used to communicate with B051-based systems, we will
;‘;'.I'JI'J emphasize serial communications of the 8031 with the COM pont
1200 of the .FC_ To allow data transfer between the PC and an 8051 sys-
2400 tem without any error, we must make sure that the baud rate of the
4800 BO51 system matches the baud rate of the FF.“:; Clﬂh‘i port, Some of
9600 the baud !’E.'[EE supported by PC BIOS are I1jsl_|:d in Table 1&3- You
19200 can examine these baud rates by going o the Windows

o v HyperTerminal program and clicking on the Communication

Haud rates sup-  octtings option. The HyperTerminal program comes with

poried by 486/ Windows. HyperTerminal supports baud rates much higher than

P M the ones listed in Table 10-3,

Baud rate in the 8051

The 8051 transfers and receives data serially at many different baud rates.
The baud rate in the 8051 is programmable. This is done with the help of Timer 1.
Before we discuss how to do that, we will look at the relationship between the
crystal frequency and the baud rate in the 3051,

As discussed in previous chapters, the 8051 divides the crystal frequency
by 12 to get the machine cycle frequency. In the case of XTAL = 11.0592 MHz,
the machine cycle frequency is 921.6 kHz (11.0592 MHz / 12 = 921.6 kHz). The
&051 s senal communication UART circuitry divides the machine cycle frequen-
ey of 921.6 kHz by 32 once more before it is used by Timer | to set the baud rate,
Therefore, 921.6 kHz divided by 32 gives 28,800 Hz. This is the number we will
use throughout this section to find the Timer | value to set the baud rate. When
Timer | is used to set the baud rate it must be programmed in mode 2, that is 8-bit,
auto-reload. To get baud rates compatible with the PC, we must load THI with the
values shown in Table 10-4. Example 10-]1 shows how to verify the data in Table
1 0-4.

Table 10-4; Timer 1 THI1 Rﬁgistl:r Vialues for Various Baud Rates

Baund Rate THI (Decimal) "I_'EII {Hex)
2600 -3 ' FD '
4800 f FA

2400 -12 F4

1200 -24 E&

Npte: XTAL = 110592 MHz.
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Example 10-1

With XTAL = 11.0592 MHz, find the TH] value needed to have the following baud
rates,  (a) 9600 () 2400 {c) 1200

Solution:
With XTAL = 11.0592 MHz, we have:
The machine cycle frequency of the 8051 = 11.0592 MHz / 12 = 921.6 kHz, and

921.6 kHz / 32 = 28,800 Hz is the frequency provided by UART to Timer | to set baud
rate.

(a) 28,800 / 3 = 9600 where -3 = FD (hex) is loaded into THI
(b 28,800 / 12 = 2400 where —12 = F4 {hex) 15 loaded imo TH1
{c) 28,800 / 24 = 1200 where =24 = E& (hex) is loaded into THI

Notice that 1/12th of the crystal frequency divided by 32 is the defanlt value upon acti-
vation of the 8051 RESET pin. We can change this default setting. This 15 explained a1
the end of this chapter.

11.0592 MHz
: Machine evele freq. 28,800 Hz
XTAL e +12 - +32 -
oscillator %l1.6 kHz bv UART To Timer | to
) set the baud
rate
SBUF register

SBLUF is an 8-bit register used solely for serial communication 1n the 28051,
For a byte of data to be transferred via the TxD line, it must be placed in the SBUF
register. Similarly, SBUF holds the byte of data when 1t 1s received by the 8051 s
RxD line. SBUF can be accessed like any other register in the 8051, Look at the
following examples of how this register i accessed:

MOV SBUF, #°'D! ; load SBUF=44H, ASCII for 'D'
MW SBUF, A ;copy accumulator into SBUF
MOV A, SBUF jcopy SBUF into accumilabor

The moment a byte is written into SBUF, 1115 framed with the start and stop
bits and transfermed sernially via the TxD pin. Similarly, when the bits are received
serially via RxD, the 8051 deframes it by eliminating the stop and start bits, mak-
g a byte out of the data received, and then placing it in the SBUF,

SCON (serial control) register

The SCON register 15 an B-bit register used to program the start bit. stop
bit, and data bits of data framing, among other things.
The following describes various bits of the SCON register.
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SMo | smiL | sm2 | REN | 1B | RBE | TI | R |

SMD  SCOMN.7 Serial port mode specifier

SM1  SCON.6 Serial port mode specifier

SM2I  SCONS Lised for multiprocessor communication, (Make it 0.)

REN SCONA4 Set/cleared by software to enable/disable reception.

TBS  SCON.3 Not widely used,

RBE SCON.2 Mot widely used,

Tl SCON.1 Transrit interrupt flag. Set by hardware at the beginning of
the stop bit in mode 1. Must be cleared by software.

RI SCON.D Receive interrupt flag. Set by hardware halfway through the

stop bit time in mode 1. Must be cleared by software,

Mate:  Make SM2, TBE, and RBE =10
Figure 10-9. SCON Serial Port Control Register (Bif-Addressable)

SMO, SM1

S5MO and SM1 are D7 and D6 of the SCON register, respectively. These
two bits determine the framung of data by specifying the number of bits per char-
acter, and the start and stop bits. They take the following combinations,

SMo SM1

0 0 Serial Mode 0

0 | Serial Mode 1, B-bit data, | stop bit, | start bit
| 0 Serial Mode 2

l I

Serial Mode 3

Of the 4 senial modes, only mode | is of interest to us. Further explanation
for the other three modes is in Appendix A.2. They are rarely used today. In the
SCON register, when serial mode | is chosen, the data framing is 8 bits, 1 stop bit,
and 1 start bit, which makes it compatible with the COM port of IBM/compatible
PCs. Maore importantly, serial mode 1 allows the baud rate to be vanable and is
sct by Timer | of the 8051, In senal mode 1, for each character a total of 10 bits
are translerred, where the first bit 1s the start bit, followed by 8 bits of data, and
finally 1 stop hat,

SM2

SM2 is the D5 bit of the SCON register. This bit enables the multiprocess-
ing capability of the 8051 and is bevond the discussion of this chapter. For our
applications, we will make SM2 = 0} since we are not using the 8051 i a mulu-
Processor ¢nvironment.

REN

The REN (receive enable) bit is D4 of the SCON register. The REN bit is
also referred to as SCON.4 since SCON 15 a bit-addressable register. When the
REN bit 15 high, it allows the 8051 to receive data on the RxD pin of the 8051, As
a result if we want the 8051 to both transfer and receive data, REN must be set 1o
|. By making REN = 0, the receiver is disabled. Making REN = 1 or REN = 0 can
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be achieved by the mstructions “*SETE SCON. 4" and “CLR SCON. 47, respec-
tively. Notice that these instructions use the bit-addressable features of register
SCOMN, This bit can be used to block any serial data reception and is an extreme-
ly important bit in the SCON register.

TBé&

TBR (transfer bit 8) is bit D3 of SCON. It is used for serial modes 2 and 3.
We make TBE = 0 since it 1s not used in our applications.

RBE

RBE (receive bat 8) 15 bit D2 of the SCON remster. In senal mode 1. thas
bit gets a copy of the stop bit when an 8-bit data is received. This bit (as 1s the case
for TB8) is rarcly used anymore. In all our applications we will make RBS = 0.
Like TBE, the RBE bit 15 also used in sernal modes 2 and 3,

T

TI (transmit interrupt) is bit D1 of the SCON register. This is an extreme-
ly important flag bit in the SCON register. When the 8051 finishes the transfer of
the 8-bit character, it raises the T fag to indicate that it is ready to transfer anoth-
er byte. The TI bit is raised at the beginning of the stop bit. We will discuss its role
further when programming examples of data transmission are given,

Ri

RI {receive interrupt) is the DX bit of the SCON register. This 15 another
extremely important flag bit in the SCON register. When the 8051 receives data
serially via RaD, 1t gets nd of the start and stop bits and places the byte in the
SBUF register. Then it raiscs the RI flag bit 1o indicate that a byte has been
received and should be picked up before it is lost, RI is raised halfway through the
stop bit, and we will spon see how this bit is used in programs for receiving data
scrially,

Programming the 8051 to transfer data serially

In programming the 8051 to transfer character bytes senally, the following
steps must be taken.
|. The TMOD register is loaded with the value 20H, indicating the use of Timer
| in mode 2 (K-bit auto-reload) to set the baud rate,
2. The THI is loaded with one of the values in Table 10-4 1o st the baud rate for
serial data transfer (assuming XTAL = [1.0592 MHz).
3. The SCON register is loaded with the value S0H, indicating senial mode |,
where an B-bit data 15 framed with start and stop bits.
TR1 15 set to 1 1o start Timer |,
Tl 15 cleared by the “CLE TI" instruction.
The character byte to be transferred scrially 18 written mto the SBUF register.
The TI flag bit is monitored with the use of the instruction “JNE TI,xx" 0
se¢ 1f the character has been transferred completely.
3. To transfer the next character, go to Siep 5.
Example 10-2 shows a program to transfer data senally at 4800 baud.
Example 10-3 shows how to transfer “YES™ continuously.

e .=, R
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Example 10-2

Write a program for the 8051 to transfer letter “A” serially at 4300 baud, continuously.

Solution:
MOV TMCD, #20H ;Timer 1, mode 2 (autoc-relcad)
MOV THL,#-6 4800 baud ratce
MOV  SCON, #50H ;8-bit, 1 stop, REN enabled
EETE TER1 ;etart Timer 1
RGATIN: MOV BEUF,#"A" ;letter "A" to be transferred
HERE: JHE TI,HERE qwalt for the last hit
CLRE TI solear TI for next char
EJMP AGAIN jkeep sending A
Tinmple 10-3

Solution:

BERIN:

B TMOD, #20H
MOV TH1,H/-3
Mo SC0N, #50H
EETE TRl

MOV A, vy
ACALL TRANS

MoV A, fnEN
ACALL TRANS

MoW A, #nEn
ACALL TRANS
SIMEF  AGRIN

jeme-= gerial data tranafer

MOV SBUF,A
JNE  TI,HERE
CLR TI

RET

Wirite a program to transfer the message “YES" senally at 9600 baud, 8-bit data, 1 stop
bit. Do this continuously.

;Timexr 1, mode 2

9600 baud

;B-bit, 1 stop bit, REN enabled
jetart Timer 1

scrangfer "Y"

jtrangafer "E"
jtransfer ngn

tkeep doing it

subroutine

iload SBUF

jwait for last bit to transfer
rget ready for next byte

Importance of the Tl flag

To understand the importance of the role of TI, look at the following
sequence of steps that the 8051 goes through in transmitting a character via TxD,
. The byte character to be transmitted is written into the SBUF register.

. The start hit is teansferred.

2

3. The 8-bit character is transferred one bit at a time,

4. The stop bit 15 transferred. It is during the transfer of the stop bit that the 8051
raises the TI flag (T1 = 1), indicating that the last character was transmitted
and it is ready to transfer the next character.

5. By monitoring the T flag, we make sure that we are not overloading the SBUF
register, 7 we write another byte into the SBUF register before T1 15 raised, the
untransmitted portion of the previous byte will be lost. In other words, when
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the 8051 finishes transferring a byte, it raises the TI flag to indicate it 15 ready
for the next character,

6. After SBUF is loaded with a new byte, the TI flag bit must be forced to O by
the “CLE TI" instruction in order for this new byte to be transferred.

From the above discussion we conclude that by checking the T1 flag bat, we
know whether or not the 8051 is ready to transfer another byte. More importantly,
it must be noted that the TT Mag bit is raised by the 8051 itself when it finishes the
rransfer of data, whereas it must be cleared by the programmer with an instruction
such as “CLR TI". It also must be noted that if we write a byte into SBUF before
the TI flag bit is raised, we risk the loss of a portion of the byte being transferred,
The T1 flag it can be checked by the instruction “JNB TI, .. ." or we can use
an interrupt, a5 we will see in Chapter 11, In Chapter |1 we will show how o use
interrupts to transfer data serially, and avoid tying down the microcontroller with
mstructions such as “JHNE TI, xx"

Programming the 8051 to receive data serially

In the programming of the 8051 to receive character bytes senally, the fol-
lowing steps must be taken.

. The TMOD register is loaded with the value 20H, indicating the use of Timer
I in mode 2 (8-bit auto-reload) to set the baud rate.

2. THI is loaded with one of the values in Table 10-4 to set the baud rate (assum-
ing XTAL = 11.0592 MHz).

1. The SCON register is loaded with the value 50H, indicating serial mode |,
where B-bit data is framed with stant and stop bits and receive enable is wurned
on.

4. TRI is set to | wo start Timer 1.

5, Rl is cleared with the *CLE RI™ instruction.

6. The RI flag it is monitored with the use of the mstruction *JNE REI,xx" to

see if an entire characier has been received yer.

When RI is raised, SBUF has the byte, Its contents are moved inte a safe place.

B. To receive the next character, go to Step 3.

Examples 10-4 and 10-5 shows the coding of the above steps.

=

Example 10-4

Program the 8051 to receive bytes of data serially, and put them in P1. Set the baud rate
at 4800, 8-bit data, and | stop bit.

Solution:
MOV THMCD, #20H ;Timer 1, mode 2{auto-relcad)
HOV  THL,#®-8 ;4800 bhaud
MOV BCON,#50H ;B-bit, 1 stop, REN enabled
SETE TR1 ;atart Timer 1

HEEE : JHME EI,HERE ;walt for char to come in
OV A, BBUF jgave incoming byte in A
MOV PL,A ;jeend to port 1
CLE EI jget ready to receiwve next byte
5JIMF HERE ikeep getting data
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Example 10-5

Assume that the 8051 scrial port is connected to the COM port of the IBM PC, and on
the PC we are using the HyperTerminal program to send and receive data serially, Pl
and P2 of the 8051 are connected to LEDs and switches, respectively. Write an 8051
program to (a) send to the PC the message “We Are Ready”, (b) receive any data sent
by the PC and put it on LEDs connected to P1, and (c) get data on switches connected
to P2 and send it to the PC serially. The program should perform part (a) once, but parts
(b} and {c) continuously, Use the 4300 baud rate.

Solution:
ORG a
b [P E2,#0FFH jmake P2 an input port
b LT ™OoD, fF20H jTimer 1, mode 2{auto-reload)
Moy TH1, #0FRH 74800 baud rate
MO SC0N, #5504 jE-bit,1 steop, REN enabled
BETE TRl jstart Timer 1
Mo CPTR, §MYDATA ;load pointer for message
H 1: CLR A
MOV A, 8h+DPTR ;jget the character
JE B 1 j1f last character get out
ACRLI, SEND jotherwige call transfer
INC DPETR jnext one
EJMF H_ 1 rEtay in loop
B 1: oW & P2 ;read data on B2
ACALL SEND ttransfer it perially
ACALL ERECWV ;rget the serial data
Mo Pl & ;display it on LEDs
8JMP B 1 ;stay in loop indefinitly
j--------------gerial datsz transfer. ACC has the data
EEND: HMOoY SBUF, A ;load tche data
H 2: JHB Ti,H_ 2 igtay here until last bit gone
CLR TI sget ready for next char
RET jreturn to caller
L e P receive data serially in ACC
RECV: JHE RI,RECV jwait here for char
Mo A, SBUF jgave it in ACC
CLE Bl iget ready for next char
RET ireturn to caller
e e e The measage
MYDATA: DB "We Are Ready",0
ENED

8051

T Pl LED
L —trD ;
COM

E 5w

o D P

b
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Importance of the Rl flag bit

In receiving bits via its RxD pin, the 8051 goes through the following
STeps.

1. It receives the start bit indicating that the next bit 15 the first bit of the charac-
ter byte it is about to receive.

2. The &-bit character is received one bit at time. When the last bit 1s received, a
byte 15 formed and placed in SBUF.

3. The stop bit is received. When recciving the stop bit the 8051 makes Rl = |,
indicating that an entire character byte has been recerved and must be picked
up before it gets overwnittcn by an incoming character.

4, By checking the RI flag bit when it 15 raised, we know that a character has been
received and is sitting in the SBUF register. We copy the SBUF contents to a
safe place in some other register or memory before it is lost

5, Afer the SBUF contents are copied into a safe place, the RI flag bit must be
forced to O by the “*CLR RI™ instruction in order 1o allow the next received
character byte to be placed in SBUF, Failure to do this causes loss of the
reccived character

From the above discussion we conclude that by checking the RI flag it we
know whether or not the 8051 has received a character byte. 1f we fail to copy
SBUF into a safe place, we risk the loss of the received byte, More importantly, it
must be noted that the RI flag bit is raised by the 8051, but it must be cleared by
the programmer with an instruction such as “CLE RI". [talso must be noted that
if we copy SBUF into a safe place before the RI flag bit is raised. we risk copying
garbage. The RI tlag bit can be checked by the instruction *JHNB RI, xx" or by
using an interrupt, as we will see in Chapter 11.

Doubling the baud rate in the 8051

There arc two ways to increase the baud rate of data transfer in the 8051,

1. Use a mgher-frequency crystal.
2, Change abit in the PCON register, shown below,

D7 DO
B - | - GFl | GFo | ¥D | IDL |

Option | 18 not feasible in many situations since the system crystal is fixed.
More importantly, it is not feasible because the new crystal may not be compati-
ble with the IBM PC serial COM port's baud rate. Therefore, we will explore
option 2, There is a software way to double the baud rate of the 8051 while the
crystal frequency is fixed. This is done with the register called PCON (power con-
trol). The PCON register is an 8-bit register. Of the 8 bits, some are unused, and
some are used for the power control capability of the 8051, The bit that is used for
the serial communication 15 D7, the SMOD (serial mode) bit. When the 8051 is
powered up, 7 (SMOD bit) of the PCON register is zero, We can set it 1o high by

294



software and thereby double the baud rate. The following sequence of instructions
must be used to set high D7 of PCON, since it is not a bit-addressable register:

MOV A, PCON ;place a copy of PCON in ACC
SETB ACC.7T jmake D7=1
MOV PCOON,A yow SMOD=1 wikthout

;changing any other bits

To see how the baud rate is doubled with this method, we show the role of

the SMOD bit (D7 bit of the PCON register), which can be 0 or 1. We discuss each
case.

Baud rates for SMOD =0

When SMOD =0, the 8051 divides 1/12 of the crystal frequency by 32 and
uses that frequency for Timer | to set the baud rate. In the case of XTAL = 11,0592
MHz we have:

Machine cycle freg. = 11,0592 MHz / 12 = 921.& kHz
and
921.6 kHz J 32 = 28,800 Hz since SMOD = 0

This is the frequency used by Timer 1 to set the baud rate. This has been
the basis of all the examples so far since it is the default when the 8051 is powered
up. The baud rate for SMOD = 0 was listed in Table 10-4,

Baud rates for SMOD =1

With the fixed crystal frequency, we can double the baud rate by making
SMOD = 1. When the SMOD bit (D7 of the PCON register) i1s set to 1, 1/12 of
XTAL is divided by 16 (instead of 32) and that is the frequency used by Timer |
to set the baud rate, In the case of XTAL = 11.0592 MHz, we have:

Machine cycle freg. = 11.0592 MHz / 12 = 921.6 kHz
and
921.6 kHz / 16 = 57,600 Hz since SMOD = 1

This is the frequency used by Timer 1 to set the baud rate.
Table 10-5: Baud Rate Comparison for SMOD = 0 and SMOD = |

THI { Decimal)  {Hex) SMOD=0 SMOD=1
-3 FD 9,600 19,200
_ FA 4,800 9,600
-12 F4 2,400 4,800
-24 ES 1,200 2,400

Moge: XTAL = 11.0592 MHz.
Table 10-5 shows that the values loaded o THI are the same for both
cases; however, the baud rates are doubled when SMOD = 1. Look at the follow-

ing examples to clarify the data given in Table 10-5. See also Examples 10-6
through 10-10,
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T*anpll 10-6

Assuming that XTAL = 11,0592 MHz for the following program, state (a) what this pro-
gram does, (b) compute the frequency used by Timer 1 to set the baud rate, and (c) find
the bawd rate of the data transfer.

Mo &, POON A o= PCON
SETE ADC.7 pmake DT = 1
Moy BCOM, A SEMOD = 1, double baud rate

;with same XTAL fredq.

MOV TMOD, #20H ;Timer 1, mode 2{auto-reload)

MV TH1,-3 ;18200 (57,600 / 3 = 19200 baud rate
;eince SMOD=1)

MOV SOOH, #50H ;8-bit data,l stop bit, RI enabled

SETE TRl ;BEATE Timer 1
MOV A, H#YBY jtranafer letter B
A l: CLR TI pmake pure TI=0
MOV  SEBEUF,A itrangfer Lt
H 1: JHBE T H 1 ;Etay here unkbil the last bit 15 gone
SIMP A1 ;keep sending "B" again and again
Solution:

(&) Thas program transfers ASCII letier B (01000010 binary) continuously.
{b) With XTAL = 11.0592 MHz and SMOD = | in the above program, we have:

11.0592 MHz / 12 = 921.6 kHz machine cycle frequency
921.6 kHz / 16 = 57,600 Hz frequency used by Timer | to set the baud rate
57,600 Hz / 3 = 19,200 baud rate

Example 10-7

Find the TH] walue {in both decimal and hex) to set the baud rate to each of the following.
(a) D600 (b} 4800 1f SMOD =1  Assume that XTAL = 11.0592 MHz.

Solution:

With XTAL = 11.0592 MHz and SMOD = |, we have Timer | frequency = 57,600 Hz,
(&) 57,600 / 9600 = 6; thercfore, THI =-6 or TH1 = FAH.
(k) 37,600 / 4800 = 12; therefore, TH1 =—12 or TH1 = F4H.

11.0592 MHz A=t
+16 |57600Hz To
- Machine cycle freg. ™ Timer |
HTAL i G - to set
oscillator 921.6 kHz 24800 Hz  baud
+12
EMOD =0
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Example 10-5

Find the baud rate 16 TH] = -2, RO = 1 and XTAL - [1.0592 MHz. s this baud
it suppetied by [BMAcompatible POsY

Salution:

Wirth XTAL — 110592 MAy anel 53300 — 0 wer hawve Temer 1 Fregquency — 57600 Hy.

The baod rate 5 37,600 7 2 — ZRA00. This bawd raw i not supperied by the BIOE of

the PO however, the PO can be progranemed 1o do dand tanster an such 4 specd. Also,
1y peerTerminal in Windows supports whis and other baod rates.

Example 10-9

Aussurne @ swach 15 connected e pin PL7. Wrile a program 5o mooer ns seatus aad
g2iLd two messazes to scral port conbmuous b as folloas;

S0 pend MO

5W 1 send “YES”

Assume XTAT. = 11.0862 MH. 9600 baud, ¥-bir ddata, and 1 sbop hit.

Snlutinn;
LNl BOTOELLT
OR3 aE rslarling goasition
MATM o vyl TMGR , fAGE
My THZ.,#-1 SHad0 baud rate
oS STOH, #5CT
RETE TR1 ;ehart cimer
SETE &Ml cirake SWoan inpik
S IR FZ.1,%EXT ;ohack LW oakazus
MOs Lpin, FMEES] JLL O SW-Q o dizplay "HOO
¥y CLr B
MO A, SR+ DET L Jroead the waloe
I cl roheck for end cf ice
LOATD, BRENDCONM ;eernd waluz ke zerial pors
IR DETR pcve Lo oresk walue
= JMT- -t JURPARL
WEXT ! st DPETE, #MESZ2 ;14 S¥W-1 dusmplay "YEE"
L - CLE A
AR A, BR-LPUE sroad the value
JE 5l ponesd Tar end of liac
ACAKT.T. SRMOCIM rzons waldae Lo serial onort
INC DoOTE imovs Lo onsut valuwe
SOMP TN ;Cepnaz
LLW TN oS SBELZ A Rlacs vElue in bulter
FERE: Ju3 ~T,HERE swits until Lranamittsd
CLH I jolear
RET Jretarn
MEOGL B rHOv, T
MEIS3: b rYgst 0
ENT:
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[Example 10-10

Write a program to send the message “The Earth is but One Country™ to serial port.
Assume a SW is connected to pin P1.2. Monitor its status and set the baud rate as fol-
lows:

SW =0, 4800 baud rate
SW = 1, 9600 baud rate

Assume XTAL = 11.0592 MHz, 8-bit data, and | stop bit,

Solution:
5W BIT P1.2
ORG oo (Etarting position
MAIH ;
MOV THMOD, #20H
MOV THL, k-6 ;4800 baud rate [(default}
MOV SCON, 450H
SETH TR1
SETE =W ;make EW an input
81: JHB EW, SLOWSP (check SW status
MOV A, BCON jread PCON
SETB ACC.7 ;8ek SMOD High Eor 9600
MOV PCON,. A ;write PCON
SJMP OVER ;send message
SLOWSP = MO A, PCON sread PCON
CLR ACC.7 make -SMOD Low for 4800
MO PCON A iwrite POON
OVER: MOV DPFTR, #MESS1 jload address Co message
FHN: CLE A
MOVC A, 8A+DPTR ;read value
JZ 1 ijcheck for end of line
ACALL SENDCOM jgend wvalue to the serial port
IRC DETR jmove Lo next wvalue
SJMF FH jrapaat
SENDCOM ¢
Moy SBOF, A jplace value in buffer
HEEE: JNE TI,HERE swalt uncil ecransmitced
CLE TI jelear
BEET Jrakurn
MESS1 ¢ DB *The Earth is but Cme Country",0
END
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Interrupt-based data transfer

By now you might have noticed that it is a waste of the microcontroller's

time 1o poll the Tl and RI flags. In order to avoid wasting the microcontroller’s

e we use interrupts imstead of polhing, In Chapter 11, we will show how to use
interrupts to program the 8051 serial communication port.

Review Questions

l.
v

Which timer of the 8051 is used to set the baud rate?

If XTAL = 11.0592 MHz, what frequency is used by the timer to sct the baud
rate?

Which mode of the timer is wsed to set the baud rate?

With XTAL = 11.0592 MHz, what value should be loaded into TH] to have a
9600 baud rate? Give the answer in both decimal and hex.

To transter a byte of daia serially, it must be placed in register

SCON stands for _and 1t 15 afn) -bit register.

Which register is used to set the data size and other framing information such
as the stop bit”

True or false. SCON is a hit-addressable register,

When is TI raised?

. Which register has the SMOD bit, and what is its status when the 8051 15 pow-

ered up?
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SECTION 10.4: PROGRAMMING THE SECOND SERIAL PORT

Many of the new gencrations of the 8051 microcontrollers come with two
serial ports. The DSRSC4x0 (DSISC4200I0,..) and DSROCIZ0 are among
them. In this section we show the programming of the second serial port of the
DSRSC4x0 chip.

DSB89C4x0 second serial port

The second serial port of the DS89C4x0 uses pins P1.2 and P1.3 for the Rx
and Tx lines, respectively. See Figure 10-100 The MDERO51 Trainer (available
from www,MicroDigitalEd.com) uses the DSE%C4x0 chip and comes with two
serial ports already installed. It also uses the MAXZ232 for the RS232 connection
to DBY. The connections for the RS232 to the DSE9C4x0 of the MDESDS]
Trainer are shown in Figure 10-11. Motice that the first and second senal ports are
designated as Serial #0 and Serial #1, respectively.

Addresses for all SCON and SBUF registers

All the programs we have seen so far in this chapier assume the use of the
first serial port as the default serial pont since every version of the 8051 comes with
at least one serial port. The SCON, SBUF, and PCON registers of the 805] are
part of the special function registers. The address for cach of the SFRs is shown
in Table 10-6. MNotice that SCON has address 98H, SBUF has address 99H, and
finally PCON is assigned the 8TH address, The first serial port is supported by all
assemblers and C compilers in the market for the 8031, 1 you examine the list file
for 8051 Assembly language programs, you will see that these labels are replaced
with their SFR addresses. The second senal port is not implemented by all ver-
sions of the 805 1/52 microcontroller. Only a few versions of the 8051/32, such as
the DSRIC4x0, come with the sccond serial port, As a result, the second senal pon
uses some reserved SFR addresses for the SCON and SBUF registers and there 15
no universal agreement among the makers as to which addresses should be used,
In the case of the DSE9C4x0, the SFR addresses of COH and C1H are set aside for
SBUF and SCON, as shown in Table 10-6. The DSE9C4x{) technical documenta-
tion refers to these registers as SCONI and SBUF | since the first ones are desig-
nated as SCOND and SBLIF0.

Tahle 10-6: SFR Byvie Addresses for DSEQC4x0 Serial Ports

SFR First Serial Port ~ Second Serial Port
SCON (byte address) SCONO = 98H SCON1 = COH
SBUF (byte address) SBUFD = 99H SBUF1 =CIH

TL (byte address) TL1 = &BH TLI = 8BH

TH {byte address) THI1 = §DH THI = 8DH

TCON (byte address) TCOND = 88H TCOND = BRH
PCON (byte address) PCON = 87TH PCON = 8TH
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DIP

oot
TaiPa[ 11 40 ] Vee
(TeEX)Pra [ f2 38 "] PO.0{ADD)
IRXD1P1Z[] 3 38 ] PR {ADA)
(D1} P13 14 DS ar [] po2(AD2)
(INT2) P1.4 15 89C4x0 36 [ PO.3(AD3)
(INT3)} P15 [ 8 35 ] P04 (AD4}
(INT4) P16 []7 (89C420 M [] P05 (ADS)
(INTS) P1.7 [ B B9C430 33 [ Fos (a0s)
RST[]® 89C440 22 [ roviaom
[Rxoo)P30[]10  BOCAS5Q) 31 [ EAwep
(TXDD) P31 ] 11 0[] ALEPROG
(iINTOy P32 12 25 [ PSEN
N Paa]1a 28 [] P27 (A15)
(T} P34 [] 14 2T [ P2B (A4
(TpP3E[] 15 26 [] P2E (A1)
(WR) P36 [] 16 25 [] P24 (A12)
{FBypar 17 24 [ P23 (A1)
XTALZ ] 18 23 [ P22 (a10)
XTALT ] 19 22 ] P24 (A
GMND [ 20 21 [] P20 (AB)

Figure 10-10. DS89C4x0 Pin Diagram
Note: Notice P1.2 and P1.3 pins arc used by Rx and Tx lines of the 2nd serial

port
Ve |
| C3
o T
G103 MAX
43 232 4 1. DS BSC4x0 PN 232
4 I E" 1 11 1 2 3 'E
caE]s L THDD (P31} ®
L So T1our 4 ROOIPm R 12 G &
1
Riout Rtin T zf~]s ®
L ol . To1 P13y P—10 TS g
T2 T2our RO (P4-2)
10 {0 7 39
R2cur R2in
2 :-(1 2]
TTLside 15 | RS232 side

Figure 10-11. {a) Inside MAX232 and (b) its Connection to the DS89C4x0
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Tahle 10-7: SFR Addresses for the DSE9C4x0 (420, 430, etc.)

Svmbal MName Address
ACC* Accumulator - ~ E0H
B* B remster FOH
PESW* Program stams word DiH
s5P Stack pointer A1H
DPTR Data pointer 2 bytes

DPL Low byte &2H

DOFPH High bytc #3H
PO* Port O E0H
i Port | ofH
p2w Port 2 OAOH
P3* Port 3 ROH
IP* Intermupt priority control REH
IE* Interrupt enable control ARH
TMOD Timer/counter mode control B9H
TCOMN* Timer/counter control FEH
T2CON* Timer/counter 2 control CREH
T2MOD Timer/counter mode control C9H
THO Timer/counter O high byvie BCH
TLO Timer/counter O low byte fAH
THI Timer/counter | high byie #DH
TLI Timer/counter | low byte SBH
TH2 Timer/counter 2 high byie CDH
TL2 Timer/counter 2 low byte CCH
RCAP2ZH T/C 2 capture register high byte CBH
RCAPIL T/C 2 capture register low byte CAH
SCONO* Serial control {first serial port) 98H
SBUFO Serial data buffer (first serial port) GoH
PCON Power control 8TH
SCON1* Senal control (sccond serial port) COH
SBUFI Senal data buffer (sccond serial port) CI1H

* Bit-addressable

Programming the second serial port using timer 1

While cach sernal port has its own SCON and SBUF registers, both ports
can us¢ Timer | for setting the baud rate. Indeed, upon resel, the DS89C4x0 chip
uses Timer | for setting the baud rate of both serial ports. Since the older 8051
assemblers do not support this new second senial port, we need to define them as
shown in Example 10-11. Motice that in both C and Assembly, SBUF and SCON
refer to the SFR registers of the first senal port. To avoid confusion, i DSR9C4x0
programs we use SCONO and SBUFQ for the first and SCON | and SBUF! for the
second senial ports. For this reason, the MDESOS] Trainer designates the serial
poris as Serial #0 and Serial #1 in order to comply with this designation,

Sec Examples 10-12 through 10-14.
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| smMo | sm1 | smM2 | REN | TBS | RBE | TI Rl

(Bits Bit Addresses
Serial #0 Serial #1

(SMO SCOMO.T = 9FH SCON1.7=C7H Serial port mode specifier
SM1  SCONO.6 = 9EH SCON1.6 = C6H Serial port mode specifier
SM2 SCONO.5 = 9DH SCONI.5 = C5H Multiprocessor com.
REN  SCON0.4 = 9CH SCON1.4 = C4H Enable/disable reception
TBR  SCONO.3 ~ 9BH SCON1.3 = C3H Not widely used
RB8  SCONO.2 = 9AH SCONI1.2=C2H Not widely used
TI  SCONO.1 = 99H SCONI.1 = CIH Transmit interrupt MNag
RI SCONO.0 = 98H SCON1.0 = COH Receive interrupt flag
Mofe:  Make SM2. THE, and RHEE = 0.

Figure 10-12, SCOMND and SCONT Bit Addresses (T1 and BRI bits must he noted)

[Example 10-11

Write a program for the second serial port of the D3B3C4x0 to continuously transfer the

letter “A" serially at 4800 baud. Use B-bit data and 1 stop bit. Use Timer 1.

Solution:
SBUF1 EQU 0C1H ieecond serial SBUF addr
SCON1 EQU OCOB ;aeceond serial 3CON addr
TI1 BIT OC1E sgacond serial TI bit addr
RIl BIT OCOH jeecond serial RI bit addr
DRG 0H ;jetarting positian

MATH:
MoV THOD, #20H jCOM2 uses Timer 1 upon reset
MW THL, #-6 ;4800 baud rate
oo 41 BECONL, #50H ;COM2 has its own SCONL
EETE TR1 jatart Timer 1

BGATH - Mo hoH'A ;eend char 'A°
ACRLL, SENDCCOM2
SJMP AGAIN

EENDCOMZ -
MOV SBUF1, A ;M2 has its own SBUF

HEEE: JHBE TI11,HERE :00M2 has 1cs ocwn TI Elag
CLR TI1
RET
EHND
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[Example 10-12

Solution:

Bls

HEREL :

MESSL

SENDCOME -

SCON1
EHUF1
TIL
ORG
Moy
Mo
Mo
SETE
Mo
CLR

i [P
&
ACARLL
IR
5JME
SJME

Mo
JNB
CLRE
RET
D

END

EQU OCOH
EQU OC1H
BIT OCI1H
OH

TMOD, BZ20H
TH1, #-3
SCONL, #50H
TR1

DPTR, #MESS1
A

A, BA+DETR
51
SENDCOMZ
DETE

FH

81

SBUFL A
TI1,HEEE]
TI1

"Hello®, D

Write a program to send the text string “Hello” to Senial #1. Set the baud rate at 9600,
B-hit data, and | stop bit.

jBtarting position

:9600 baud rake

;display "Hellao"

jread wvalues

;check for end of line
:8end to serial port
jmave to next wvalue

;Place value in buffer
swait until transmicted
jelear

Example 10-13

Solution:

HERE:

SBUF1 EQU OC1LH
5CON1 EQU OCOH
RI1 BIT OCOH
ORG OH

MOV TMOD, #20H
MOV TH1,#-6
MOV SCONL,#50H
SETE TR1

JME RI1,HERE
MOV A,SBUF1
MOV P1,A

Program the second senial port of the DSE9C4x0 to receive bytes of data senally and put
them on P1. Set the baud rate at 4800, &-bit data, and 1 stop bit,

;second serial SBUF addr
sgepond serial B00N addr
;econd serial BRI bit addr

;atarting position

CLR RI1
5IMEF HERE

END

JCOMZ upesa Timer 1 upon reset
;4800 baud rate

H iy
jetart Timer 1
iwait
;8ave daka
jdigplay onm P1

nas i1te own SCON1

fEor data to come in
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Example 10-14

Solution:

81:

KHEXT:

HERE:

HERE] :

MESS]1 :
MESSE :

SENDCOMI ¢

SENDCOM2

ECO0H1
TI1
SW1
ORG

INC
SJME

CLR
MovC
JE
ACALL
INC
EJMP

EQU QCOH
BIT OC1H
BIT B2.0
OH

TWMOD, #20H
TH1,#-13
BCON, #50H
SCON1, #50H
TR1

SWl
EWl,NEXT
DFTR, #MESE1
R

A, 8h+DPTR
81
SENDOOM1
DPTR

FM

DETRE, #MESS2
A

A, @A+DPTR
81
SENDOOM2
DETR

LM

SBUF, A
TI,HEEE
TI

SBUF1, A
TI1l,HEREl
Til

"Hello", O
"Goodbye", 0

Assume that a switch is connected to pin P20,
Write a program to monitor the switch and perform the following:

(a) If SW = 0 send the message “Hello"” to the Senial #0 port.
(b) If SW = | send the message “Goodbye™ to the Seral #1 port.

;etarting position

19600 baud rate

jmake SW1l an input
jcheck SW1 status
;if oWle=0d display “Hello”

jread wvalue

jcheck for end of line
jgend to serial port
jmeve bEo next value

;1f 8Wl=1 display “Goodbye”

iread wvalue

jcheck for end of line
igend to eerial port
jfeare to next wvalue

iplace value in buffer
jwait unktil transmitbed
jolear

iplace value in buffer
jwait until transmitted
jclear
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Review Questions

(Al questions refer to the DSE9CAx0 chip).

PR

Lipon reset, which timer is used to set the baud rate for Serial #0 and Serial #17
Which pins arc used for the sccond senal ports?

With XTAL = 11.0592 MHz, what value should be loaded into THI to have a
28,800 baud rate” Give the answer in both decimal and hex.

To transfer a byte of data via the second semnal port, it must be placed in regis-
ter i

SCONlrefersto . anditisaln) _ -bit register,

Which register 15 used 1o set the data size and other framing information such
as the stop bit for the second serial port?

SECTION 10.5: SERIAL PORT PROGRAMMING IN C

This section shows C programming of the sernal ports for the 8051/52 and

DSROCAx0 chips.

Transmitting and receiving data in 8051 C

ble

As we stated in the last chapier, the SFR registers of the 805 are accessi-
directly in %051 C compilers by using the reg51.h file. Examples 10-15

through 10-19 show how to program the scrial port in 8031 C, Connect your 8051
Trainer to the PC's COM port and use Hyper Terminal to test the operation of these
cxamples.

Example 10-15

Write a C program for the 8051 to transfer the letter “A” serially at 4800 baud continu-
ously, Use 8-bit data and | stop bit.

Solution:

ginclude <regsl.hs
vold main{woid)]

{
THMOO=0x20; J/uge Timer 1,8-BIT auto-reload
TH1=0xFA; / /4800 baud rate
BCON=0x50;
TRl=1:
while{1]
'f

SBOF="'A"; Jiplace value in buffer

while (TI==0] ;

TI=0;

|
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Example 10-16

Write an 805] C program to transfer the message “YES™ serially at 9600 baud, 8-bit
data, 1 stop bit. Do this continuously.

Solation:

ffinclude <reg5l.hs

void SerTx (unsigned char)
wold main (woeid)

{

TMOD=0Dx20; f/uge Timer 1,8-BIT auto-reload
TH1=0xFD; Sre600 baud rate
SCON=0xX50;
TEls1l: f/latart timer
while{1l}
(
BerT=('Y'];
EerTx{"'E'};
SerTx{'8');
'
¥
void SerTx{unsigned char x)
{
SBUF=x; /fplace wvalue in buffer
while (TI==0] ; JSiwait until transmitted
TI=0;
}
Example 10-17

Program the 8051 in C to receive bytes of data serially and put them in P1, Set the baud
rate at 4800, B-bit data, and |1 stop bit,

Solution:

finclude =regsl.h=

void main (veoid)

{

ungigned char mybyte:

THOD=0x20; /fuse Timer 1,8-BIT auto-relcad
TH1=0XFA; / /4800 baud rate
SCON=0x50;
TR1=1; ffstart timer
whileil) [ frepeat forever
{

while (RI==0}; ffwait to receive

mybyte=8BUF; ! fsave value

Flsmybyte; Jlwrite value to port

RI=0;
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Example 10-18

0: send your first name

Solution:

ginclude «regSl.hs
sbit MYSW=P270;
woid main{waeid)

unsigned char z;

unsigned char fname[]="ALI";

Write an 8051 C program to send two different strings to the serial port. Assuming that
SW is connected to pin P2.0, momtor its status and make a decision as follows:

SW=
SW = 1: send your last name
Assume XTAL = 11.0592 MHz, baud ratc of 9600, 8-bit data, 1 stop bit.

/finput switech

unsigned char lname[] ="SMITH";

TMOD=02x20 i

TH1=0xFD;

SCON=0x50;

TR1=1.;

1if (M¥YSW==0)

{
for{z=0;z<3;2++)
{

SBEUF=fname [z] ;
while {TI==0);
TI=0;

h

alam

{

forig=0:z«5: 2++)
SEUF=1lname [z] ;
while{TI==0);
TI=0;

1

SJuse Timer 1,B8-BIT auto-reload
/75600 baud rate

flekart timer
/fcheck awitch

J/write name

//place wvalue in buffer
ffwait for transmit

Slwrite name

//place value in buffer
ffwaic for cransmit
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Example 10-19

Write an 8031 C program to send the two messages “Normal Speed” and “High Speed”
to the serial port, Assuming that SW is connected to pin P2.0, monitor its status and set
the baud rate as follows:

SW = 0 28,800 baud rate

SW = | 56K baud rate

Assume that XTAL = 11.0592 MHz for both cases.

Solution:

#include <regsSl.h>
shir MYSW=P2'0;: fiinput switch
void main{void}
'l
unsigned char z;
unsigned char Messl[]="Normal Spaed";
unsigned char Messl []="High Speed";

THMOD=0x20; J/luse Timer 1,5-BIT autoc-reload
THL=0XFF; J/28,800 for normal speed
SCOMN=0x50;

TR1=1; frlstart timer

LE{MYSW==0]

{

for{z=0:2<12:2++)

i
SBEUFsMessgl [z] ; JSiplace value in buffer
while {TI==0); f/wait for transmit
TI=d;
|
}
aloe
{
PCON=PCON | 0xB0 ; frfor high speed of 56K
for(z=0;z<10;2++)
{
ERUF=Mees2 [z] ; ffplace walue in buffer
while{TI==0) ; J/wait for transmit
TI=0:
!
}
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8051 C compilers and the second serial port

Since many C compilers do not support the sccond senal port of the
DSRYCAxD chip, we have to declare the byte addresses of the new SFR registers
using the sfr keyword. Table 10-6 and Figure 10-12 provide the SFR byte and bit
addresses for the DSERCAXD chip. Examples 10-20 and 10-21 show C versions of
Examples 10-11 and 10-13 in Section 10.4.

Naotice in both Examples 10-20 and 10-21 that we are using Timer | to set
the baud rate for the second serial port. Upon reset, Timer | is the default for the
second serial port of the DS89C4Ax0 chip.

[Example 10-20

Write a C program for the DSE9C4x0 to transfer letter “A" serially at 4800 baud con-
tinuously. Use the second serial port with 8-bit data and 1 stop bit. We can only use
Timer | to set the baud rate.

Solution:

#include <regil.h>
2fr SEUF1=0xCl:
gfr SCON1=0xC0;
gbit TIl=0xCl;
vold mainmiwvoid)

{
THMOD=0x20; f/use Timer 1 for 2nd serial port
TH1=0xFA; S /4800 baud rate
SCON]1=0%50: ffuse 2nd serial port 3CON1 register
TR1=1; /ietart timer
while{l]
EBUFl="A"; Jfuse 2nd serial port S5BUFl register
while (TIl==0]; //wait for tranemit
TI1=0;
b
DEASC4xD MAXZI2 s
w32 5
w04 (P3.1) 1 ®
RXDO (P30) TR 2
ro g 5 -
TaO4 (P13} A B 3 E
ReD1 (P1.2) | 5
PC
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Example 10-21

Program the DSE9C4x0 in C to receive bytes of data serially via the second serial port
and put them in P1. Set the baud rate at 9600, B-bit data, and | stop bit. Use Timer 1
for baud rate generation.

Solution:

#include <regsl.h>
sfr SBEUOF1=0xC1:
gfr SCONI=0xCO;
gblt RI1=0xCO0:
void maln(weid)

{
ungigned char mybyte;
THMOD=0x20; J/use Timer 1,8-BIT auto-relead
TH1=0xFD; S /9600
SCON1=0x50; /fuse BCON1 of 2nd serial port
TRl=1l;
wh?leilh
while (RI1==0}; J/monitor RI1 of 2nd serial port
mybvte=8BUF1; Jfuse BEUF1 of 2nd serial port
P2=mybyte; //place walue on port
EIl=0;
I-
1

Review Questions

I. How are the SFR registers accessed in C7

2. True or false. C compilers support the second serial port of the DSE2C420
chip.

3. Registers SBUF and SCON are declared m C usingthe keyword,

See www.MicroDigitalEd.com on how to use Timer 2 to set
the baud rate of Serial #0.

SUMMARY

This chapter began with an introduction to the fundamentals of serial com-
munication, Serial communication, in which data 1s sent one it a time, 15 used
when data is sent over significant distances since in parallel communication,
where data is sent a byte or more a time, great distances can cause distortion of the
data. Senal communication has the additional advantage of allowing transmission
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over phone lines. Serial communication uses two methods: synchronous and asyn-
chronous. In synchronous communication, data is sent in blocks of bytes; in asyn-
chronous. data 15 sent in bytes. Data communication ¢an be simplex {can send but
cannot receive), hall duplex (can send and receive, but not at the same time), or
full duplex {can send and receive at the same time). R5232 is a standard for seri-
al communication connectors.

The 8051's UART was discussed. We showed how to interface the B05]
with an RS232 connector and change the baud rate of the RBDS1. In addition, we
described the serial communication features of the 8051, and programmed the
B051 for serial data communication. We also showed how to program the second
serial port of the DSEYC4x0 chip in Assembly and C.

PROBLEMS
SECTION 10.1: BASICS OF SERIAL COMMUNICATION
|. Which is more expensive, parallel or senal data transfer?

2. True or false. 0~ and 5-V digital pulses can be ransferred on the elephone
without being converted (modulated}),

3. Show the framing of the letter ASCIF“Z” (D101 1010}, no parity, 1 stop bit.

4. 1If there is no data transfer and the line is high, it is called {mark,
space}).

5. True or false, The stop bit can be 1, 2, or none at all,

6. Calculate the overhead percentage if the data size 1s 7, 1 stop bit, no parity.

7. True or false, The R5232 voltage specification 1s TTL compatible.

8. What is the function of the MAX 232 chip?

9. True or false. DB-25 and DB-9 are pin compatible for the first 9 pins.

I, How many pins of the R5232 are used by the I1BM serial cable, and why?

I 1. True or false. The longer the cable, the higher the data transfer baud raie.

12, S1ate the absolute minimum number of signals necded to transfer data between
two PCs connected serially. What are those signals?

13, If two PCs are connected through the R5232 without the modem, they are both
configured as a (DTE,DCE)-to- _ (DTE, DCE) connection,

t4. State the nine most important signals of the RS232.

15, Calculate the total number of bits transferred if 200 pages of ASCII data arc
sent using asynchronous serial data transfer. Assume a data size of B bis, |
stop bat, and no parity, Assume cach page has 8B0x25 of text characters.

b6, In Problem 15, how long will the data transfier take if the baud rate is 9.6007

SECTION 10.2: 8051 CONNECTION TO RS232

| 7. The MAX232 DIP package has pins.
|8, For the MAX232, mdicate the V- and GND pins.

19. The MAX233 DIP package has __ pins.

20, For the MAX233, indicate the V- and GND pins.

21, Is the MAX232 pin compatible with the MAX2337

22, State the advantages and disadvantages of the MAX232 and MAX233.
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23. MAX232/233 has  line driver(s) for the RxD wire.

24, MAX232/233 has  line driver(s) for the TxD wire,

25. Show the connection of pins TxD and RxD of the 8051 to a DB-9 RS232 con-
nector via the second set of line drivers of MAX232,

26, Show the connection of the TxD and RxD pins of the 8051 to a DB-9 RS232
connector via the second set of line drivers of MAX233,

27, Show the connection of the TxD and RxD pins of the 8051 to a DB-25 RS232
connector via MAX232.

2%, Show the connection of the TxD and RxD pins of the 8051 to a DB-25 RS232
connector via MAX233.

SECTION 10.3; 8051 SERIAL PORT PROGRAMMING IN ASSEMBLY

29, Which of the following baud rates are supporied by the BIOS of 486/Pentium

PCs?
(a) 4,800 () 3,600 (c) 9,600
(d) 1,800 (e} 1,200 (f) 19,200

30. Which timer of the 8051 15 used for baud rate programming?

31, Which mode of the timer is used for baud rate programming?

32. What is the role of the SBUF register in serial data transfer?

33.SBUF 1sa(n)  -bit repister.

34. What is the role of the SCON register in serial data transfer?

35. 5CON is aln) _ -bit register.

36, For XTAL = 11.0592 MHz, find the TH1 value (in both decimal and hex) for
each of the following baud rates.
(a) 9600 (b) 4800 (c) 1,200 () 300 (e) 150

37. What is the baud rate if we use "MOV TH1, #-1" io program the baud rate?

38 Write an 8051 program to transfer senally the letter “Z” continuously at a
1,200 baud rate.

39, Write an 8051 program to transfer serially the message “The earth is but one
country and mankind its citizens™ continuously at a 57,600 baud rate,

40. When is the Tl flag bit raised?

41. When is the RI flag bit raised?

42, To which regster do BRI and T1 belong? s that register bit-addressable?

43. What is the role of the REN hit in the SCON register?

44, In a given situation we cannot accept reception of any serial data. How do you
block such a reception with a single instruction?

45. To which register does the SMOD bit belong? State its role in the rate of data
transfer.

46, Is the SMOD bit high or low when the 8051 is powered up?

In the following questions the baud rates are not compatible with the COM ports
of the PC (x86 IBM/compatible).

47. Find the baud rate for the following if XTAL = 16 MHz and SMOD = 0,
(a) MOV TH1,#-10 (b) MOV TH1,#-25
(¢) MOV TH1,#-200 (d) MOV TH1,#-180
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4.

49,

2()

Find the baud rate for the following if XTAL = 24 MHz and SMOD = 0.
(a) MOV TH1,#-15 (b) MOV TH1, #-24
(¢} MOV TH1,#-100 (d) MOV TH1,#-150

Find the baud rate for the following if XTAL = 16 MHz and SMOD = 1.
(a) MOV TH1,#-10 (b} MOV TH1,#-25
{¢) MOV TH1,#-200 {d) MOV TH1,#-1B0

Find the baud rate for the following if XTAL = 24 MHz and SMOD = 1.
(a) MOV TH1, #-15 {b) MOV TH1,#-24
(c) MOV TH1,#-100 {d} MOV TH1,#-150

SECTION 10.4: PROGRAMMING THE SECOND SERIAL PORT

18
¥,

53,
54
=73
bl
.
3K,
39,

6,

6l.

Upon reset, which timer of the 8051 is used?

Which timer of the DSESC4x0 15 used to set the baud rate for the second seri-
al port?

Which mode of the timer is used for baud rate programming of the second seri-
al pont?

What is the role of the SBUF | register in serial data transfer?

SBUF1 is a{n) ___ -bit register.

. What is the role of the SCON| register in serial data transfor?

SCONTisa(n)  -bit register.

For XTAL = 11.0592 MHz, find the TH1 value {in both decimal and hex) for
each of the following baud rates,

(a) 9.600  (b) 4,800  (c) 1,200 {d) 300 (e) 150

Write a program for DSEQC4x0 to transfer scrially the letter *£” continwously
at a 1,200 baud rate, Use the second serial port.

Write a program for DSE9C4x0 to transfer serially the message “The earth is
but one country and mankind its citizens” continuously at a 57,600 baud rate,
Use the second serial port,

When s the T11 flag bit raised?

SECTION 10.5: SERIAL PORT PROGRAMMING IN C

62,

63,

G4,

63,

Write an 8051 C program to transfer serially the letter “Z" continuously at a
1,200 baud rate.

Write an 8051 C program to transfer serially the message “The earth is but one
country and mankind its citizens” continuously at a 57,600 baud rate,

Write a C program for DSE9C4z0 o transfer serially the letter “Z7 continu-
ously at a 1,200 baud rate. Use the second senial port.

Write a U program for the DSR2C4x0 to transfer serially the message “The
carth is but one country and mankind its citizens” continuously at a 537,600
baud rate. Use the second serial port.
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ANSWERS TO REVIEW QUESTIONS

SECTION 10.1: BASICS OF SERIAL COMMUNICATION

Faster, more expensive

Falzg; il is simplex.

Trae

Agynchironougs

With 0100 0101 binary the bits are transmitted in the sequence:

() 0 (start bit) (b) | (eI O (d) L (e) DADO (g Oy 1 {0 () 1 (stop bat)

2 bits {one for the start bit and one for the stop bit). Therefore, for each 8-bit character, a total
of 10 bits 15 transfermed.

T 100 1= 10000 hits total bits transmiited, |60 £ 9600 = 10,4 seconds; 2/ 10= 20%,
B True

9 FAmTAY

10, True

1. 2

(2. COM 1 and COM 2

ol o ol

-

SECTION 10.2: 8051 CONNECTION TO R5232

True

Ping [0 and L1, Pin 10 iz for TxD and pim 11 for B

They are used for converting from 3232 voltage levels 1o TTL voltage levels and vice versa.
2.2

[t does mol need the four capacitors that MAX232 musl have.

B L

SECTION 10.3: 805! SERIAL PORT PROGRAMMING IN ASSEMBLY

. Timer |

2. 2E300 Hz

3. Moded

4. -3 or FDH since 28800/ 3 = 9,600
5 SBUF

6. Seral control. B
I

& Falze

% Dunng tronster of stop bit

10, PCON; it is low upon RESET.

SECTION 10.4: PROGRAMMING THE SECOND SERIAL PORT

Timer |

Pins P1.2 and P1 3
—| of FFH

SBLUFI

Seral Control 1, 8
SCONMI

B ool ol

SECTIHON 105 SERIAL PORT PROGRAMMING IN C

[, Byusing the regdi.h fike
2. Fale
3, sir
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CHAPTER 11

INTERRUPTS
PROGRAMMING IN
ASSEMBLY AND C

OBJECTIVES

Upon completion of this chapter, you will be able to:

=2  Contrast and compare interrupts versus polling

==  Explain the purpose of the ISR (interrupt service routine)
>>  List the 6 interrupts of the 8051

#>»  Explain the purpose of the interrupt vector table

>2>  Enable or disable B051/52 interrupts

>>  Program the B051/52 timers using interrupts

>>  Describe the external hardware interrupts of the 8051/52
=2  Contrast edge-triggered with level-triggered interrupits
>>  Program the 8051 for interrupi-based serial communication
>>  Define the interrupt priority of the 8051

=>  Program B051/52 interrupts in C
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In this chapter we explore the concept of the interrupt and interrupt pro-
gramming. In Scction 11,1 the basics of 8051 interrupts are discussed. In Scction
11.2 interrupts belonging to Timers O and | are discussed, Extemnal hardware
imnterrupis are dhscussed in Section 11.3, while the interrupt related to serial com-
munication is presented in Section 11.4. In Section 11.5. we cover interrupt prior-
iy in the 8051/52, Fmnally, C programming of 8051 mtermapts is covered in
Section 11.6,

SECTION 11.1: 8051 INTERRUPTS

In this section, first we examine the difference between polling and inter-
rupts and then describe the various intermupts of the 8051

Interrupts vs. polling

A single microcontroller can serve several devices. There are two ways to
do that: interrupts or polling. In the interrupt method, whenever any device needs
its service, the device notifies the microcontroller by sending it an interrupt signal.
L'pon receiving an interrupt signal. the microconiroller interrupts whatever it is
doing and serves the device, The program associated with the interrupt 13 called
the interrupt service routine (1SR) or interrupt handier. In polling, the microcon-
troller continuously monitors the status of a given device: when the status condi-
tion 1% met, it performs the service, Afer that, it moves on to monitor the next
device uniil each one is serviced. Although polling can monitor the status of sev-
eral devices and serve each of them as certain conditions are met, it 18 not an ¢ff-
cient use of the microcontrolier. The advantage of interrupts is that the microcon-
troller can serve many devices (not all at the same time, of course); each device
can get the attention of the microcontroller based on the priority assigned to it
The polling method cannot assign priority since it checks all devices in a round-
robin fashion. More importantly, in the interrupt method the microcontroller can
also 1ignore (mask) a device request for service. This is again not possible with the
polling method. The most important reason that the interrupt method is preferable
is that the polling method wastes much of the microcontroller’s time by polling
devices that do not need service. So in order 10 aveid tying down the microcon-
troller, interrupts are used. For example, in discussing timers in Chapter @ we used
the instruction “JNE TF, target”, and waited until the timer rolled over, and
while we were waiting we could not do anything else. That 15 a waste of the micro-
contreller’s ume that could have been used to perform some useful tasks. In the
case of the timer, 1f we use the mterrupt method, the microcontroller can go about
doing other tasks, and when the TF flag is raised the timer will mterrupt the micro-
controller in whatever it is doing.

Interrupt service routine

For every interrupt, there must be an interrupt service routine (ISR), or
mnterrupt handler. When an interrupt is invoked. the microcontroller runs the inter-
rupt service routine. For ¢very interrupt, there is a fixed location in memory that
holds the address of its ISR, The group of memory locations set aside to hold the
addresses of ISRs is called the interrupt vector table, shown in Table 11-1.
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Steps in executing an interrupt

Upon activation of an intermupt, the microcontroller goes through the fol-
lowing steps.

1. It finishes the instruction it is executing and saves the address of the next
mstruction (PC) on the stack,

2, It also saves the current status of all the interrupts internally (i.c., not on the
stack).

3. It jumps to a fixed location m memory called the interrupt veetor table that
holds the address of the interrupt service routine,

4. The microcontroller gets the address of the ISR from the interrupt vector table
and jumps to it. It starts 1o execute the interrupt service subroutine until it
reaches the last instruction of the subroutine, which is RETI (return from inter-
mpt).

5. Upon executing the RETI instruction, the microcontroller retumns to the place
where it was interrupted. First, it gets the program counter (PC) address from
the stack by popping the top two bytes of the stack into the PC, Then it starts
o execute from that address.

Maotice from Step 5 the entical role of the stack. For this reason, we must
be careful in manipulating the stack contents in the ISR, Specifically, in the ISR,
just as in any CALL subrouting, the number of pushes and pops must be equal.

Six interrupts in the 8051

In reality, only five interrupts are available to the user in the 8051, but
many manufacturers’ data sheets state that there are six interrupts since they
include reset. The six interrupts in the 8051 are allocated as follows.

I. Reset. When the reset pin 18 activated, the 8051 jumps to address location
0000, This is the power-up reset discussed in Chapter 4.

2. Two interrupts are set aside for the timers: one for Timer 0 and one for Timer
l. Memory locations O00BH and 001BH in the interrupt vector table belong
to Timer O and Timer 1, respectively.

3. Two interrupts are set aside for hardware external hardware interrupts. Pin
numbers 12 (P3.2) and 13 (P3.3) in port 3 are for the external hardware inter-
rupts INTO and INTI, respectively. These external interrupts are also referred
to as EX1 and EX2, Memory locations 0003H and 0013H in the interrupt vec-
tor table are assigned to INTO and INT1, respectively.

4. Serial communication has a single interrupt that belongs to both receive and
transmit. The interrupt vector table location (23H belongs to this imermupt.

Notice in Table 11-1 that a limited number of bytes is set aside for each
interrupt. For example, a total of § bytes from location 0003 to (000A is set aside
for INTO, external hardware mterrupt 0. Similarly, a total of 2 bytes from location
OO0OBH to 0012H is reserved for TFO, Timer 0 interrupt. If the service routine for
a given mterrupt 15 short enough to fit in the memory space allocated to i, 1t s
placed in the vector table; otherwise, an LIMP instruction is placed in the vector
table to point to the address of the ISR. In that case, the rest of the bytes allocat-
ed to that interrupt are unused. In the next three sections we will s¢¢ many exam-
ples of interrupt programming that clarify these concepts.
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From Table 11-1, also notice that only three bytes of ROM space arc
assigned to the reset pin. They are ROM address lecations 0, 1, and 2. Address
location 3 belongs to external hardware interrupt 0. For this reason, in our program
we put the LIMP as the first instruction and redirect the processor away from the
interrupt vector table, as shown in Figure 11-1. In the next section we will sec how
this works in the context of some examples.

Table 11-1: Interrupt Vector Table for the 8051

Interrupt e ROM Location (Hex) Pin Flag Clearing
Resct (RO G Auto

External hardware interrupt 0 (INTO) (003 P3.2(12) Auto

Timer 0 interrupt (TF0) 0008 Auto

External hardware interrupt 1 (INT1) (013 P3.3(13) Auto

Timer | interrupt (TF1}) 0018 Auto

Serial COM interrupt (BRI and TI) 0023 Programmer

clears it.
ORG 0 jwake-up ROM reset location

[JMP MAIN ;bypass interrupt vector table
the wake-up program
ORG 30H
MAEIN:

END

Figure 11-1. Redirecting the 8051 from the Interrupt Vector Table at Power-up
Enabling and disabling an interrupt

Upon reset, all interrupts are disabled (masked), meaning that none will be
responded to by the microcontroller if they are activated. The interrupts must be
enabled by software in order for the microcontroller o respond to them, There is
a register called IE (interrupt enable) that is responsible for enabling (unmasking)
and disabling (masking) the interrupts. Figure 11-2 shows the IE register. MNote
that TE is a bit-addressable register.

From Figure 11-2 notice that bit D7 in the TE register is called EA (enable
all). This must be set to | in order for the rest of the register o take effect, D6 s
unsed. D3 is used by the 8052, The D4 bit is for the senal interrupt, and s0 on.

Steps in enabling an interrupt
To cnable an interrupt, we take the following steps:

1. Bit D7 of the IE register (EA)} must be set to high to allow the rest of register
to take effect.

2. If EA = 1, interrupts are enabled and will be responded to if their correspon-
ding bits in IE are high. If EA = 0, no interrupt will be responded to, even if
the associated bit in the IE register is high.

To understand this important point look at Example 11-1.
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D7 D
| EA | - JERJ ES J ETl [ EXT [ ET0 | EX0 |

EA IE7  Disables all interrupts. If EA = 0, no interrupt is acknowledged.

If EA = |, each interrupt source is individually enabled or disabled
by setting or clearing its enable hit.

-- [E6 Mot implemented, reserved for future use.®

ET? |IES5  Esables or disables Timer 2 overflow or capture interrupt (8052 only),
ES IE4  Enables or disables the serial port interrupl.

ET1 IE3  Enables or disables Timer 1 overflow interrapt.

EX1 IE2  Enables or disables external intermupt 1.

ET0 IE.l  Enables or disahles Timer 0 overflow intermpt

EX0 [IE0  Enshles or disables external interrupr 0,

*User software should not write 15 to reserved bits. These bits may be used
in future flash microcontrollers to mvoke new features.

Figure 11-2. IE (Intéerrupt Enable) Register

Example 11-1

Show the instructions to (a) enable the serial interrupt, Timer O interrupt, and exiemal
hardware interrupt 1 (EX1), and (b) disable (mask) the Timer 0 interrupt, then (c) show
how to disable all the interrupts with a single instruction.

Solution:

(a) MOV IE,#10010110B ;enable gerial, Timer 0, EX1

Since IE is a bit-addresszable register, we can use the following instructions to access
individual bits of the register.

(b] CLR IE.1 ;mask (disable) Timer 0 interrupt only
(c) CLE IE.7 ;disable all interrupts

Another way to perform the “MOV IE, #10010110B" instruction is by using single-
bit instructions as shown below.

SETB IE.7 EA=1l, Global enable
SETE IE.4 ;enable serial interrupt
SETE IE.1l ;enable Timer 0 interrupt
SETB 1E.Z ;enable EX1
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Review Questions

1. Of the interrupt and polling methods, which one avoids iving down the micro-
controller?

2. Besides reset, how many interrupts do we have m the 80517

3. In the 8051, what memory arca is assigned 1o the interrupt vector table? Can
the programmer change the memory space assigned to the table?

4. What are the contenis of register IE upon reset, and what do these contents
mean?

5. Show the instruction to enable the EX0 and Timer 0 interrupts.

Which pin of the 8051 is assigned to the extemnal hardware interrupt INTI1?

7. What address in the interrupt vector table is assigned to the INT1 and Timer 1
interrupts”

o

SECTION 11.2: PROGRAMMING TIMER INTERRUPTS

In Chapter 9 we discussed how to use Timer 0 and Timer | with the polling
method. In this section we use interrupts o program the 8051 tumers. Please
review Chapter @ before you study this section.

TFO Timer 0 [nterrupt Vector TFI Timer | Interrupt Vector
jumps to Jumips to
Figure 11-3. TF Interrupt

Roll-over timer flag and interrupt

In Chapter 9 we stated that the timer flag {TF} 15 raised when the nmer rolls
over, In that chapter, we also showed how to monitor TF with the instruction
“JNB TF, target” In polling TF, we have to wait until the TF is raised. The
problem with this method is that the microcontroller is tied down while waiting for
TF 1o be raised, and cannot do any thing ¢lse, Using interrupts solves this problem
and avoids tying down the controller. If the timer interrupt in the IE register is
enabled, whenever the timer rolls over, TF is raised, and the microcontroller is
interrupted in whatever it is doing, and jumps to the interrupt vector table to serv-
ice the ISR. In this way, the microcontroller can do other things unnl 1t 15 notified
that the timer has rolled over. See Figure |1-3 and Example 11-2.

Motice the following points about the program in Example 11-2,
|. We must avoid using the memory space allocated to the interrupt vector table,
Therefore, we place all the imtialization codes in memory starting at 30H. The
LIMP instruction is the first instruction that the 8051 executes when it is pow-
ered up. LIMP redirects the controller away from the mterrupt vector table.
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2. The ISR for Timer 0 is located starting at memory location 000BH since it 1s

small enough to fit the address space allocated to this interrupt.

We cnabled the Timer 0 interrupt with “MOV IE, #10000010B" in MAIN.

4. While the PO data is brought in and 1ssued to Pl continuously, whenever Timer
0 1s rolled over, the TFO flag is raised, and the microcontroller gets out of the
“BACK" loop and goes to 0000BH to exccute the ISR associated with Timer 0.

5. In the 15K for Timer U, notice that there 15 no need for a "CLR TFO™ instruc-
tion before the RETI instruction. This is because the 8051 clears the TF flag
internally upon jumping to the interrupt vector table,

Example 11-2

ol

Write a program that continuously gets B-bit data from PO and sends it to P1 while
simultanecusly creating a square wave of 200 ps peried on pin P2.1. Use Timer 0 to
create the squarc wave. Assume that XTAL = 11.0592 MHz.

Solution:
We will use Timer 0 in mode 2 (auto-reload). THO = 100/1.085 us = 92.

;—Upon wake-up go to main, avoid using memory space ;allocat-
ed to Interrupt Vector Table

OR3 COOOOH

LJMP MAIN ;bypase interrupt wvector table

j—=18F for Timer 0§ to generate sguare wave

ORG  O00BH ;Timer 0 interrupt wvector table
CPL  P2.1 rtoggle P2.1 pin
RETI rreturn from ISR

;==The main program for initialization
ORG 0030 rafter vector table space
MAIN: MOV TMOD,#02H ;Timer 0, mode 2(auto-relocad)
MoV FO, #0FFH ;make PO an imput port
MOV  THO,#-92 ;THO=A4H Eor -52
MOV IE.#82H :IE=10000010{bin) enable Timer 0

SETB TRC :5tart Timer 40
BACK : MoV A,FO ;gat data from PO

MOV  Pl.R sigeue 1t to Pl

S5JMF BACE ikeep doing it

rloop unless interruptbed by TFO
END

In Example 11-2, the interrupt service routine was short enough that it
could be placed in memory locaiions allocated to the Timer 0 interrupt, However,
that is not always the case. See Example 11-3,
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Example 11-3

Rewrite Example 11-2 to create a square wave that has a high portion of 1085 us and a
low portion of 15 ps. Assume XTAL = 11.0592 MHz. Use Timer 1.

Solution:
Since 1085 ps is 1000 = 1.085 we need to usec mode 1 of Timer 1.

--Upon wake-up go Lo main, avolid using memory sSpace
;==allocated to Interrupt Vector Table
ORG  0000H
LIME MAIN ibypass interrupt wvector table
;-=I8R for Timer 1 to generate sgquUare wave
ORG - Q01BH iTimer 1 interrupt vector table
LJMF ISR T1 sJump to ISR
;=-=The main program for initializacion
ORZ  0030H jafter wvector table
MATHM MOV  TMOD,#10H ;Timer 1, mode 1
MW PO, #OFFH jmake PO an input port
MOV TL1,#01BH TL1=1B the Low byte of -1000
MOV  TH1,#0FCH ;TH1=FC the High byte of -1000

MO IE,.#88H +IE=10001000 enable Timer 1 int.
SETE TR1 ;atart Timer I
BRCK MOV A, BD jget data from PO
MW Fl,R figgue it tao P1
EJMP BACK ikeep doing it

s--Timer 1 ISR. Must be reloaded since nok auto-reload

ISR _Ti: CLR TRl jetop Timer 1
CLE P2.1 JB2.1=0, start of low portion
MOV RZ. H#4 H 2 MC
HERE DIMZ R2Z,HERE +4x2 machine cycle(MC) H MC
MOV TL1,#18H (load Tl Low byte value 2 MC
MOV  TH1,#0FCH ;load T1 High byte wvalue = MC
EETE TR1 jetarts Timer 1 1 MC
SETE FP2Z.1 P2.1wl, back toc high 1 MC
RETI jreturn to main
EHLD

MNatice that the low portion of the pulse is created by the 14 MC {machine
cyeles) where each MC = 1085 ps and 14 = 1.085 us = 15.19 ps.

14



Example 11-4

Write a program to generate a square wave of 50 Hz frequency on pin P1.2. This is sim-
ilar to Example 9-12 except that it uses an interrupt for Timer 0. Assume that XTAL =

11.0592 MHz.
Solution:
LRG 0
LIMEF MAIN
DRGE 0o0BH ;18R for Timer 0
CPL  P1.2 jcomplement P1.2
MOV TLO, #00 jreload cimer wvalues
MOV THOD, #0DCH
RETT jraturn from interrupt
CRE  30H jetarting location for prog.
o ——— main program for initialization
MAIN: MOV  TMOD,#00000001B ;Timer 0, Mode 1

MoV TLO, #00
MOV THC, #0DCH

Mo JE,#582H renable Timer 0 interrupt
SETE TRO rebart timer
HERE: SJMF HERE rBtay here until interrupted
END
B0s1
.2
50 Hz square wave

Review Questions

1. True or false. There is only a single intermupt in the interrupt vector table
assigned to both Timer 0 and Timer 1.
2. What address in the interrupt vector table is assigned to Timer (7
Which bit of IE belongs to the timer interrupt? Show how both are enabled.
4. Assume that Timer | is programmed in mode 2, THI = F5H, and the 1E bit for
Timer | 15 enabled. Explain how the interrupt for the timer works.
5. True or false. The last two instructions of the ISR for Timer ( are:
CLR TFO
RETI

v
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SECTION 11.3: PROGRAMMING EXTERNAL HARDWARE
INTERRUPTS

The 8051 has two external hardware interrupts. Pin 12 (P3.2} and pin 13
{P3.3) of the 8051, designated as INTO and INTI, are used as external hardware
interrupts. Upon activation of these pins, the 8051 gets interrupted in whatever 1t
15 dong and jumps to the vector table to perform the mterrupt service routine. In
this seetion we study these two external hardware interrupts of the BD5 1 with some
examples.

Level-triggered

INTO 0 ¥
(Pin 32—
Edge-triggered

e R 3 e i 5 S S i o o S i o e e & o 4 A 8 O e N . I - O G S S 5 N .

nond

IED

[
_L (TCON. 1)

Level-triggered

INTI n Y.
(Pin 3.3) —— 1
Edge-tngpered

]

IE

[>o
‘L {TCON 3}

Figure 11-4. Activation of INTO and INT]

External interrupts INTO and INT1

There are only two external hardware interrupts in the 8051; INTO and
INTL. They are located on pins P3.2 and P3.3 of port 3, respectively. The inter-
rupt vector table locations D003H and 0013H are set aside for INTO and INTI,
respectively. As mentioned in Section 11.1, they are cnabled and disabled using
the IE register. How are they activated? There are two types of activation for the
cxternal hardware intermupts: (1) level triggered, and (2) edge tngeered. Let’s look
at cach one, First, we see how the level-inggered interrupt works.

Level-triggered interrupt

In the level-triggered mode, INTD and INTI pins are normally high (just
like all /O port pins) and if a low-level signal 1s applicd to them, it triggers the
mierrupt.  Then the microcontroller stops whatever it is doing and jumps 1o the
interrupt vector table to service that interrupt,  This 15 called a fevel-trigeeved or
level-activaied interrupt and is the default mode upon reset of the 8051, The low-
level signal at the INT pin must be removed before the execution of the last
instruction of the interrupt service routing, RETL; otherwise, another interrupt will
be generated. In other words, if the low-level interrupt signal is not removed
before the ISR is finished it 15 interpreted as another interrupt and the 8051 jumps
to the vector table to execute the ISR again. Look at Example 11-5.
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Example 11-5

Assume that the INT1 pin is connected to a switch that is normally high. Whenever it
goes low, it should trn on an LED. The LED is connected to P1.3 and is normally off.
When it is turned on it should stay on for a fraction of a second. As long as the swiich
is pressed low, the LED should stay on,

Solution:
CRGE  0O00H
LJIME MARIN ibypases interrupt wvector table
1--18R for hardware interrupt INT1 to turn on the LED
ORG 0013H ;INT1L IS8R
SETE P1.3 iburn on LED
MOV R3, B255 ;load councer
BACK: DIJNZ ER3,BACE tkeep LED on for a while
CLE P1.3 jturn off the LED
RETI srecurn from ISR
j--MAIN program for initialization
OR3  30H
MATIH Mo 1E, #1CO000100B ;jenable external INT1
HERE: SJMF HERE rEtay here untll interrupted
END

Pressing the switch will turn the LED on. If it 1s kept activated, the LED stays on.

8051

Fl1.3 LED

4|1...f

In this program, the microcontroller is looping continuously in the HERE
loop. Whenever the switch on INTI (pin P1.3) is activaled, the microcontroller
gets out of the loop and jumps to vector location 0013H, The ISR for INTI1 turns
on the LED, keeps it on for a while, and tumns it off before it retums. 17y the time
it executes the RETI instruction, the INT1 pin is still low, the microcontroller ini-
tiates the interrupt agamn. Thercfore, o end this problem, the INT1 pin must be
brought back to high by the time RETI is executed.
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Sampling the low level-triggered interrupt

Pins P3.2 and P3.3 are used for normal 1'0 unless the INTO and INT I bits
in the IE registers are enabled. After the hardwarce interrupts in the [E register are
enabled, the controller keeps sampling the INT# pin for a low-level signal once
cach machine evele. According to one manufacturer’s data sheet “the pin must be
held ima low siate until the start of the execution of ISR I the INTx pin 1s brought
back 10 a logic high before the start of the execution of ISR there will be no inter-
rupt.” However, upon activation of the mterrupt due to the low level, 1t must be
brought hack to high before the execution of RETI. Again, according to one man-
ufacturer’s data sheet, “If the INT# pin is left at a logic low after the RETI instruc-
tion of the ISR, another interrupt will be activated after onc instruction i5 execut-
ed.” Therefore, to ensurc the activation of the hardware interrupt at the INTr pin,
make sure that the duration of the low-level signal is around 4 machine cycles, but
no more. This 15 due to the fact that the level-triggered interrupt 15 not latched.
Thus the pin must be held in a low state until the start of the 1SR execution.

| MO

= - 4 machine cveles

to INTH)
1085 s “

or INT1 pins

4 = LLOBS ps

Note:  On RESET, ITOH{TCON.0) and IT1 (TCON.2) are both low, making
external interrupts level-tnggered.

Figure 11-5. Minimum Duration of the Low Level-Triggered Interrupt
(XTAL = 11.0592 MHz)

Edge-triggered interrupts

As stated before, upon reset the 8051 makes INTO and INT low-level mrig-
gered interrupts. To make them edge-trigpered interrupts, we must program the
bits of the TCON register. The TCON register holds, among other bits, the [T and
IT] fag bats that determine level- or edge-tnggered mode of the hardware miter-
rupts. ITO and IT1 are bits D0 and D2 of the TCON register, respectively. They
are also referred to as TCON.O and TCOMN.2 since the TCON register is bit-
addressable. Upon reset, TCON.0 (ITO) and TCOMN.2 (IT1) are both (s, meaning
that the external hardware interrupts of INTO and INT1 pmns are low-level trig-
gered. By making the TCON.O and TCON.2 bits gh with instructions such as
“SETE TCOW.0" and “SETE TCON.2", the external hardware miermepts of
INTO and INTI1 become edge-triggered. For example, the instruction
“SETE CON. 2" makes INT| what is called an edge-friggered inrerrupi, in which,
when a high-to-low signal is applicd to pin P3.3, in this case, the controller will be
interrupied and forced to jump to location 0013H in the vecior table 1o service the
ISR (assuming that the interrupt bit is cnabled in the IE register).




D7 Do
[TFT [ 7RU | TF0 [ TRO [ IET ] 1m0 | IEG | 110 |

TF1  TCONT Timer 1 overflow flag. Set by hardware when timer/counter |
overflows. Cleared by hardware as the processor vectors 1o
the internupt service routine.

TRI TCONA Iimer | rum contral bit, Set'cleared by software to turn
timer/counter 1 on/off,

TFd  TCONS Timer 01 overflow {lag. Set by hardware when timer/counter 0
overflows, Cleared by hardware as the processor vectors 1o
the service routine.

TRO  TOOM.A4 Timer 0 run control bit. Set/cleared by software to turn

timer‘counter 0 on'ofl,

IE1 TCON.2 External interrupt | edge flag. Set by CPU when the
external interrupt edge (H-to-L transition) is detected.
Cleared by CPU when the interrupt is processed.
Nate: This flag does not fatch low-level
triggened interrupts.

Tt TCONZ Interrupt [ type control bit. Set'cleared by software to
specify falling edgedow-level triggered external interrupt

IE0  TCOM.I External interrupt 0 edge flag. Set by CPU when external
mterrupt (H-to-L transition) edge is detected, Cleared by CPU
when intermupt is processed. Mote: This flag does not
latch low-level trigpered interrupts,

ITht  TCOND Interrupt O type control bit, Set/cleared by software 1o specify
falling edgelow-level riggered external intormipt,

Figure 11-6. TCON (Timer/Counter) Register (Bit-addressable)

Look at Example 11-6. Notice that the only difference between this pro-
gram and the program in Example 11-5 is in the first line of MAIN where the
instruction “SETE TCON. 2" makes INT1 an edge-triggered interrupt. When the
falling edge of the signal is applied to pin INTI, the LED will be tumed on
momentarily. The LED's on-state duration depends on the time delay inside the
ISR for INT1. To tum on the LED again, another high-to-low pulse must be
applied to pin 3.3, This is the opposite of Example 11-5, In Example 11-5, due to
the level-triggered nature of the interrupt, as long as INT1 15 kept at a low level,
the LED is kept in the on state. But in this example, to turn on the LED again, the
INT1 pulse must be brought back high and then forced low to create a falling edge
to activate the interrupt.

CHAPTER 11: INTERRUPTS PROGRAMMING IN ASSEMBLY AND C 329



Example 11-6

Assuming that pin 3.3 (INT1) is connected to a pulse generator, wrile a program in
which the falling edge of the pulse will send a high to P1.3, which is connected to an
LED {or buzzer). In other words, the LED is turned on and off at the same rate as the
pulses are applied to the INTI pin. This is an edge-triggered version of Example 11-5.

Solation:
ORG ao0oR
LJMP MAIN

;=-ISR for hardware interrupt INT1 to turn on the LED
ORG dGl13H INT1 ISR
SETH Fl1.3 sturn on the LED
MOV B3, #2355

BACE: DJHE R3, BACK tkeep the LED on for a while
CLE El.3 seurn off the LED
RETI jreturn from ISE

s-=MARIN program for initializatiom
DRG 30H

MAIN: SETE TOON.2 :make I[NTI edge-trigger interrupt
MOV IE,#10000100B jenable External INTI

HERE: 5JMFP HERE ;jetay here until interrupted
END

Sampling the edge-triggered interrupt

Before ending this section, we need to answer the question of how often
the edge-triggered interrupt 15 sampled. In edge-triggered iterrupts, the external
source must be held high for at least one machine cycle, and then held low for at
least one machine cycle to ensure that the transition is seen by the microcontroller.

Minimum pulse duration 1o detect
: . | MC | (K8
edge-mggered internupis, e S T S O E [TE

1 MC

The falling edge is latched by the 8051 and is held by the TCON register.
The TCON.I and TCON.3 bits hold the latched falling edge of pins INTO and
INTI, respectively. TCON.1 and TCON.3 are also called 1ED and IE1, respective-
ly, as shown in Figure 11-6, They function as interrupt-in-service flags. When an
interrupt-in-service flag 1s raised, it indicates to the external world that the inter-
rupt 15 bemng serviced and no new intermapt on this INT#» pin will be responded to
uniil this service 15 finished. This is just like the busy signal you get if calling a
telephone number that 1s in use. Regarding the IT0 and 1T1 bits in the TCON reg-
ister, the following two points must be cmphasized.
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|. The first point is that when the 1SRs are finished (that is, upon execution of
nstruction RETI), these bits (TCON.1 and TCON.3) are clearcd, indicating
that the interrupt is finished and the 8051 is ready to respond to another inter-
rupt on that pin. For another interrupt to be recogmzed, the pin must go back
to a logic high state and be brought back low to be considered an edge-trip-
gered interrupt.

2. The second point is that while the interrupt service routine is being executed,
the INTn pin is ignored, no matter how many times it makes a high-to-low
transition. In reality one of the functions of the RETI instruction is to clear the
corresponding bit in the TCON register (TCOM, I or TCOM.3). This informs us
that the service routine is no longer in progress and has finished being serv-
iced. For this reason, TCON.]1 and TCON.3 in the TCON register are called
interrupt-in-service flags. The interrupt-in-service flag goes high whenever a
falling edge is detected at the INT pin, and stays high during the entire execu-
tion of the ISR. It is only cleared by RETI, the last instruction of the ISR.
Because of this, there is no need for an instruction such as “CLR TCON. 1"
{or “CLE TCOM. 3" for INT1) before the RETI in the ISR associated with the
hardware interrupt INTD. As we will sce in the next section, this is not the case
for the serial interrupt,

Example 11-7

What is the difference between the RET and RETI instructions? Explain why we can-
not use RET instead of RETI as the last instruction of an ISR,

Solution:

Both perform the same actions of popping off the top two bytes of the stack into the pro-
gram counter, and making the 8051 return to where it left off. However, RETI also per-
forms an additional task of clearing the interrupt-in-service flag, indicating that the serv-
icing of the interrupt is over and the 8051 now can accept a new interrupt on that pin, If
you use RET mnstead of RETI as the last instruction of the interrupt service routine, you
simply block any new mterrupt on that pin after the first interrupt, since the pin status
would indicate that the interrupt is still being serviced. In the cases of TFO, TF1,
TCON.1, and TCON.3, they are cleared by the execution of RETL

More about the TCON register

MNext we look at the TCON register more closely to understand its role in
handling interrupts. Figure 11-6 shows the bits of the TCON register.

ITO and IT1

TCON.0 and TCON.2 are referred to as ITO and IT1, respectively. These
two bits st the low-level or edge-mggered modes of the external hardware inter-
rupts of the INTO and INT1 pins, They are both 0 upon reset, which makes them
low-level triggered. The programmer can make either of them high to make the
external hardware interrupt edge-triggered. In a given system based on the B051,
once they are set to O or | they will not be altered again since the designer has fixed
the interrupt as either edge- or level-triggered.
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IEQ and IE1

TCON.| and TCON.3 are referred to as IED and TET, respectively. These
bits are used by the 8051 to keep track of the edge-triggered interrupt only. In other
words, if the ITO and ITT are 0, meaning that the hardware interrupts are low-level
triggered, 1ED and IE] are not used at all. The 1ED and IET bits are used by the
A051 only 1o lach the high-to-low edge transition on the INTD and INT1 pins.
Upon the edge transition pulse on the INTO {or INT1) pin, the 8051 marks (sects
high) the TEx bit in the TCON register, jumps to the vector in the interrupt vector
table, and starts to execute the ISR. Whilc it 1s executing the ISR, no H-to-L pulse
transition on the INTO (or INT1) is recognized, thereby preventing any inierrupt
inside the interrupt. Only the execution of the RETI instruction at the end of the
ISR will clear the 1Ex bit, indicating that a new H-to-L pulse will activate the inter-
rupt again. From this discussion we can see that the IED and 1E1 bits are used mnter-
nally by the 8051 to indicate whether or not an interrupt is in use. In other words,
the programmer is not concerned with these bits since they are solely for internal
use,

TR0 and TR1

These are the D4 (TCON.4) and D6 (TCON.6) hits of the TCON register.
We were introduced to these bits in Chapter 9. They are used to stant or stop timers
0 and 1, respectively. Although we have used syntax such as “SETE TRx" and
“CLE Trx", we could have used instructions such as “SETE TCON.4" and
“CLR TCON. 4" since TCON is a bit-addressable register.

TFO and TF1

These are the D5 (TCON.5) and D7 (TCON.7) bits of the TCON register.
We were introduced to these bits in Chapter 9. They are used by timers 0 and 1,
respectively, to indicate if the timer has rolled over. Although we have used the
syntax “JNB TFx,carget” and "CLE Trx", we could have used instructions
such as “JNB TCON.5,target” and “CLE TCON.S5" since TCON is bit-
addressable.

Review Questions

1. True or false. There is a single interrupt in the imermupt vector table assigned
to both external hardware interrupts ITO and IT1.
2. What address in the interrupt vector table is assigned to INTO and INT17? How
about the pin numbers on port 17
3, Which bit of IE belongs to the external hardware interrupts? Show how both
arc enabled.
4. Assume that the IE bit for the external hardware interrupt EX1 is enabled and
15 active low. Explain how this interrupt works when it is activated.
5. True or false. Upon reset, the external hardware interrupt is low-level trig-
gered.
6. In Question 5, how do we make sure that a single interrupt is not recogmzed
as multiple intermupts”?
7. True or false, The last two mstructions of the ISR for INTO are:
CLE TCON.1
RETI
8. Explamn the role that cach of the two bits TCON_0 and TCON .2 play in the cxe-
cution of cxtemnal interrupt 0.
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SECTION 11.4: PROGRAMMING THE SERIAL COMMUNI-
CATION INTERRUPT

In Chapter 10 we studied the serial communication of the 8051, All exam-
ples in that chapter used the polling method. In this section we explore imterrupt-
based serial communication, which allows the 8051 to do many things, in addition
to sending and receiving data from the serial communication port.

Rl and Tl flags and interrupts

As you may recall from Chapter 10, T1 (transfer interrupt) is raised when
the last bit of the framed data, the stop bit, is transferred, indicating that the SBUF
register is ready to transfer the next byte. R (received interrupt), is raised when
the entire frame of data, including the stop bit, is received. In other words, when
the SBUF register has a byte, RI is raised to indicate that the received byte needs
to be picked up before it is lost (overrun) by new incoming senal data, As far as
serial communication is concerned, all the above concepts apply equally when
using either polling or an interrupt. The only difference is in how the serial com-
munication needs are served. In the polling method, we wait for the flag (T1 or 1)
to be raised; while we wait we cannot do anything clse. In the interrupt method,
we are notified when the 80351 has received a byte, or is ready to send the next
byte; we can do other things while the serial communication needs are served.

In the 8051 only one interrupt is set aside for serial communication. This
mterrupt 15 used to both send and receive data. If the mterrupt bit n the |E regis-
ter (IE-4) is enabled, when RI or TT is raised the 8051 gets interrupted and jumps
to memory address location 0023H to execute the ISR, In that ISR we must exam-
ine the T1 and RI flags to see which one caused the interrupt and respond accord-
ingly. See Example 11-8,

Tl :j ) 0023H
R

Senal intermupt 15 invoked by T1 or RI flags

Figare 11-7. Single Interrupt for Both T1 and RI
Use of serial COM in the 8051

In the vast majority of applications, the serial interrupt 15 wsed mainly for
receiving data and is never used for sending data serally. This is like receiving a
telephone call, where we need a ring to be notified. If we need to make a phone
call there are other ways to remind ourselves and so no need for ringing. In receiv-
ing the phone call, however, we must respond immediately no matter what we are
doing or we will miss the call. Similarly, we use the senial interrupt to receive
incoming data so that it 1s not lost. Look at Example 11-9.
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Example 11-8

Write a program in which the 8051 reads data from P1 and writes it to P2 continuously
while giving a copy of it to the serial COM port to be transferred serially. Assume that
XTAL = 11.0592 MHz. Set the baud rate at 3600,

Solution:
CIRG 0
LJME MATH
ORG 23H
LJMP SERIAL ;jump to serial interxrupt ISR
ORE - 30H
MAIN: MoV Pl #0FFH jmake P1 an input port
MOV TMOD, #20H itimer 1, mode 2{auto-reload)
MOV TH1, #0FDH 19600 baud rate
MOV SCON,fSOH ;B<bit, 1 stop, REEN enabled
MOV IE,$10010000B renable serial interrupt
SETE TR1 jstart timer 1
BACK: MOV A,PL ;read data from port 1
MOV  SBUF,A ;give a copy to SBUF
MOV P2.A jeend it to P2
SJME BACE jatay in loop indefinitely
fmm-mmme-cesssc=----8ayial Port ISR
JRG 10CH
SERIAL: JB TI, TRANS ijump if TI is high
MOV A, SBUF ;otherwise due to receive
CLE RI jelear RI since CPU does not
RETI rreturn from ISR
TRANS ! CLR TI rclear TI since CPU does not
RETI sreturn Erom ISE
END

In the above program notice the role of T1 and BRI, The moment a byte 15 written into
SBUF it is framed and transferred serially. As a result, when the last bit (stop bit) is
transferred the T1 is raised, which causes the serial interrupt to be invoked since the cor-
responding bit in the IE register is high. In the serial ISR, we check for both T1 and R
since both could have invoked the imterrupt. In other words, there is only one interrupt
for both transmit and receive.

Clearing Rl and Tl before the RETI instruction

Notice in Example |1-9 that the last instruction before the RETI 15 the
clearing of the RI or TT flags. This is necessary since there is only one interrupt for
both receive and transmut, and the 8051 does not know who generated it; therefore,
it is the job of the ISR to clcar the flag, Contrast this with the cxtemal and timer
imterrupts where it 18 the job of the 8051 to clear the imterrupt flags. By contrast,
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Example 11-9
Write a program in which the 3051 gets data from P1 and sends it to P2 continuously
while incoming data from the serial port is sent w PO, Assume that XTAL =
11.0592 MHz. Set the baud rate at 9600,
Solution:
ORGE d
LJMEPF MATH
ORG  23H
LJMP SERIAL pjump Eo serial ISR
ORG i0"g
BRI MoV Pl, #0FFH ymake Pl an input port
MOV TMOD, H20H sbimer 1, mode 2{auta-reload)
MOV  TH1,#O0FCH ;3800 baud rate
Mo S00H , #50H ;B-bit,1 stop, REN enabled
MOV  IE,#10010000B ;enable serial interrupt
EETE TRl jatart Timer 1
BACK: MoV APL rread daca from port 1
MOV  P2,A ;eend it to- P2
SJMF BACK ;&tay in loop indefinitely
jmm====—c-mmsee====SERTAL, POET ISR
QRG 100H
SERIAL: JB TI, TRANS ;jump if TI is high
MOV A, SBUF ;otherwise due to recelve
MoV PO,A jsend incoming data to PO
LR RI jelear RI since CPD doesn’t
RETI ireturn from ISR
TRANS: LR Ti joleay TI gince CPU doesn't
RETI jreturn from ISR
END

in serial communication the RI {or TI) must be cleared by the programmer using
software instructions such as “CLE TI" and “CLRE RI" in the ISR. Sce Example
| 1-10. Notice that the last two instructions of the 1SR are clearing the flag, fol-
lowed by RETL

Before finishing this section notice the list of all mterrupt flags given in

Table 11-2. While the Table 11-2: Interrupt Flag Bits for the 8051/52
TCON register holds

four of the interrupt lAlerrupt  Fiag SFR Register Bit
f]ﬂg&. in the 8051 the External 0 1EO TCON.1
SCON register has the Extemall IEI TOON 3
Rl and T1 nag& Timer 0 TFD TCON.5
Timer | TF] TCON.7
Serial pot  TI SCOM.1
Timer 2 TF2 T2CON.T (ATEOCS2)
Timer 2 EXF2 T2CON.6 (ATEICS2)
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Example 11-10

Write a program using interrupts o do the following:

ia) Receive data serially and send it to PO,

ib) Have port P1 read and transmitted serially, and a copy given to P2,
ic) Make Timer 0 gencrate a square wave of 5 kHz frequency on PO.1.
Assume that XTAL = 11.0592 MHz. Set the baud rate at 4800

Solution:
ORG 0
LIME BMATHN
ORE O0O0BH ISR Eor Timer 0
CPL  PO.1 rtoggle PO.1
RETI rreturn Erom ISR
ORE  Z3H
LJMP SERIAL pjump. Eo gerial int. ISR
ORG I0H
MATM: LT bl ,H40FFH ;make P1 an input port
MOv  TMOD, #22H ;timer 0&1,mode 2, auto-reload
MOV TH1l,#OF&H 4800 baud rate
MOV 500N, #50H 18-bit, 1 stop, REN enabled
MOV THO,§-92 ;Eor § FHz wave
MoV  IE,#10010010B renable serial, timer 0 int.
SETE TER1L ;jEtart cimer 1
EETE TRO »Etart cimer O
BACE = MOW A Fl ;jread data from port 1
MOV SBUF.A igive a copy to SBUF
MoV P2, R iwrite it to B2
SJMP BACK ;atay in loop indefimitely
e SERIAL PORT ISE
OrE 100H
SERIAL: JB TI,TRANS ;jump if TI is high
MOV AL SBUF iotherwiee due to regeiwved
MOV PO,A ;gend serial data to PO
CLE RI ielear RI since CFPU does not
RETI sraturn from IER
TRANS : CLRE TI rolear TI since CPU does not
RETI ;return from IER
END

Review Questions

1. True or false. There s a single intermupt in the interrupt vector table assigned
to both the T1 and RT interrupts.

2. What address in the interrupt vector table 15 assigned 10 the serial interrupt?

3. Which bit of the IE register belongs to the serial interrupt? Show how it is
enabled.

4. Assumg that the [E bit for the serial interrupt is enabled. Explain how this
mterrupt gets activated and also explain its actions upon activation.
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5. True or false. Upon reset, the senal interrupt is active and ready to go.

6. True or false. The last two mstructions of the ISR for the recerve interrupt are:
LR RBRI

RETI
7. Answer Question & for the send interrupt.

SECTION 11.5: INTERRUPT PRIORITY IN THE 8051/52

The next topic that we must deal with is what happens if two interrupts are
activated at the same time? Which of these two interrupts 15 responded 1o first?
Interrupt priority is the main topic of discussion in this section.

Interrupt priority upon reset

When the 8051 is powered up, the priorities are assigned according to
Table 11-3. From Table 11-3 we see, for example, that if external hardware inter-
rupis 0 and | are activated at the same time, external interrupt 0 (INTO) is respond-
ed to first. Only after INTO ypie 11-3: §051/52 Interrupt Priority Upon Reset
has been serviced is INTI
serviced, since INT1 has Highest to Lowest Priority

the lower priority. In reali- EXtermnal Interrupt 0 (INTO)
ty, the priority scheme in 1imer Interrupt 0 (TFO)
the table is nothing but an EXternal Interrupt | (INT1}
internal polling sequence 1imer Interrupt | (TF1)

in which the 8051 polls the S¢ral Communication (R1+T1)
interrupts in the sequence Ximer 2 (8052 only) 1F2
listed in Table 11-3, and

responds accordingly.

Example 11-11

Discuss what happens if interrupts INTO, TF0, and INT1 are activated at the same time.
Assume priority levels were set by the power-up reset and that the external hardware

interrupts are edge-triggered.
Solution:

If these three interrupts are activated at the same time, they are laiched and kept inter-
nally. Then the 8051 checks all five interrupts according to the sequence listed in Table
11-3. If any is activated, it services it in sequence. Therefore, when the above three
interrupts are activated, [ED (external interrupt 0) is serviced first, then Timer 0 (TFO),
and finally IE] {external interrupt 1).
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D7 Do
i <k ] - ]PT1| Ps PT1 PX] P P}:u|

Priority bit = | assigns high priority. Priomity bit = 0 assigns low prionty.

- IP7 Reserved

- IP6  Reserved

PT2 IP5  Timer 2 interrupt prionty bit (8052 only)
Ps P4 Serial port interrupt priority bt

PT1 ] ] Timer 1 interrupt prionty bit

PX1 P2 External interrupt | prionty bit

PTG IR1  Timer 0 interrupt pricnty bit

PX0 IR0 External interrupt 0 prionty bt

User software should never write 15 to unimplemented bits, since they may be used n
future products.

Figure 11-8, Interrupt Priority Register (Bit-addressable)

Setting interrupt priority with the IP register

We can alter the sequence of Table 11-3 by assigning a higher pnority to
any one¢ of the mtermupts. This is done by programming a regster called IP (inter-
rupt priority). Figure 11-8 shows the bits of the IP register. Upon power-up reset,
the TP register contains all Os, making the priority sequence based on Table 11-3,
To pive a higher priority to any of the interrupts, we make the corresponding bit in
the IP register high. Look at Example 11-12.

Example 11-12

Assume that the interrupts are both edge-triggered.

Solution:

[P 15 bit-addressable.

over TFO,

(a) Program the [P register to assign the highest priority to INTI (external interrupt 1),
then (b} discuss what happens if INTO, INTI, and TF0 are activated at the same time.

(a) MOV IP,#00000100B ;IP.2=1 to assign INT1 higher prieority
The mstruction “SETE IP.2" also will do the same thing as the above line since

(b) The instruction in Step (a) assigned a higher priority to INT1 than the others; there-
fore, when INTO, INTI, and TFO interrupts arc activated at the same time, the 8051
services INT first, then it services INTD, then TFD. This is due to the fact that INTI
has a higher prionty than the other two because of the instruction in Step (a). The
mstruction in Step (2) makes both the INTO and TFOQ bits in the IP register 0. As a
result, the sequence in Table 11-3 is followed, which gives a higher priority to INTO
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Example 11-13

Assume that after reset, the interrupt priority is set by the instruction

"MOV IP, #00001100B". Discuss the sequence in which the interrupts are serv-
iced.

Solution:

The instruction “MOV IP,#00001100B™ (B is for binary) sets the external interrupt
1 {INT1})and Timer 1 {TF1) to a higher priority level compared with the rest of the inter-
rupts. However, since they are polled according to Table 11-3, they will have the fol-

lowing priommy.

Highest Priority External Interrupt | (INT1)
Timer Interrupt 1 (TF1)
External Interrupt 0 (TNTO)
Timer Interrupt 0 {TF)

Lowest Priority Serial Communication (Rl + TI)

Another point that needs to be clarified is the interrupt priority when two
or more interrupt bits in the [P register are set to high. In this case, while these
interrupts have a higher prionty than others, they are serviced according to the
sequence of Table 11-3, See Example 11-13.

Interrupt inside an interrupt

What happens if the 8031 1s executing an ISR belonging to an interrupt and
another interrupt is activated? In such cases, a high-priority interrupt can interrupl
a low-prionity mterrupt. This is an interrupt inside an interrupt. In the 8051 a low-
prienty interrupt can be interrupted by a higher-prniority interrupt, but not by anoth-
er low-priority interrupt. Although all the interrupts are laiched and kept internal-
Iy, no low-priority interrupt can get the immediate attention of the CPL until the
8051 has finished servicing the high-priority intermupis.

Triggering the interrupt by software

There are times when we need to test an ISR by way of simulation. This
can be done with simple instructions to set the mterrupts high and thereby cause
the 051 to jump to the interrupt vector table. For example, if the TE bit for Timer
| is set, an instruction such as “SETE TF1" will interrupt the 8051 in whatever it
15 doing and foree it to jump to the interrupt vector table. In other words, we do
not need to wait for Timer 1 to roll over to have an interrupt. We can cause an mfter-
rupt with an instruction that raises the interrupt flag.
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Review Questions

|. True or false. Upon reset, all interrupts have the same prionty.

What register keeps track of interrupt priority in the 80517 Is it a bit-address-

able register?

3. Which bit of IP belongs to the serial interrupt prionty? Show how 10 assign it
the highest priority.

4. Assume that the IP register contains all Os, Explain what happens if both INTO

and INTI arc activated at the same time,

Explain what happens if a higher-prionity interrupt is activated while the 3051

is serving a lower-priority interrupt (that is, executing a lower-prority ISR).

I

Ly

SECTION 11.6: INTERRUPT PROGRAMMING IN C

So far all the programs in this chapter have been written in Assembly. In
this section we show how to program the 8031/52% interrupts in 8051 C language.
In reading this section, it is assumed that you already know the material in the first
two sections of this chapter.

8051 C interrupt numbers

The 8051 C compilers have extensive support for the 8051 interrupts with
two major features as follows:

1. They assign a unique number to each of the 8031 interrupts, as shown in Table
| 1-4.

2. It can also assign a register bank to an ISR, This avoids code overhead due to
the pushes and pops of the RO - BT registers,

Table 11-4: 8051/52 Interrupt Numbers in C

Interrupi Name Numbers used by 8051 C
External Interrupt 0 (INTID) 0
Timer Interrupt {TF) [
External Interrupt | (INT1) 2
Timer Interrupt | (TF1) 3
Serial Communication  (RI + T1) 4
Timer 2 (8052 only) (TF2) 5

Example 11-14 shows how a simple interrupt is written in 8051 C.




Example 11-14

Write a C program that continuously gets a single bit of data from P1.7 and sends it to
P1.0, while simultaneously creating a square wave of 200 ps period on pin P2.5. Use
timer 0 to create the square wave. Assume that XTAL = 11.0592 MHz.

Solution:

We will use timer 0 in mode 2 (auto-reload). One half of the period is 100 ps.
100 /1. 085 ps =92, and THO = 256 — 92 = 164 or A4H

sinclude =reghl. hs

abikt SW = B1*7;
gbhit IND = P10,
ghit WAVE = P2™5;

vold timer0{vold) interrupt 1

[

WAVE = ~WRVE; JJ/Eoagle pin

I'

vold maini)

[
EW = 1; J/make switch input
T™MOD = 0x0Q2;
THO = OxA4; //THO = -82
IE = OxB2; /fenable interrupts for timer 0O
while {1}

{
IND = 5W; freend switch to LED

)

200 ps /2 =100 ps
100 ps £ 1.085 us =92
8051

Pi.0 —— LED

SWITCH

P17 5000 Hz
P2} NLILILILrLrur
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Example 11-15

Write a C program that continuously gets a single bit of data from P1.7 and sends it to
P1.0 in the main, while simultaneously {a) creating a square wave of 200 ps period on
pin P2.5, and (b) sending letter *A’ to the serial port. Use Timer 0 to create the square
wave. Assume that XTAL = 11.0592 MHz. Use the 9600 baud rate.

Solution:

We will use Timer 0 in mode 2 (suto-reload). THO = 10071085 ps = -92, which 15 A4H
#include =regq5l.h=
P1*7;

B170;
P2°5;

gbit S5W
gbit TIHD
sbit WAVE

oo

vold timerd {voidl

{
)

vold serialid()

'I

interrupt 1

WAVE = ~WAVE; f/toggle pin

incerrupt 4

1£[TI == 1}
{
BBUF = 'A'; /(/send A to serial port
TI = 0; /fclear interrupt
else
i
BRI = 0O; f/elear interrupt
| }
wolid main()
(
W = 1; Simake switch input
TH] = =3} / /9600 baud
THMOD = Ox22: Simode 2 for bBoth timers
THO = 0OwhAd; Ji-92=h4H for timer o
SCON = OxX50;
TRO = 1;
THL = I} //start timer
IE = 0Ox92; //enable interrupt for TO
while(l) //etay here
{
IND = SW: Jigend awitch ko LED
!
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Example 11-16

Solution:

#include <regsl.h>
ghit WAVE = PO071;

{

WAVE = ~WAVE;
[

{
ifiTI == 1]
{
TI = 0
|
elee
{
PO = BBRUF;
RI = 0;

vold maini)
f

unsigned char x;

Fl = OXFF:

™OD = 0x22;

TH1 = DXF6;

5008 = 0x59;

THD = 0Oxhd;

IE = (xB3,

TRl =

TRQD =
while
i

L3
&3
1)

x = Pl;
SBUF = x;
P2 = X;

&
|
'

void timerd(} interrupt 1

void sariald() interzupt 4

Write a C program using interrupts to do the following:

(a) Receive data serially and send it to PO,

{b) Read port P1, transmit data serially, and give a copy 1o P2,

() Make timer () generate a square wave of 5 kHz frequency on Pi.1.
Assume that XTAL = 11.0592 MHz. Set the baud rate at 4800,

J/toggle pin

Jfclear interrupt

J/put value on pine
//clear interrupt

J/make P1 an input
/74800 baud rate

J/5 kXHz has T = 200 us
//enable interrupkts
//8tart timer 1
//start timer 0

J/read value from pins
S/put wvalue in buffer
Jfwrite walue to pins
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Example 11-17

Write a C program using interrupts to do the following:

(a) Generate a 10000 Hz frequency on P2.1 using TO E-bit auto-reload,

(b) Use timer | as an event counter to count up a 1-Hz pulse and display it on PO. The
pulse is connected to EXI.

Assume that XTAL = 11,0592 MHz. Sect the baud rate at 9600,

Solution:
#include <regsl.h>

shit WAVE = P2"1;
unaigned char ont;

void timerd() interrupt 1

(

WAVE = -WAVE: Jf/toggle pin

t

void timerl{) interrupt 3

|

Cnt++ ] Jlinerement counter
PO = eiik; J/display walue on pins
I
void maini)
{
ook = 0; J/feet counter to zero
THMOD = DxX42;
THO = Dx-46; S /10000 Hz
IE = 0OxB&; /fenahle interrupts
TED = 1; Jlatart timer 0
TR1 = 1; /fetart timer 1
while(l); ffwait until interrupted

}
I /10000 Hz = 100 ps

100 s / 2 = 50 ps

S0 ps/ 1.OBS us = 46 8051

P2t | MMM




SUMMARY

An interrupt is an external or internal event that mterrupts the microcon-
troller to inform it that a device needs its service, Every interrupt has a program
associated with it called the ISR, or interrupt service routine. The 8051 has 6 inter-
rupts, 5 of which arc user-acccssible. The imterrupts are for resel: two for the
timers, two for extemal hardware interrupts, and a senal communication interrupl.
The 8052 has an additional interrupt for Timer 2.

The 8051 can be programmed to enable or disable an interrupt, and the
interrupt priority can be altered. This chapter showed how to program 8051/52
interrupts in both Assembly and C languages.

PROBLEMS
SECTION 11.1: 8051 INTERRUPTS

Which technigue, interrupt or polling, avoids tying down the microcontroller?

Including reset, how many mierrupts does the 8051 have?

In the 8051 what memory area is assigned to the interrupt vector table?

True or false. The 8051 programmer cannot change the memory space

assigned to the interrupt vector table.

What memeory address in the interrupt vector table is assigned to INTO7

What memory address i the interrupt vector table is assigned to INT1?

What memory address in the interrupt vector table is assigned to Timer 07

What memory address in the imterrupt vector table is assigned to Timer 17

What memory address in the interrupt vector table is assigned to the serial

COM interrupt?

1. Why do we put an LIMP mnstruction at address 07

11. What arc the contents of the IE register upon reset, and what do these values
MEAn "

12, Show the instruction to enable the EX | and Timer | interrupts.

13. Show the instruction to enable every interrupt of the 8051,

14, Which pin of the 8051 is assigned to the external hardware interrupts INTO and
INT1?

15. How many bytes of address space in the interrupt vector table are assigned 1o
the INTO and INT1 interrupts?

16. How many bytes of address space in the interrupt vector table are assigned to
the Timer 0 and Timer | interrupts?

17. To put the entire interrupt service routine in the interrupt vector table, 1t must
be no more than  byles in size.

18, True or false. The IE register 1s not a bit-addressable register.

19, With a single instruction, show how to disable all the interrupts.

20. With a single instruction, show how to disable the EX1 interrupt.

21. True or false, Upon reset, all interrupts are enabled by the 8051,

22, In the 8051, how many bytes of ROM space arc assigned to the reset interrupt,

and why?

b L s
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SECTION 11.2: PROGRAMMING TIMER INTERRUPTS

23, True or false. For both Timer 0 and Timer [, there is an interrupt assigned to it

24
25.
26.
27.

28,

29,

30,

31,

32,

in the interrupt vector table.
What address in the interrupt vector table is assigned to Timer 17
Which bit of IE belongs to the Timer 0 interrupt? Show how 1t 1s enabled.
Which bit of IE belongs to the Timer | interrupt? Show how it is enabled.
Assume that Timer ) is programmed in mode 2, THI = FOH, and the TE bit for
Timer 0 is enabled. Explain how the interrupt for the timer works.
True or false. The last two instructions of the ISR for Timer | are:

CLR TFl

RETI
Assume that Timer 1 is programmed for mode 1, THO = FFH, TL1 = F&H, and
the IE bit for Timer | is enabled. Explam how the interrupt 1s activated
If Timer | is programmed for interrupts in mode 2, explain when the interrupt
is activated.
Writc a program to create a squarc wave of T = |60 ms on pin P2.2 while at
the same time the 8051 15 sending out 55H and AAH o P1 continuously.
Write a program in which every 2 seconds, the LED connected w P27 is
turned on and off four times, while at the same time the 8051 is getting data
from P1 and sending it 10 PO continuously. Make sure the on and off states are
50 ms in duration.

SECTION 113 PROGRAMMING EXTERNAL HARDWARE INTERRUPTS

33,

34,

A5,
36,
37.
18,

L.y R
40,

41.
42
41

True or false. A single interrupt 15 assigned to cach of the external hardware
interrupts EX0 and EX1.
What address in the imterrupt vector table 15 assigned to INTO and INT17 How
about the pin numbers on port 37
Which bit of 1E belongs to the EX0 interrupt? Show how it is enabled.
Which bit of IE belongs to the EX1 interrupt”? Show how it is enabled.
Show how to enable both external hardware interrupis,
Assume that the IE bit for external hardware interrupt EX0 s enabled and is
bow-level tnggered. Explain how this interrupt works when it is activated. How
can we make sure that a single interrupt 15 not mierpreted as multiple intermupis”?
True or false. Upon resel, the external hardware interrupt is edge-triggered.
In Question 39, how do we make sure that a single interrupt is not recognized
as multiple interrupts?
Which bits of TCON belong to EXOD?
Which bits of TCON belong to EX17?
True or false. The last two instructions of the ISR for INTI are;

CLR TCON,.3

RETI1

- Explam the role of TCON.0 and TCON 2 in the execution of external intermupt 0,
45.
4.

Explain the role of TCON.] and TCON.3 in the execution of external interrupt 1.
Assume that the IE bit for external hardware interrupt EX1 is cnabled and is
edge-triggered. Explain how this interrupt works when it is activated, How can
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we make sure that a single interrupt 1s not interpreted as multiple interruprs?

47. Write a program using interrupts to get data from P1 and send it to P2 while
Timer 0 15 generating a squarc wave of 3 kHz.

48. Write a program using interrupts to get data from P1 and send it to P2 while
Timer 1 is uming on and off the LED connected to P0.4 every second.

49, Explain the difference between the low-level and edge-triggered interrupts.

50. How do we make the hardware interrupt edge-triggered?

31. Which interrupts are latched, low-level or edge-triggered?

32, Which register keeps the latched interrupt for INTD and TNT1?

SECTION 11.4: PROGRAMMING THE SERIAL COMMUNICATION INTERRUPT

33, True or false, There are two interrupts assigned to interrupts Tl and RIL

54. What address in the interrupt vector table is assigned to the seral interrupt?
How many bytes are assigned o it?

53. Which bit of the [E register belongs to the senial interrupt? Show how it is
enabled.

56. Assume that the IE bit for the serial interrupt is enabled. Explain how this
interrupt gets activated and also explain its working upon activation.

a7, True or false. Upon reset, the serial interrupt is blocked.

38, True or false. The last two instructions of the ISR for the receive interrupt are:
CLE TI

RETT

3%, Answer Question 5% for the receive iterrupt.

6. Assuming that the interrupt bit in the LE register is enabled, when T1 is raised,
whal happens subsequently?

61, Assumitig that the mterrupt bit in the [E register is enabled, when RI 15 raised,
what happens subsequently?

62. Write a program using interrupis fo get data serially and send it to P2 while at
the same time Timer U is generating a square wave of 5 kHz.

63, Write a program using interrupts to get data serially and send it fo P2 while
Timer 0 is uming the LED connected to P1.6 on and off every second

SECTION 11.5: INTERRUPT PRIORITY IN THE 8051/52

64. True or false. Upon reset, EX1 has the highest priority.

65. What register keeps track of interrupt priority in the 80517 Explain its role.

66, Which bit of [P belongs to the EX2 interrupt prionity? Show how to assign it
the highest prionty.

7. Which bit of IP belongs to the Timer | interrupt priority” Show how o assign
it the highest priority.

6E. Which bit of [P belongs to the EX| interrupt priority? Show how to assign it
the highest priority.

69. Assume that the [P register has all 0s. Explain what happens if both INTO and
INT1 are activated at the same time.

T0. Assume that the IP register has all Os. Explain what happens if both TF0 and
TF| are activated at the same time.
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71.

72,

73,

If both TFO and TF1 in the IP are set to high, what happens if both are acti-
vated at the same umc?

If both INTO and TNT1 in the TP are set to high, what happens if both are acti-
vated at the same time?

Explain what happens if a low-prionity interrupt is activated while the 8051 15
serving a higher-prionty intermpt.

ANSWERS TO REVIEW QUESTIONS

SECTIIN 11.1: 8051 INTERRUPTS

din el e

.

Inkerupds

5

Address locsiions 0003 to 25H. Mo, They are set when the processor is designed.

All 05 means that all interrapds are masked, and as o result no inteerupts will be responded 1o
by the BO51.

MOW IE,$#10000011E

P33, which = pin 13 on the 40-pan DN package

NOE3H For TNT and 001 BH for Tumer |

SECTION 11.2: PROGEAMMING TIMER INTERRLIPTS

g R ek

5

Falsg, There is an imerrupt for cach of the tmers, Timer 0 and Tumer 1.

aniEH

Bits D1 and D3 and "MCoV TE, #100010108" will enable both of the timer interreps.
Afer Timer | is started with instruction “SETE TREL™, the tmer will count up from F3H 10
FFH on itz own while the 3051 is excouting other fasks, Upon rolling over from FFH e 00,
the TF1 flag is raised, which will interrupd the 8051 in whatewer 11 i= doing and farce it 1o jump
o memory focation $HBH 1o execute the 1SR belonging 1o this intermups.

False. There is no need for “CLR TFO" since the RET] instruction does that Tor us,

SECTION 11.3: PROGRAMMING EXTERNAL HARDWARE INTERRUPTS

Falsc. There is an interrapt for cach of the cxiemal hasdwire interrupts of INTO and INT1,
0003H and BOL3IH. The pins oumbered 12 (P32} and 13 (P3.3) on the DIP package.

Bits DO and D2 and “MOV  IE, #100001018" will cnable both of the external hardware
intermupts.

Upon application of a bew pulse (4 machine cycles wide) 1o pin P33, the 8051 is mterrupted
i whalever it is doing and jumps to ROM location 0013H to execute the 1SR,

True

Make sure that the low pulse applied 1o pin INT1 is no wider than 4 machine cycles. Or, make
sure that the [NT1 pin is brought back 1o high by the time the 805 | executes the RETI instruc-
tien in the T5HE.

False. There is to need lor the "CLE TOOM . 0" since the RET) instruction does that for us.
TCOM.O s st to high to make INTD an edge-triggered interrupl, 7 INTO 15 edge-ingpered
(that is, TCON.0 15 set), whenever a high-to-low pulse iz applicd to the INT pin it is capiured
(latched) and kept by the TCON.2 kit by making TCON.2 high. While the 1SR for INTD s
being serviced, TOON.2 stays high no matter how many times an H-10-L pulse is applied to
pin [NTI, Upon the execution of the last instruction of the ISR, which is RETL, the TCON.2
bit is cleared, indicating that the INTO pin can respond {0 another interrupt.




SECTION 11.4: PROGRAMMING THE SERIAL COMMUNICATION INTERRUPT

True. There is anly one interrupt for bath the transfer and receive.

23IH

Bit D4 ([E.4) and "MOV IE,#10010000B" will enable the serial intermupe.

The BRI (received snlermapl) Mag is rassed when the entire frame of dota, mcluding the stop bit,
is recerved. As a result the received byte is delivered to the SBUF register and the B0O5 1 jumps
to memory location M023H to execule the ISE belonging to this interrupt. In the seral COM
mterrupt service routine, we must save the SBUF contents before it is bost by the incoming
duta,

%, False

True, We must do it since the RETT instruction will not do it for the serial interrupt.

CLE TI
RETI

e

g

SECTION 11.5: INTERRUPT PRIORITY [N THE 80501/52

False. They arc assigned priority according to Table 11-3,

IP {interrupd priority ) register. Yes, it is bit-addressable.

Bit D4 (P4} and the instruction “MOV IR, #000100008" will do it

IF both are activated at the same time, INT0 is serviced first since it bos a higher prsonty. After
IMNTD is serviced, INT is serviced, assuming that the extemnal interrupts are edpe-triggered
and H-to-L transitions are latched. In the case of low-level tnggered interrupis, i both are achi-
vated a1 the same tme, the INTO 35 2erviced first; then after the 8051 has linished servicing the
INTO, o scans the TNTH and TNT] pins again, and if the INT1 pin is sl high, i owill be serv-
iced,

5. We have an mierrupl mside an intermupt. meaning that the lower-prionty inbermupt is put on
hold and the higher one is serviced. After servicing this higher-priority interrapt. the 8051
resumes servicing the lower-prionity 15K,

PR e
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CHAPTER 12

LCD AND KEYBOARD

INTERFACING

OBJECTIVES

Upon completion of this chapter, you will be able to:

-
b
-
-0
-
-
=2
e

List reasons that LCDs are gaining widespread use, replacing LEDs
Describe the functions of the pins of a typical LCD

List instruction command cedes for programming an LCD
Interface an LCD to the 8051

Program an LCD in Assembly and C

Explain the basic operation of a keyboard

Describe the key press and detection mechanisms

Interface a 434 keypad to the 8051 using C and Assembly
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This chapter explores some real-world applications of the 3051, We
explain how to interface the 8051 to deviees such as an LCD and a keyboard, In
Section 12.1, we show LCD interfacing with the 8051, In Section 12.2, keyboard
interfacing with the 8051 is shown. We use C and Assembly for both sections,

SECTION 12.1: LCD INTERFACING

This scction describes the operation modes of LCDs, then describes how to
program and interface an LCD 1o an 8051 using Assembly and C.

LCD operation

In recent years the LCD s finding widespread use replacing LEDs (séven-
segment LEDs or other multisegment LEDs). This s due to the following reasons:
1, The declining prices of LCDs.

2, The ability to display numbers, characters, and graphics, This 15 in contrast to
LEDs, which are limited to numbers and a few characters,

3. Incorporation of a refreshing controller into the LCD, therchy relieving the
CPU of the task of refreshing the LCD. In contrast, the LED must be refreshed
by the CPU (or in some other way) to keep displaying the data,

4. Ease of programming for characters and graphics.

LCD pin descriptions

The LCD discussed i this section has 14 pins. The function of each pin is
given in Table 12-1. Figure 12-1 shows the pin positions for various LCDs.

Vee Vs, and Ve Table 12-1: Pin Descriptions for LCD
While Ve and Vg provide +5V and - pin Symbol /0 Description
ground, respectively, Vip 1s used for control- | Vg - Ground
ling LCD contrast. 2 Vee - +5V power supply
RS, register select 3 Vep = Power supply
There are two very important registers o control contrast
inside the LCD. The RS pin is used for their * RS | R =1 1o select
selectian as follows. If RS = 0, the instruction commend fegister,
command code register is selected, allowing the RS =1 to select
user to send a command such as clear display, data register :
cursar at home, etc. If RS = | the data register RW 1 RW =0 for write,
is selected, allowing the user to send data 1o be R/W = | for read
displayed on the LCD, E___ID Enable

f :
7 DBO 1O  The 8-bit data bus
R/W, read/write R DBl 1/0  The 3-bit data bus

R/W input allows the user to write infor- 9 DB2 1O The 8-bit data bus

mation to the LCD or read information from it 10 DB 'O The 8-bit data bus

R'W =1 when reading: R'W = 0 when writing. 11 DB4 1/0  The 8-bit data bus

E, enable I2 DBS I/O  The &-bit data bus

13 DB6 1O The B-bit data bus

The enable pin is used by the LCD 10 73 1B7 )0 The 8-bit data bus

latch information presented to s data pins.
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When data is supplicd to data pins, a high-to-low pulse must be applicd to this pin
in order for the LCD to latch in the data present at the data pins. This pulse must

be a minimum of 450 ns wide.
Do - D7

The 8-bit data pins, DO - D7, are used to send information to the LCD or
read the contents of the LCD’s internal registers.

To display letters and numbers, we send ASCII codes for the letters A - Z,
a - z, and numbers 0 - 9 to these pins while making RS = 1.

There are also instruc-
tion command codes that can
be sent to the LCD to clear the
display or force the cursor to
the home position or blink the
cursor, Table 12-2 lists the
instruction command codes.

We also use RS =01t
check the busy flag bit to sec if
the LCD is ready to receive
information. The busy flag is
D7 and can be read when R'W
= | and RS = 0, as follows: if
R'W = |, RS =0, When D7 =
1 (busy flag = 1), the LCD is
busy taking care of internal
operations and will not accept
any new information. When
D7 = 0, the LCD is ready to
receive new information. Note:
It 15 recommended to check the
busy flag before writing any
data to the LCD.

Tahble 12-2: LCD Command Codes

iHex)

ommand o Tnstruction

Register
CTcFar display screen

Return home

Decrement cursor (shifi cursor o left)

Increment cursor (shift cursor to nght)

Shift display right

Shift display left

Display off, cursor off

Display off, cursor on

Display on, cursor off

Display on, cursor blinking

S | [ 20 | e o | e B | —

Display on, cursor blinking

10 Shift cursor position to lefi

14 Shift eursor position to right

18 Shift the entire display to the left

1C Shift the entire display to the right
80 Force cursor to beginning of 1st line
0 Force cursor to beginning of 2nd line
18 2 lines and 5x7 matrix

Note: This table is extracted from Table 12-4.

| 2 14
o [N000000000000  [o O
4 ee I*
L= ]
ao) |
ao
ao
2 lesh
= © Oonononoooonnn. 1
DMCEET0A 4 DMCI&I0sR 21 DMC20261
DMC 1606 DMC16207 DMC24227
DMCL6117 DMCI6230 DMC24138
DMC16128 DMC2021% DMC32132
DMC 6129 DMC32216 DMC32239
DMC 1616433 DMCAG] 3 |
DMC20434 DMCa0218

Figure 12-1. Pin Positions for Various LCDs from Optrex

CHAPTER 12: LCD AND KEYBOARD INTERFACING
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Sending commands and data to LCDs with a time delay

To send any of the commands from Table 12-2 to the LCD, make pin RS
= 0. For data, make RS = 1. Then send a high-to-low pulse to the E pin to cnable
the internal latch of the LCD, This is shown in Program 12-1. See Figure 12-2 for
LCD connections.

rcalls a cime delay before sending next data/command

: P1.0-P1.7 are connected to LCD data pina DO-D7

o P20 is connected to RS pin of LCD

; P2.1 is connected to R/W pin of LCD

: P2.2 is connected to B pin of LCD
ORG OH
MO A, H#38H ;init. LCD 2 lines,5x7 matrix
RCALL COMNWRT rcall command subroutine
BCALL DELARY rgive LCD some time
MO A, #0EH ;display on, CUrscr on
ACALL COMNWRT ;call command subroutine
ACALL DELAY ;give LCD some btime
MOV A, H#0O1 ;elear LCD
ACALL COMMWRT ;eall command subroutine
ACALI. DELRY jgive LOD some Eime
MOV A, #06H ;shift cursor right
ACALL COMNWRT ;jcall command subroutine
ACALL: DELRY ;give LCD some Cime
MOV A,#B4H ;ouraor at line 1,pos. 4
ACALL COMNWRT ;call command subroutine
ACALL DELAY ;give LCD some time
MOV A,H'N' ;display letter H
ACALL DATAWRT jcall display subroutine
ACALL DELAY ;aive LCD some time
MOV A, #'O ;digplay letter O
ACALL DATAWRT ;oall display subroutine

AGAIN: S8JMF AGAIN ;stay here

COMNWRT : ;send command to LCD
MOV Pl,A jcopy reg A to portl
CLR BZ.D 1RS=0 for command
CLRE PZ.1 ;E/W=0 for write
SETB P2.2 iE=1 for high pulse
ACALL DELAY igive LCD some time
CLR p2.2 1E=0 for H-to-L pulse
RET

DATAWRT : iwrite data to LCD
M P1.A p2opy reg A to portl
SETE P2.0 1BE8=1 for data
CLE P2.1 :R/W=D for write
SETB P2.2 :B=1 for high pulse
ACALL DELAY igive LCD some time
CLE P2.2 iB=0 for H-to-L pulse
RET

Program 12-1: Communicating with LCD using a delay jcominucd on next pape)
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DELAY : MOV B3, #50 ;50 or higher for fast CPUS
HEREZ : MO R4, #4255 R4=255
[HERE : DJHE B4, HERE istay until R4 becomes 0
DJNZ BR3,HERE2
REET
END

Program 12-1. fcontinued from previows page)

Sending code or data to the LCD with checking busy flag

The above code showed
how to send commands to the LCD
withowt checking the busy flag.
Notice that we must put a long
delay between 1ssuing data or com-
mands to the LCD. However, a
much better way 15 to monitor the
busy flag before 1ssuing a command
of data to the LCD. This 1s shown in
Program 12-2.

TS LD
&051 A
P10 [0 Ve
Vipl—peS 10K
1.7 o7 PCOIT
RS W E Vss
P — 4
P21 v
22

Iﬁﬂ“"! 12-2. LCD Connections

MO A #38H
ACALL COMMRND
MOV A, #0EH
ACALL COMMAND
MOV &,#01H
ACALL COMMAND
MO &, 406H
ACALL COMMAND
MOy &, #86H
ACALL COMMAND
MOV A, H'H!
ACALL DATA DISPLAY
MoV A, #0070
ACALL DATA DISPLAY

HEEE: SJMP HEEE

COMMAND : ACALL RERDY
MOV Pl,A
CLE E2.0
CLRE P2.1
SETR FP2.2
CLE P2.2
RET

;Check busy flag before sending data, command te LCD
;Pl=data pin,P2.0=RS,P2.1=R/W,F2.2=E pins

iinit, LCD 2 lines,5x7 matrix
rigsue ocommand

:LCD on, cursor on
jisgue command

;jclear LCD command
rissue command

;shift cursor right
rigsue ocommarnd

jourgor: line 1, pos. &

scammand subroutine
;display letter N

;diasplay letter O

:STAY HERE

;18 LCD ready?

;isaue command code
;R8=0 for command
;R/Wel to write to LCD
;E=1 for H-to-L pulse
iE=0 ,latch in

Program 12-2: Communicating with LCT using the busy flag foonsimied on next pages

CHAPTER 12: LCD AND KEYRBOARD INTERFACING
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DATA DISPLAT:

ACALL READY ris LCD ready?
MOV Pl.A ;izsue data
SETE P2.0 iB8=1 for data
CLR P2.1 :R/W=0 to write to LCD
SETE P2.2 ;B=1 for H-to-L pulse
ACALL DELAY ;give LCD some time
CLR P2.2 :E=0, latch in
EET
READY : SETB P1.7 ;make P1.7 input port
CLR P2.0 ;R5=0 access command reg
SETE P2.1 iR/W=1 read command reg
;read command reg and check busy flag
BACK: CLR P2.2 ;E=0 for L-toc-H pulse
ACALL DELAY ;give LOD gsome time
SETE DP2.2 ;E=1 L-to-H pulse
JB P1.7,.BACK ;stay until busy flag=0
REET
END

Program 12-2, fconsimurd from previows page)

Motice in the above program thal the busy MNag is D7 of the command reg-
ister. To read the command register we make R'W = | and RS = 0, and a L-to-H
pulse for the E pin will provide us the command register. Afier reading the com-
mand register, if bit D7 (the busy flag) is high, the LCD is busy and no informa-
tion {command or data) should be issued to it. Only when D7 =0 can we send data
or commands 1o the LCD. Notice in this method that no time delays are used since
we are checking the busy flag before issuing commands or data to the LCD.
Contrast the Read and Write timing for the LCD in Figures 12-3 and 12-4. Note
that the E line is negative-cdge triggered for the wnte while it 1s positive-edge trnig-
gered for the read.

A

D - 07 Diata

S

iy~ Do ouripul detay 1'r1ml~
Lyg = Setup time priog o E (going high) for Both RS and B = 140 ns dmimimom)
Ly p — Hodd time afier E has come dowil foe both RS ard RO — 10 ms | mimisnum)

Moae: Fead requires an L-io-H pulsc for the E pin

Figure 12-3. LCD Timing for Read ( L-to-H for E line)
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E osw :
E : = 1 |
e ' P L
R _I TAS  femp - LAH
- el
RS

pwg: = Enahie l'm.llu;'- u.-i:rll:'hl— 450 ns {mnimmanm

gy = Data sebap time = |93 ns Oroindmms)

i = Data hold time = 140 ns (mandmm)

1,5 = Setup time proor 1o E (goang high) for bath RS and BAW = 1480 ns [minamam )
1 = Hodd time alter E bas come doawn Foe btk BS and B = 10 ns {mnmauen )

Figure 12-4, LCD Timing for Write (H-to-L for E line)

LCD data sheet

In the LCD, one can put data at any location. The following shows address
locations and how they are accessed.

RS R'W DB7T DB6 DBS DB4 DBI DBI DBl DBO
i 0 1 A A A A A A A

where AAAAAAA = 0000000 to 0100111 for line 1 and AAAAAAA = 1000000
to 1100111 for line 2. See Table 12-3.

Table 12-3: LCD Addressing
DBT DBs6 DBS DB4 DBI DBXI DBR1 DBO

Line | (min) l 0 0 0 1] 0 i) ]
Line | {max) | 1] 1 0 0 | 1 1
Line 2 (min) l 1 0 () 0 i i i
Line 2 {max) | i 1 ] 0 I I I

The upper address range can go as high as 0100111 for the 40-charac-
ter-wide LCD, while for the 20-character-wide LCD it goes up to 010011 (19 dec-
imal = [ (0011 binary), Notice that the upper range 0100111 (binary) = 3% decimal,
which corresponds to locations 0 to 39 for the LCDs of 40x2 size,
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& x 2 LCD a0 81 B2 B3 B4 85 &6 through BF

(] ] 2 b 4 5 C6 through CF
20 = 1 LCD a0 g1 B2 B3 through 93
20 x 2 LCD ac 81 82 B3 through 93

Co 1l [ -3 through D3
20 x 4 LCD 80 Bl B2 B3 through 93

(o] i oz 03 through D3
G4 95 95 L through A7
D4 D5 D& o7 through E7

40 x 2 LCD 80 g1 B2 a3 Lhrough A7
0 1 2 C3 through E7

Maie: All data is in hax.

Figure 12-5. Cursor Addresses for Some LCDs

From the above discussion we can get the addresses of cursor positions for
various sizes of LCDs. See Figure 12-3 for the cursor addresses for common types
of LCDs. Mote that all the addresscs arc im hex, Table 12-4 provides a detailed
list of LCD commands and instructions. Table 12-2 is extracted from this table,

Optrex is one of the largest
manufacturer of LCDs. You can
obtain datasheets from their Web
site, www.optrex.com.

The LCDs can be purchased
from the following Web sites:

www.digikey.com
wWwWw.jameco.com
www.elexp.com
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Table 12-4: Lisl of LCT Instruvlions

Fxceution

. I e Timne
Instruction pe i IE g % % 22= E Description (Max)
Clesr Phsplay 6 o0 3 ¢ 0 0 e w31 Clears cotire display and sets B0 1.6 s

FAN addresc 1) in address counter
RewwmHome o n o ¢ a0 o0 Sets DI BAM address (1 as address 1 .54 rn
counter. Alss retums display being
shifteal 1o erimnal positon. D RAM
oy remsin anichanioed
Entry Mode 0 DD 0D S11/08 SO0l move difecton amd spacitics 40 og
Sl shifl st 4bisploy Thess oporationy are
prarvnmed doring dad weite and read.
[nsplay Lin: G0 a ¢ 301w 3 hets O of oot display (L3 Al us
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Sending information to LCD using MOVC instruction

The Program 12-3 shows how 1o usc the MOVC instruction to send data
and commands to an LCD. For an 8051 C version of LCD programming sce
Examples 12-1 and 12-2.

;calls a time delay before sending next data/command
. P1.0-Pl.7=D0-D7, P2.0=RS, P2.1=R/W, P2.2=E pins
CRG D
MOV DETE , #MYCOM
Ic1: CLE =Y
MOVC A, @A+DPTER
ACALL COMMWET ;call command subroutine
ACALL DELAY jgive LCD some time
JZ SEND DAT
INT DPTER
SIMEF Ci
SEND DAT: MOV  DPTR, #MYDATA
0l: CLR A
MOVC A, @A+DPTR
ACALL DATAWRT rall command subroubine
ECALL DELAY ;give LCD some bime
Inc DPTE
JE AGAIR
SJMP D1
RGAIN: S5JMF AGARIN ;ebay here
COMNWRT : ;send command to LCD
MoV P1,A ;SEND COMND to Pl
CLE P2.0 +BE8=0 for command
LR P2.1 (R/W=0 for write
SETB P2.Z2 ;B=1 for high pulse
ACALL DELAY jgive LLCD some time
CLE P2.2 E=0 for H-to-L
RET
DATAWRET :
MOV Pl,A ySEND DATA to F1
SETB Pz2.0 tR8=1 for data
CLR PZ2.1 sR/W=0 for write
SETB Pz.2 ;E=1 for high pulse
ACALL DELAY igive LCD some time
CLR P2.2 rE=0 for H-to-L pulse
BET
DELAY ; MOV R3, #250 ;LONG DELAY FOR fast CPUs
HEREZ: MoV E4,#255 i
HERE: OLJIWEZ R4 ,HERE
DJHE R3,HEREZ
RET
ORG 300H
MYCOM DE 38H,0EH,01,06,84H,0 ;oommands and null
MYDATH - OB "HELLO" 0O ;data and null
END

Program 12-3: Sending information to LCD with MOVC instruction.
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Example 12-1

Write an 051 C program to send letters ‘M, *D’, and “E’ to the LCD using delays.

Solution:
#include <reg5l.h>

ebit re = P2°0;
sbit rw = P2°1:
shit en = P2"2;
vold main()

lodomd (ox3ag) ;
MEDelay (250) ;
locdomd (0x0E]) ;
MSDelay (250) ;
lodemd (0x01)
MEDelay (250] ;
lodemd (0x05]) ;
MEDelay [250) ;
lodomd (0x86) ; ffline 1, position &
MSDelay (250) ;
leddata{'M') ;
MSDelay (250) ;
leddata('DY) ;
MEDelay(250) ;
loddata('B") ;

)

vold ledemd (uneigned char wvalua)

ldata = value; // put the value on the pins
re = [:

1'||l.l'=|}|'

en = 1; // etrobe the enable pin
MSDelay(1l);:

any = [

return;

}

vuid leddata {unesigned char wvalue)
ldata = wvalue; f/ put the wvalue on the pins
s = 1;
rw = [;
en = 1; /{ strobe the enable pin
MEDelay{l);
an = 0;
return;

)

void MEDelay{unsigned int itime}

unsigned int i, 73;
forli=0;icitime;i++)
for(j=0;3<1275;j++);

gfr ldata = 0x90; /fPl=LCD data pins (Fig. 12-2)

CHAPTER 11: LCD AND KEYBOARD INTERFACING
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Example 12-2

Fopost Frample 12-9 wsing the hosy ag rocethaod.

Solulivn:
finclude <1e9G0 ks

afr _data = Ix5]1; AAT1-LTD data ins JFig. 12-21
akit va = F27
sbhal zw - T4
kit ean = F

;
sEBIb Dusy - 2077

walid mieind

1 .
sodrmid (=387
1edemd (1x0E) ;
Tedomd Cdx0T
Lodomid DNxOG
Lodomd D086 ;
1eddatant™ 1
loddaLas "0 1 ;
lzddatai's 1

SELAne L. oposabion 4

weid lcdomdiansigned cher value;

lodready i, FAverk Lhe LID pusy Liag
ldanta = walue; Sipan the walua on the pina
e - Ir

Tw Cy

cro= 1; Jistrafe “he enable pan
Mhlielawll];

BlL - Oy

LLEUIcn

wold loddataluacsigned char weldae!
lodrzady T JSomerss Lhe LTD busy faay
Lelula - walue; Sipat The vsZus oo the pina
rs =
Jfstroce zhe enable pin
2T, = I:','

rsturn:

voird lodoeady !l

nEsy - 1 Afaake cne busy pilc oan Lapuz

xE o= Oy

rw = 1y

wh115:.u5y~ 1. Sfwall here fur busy Slag
wo= 0; Slebrane Lhe snalh e pin
FaEbelayrili g
= - L

}

ILLJITL;
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Example 12-2 Cont.

void MESDelay({unsigned int itime)

unsigned int i, j;
for{i=0;i<itime;i++)
for (J=0;3<1275;5++};

Review Questions

|. The RS pin is an {input, output) pin for the LCD.
2. TheEpinisan {input, output) pin for the LCD.
3. The Epinrequiresan  (H-to-L, L-to-H) pulsc to latch in information

a1 the data pins of the LCD.

4. For the LCD to recognize information at the data pins as data, RS must be set
w (high, low).

5. Give the command codes Tor line |, first character, and line 2, first character.

SECTION 12.2: KEYBOARD INTERFACING

Keyboards and LCDs are the most widely used input/output devices of the
8051, and a basic understanding of them is essential. In this section, we first dis-
cuss keyboard fundamentals, along with key press and key detection mechanisms,
Then we show how a keyboard 15 interfaced to an 8051.

Interfacing the keyboard to the 8051

Al the lowest level, keyboards are organized in a matrix of rows and
columns. The CPU accesses both rows and columns through ports; therefore, with
two 8-bit ports, an 8 x % matrix of keys can be connected to a microprocessor,
When a key is pressed, a row and a column make a contact; otherwise, there is no
connection between rows and columns. In IBM PC keyboards, 8 single microcon-
troller (consisting of a microprocessor, RAM and EPROM, and scveral ports all on
a single chip) takes care of hardware and software interfacing of the keyboard. In
such systems, it is the function of programs stored in the EPROM of the micro-
controller to scan the keys continuously, identify which one has been activated,
and present it to the motherboard. In this section we look at the mechanism by
which the 8051 scans and identifies the key.

Scanning and identifying the key

Figure 12-6 shows a 4 x 4 matrx connected 1o two ports. The rows are con-
nected to an outpul port and the columns are connected 1o an mput port. If no key
has been pressed, reading the input port will yield 1s for all columns since they are
all connected to high (V). Ifall the rows are grounded and a key is pressed, one
of the columns will have 0 since the key pressed provides the path to ground. It is
the function of the microcontroller to scan the keyboard continuously to detect and
identify the key pressed. How 1115 done 15 explained next.

CHAPTER 12: LCD AND KEYBOARD INTERFACING 3ad
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Figure 121-6, Matrix Keyboard Connection to Ports
Grounding rows and reading the columns

To detect a pressed key, the microcontroller grounds all rows by providing
(} to the output latch, then it reads the columns, If the data read from the columns
is D3 - DO = 1111, no key has been pressed and the process continues until a key
press is detected. However, if one of the column bits has a zero, this means that a
key press has occurred. For example, it D3 - DO = 1101, this means that a key in
the D] column has been pressed. After a key press is detected, the microcontroller
will go through the process of identifving the key. Starting with the top row, the
microcontroller grounds it by providing a low to row DO only; then it reads the
columns. If the data read is all 15, no key in that row 15 activated and the process
15 moved 1o the next row. It grounds the next row, reads the columns, and checks
for any #ero, This process continues until the row is identified. After identification

Example 12-3

From Figure 12-6, identify the row and column of the pressed key for each of the fol-
lowing.

(2) D3 - DO = 1110 for the row, D3 - DO = 1011 for the column

{b) D3 - DO = 1101 for the row, D3 - DO = 0111 for the column

Solution:

From Figure 12-6 the row and column can be used to identify the key.
{a) The row belongs to DO and the column belongs to D2; therefore, key number 2 was
pressed.

(b} The row belongs to D] and the column belongs to D3; therefore, key number 7 was
pressed.

o4
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of the row in which the key has been pressed, the next task is to find out which
column the pressed key belongs to. This should be casy since the microcontroller
knows at any time which row and column are being accessed. Look at Example
12-3.

Program 12-4 is the 205| Assembly language program for detection and
identification of key activation, In this program, it is assumed rthat Pl and P2 are
initialized as output and input, respectively. Program 12-4 goes through the fol-
lowing four major stages:

I. To make sure that the preceding key has been released, Os are output to all rows
at once, and the columns are read and checked repeatedly until all the columns
are high. When all columns are found to be high, the program waits for a short
amount of time before it goes to the next siage of waiting for a key to be
pressed,

2, To sce if any key is pressed, the columns are scanned over and over in an infi-
nite loop untif one of them has a 0 .on it. Remember that the output latches con-
nected to rows still have their initial zeros (provided in stage 1), making them
grounded. Afier the key press detection, the microcontroller waits 20 ms for
the bounce and then scans the columns again. This serves two functions: (a) it
ensures that the first key press detection was not an erroneous one due to a
spike noise, and (b) the 20-ms delay prevents the same key press from being
interpreted as a multiple key press.  If after the 20-ms delay the key is stll
pressed, it goes to the next stage to detect which row it belongs to; otherwise,
it poes back into the loop to detect a real key press,

3. To detect which row the key press belongs 1o, the microcontroller grounds one
row at g time, reading the columns cach time, If it finds that all columns are
high, this means that the key press cannot belong o that row: therefore. it
grounds the next row and continues until it finds the row the key press belongs
to. Upon finding the row that the key press belongs to, it sets up the starting
address for the look-up table holding the scan codes {or the ASCI] value) for
that row and goes to the next stage to identify the key.

4, To identify the key press, the microcontroller rotates the column bits, one bit
at a time, into the carry flag and checks 1o sce if it 1s low. Upon finding the
zer, it pulls out the ASCI code for that key from the look-up table; otherwise,
it increments the pointer to point o the next element of the look-up able,
Figure 12-7 flowchars this process.

While the key press detection 1s standard for all keyboards, the process for
determining which key is pressed varies, The look-up table method shown in
Program 12-4 can be modified to work with any matnx up to 8 x 8. Figure 12-7
provides the flowchart for Program 12-4 for scanning and identifying the pressed
key.

There are 1C chips such as Nahonal Semsconductor's MMT74C923 that
incorporate keyboard scanning and decoding all in one chip. Such chips use com-
binations of counters and logic gates (no microcontroller) to implement the under-
lying concepts presented in Program 124, Example 12-4 shows keyvpad pro-
gramming in 8051 C.
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for pregged key to FO.1
MOV P, #0FFH
¥1: MOV P1,#0
MoV A, P2
ANL 4, 8000011118
CJNE A, #00001111B,K1
E2: ACALL DELAY
MO A B2
ANL A, #00001111R
CJNE A, #00001111B,0VER
SJMP K2
|IOVER - ACALL DELAY
MOW AL B2
ANL A,.#00001111B
CIJHE A, #00C01111R,0VERL
SIME K2
OVERL: MOV P1,#11111110B
MOV A,PZ
ANL. A, #00ODD1111B
CIJHE A, #00001111B,ROW O
MoV Pl,#111111018
MOV A, P2
AML A, #00001111B
CINE A, #00001111B,ROW 1
Mo P1,#11111011B
Mo h, P2
AMNL A,HOOOD1111E
CJNE A,#00001111B,ROW_2
[0 P1,§#11110111B
MoV A, P2
AML A, ROOOOLI1IILE
CIJNE A, #00001111B,ROW_3
LTMP K2
ROW D: MOV DPTR, §KCODED
8JMP FIND
ROW 1: MOV DPTR, $KCODEL
SJMP FIND
ROW _2: MOV DPTR, #KCODEZ2
SIMP FIND
ROW 3: MOV  DETR, $KCODE3
FIMD: EEC A
JHT MATCH
INC LFTE

;Feyboard subroutine. Thie program sends the ASCI1 code

jP1.0-PL.3 connected to rows P2.0-F2.3 comnected to columns

;read all col. ensure all keys open

;make B2 an input port
jground all rows at cnce

smagked unused bits
;check til all keys released
;oall 20 ms delay

;aee if any key is pressed
smagk unused bits

i key preased, await closure
icheck if key pregsed
;wailt 20 ms debounce time
;check key closure

;mask unused bits

ikey pressed, find row

;if none, keep polling
jground row 0

jread all columns
jmask unused bits
s;key row 0, find the
jaground row 1

;read all columns
ymask unused bits
;key row 1, find the
jground row 2

;read all colurns
:mask unused bits
;key row 2, find the
;jground row 3

;read all columns
;mask unused bits
;key row 3, find the
;1f none, false input,

cal,

col.

col.

col.
repeat

;3et DPTRsstart of row 0O
;find col. key belongs to
;set DPFTR=start of row 1
ifind col. key belongs to
;j8et DPTR=start of row 2
;find col, key belongs to
;eéet DPTR=gtart of row 3
;gea 1f any CY bit is low
;if zero, get the ASCIT code
;point to next col. address

Program 12-4: Keyhoard Program /conninued on next page)

CHAPTER 12;: LCD AND KEYBOARD INTERFACING
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SJME FIND FReep searching
MATCH: CLR A ;2et A=0 (match is found)
MOVC A, @A+DPTR ;get ASBCI] code from table
MOV PO, A ;digplay pressed key
LJMP K1
(ASCII LOOK-UP TARBLE FOR EACH ROW
ORG 300H
KCODEO: DB Jf + AR SRR 5 ;JROW O
KCODEL: DB o SR = R B JROW 1
KCODE2 : DB - Rl Ry R 5 ;ROW 2
KCODE3 : DB ol AN b LR | LR ;ROW 3
END

Program 12-4. feontimed from previons peaed

Example 12-4

Write a C program to read the kevpad and send the result to the first senal port.
P1.0-P1.3 connected to rows
P2.0-P1.3 connected to columns

Configure the serial port for 9600 baud, 2-bit, and 1 stop bit.

Solution:
#include <regSl.h=

#define COL P2 ffdefine ports for easier reading
#tdefine ROW Pl

vold MEDelay(unsigned int wvalue)

void SerTX{unsigned char):

unsigned char keypad([4] [4] = N s S L A

quIIEIFlEIrI

|$|I|9r'ihll|
i

i
EI
g 5L R LY A

—_—— m

woid main()

unsigned char colloo, rowloc;

TMOD = 0:20; Jitimer 1, node 2
TH1 = =3: SIS600 baud

SCON = 0x50; /fa-bit, 1 stop bit
TR1 = 1: Jrfecart timer 1

/rkeyboard routine. This sends the ASCII
J/oode for pressed key to the serial port

collos &= OxOF;

C0L = O%FF: ff/make P2 an input port
whileq11 Jlrepeat forever
e
BOW = 0x00; Jlaround all rowe at once
collos = C0L: ffread the columns

/fmask used bits

JoR




Example 12-4 Cont.

»owhileigollos .= 0x0F); Sfcheck unti. all xaye ralsased

do
des
MSDelay 1205 ¢ ffcall deley
collan = 0T Sifoee 0 any xey LS prosced
conlos &- Ca0E; Simasx unassd rits
} wholelvccllon == GxOP); Ffkeep chegsxing for aypreas
MELslay 2ol Sicall delay lop debourcec
oolaoo - I0L; Siread ealunns
sxllos A= 0XGF: simaex urassd kBits

Powidloelozlloc == 0¥, SSwElt for KeyRiress

Wwai_erll

{

ROW — {%FF; Flgrourd foae 5
Colloe = Z0L Siread coluomons
;Ulln: a= dxlb; ifma?k urilzad kits
ifieollce !'- IxGF) drosiuan debeskbed
1
L orawloe = a5 FrESYe row locacion
mrazk; flfexit whils _eon
1
FllW = ONFT SAgraund row 1
collae = Z0L; Fizead coaluns
oollon A= llxnE; Fimzak uragad kiks
ifioellco !t JaCE? Floolamn delected
1
rowlnn = 1; fAdasve row lomatlon
Conreak; Siewat while loop
1
KHilw = OWFRA; Slground row X
collac = I0L; firead colunng
calloe &= Cx0E; Afmask arused rits
ificalloo | GHCFE) Slcoumn dereckted
1
I
rowlno = 2 JAERYE row LCoaTiohn
hreak, Srexit whils oo
2O - GHEPT. SAgraund row 3
coallos = COL; Frread colomims
oo”loac E= Guis: dimask anused bits
rawlnoo ~ g Fisave row _ooaticn
break ffexit while locp

[
Sfcheck colwen and send resull to LI serigl port
ifloollan == LxOR)
LerTX (keyzad rowloc, [0]:
@lse irlcol ot =- 2xC3)
SoerThikavoad (rowloc, [LD1;
elae ificnl oo == Lxeo)
SerTH i kevoad [rowlog [201;
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Example 12-4 Cont.

elee
SerTH (keypad [rowloc] [3])

)

void SerTi{unsigned char x)

SBUF = %; //place value in buffer
while (TI==0}; Sr/wait until transmitted
TI = 0; Jiclear flag

vaid MSDelayiunsigned int walue)

ungigned ink 2, ¥;
for(x=0;x<1275  x++)
for{yv=0;ycvalue;y++};

Review Questions

I, True or false. To see if any key is pressed, all rows are grounded.

2. If D3 -D0=0111 is the data read from the columns, which column does the
pressed key belong to?

3. True or false. Key press detection and key identification require two different
PrOCEsSes.

4. In Figure 12-6, if the rows arc D3 - DO = 1110 and the columns are D3 - D0 =
1114, which key is pressed?

5. True or false. To identify the pressed key, one row at a time 15 grounded.

SUMMARY

This chapter showed how to interface real-world devices such as LCDs and
keypads to the BO31. First, we described the operation modes of LCDs, then
described how to program the LCD by sending data or commands to it via its inter-
face to the 3051,

Kevboards are one of the most widely used mput devices for 8051 projects.
This chapter also described the operation of keyboards, meluding key press and
detection mechanisms. Then the 8051 was shown interfacing with a kevboard.
BO51 programs were written to return the ASCII code for the pressed key.
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PROBLEMS
SECTION 12.1: LCD INTERFACING

The LCD discussed in this section has (4, 8) data pins.

Describe the function of pins E, R'W, and RS in the LCD.

What is the difference between the V- and Vi pins on the LCD?

“Clear LCD" 1= a {command code, data item) and its value is

hex,

What 15 the hex value of the command code for “display on, cursor on™?

Give the state of RS, E, and R'W when sending a command code to the LCD,

Give the state of RS, E, and R'W when sending data character *Z’ 1o the LCD,

Which of the following is needed on the E pin in order for 2 command code

{or data) to be latched in by the LCD?

{a) H-to-L pulse (b) L-to-H pulse

9, True or false. For the above to work, the value of the command code (data)
must already be at the DO - D7 pins.

[}, There are two methods of sending streams of characters to the LCD: (1)
checking the busy flag, or (2) putting some time delay between sending cach
character without checking the busy flag, Explain the difference and the
advantages and disadvantages of cach method. Also explain how we monitor
the busy flag.

1. For a 16x2 LCD, the location of the last character of line 1 is 8FH (its com-
mand code). Show how this value was calculated.

12, For a 16x2 LCD, the location of the first character of line 2 is COH (its com-
mand code). Show how this value was calculated.

13. For a 20x2 LCD, the location of the last character of line 2 15 93H ({its com-
mand code). Show how this value was calculated.

4. For a 202 LCD, the location of the third character of line 2 15 C2H (its com-
mand code). Show how this value was calculated.

15. For a 40x2 LCD, the location of the last character of line | is ATH {its com-
mand code). Show how this value was calculated.

16. For a 40x2 LCD, the location of the last character of line 2 is ETH (its com-
mand code). Show how this value was calculated.

17. Show the value {in hex) for the command code for the 10th location, line | on
a 20x2 LCD. Show how you got vour value.

18. Show the value (in hex) for the command code for the 20th location, line 2 on
a 40x2 LCD. Show how you got your value.

19, Rewrite the COMNWRT subroutine. Assume connections P14 = RS, P1.5 =
R'W,Ple=E,

20. Repeat Problem 19 for the data write subroutine. Send the string “Hello™ to

the LCD by checking the busy flag. Use the instruction MOV,

o T T

e R

SECTION 12.2: KEYBOARD INTERFACING

21. In reading the columns of a keyboard matnix, if no key 1s pressed we should
get all {18, Og).

CHAPTER 12: LCD AND KEYBOARD INTERFACING an



22. In Figure 12-6, to detect the key press, which of the following 15 grounded?
(a) all rows (b) one row al ime {c) both (a) and (b)

23. In Figure 12-6, to identify the key pressed, which of the following is grounded?
(a) all rows {b) one row at time (¢) both (a) and (b)

24, For Figure 12-6, indicate the column and row for each of the following,
(a) D3 - DO=0111 (b} D3 - = 1110

25. Indicate the steps to detect the key press.

26. Indicate the steps to identify the key pressed.

27, Indicate an advantage and a disadvantage of using an IC chip for keyboard
scanning and decoding mstead of using a microcontroller,

2&. What is the best compromise for the answer to Problem 277

ANSWERS TO REVIEW QUESTIONS

SECTION 12.5: LCD INTERFACING

Inpact

Inpat

H-iz-L

High

BOH amd CTH

Ll e

SECTION 12.2: KEYBOARD INTERFACING

Truc
Column 3
True

1]

True
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QUESTION 1

Develop an 8051 Assembly Language Program (ALP) for the following scenario. The port P1
receives the data from the user. Based on the nature of the received data do the following:
If the received data at P1 is EVEN then send it to P2 by inverting bits that are in the even
position.

If the received data at P1is ODD then send it to P3 by inverting bits that are in the odd
position.

Solution
ORG 0000H

MOV P1,#0FFH
MOV A,P1

ANL A,#01H
JNZ ODD

MOV A,P1
XRL A,#55H
MOV P2,A
SJMP END1

ODD:

MOV A,P1
XRL A,#0AAH
MOV P3,A

END1:
SJMP END1

END

QUESTION 2

Develop an 8051 ALP to interface a capacitive touch sensor with Port P3.4 and use Timer 0
to detect touch events. When the sensor is touched, increment the count on Port P1 and
display the touch count on Port P2 every 1 second using Timer 1.

Solution



ORG 0000H

MOV TMOD,#11H
MOV P3,#0FFH
MOV P1,#00H

MAIN:
JB P3.4,MAIN

INC P1

MOV TH1,#3CH
MOV TL1,#0BOH
SETB TR1

WAIT1:
JNB TF1,WAIT1

CLRTR1
CLRTF1

MOV A,P1
MOV P2,A

SJMP MAIN

END

QUESTION 3

Develop an 8051 ALP to receive data via the serial port at a baud rate of 9600. The received
data should be buffered in Port P1, and the program should send an acknowledgment
message ("Data Received") back to the sender using interrupt.

Solution

ORG 0000H
LJIMP MAIN

ORG 0023H



MOV A,SBUF
MOV P1,A

MOV SBUF,#'D'
ACALL WAIT
MOV SBUF#'A'
ACALL WAIT
MOV SBUF#'T'
ACALL WAIT
MOV SBUF#'A'
ACALL WAIT

RETI
MAIN:

MOV TMOD,#20H
MOV TH1,#0FDH
MOV SCON,#50H

SETB TR1
SETB ES
SETB EA

HERE: SJIMP HERE

WAIT:

JNB TILWAIT
CLRTI

RET

END

QUESTION 4

Develop an 8051 ALP to interface 16x2 LCD display. Assume the string “VIT” is stored in
ROM location from 200H onwards and the string “Vellore” is stored in ROM location from
300H onwards. A switch is connected to port pin P0.4. If the switch inputis 1 display “VIT”
in line 1 otherwise display “Vellore” in line 2.

Solution



ORG 0000H
MOV PO,#0FFH

CHECK:
JB P0.4,LINE1

MOV DPTR,#0300H
ACALL DISP2
SJIMP CHECK

LINE1:

MOV DPTR,#0200H
ACALL DISP1

SJMP CHECK

DISP1:

CLRA

MOVC A,@A+DPTR
JZ EXIT1

MOV P2,A

INC DPTR

SJMP DISP1

EXIT1: RET

DISP2:

CLRA

MOVC A,@A+DPTR
JZ EXIT2

MOV P2,A

INC DPTR

SJMP DISP2

EXIT2: RET

END



QUESTION 5

An 8051 microcontroller is connected to a linear temperature sensor through ADC0804
which gives 5V when the temperature is 100°C. Develop an ALP to interface ADC0804 with
8051 and compare the value in accumulator with threshold value 50°C. If A> 50°C turn ON
buzzer at P1.3 for 60 ms using Timer 0.

Solution

ORG 0000H

MOV TMOD,#01H
START:

CLRP3.6
SETB P3.6

WAIT:
JB P3.2, WAIT

MOV A,PO

MOV RO,#32H
CLRC
SUBB A,RO

JNC ALARM
SJMP START

ALARM:
SETB P1.3

MOV THO,#0FCH
MOV TLO,#66H
SETB TRO

W1:JNB TFO,W1

CLRTRO
CLRTFO
CLRP1.3

SJMP START

END



QUESTION 6

How the physical address is calculated and find it if segment address is 4000H and offset
address is 3000H. Why are these two addresses required in 80867

Solution
Physical Address
PHY ADD = SEG ADD x 10H + OFFSET

SEG ADD =4000H
OFFSET = 3000H

PHY ADD = 4000H x 10H

= 40000H

PHY ADD = 40000H + 3000H
= 43000H

Reason

8086 has 16-bit registers but uses 20-bit physical address to access 1 MB memory.
Therefore address is generated using

Segment Address + Offset Address.

QUESTION 7
Find the errors in the following instructions (if any).

i. MOV CS,5000H
ii. ADD [AX],[4000H]
iii. ADD 0200H

iv. INC 3000H

v. CMP BX

Solution



i
MOV CS,5000H - Invalid
Correct

MOV AX,5000H
MOV CS,AX

i

Memory to memory not allowed
Correct

ADD AX,[4000H]

iii

Destination missing

Correct

ADD AX,0200H

iv

Memory operand must use brackets
Correct

INC [3000H]

v

Two operands required

Correct

CMP AX,BX



QUESTION 8

Write an 8086 ALP to find the average of 64 numbers stored in memory using DIV
instruction.

Solution
ASSUME CS:CODE, DS:DATA

DATA SEGMENT
NUM DB 64 DUP(?)
RESULT DW ?
DATA ENDS

CODE SEGMENT
START

MOV AX,DATA
MOV DS,AX

MOV CX,40H
MOV SI,5000H
MOV AX,0000H

L1

MOV BL,[SI]
ADD AX,BX
INC S

DEC CX
INZ L1

MOV BX,40H
DIV BX

MOV RESULT,AX
HLT

CODE ENDS
END START



QUESTION 9

Write an 8086 ALP to find the average of 64 numbers without using DIV instruction.
Solution

ASSUME CS:CODE, DS:DATA

DATA SEGMENT
NUM DB 64 DUP(?)
RESULT DW ?
DATA ENDS

CODE SEGMENT
START

MOV AX,DATA
MOV DS,AX

MOV CX,40H
MOV SI,5000H
MOV AX,0000H

L1

MOV BL,[SI]
ADD AX,BX
INC SI

DEC CX
INZ L1

MOV CL,06H
SHR AX,CL

MOV RESULT,AX
HLT

CODE ENDS
END START



QUESTION 10

Write an 8051 ALP to find the numbers divisible by both 3 and 7 in the range 1 to 99 and
store them in memory. Display the humbers using two seven segment displays connected
to PO and P1.

Solution
ORG 0000H

MOV RO,#20H
MOV R3,#01H

LOOP

MOV A,R3
MOV B,#21
DIV AB

MOV A,B
CJNE A,#00H,NEXT

MOV A,R3
MOV @RO0,A
INC RO

NEXT

INC R3
CJNE R3,#64H,LOOP

SIMP $

END

QUESTION 11

Determine the number of cycles required for DMA transfer of a file of size 29154 KB if each
DMA cycle transfers 2'° bytes.

Solution

File size



29154 KB

1 KB = 2" bytes
File size

=29154 x 2'°

= 29853696 bytes
Bytes per cycle
2'° = 65536 bytes
Number of cycles
= 29853696 / 65536
=455.53
Required cycles

=456 cycles



