Microcontroller: Architecture and
working

Quote of the day

“A man's ethical behavior should be based
effectually on sympathy, education, and
social ties; no religious basis is
necessary.”

— Albert Einstein



http://www.goodreads.com/author/show/9810.Albert_Einstein
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o Internal Data
Memory space is
divided into three

] ! DATA MEMORY (RAM)
sections | INTERNAL DATA ADDRESS SPACE
— Upper 128 . OXFF| Upper 128 RAM Special Function
— Special function {Indirect Addressing Register's
; | Only) (Direct Addressing Only)
' 080
register(SFR) ' oxtF -
— Lower 128 | (Direct and Indirect
. | Addressing) Lower 128 RAM
of memory space | OF Addressing)
. . | 0x20
available physically, : oxir

though the Upper | 0x®

128 and SFRs share |  -------ooooooomoooooee oo :
the same addresses | |- 1helower32bytelLe. '
from location 80H to | from O0H to1FH are used .

FFH. for four register banks.

_______________________________________________
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Bit-addressable
Area (16 bytes)

ro—crbnuo-a.ap n—-}

Ad?m Bt Address
7F
Generd
Purpose
RAM
OxFF
30
2F ZFI7E |70 |7?C | 78| 7A| 79| 78
2E 77176 |75 |74 |73 | 72| 71| 70 (%80
20 6F |BE | 6D | 6C | 6B | 6A| 62 | 68 OXTE
2C 67 |66 |65 |64 |63 | 82 | 61| 60
2B 5F |SE | 5D | SC | 5B | 5A | 89| 68
24 57 |66 |65 |64 | 53| 52| 61| 60
29 4F |4E | 4D | 4C [ 48 | 94 | 42 | 43
28 47 |46 |45 |94 |43 | 42 | 41| Q0
27 3FI3E |3 |3 | 3B|3A]39]| 38
26 37 |36 |35 |34 | 33|]32]|31]| 3
25 2F J2E |20 | 2C | 2B | 2A| 20| 28
29 27 |26 |25 |24 | 23|22 |21]| 20
23 1FI|4E|1D | 1C | 18| 1A ]| 19| 18
22 171106 |15 |14 |13 |12 ]| 11| 10
21 OF JOE|OD |OC |OB | DOA| 09 | OB
20 07 |00 |05 |04 |03 (02|01 00
1F
e Bank 2
17
Bank 2
10
oF
Bank 1
08
07

00

Defaut Register Bank for RO — R7

24 Lower 128—Register Banks and RAM

DATA MEMORY (RAM)
INTERNAL DATA ADDRESS SPACE
Upper 128 RAM Special Function

(Indirect Addressing Register's
Only) (Direct Addressing Only)
AN
(Direct and Indirect
Addressing) Lower 128 RAM
(Direct and Indirect
Addressing)

> Register Banks
(8 bytes per
bank; 4 banks)
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Data Memory (RAM)

The 8051 has 256 bytes of internal addressak
RAM, although only first 128 bytes are avalilak
for general use by the programmer.

The first 128 bytes of RAM (from 0x00 to Ox7¥
are called the direct memory, and can be usel
store data.

The lowest 32 bytes of RAM are reserved for -
general register banks. The 8051 has 4 select
banks of 8 addressablel#t registers, RO to RY.

This means that there are essentially 32
available general purpose registers, although
only 8 (one bank) can be directly accessed at
time.
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Contd.

The advantage of using these register banks
time saving on the context switch for
iInterrupted program to store and recover the
status.

Otherwise the push and pop stack operation:
are needed to save the current state and to
recover it after the interrupt is over.

The default register bank is bank O.

The second 128 bytes are used to store
Special Function Registers (SFR) that 8051
program can configure to control the ports,
timer, interrupts, serial communication, and
other tasks.
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OxFF

Ox20
OxrF

0x20
0x2F

0x20
Ox1F

Ox00

Special Function
Registers (SFRs)

DATA MEMORY (RAM)
INTERNAL DATA ADDRESS SPACE

Upper 128 RAM
(Indirect Addressing
only)

(Direct Addressing Only)

Special Function
Register's

(Direct and Indirect
Addressing)

™,

Lower 128 RAM
(Direct and Indirect
Addressing)

Byte
Addess Bit Address

FF

FO F7 I | F5|F4|F3|F2[F1 ] Fo
EO E7 |E8 | E5 | E4 [ E3 | E2 | E1 | EO
Do D7 |[p6 [D5 | D4 (D3| D2 | - | DO
Be - | -|-]8C|68|bBA|B9]| BE
B0 B7 |66 [BS | B4 | B3 | B2 | Bt | BO
AB AF | - | - |AC| AB|Aa | AS | AB
AD AT |Aas|Aas| as a3 | a2 |a1] a0
89 Not bit-addressable

83 A EE DI ERES
an 97 |95 | 95| 94 [93 [92 | a1 [ 90
80 Not bi-addressable

a8c Not bit-addressable

88 Not bit-addressable

oA Not bit-addressable

83 Not bit-addressable

88 8F |eE |eD | 8C | eB | 8A [ 89 | 88
a7 Not bit-addressable

83 Not bit-addressable

82 Not bit-addressable

a1 Not bit-addressable

B0 87 | o6 |65 | 84 [ 83 |82 |81 | 60

ACC

P

P3

IE

P2

SBUF
SCON

P1

THI

Tt
TLO
TMOD
TCON
PCON

DPH
DPL
SP
PO
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Data Memory
It has two16 bit Counter/ timers
3 internal interrupts (one serial® external interrupts.

4 8Dbit I/O ports @ of them are dual purposed). One
of them used for serial port, Son8)51chips come
with UART for serial communication and ADC for
analog to digital conversion.

SFRs provide control and data exchange with the
YAONROZYUNREtt SNXQa NHba 2 dz
Registers which have their byte addresses ending wi
OH or8H arebyte- as well adit- addressable

Some registers are not batddressable. These include
the stack pointer (SP) and data pointer register (DPT



g&,,;% Summary of SFRs already explained

* Accumulator (ACC) and B register

— ACC (also referred to as A) is used implicitly by several
Instructions

— Bis used implicitly in multiply and divide operations
— These registers are the input/output of the arithmetic and
logic unit (ALU)
* Program status word—PSW(Flag register in 8085)

— Shows the status of arithmetic and logical operations using
multiple bits such as Carry

— Selects the Register Bank (Bank O - Bank 3)

— Detailed description of PSW is already shown in the
previous class.

Stack pointer—SP
 Data pointer—DPTR (DPH and DPL)

— 16-Dbit register used to access external code or data
memory by programmer during programming.




The Stack and Stack Pointer
The Stack Pointer, like all registers except DPTR and

may hold a

The Stack
address ca

It Indicate t

B8-bit (1-byte) value.

Pointer Is usedhold an internal RAM
led top of stack

ne location of internal RAM where the last

byte of data was stored by stack operation.

When you push a value onto the stack, 8@b1first

Increments

the value of SP and then stores the value

the resulting memory location.

When you pop a value off the stack, tB851returns
the value from the memory location indicated by SP,
and then decrements the value of.SP
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P1.0 —
P1.1 —
P1.2 —
P1.3 —
P1.4 —
P15 —

P1.6 —

P1.7 —
RST —

(RXD) P3.0 —
(Serial)
(TXD) P3.1 —

(INTO) P3.2 —
interrupt
(INT1) P3.3 —

(TO) P3.4—
Timer
(T1) P3.5—

(WR) P3.6 —|
Ex M W/R
(RD) P3.7 —

XTAL 2 —
clock

XTAL 1 —

GND —

10

11

12

13

14

15

16

17

18

19

20

8051

40

39

38

37

36

35

34

33

32

31

30

29

28

27

26

25

24

23

22

21

Pin out Diagram of the 8051 Microcontroller

Vcc

P0.0(ADO) \
PO.1(AD1)
P0.2(AD2)
PO0.3(AD3) e

Xt

> Memory
P0.4(AD4) Address

P0.5(ADS5)

P0.6(AD6)

PO.7(AD7)

EA/VPP

—_ Ext Memory
ALE/PROG Access Control
PSEN

P2.7(A15) ~
P2.6(A14)
P2.5(A13)
P2.4(A12)
P2.3(A11) E)Xdl\gfen;cs)ry

P2.2(A10)

P2.1(A9)

P2.0(A8)



The 1/O ports

i
i
I/

S

- A‘\\« 3
= -.i 2

&) >

v

% 4
5
Npy 1S

I « PORT PONhen the external memory access is
required then Port PO is multiplexed for address |
and data bus that can be used to access external
memory in conjunction with port P2. PO acts as A

A7 In address bus and £y for port data.

It can be

used for general purpose /O if no external memo

oresents.

« PORT P1IIhe port P1 is a port dedicated for gene

nave dual roles in addition to their basic
« PORT PZSimilar to PO, the port P2 can a

ourpose /O function. The other ports PO,

P2 and
/O functi

So play

role (A8A15) in the address bus in conjunction wi

PORT PO to access external memory.
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The 1/O ports

PORT B.

In addition to acting as a normal 1/O port,
e P3.0 can be used for serial receive input @#XD)

e P3.1can be used for serial transmit output
niN(TXD)n a serial port,

e P3.2 and 8.3 can be used as external interrupt
ninglb¢0 and Ib¢l),

e P3.4 and BB.5 are used for external counter inp
0ing TO and TL),

e P3.6 and FB.7 can be used as external data
memory write and read control signal p(Ask
andwD)ead and write pins for memory access




w4 P3( Port3) SFR used for I/0 and othe
special purposes
bit7 | bite | bit5 | bit4 |bit3 |[bit2 |bitl |bitO

RD WR |T1 T0 INTL |INTO |TXD |RxD

Addition to I/O usage, P3 can also be used for:

« RXD/TXD:Receive/Transmit serial data for RS232
 INTO, INT1External interrupt port inputs

« TO,T1: Alternative(External) counter O/1 bit

« WR/RD. Write/Read control bits used for external
memory access.

+ If external RAM or EPROM is used, ports PO and P
used to address the external memory.

« Other port SFR i.e. P1 is mainly used for data 1/O.




o Summary of SFRs
« Timer Registers TIO, Tl1, THD, THL,
LILower byte of Time®/ 1, used to set timer interrupt period.

LI Higher byte of Time@/1,used to set timer interrupt period
e TMQOD,

— Used for timing intervals or counting event.
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit O

Gate CIT M1 MO Gate CIT M1 MO

Note: bit0-3 for TimeO and bit4-7 for Timerl
«  Gate Control: 0= Timer enabled(normal mode),

1 =if IND/INT1is high, the timer is enabled to count the numb
of pulses in the external interrupt ports3R and B3.3)

. C/T Counter/Timer Selector

0 = count internal clock pulse (count once per machine cycle -
oscillator clockl?2)
1 = count external pulses or8HE (Timer0) and B.5(Timerl)

. Mode control:M1Mo=00:Mode 0, M1IMo=01: Mode1l,
M1Mo=10: Mode2, M1Mo=11: Mode3
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= Summary of SFRs

« TCON
bit7 | bit6 | bits5 | bit4 | bit3 | bit2 | bit1 |bit 0 (88H)
TR |TRL |TRP |TR |[IEL [IT1 |IE [ITO

 THJ/TFL: TimerO/ 1 overflow flag Is set when the
timer counter overflows, reset by program

 TRI/TRL: TimerO/1run control bit Iis set to start,
reset to stop the time0/ 1

 |H/IEL: External interrupt0/1 edge detected flag
IS set when a falling edge interrupt on the external
port 0/ 1, reset(cleared) thardware itself for falling
edg(IeItKIa_ll_nsnlorqactlvated INT; Reset by code for low
eve .

 [TO/IT1: External interrupt t)g)ei(: falling edge
triggered,0 low level triggered)




Summary of SFRs
Power Control Register PCON
bit 7 bite | bit5 | bitd4 | bit3 | bit2 | bitl | bitO
SMOD -- - -- GR |GR |PD IDL

SMOD(serial model= high baud rate, O = low baud

rate

GF1, GFflags for free use

PD: 1= power down mode for CMOS
IDL 1= idle mode.

Interrupt Management Registens IPandIE

Registers such as IP and IE are used to mange the
Interrupts ¢ enable/disable them, set priorities etc.




Sy Summary of SFRs
« Serial Communication RegistarsSBURNd SCON
bit7 |bite |bit5 |bit4 |bit3 (bit2 | bitl |bitO

SMO |[SM1L |SM2 |REN |TBB |RB3 |TI RI

RENReceiver enable is set/reset by program
TE3: stores transmitted biB(9th bit, the stop bit)

RB3: Stores received bB(9th bit, the stop bit)

Tl Transmit Interrupt Is set at the end 8th bit (mode0)/ at
the stop bit (other modes) indicating the completion of one
byte transmission, reset by program

RI: Receive Interrupt is set at the end &h bit (mode0)/at
the stop bit (other modes) indicating the completion of one
byte receiving, reset by program

SMVD,SML,S\VP: Serial mode selection bits

Registers such as SBUB,t® P3 are used to exchange data witl
peripherals connected to the serial port of digital I/O ports
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External access control

The9A (External Accespin is used to control the
internal or external memory access. The sighasl
for external memory access and sigh&br
iInternal memory access.

Thet {9N (Program Store Enabls)for readin
external code memory when it is loWw)(and a
the same time EA Is al€o

The ALE (Address Latch Enaattivates the port
O joined with port2 to provide16 bit external
address bus to access the external memory.

The ALE multiplexes th&:H for latching address
on F) as A)-A7 In the 16 bit address busg) for
latching @ as data 1/O.

RSTA high on this pin microcontroller resets &
terminates all its activities.
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Stepper Motor operation

Stepper motors consist of a 1
permanent magnet rotating shaft,

called the rotor.
Electromagnets on the statlonarv/

portion that surrounds the motor, \-—a

called the stator.

*The basic operation of a stepper motor allows the
shaft to move a precise number of degrees each time a
pulse of electricity is sent to the motor.

*The rotor of the motor produces torqgue from the
Interaction between the magnetic field in the stator
and rotor. The strength of the magnetic fields is
proportional to the amount of current sent to the
stator and the number of turns in the windings.
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=~ The stator (stationary winding) has eight poles, and the rotor has
six poles (three complete magnets).

The rotor will require 24 pulses of electricity to move the 24
steps to make one complete revolution.

Another way to say this is that the o
rotor will move precisely 15° for / » »} % 55
each pulse of electricity that the >

motor receives. O’Z\;
, N |
b

The number of degrees the rotor ‘
will turn when a pulse of electricity

Is delivered to the motor can be \D ; C;S% /
calculated by dividing the number g L 7

. . ™ 4 e
of degrees in one revolution of the e il

shaft (360°) by the number of
poles (north and south) in the
rotor.

In this 360° is divided by 24 to get 15°.




ﬁ@* -\WWhen power Is applied, it is directed to only one of the
=% stator pairs of windings, which will cause that winding
pair to become a magnet. One of the colls for the pair
will become the North Pole, and the other will become
the South Pole.

When this occurs, the stator coll

that is the North Pole will /
attract the closest rotor tooth cé%

that has the opposite polarity, X dZ,\?e

and the stator coil that is the ey KA»
South Pole will attract the :
closest rotor tooth that has the \ ‘
opposite polarity. \x-*;/

When current is flowing through these poles, the rotor
will now have a much stronger attraction to the stator
winding.
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(d) (e) (h

FIGURE 3 Movement of the stepper motor rotor as current is pulsed to the stator. (a) Current is
applied to the A and A’ windings, so the A winding is north, (b) Current is applied to B and B’
windings, so the B winding is north, (c) Current is applied to the C and C’ windings, so the C winding
is north, (d) Current is applied to the D and D’ windings so the D winding is north. (e) Current is
applied to the A and A’ windings, so the A’ winding is north.




Stepper Motor Switching Sequence
The stepper motor can be operated in three different

stepping modes, namely, full-step, half-step, and microstep.
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Full-Step
The stepper motor uses a four-step switching sequence, which is
called a full-step switching sequence which is already described

above. Half-Step

Another switching sequence for the stepper motor is called an
eight-step or half-step sequence. The switching diagram for the
half-step sequence is shown below.

(a) (b) ©




% The main feature of this switching sequence is that
you can double the resolution of the stepper motor
by causing the rotor to move half the distance it does

when the full-step switching sequence is used.

This means that a 200-step motor, which has a
resolution of 1.8°, will have a resolution of 400 steps
and 0.9°.

The half-step switching sequence requires a special

stepper motor controller, but it can be used with a
standard hybrid motor.

The way the controller gets the motor to reach the half-
step Is to energize both phases at the same time with
equal current.




YoV Interface stepper motor to 8051

Coil

driver

LN | +]12
V

2003
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Interface stepper motor t@051

__+5V S -1
Stepper Maotor
_[MduF
20 JvEC
31 |EA
10K
§ Greent Graan2
RESET
GND ¢
20
—
GHND)| 8 q COM
ATBEICSH1
—7 10—
— B 1 —
—_ 5 12 f—
ULN2003 ;
HTAL " - |P23 IM4 4 13 ouUT4 While
—
—= XTALZ " 53 P22 ING 3 14 ouT3 Blue
45 |P2] IN2 o 15 ouT2 Red
21 IPE.D IN1 3 16 CuUT1 Yellow
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» Connect the four colils of stepper motor to
port 2 of 8051 through coil driver ULN 2003

* To use stepper motor in full stepping mode
two bits are changed at a time




‘@2 To use stepper motor in Half stepping mode

‘ ‘ one bit i1s changed at a time




