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L_ecture Outline:

Features of microcomputers and microcontrollers.
Microcontroller Architecture.

Microcontroller Instruction Set.

Microcontroller Programming.

Memory Organization.

Addressing Modes.
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INTERNAL ARCHITECTURE
« All MCs use one of two basic design models:
Harvard Architecture and von-Neumann architecture.
» They represent two different ways of exchanging data between CPU and

memory.
« VON-NEUMANN ARCHITECTURE:

RAM
-+

ROM
(program)

x8 x12 (14, 16)

« HARVARD ARCHITECTURE:

RAM

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy



CISC and RISC

MCs with Harvard architecture are called "RISC MCs". MCs with von-
Neumann's architecture are called 'CISC microcontrollers',

 The PIC16F84 MC has a RISC architecture.
« Harvard architecture is a newer concept than von-Neumann's.

« In Harvard architecture, data bus and address bus are separate. Thus a greater
flow of data is possible through the CPU, and of course, a greater speed of
work.

« PIC16F84 uses 14 bits for instructions which allows for all instructions to be
one word instructions.

- Itis also typical for Harvard architecture to have fewer instructions than von-
Neumann's, and to have instructions usually executed in one cycle.

« The PIC16F84 MC has 35 instructions. All of these instructions are executed
In one cycle except for jump and branch instructions.

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 4
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Popular PIC MCU Families

PIC12: Low-cost, easy-to-use, 8-pins

PICL18: High 8-bit performance optimized for C with
advanced communication peripherals, low-power, up
o 128 KB Flash and 80-pins

dsPIC® DSCs: Digital signal control with motor

control and power conversion peripherals, seamless
migration with PIC24 MCUs




Broad portfolio of more than 550 PIC microcontrollers

— From 5K to 512 KB Flash

— From 0.5 to 80 MIPS performance

— Multiple package options from 6- to 100-pins

— nanoWatt XLP™ for exXtreme Low Power, <20 nA Sleep mode

Comprehensive technical documentation and free software
— Easy to get your designs done fast

— Free software for USB, TCP-IP, ZigBee®, touch sensing,
display and more

— Leverage thousands of app notes, code examples and
software libraries

MPLAEB#?® IDE is absolutely free and the MPLAB tool suite
supports ALL of Microchip's 8-, 16- and 32-bit
microcontrollers

— Easy code migration

— Free C Compiler without code size limitations

— User-friendly, inexpensive programming and debug tools

— Low-cost demo boards help speed up prototyping efforts
Easy-to-Use, Faster Time-to-Market

— C-code friendly with industry-leading code efficiency

— PIC Architecture is easy to learm, easy to use

Easy migration with pin and code compatibility
DekBfisMipl platform Tog gli of youf gpplications 7



Wide product availability and shortest lead times in the

industry

— Worldwide fulfillment channels

— Long product life cycles — we are still manufacturing the
original PIC MCUs

The only supplier to bring USB, LCD, Ethemet,

Touch Sensing and CAN to the 8-bit market

— Industry-leading integrated peripherals

— Integrated nanoWatt XLP technology

— Communication peripherals (SPI, [2C™, UART, USB, wireless)
— Analog (8-, 10- and 12-bit ADC, comparators)

World-class, 24/7T technical support and training

— World-wide field application engineers

— Built to support over 60,000 customers

— Comprehensive web seminars, videos, hands-on training,
“Lunch & Learns™ and customer conferences

— Leverage on-line community support from other developers on

DERT_Eﬁgclﬁﬁ]Sm [.':h | p F nrum%c’f' Kasim Al-Aubidy 8
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PICIOFXOOE 0275075 16-24  6&-% 4-% 0-2 2 -1 1xz - - -
PIC12FXO0( 075 -15 26 -3% 2 q4-% 0n-z 2 D-1 1xE - - EEFROM
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Hid-Range & - bit architecture, 14-bit Instruction YWorld Length
1-2x%
PIC12 FX00( 1.75-35 6d4-128 & 20 0-4 10 1 1 %16 - -1 EEFROM
1-2x%
PIC12HVXOK 175 64 20 0-4 10 1 1 %16 - 0n-1 -
-2HE LUSART
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Microcir  PIC16F84A

18-pin Enhanced FLASH/EEPROM 8-Bit Microcontroller

High Performance RISC CPU Features: Peripheral Features:

Only 35 single word instructions to leam + 131/0 pins with individual direction control
All instructions single-cycle except for program + High current sink/source for direct LED drive
branches which are two-cycle - 25 mA sink max. per pin

Operating speed: DC - 20 MHz clock input

- 25 mA source max. per pin
1024 words of program memory

+ TMRO: 8-bit timer/counter with 8-bit

68 bytes of Data RAM programmable prescaler
64 bytes of Data EEPROM _
14-bit wide instruction words E ':' E E' ';' E ':q' T ';'
O.bitwide databytes | 777
15 Special Function Hardware registers ) PIC16F84A

P & B o T " I < - 5
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Special Microcontroller Features: CMOS Enhanced FLASH/EEPROM
+ 10,000 erase/write cycles Enhanced FLASH Technology:

Program memory typical |
+ Low power, high speed technolo

+ 10,000,000 typical erasewrite cycles EEPROM POEL TSP Y
Data memory typical ' Fqlly static dlemgn

+ EEPROM Data Retention > 40 years + Wide Operating voltage range:

+ In-Circuit Serial Programming™ (ICSP™) - via ' Ct:mmgmal. Vi a.5v
o pins - Industrial: 2.0V 1o 5.5Y

+ Power-on Reset (POR), Power-up Timer (PWRT), * Low power consumption:
Oscillator Start-up Timer (OST) - <2 mAtypical @ 5V 4 MHz

+ Watchdog Timer (WDT) with its own On-ChipRC - 15 pAtypical @ 2V, 32 khz
Oscillator for reliable operation - <05 A typical standby current @ 2V

+ Code protection
v Power saving SLEEP mode

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 11



THE PIC16F887 BASIC FEATURES:
RISC architecture

Only 35 instructions to learn

All single-cycle instructions except branches

Operating frequency 0-20 MHz

Precision internal oscillator

Factory calibrated

Software selectable frequency range of 8MHz to 31KHz
Power supply voltage 2.0-5.5V

Consumption: 220uA (2.0V, 4MHz), 11uA (2.0 V, 32 KHz)
50nA (stand-by mode)

Power-Saving Sleep Mode

35 input/output pins

High current source/sink for direct LED drive

software and individually programmable pul/-up resistor
Interrupt-on-Change pin

8K ROM memory in FLASH technology

Chip can be reprogrammed up to 100.000 times

In-Circuit Serial Programming Option

Chip can be programmed even embedded in the target device

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy
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THE PIC16F887 BASIC FEATURES:
256 bytes EEPROM memory
Data can be written more than 1.000.000 times
368 bytes RAM memory
A/D converter:
14-channels
. . RETRXDT OO
10-bit resolution o

. . ROSPIE O
3 independent timers/counters RDGPIC (T

[ RCETTNCH

1 RCSSD0D

[ RC4HSDIS DA
[0 RCHSCKISCL
1 RCVWT1TOSW0OP;
| —

—J RCEPI1AIMCCP1

— RD32
— RDE
1 RD21
1 RDO

-] HC
T RCOTI0S0MICKI

] RAROSCCLKOUT
T RATIOSCHICLKIN

Watch-dog timer e o 0
Analogue comparator module with AT o

Two analogue comparators RGN | O 0 s
. I TC] RASIAN4ISSICZOUT
Fixed voltage reference (0.6V) REVANDPGHICIZN2: [T 10 paTIcKicouT

Programmable on-chip voltage reference
PWM output steering control CoroyRaslts
Enhanced USART module g'Egzgsu
Supports RS-485, RS-232 and LIN2.0 éﬁ,ﬁégjgi
Auto-Baud Detect “a-:g;
Master Synchronous Serial Port (MSSP) § 28
3

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 13



Oscillator
0 -20MHz

=G EL
Oscillator

A/D
Converter

Vref

Serial
Communication

CCP1, CCP2
PWM

CCP/PWM
modules

I/0 Ports (25mA)

CPU

(35 instructions)

Interrupts WDT
- ““

Program
Memory 8K

EEPROM (256)

Memory

RESET

P Suppl
O s -

DERTS-MSc, 2015

Prof. Kasim Al-Aubidy
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Input  —el—
Clutput

Feference

DERTS-MSc, f015
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Feceiving register < AMD input
Transmitting AID —
register converter
g
Input
Serial N register
unit Output
redister
mem.location O U R
mem.location 1 A .~ O unit
mem location 2
: redister 1
MEMORIJA 4 ™ redister 2
] >| 1~ register 3
Addresses
location 14 | ™
Merm._1ocatian . l'l.-'r"l.lll.l'll:i [::E:Irltri:ll
mem.location 15 _L lines CPU
Free-run " Independent
Timer _ - Watchdog
unit Prpf. Kasim Al-Aubidy timer
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Data

Free-run
corter

MOy
F.AM N,

.
Data Progratm
MEMOry - CPU oy MEMOrY
EEFRCM FLASH
FORETA FOETE

Pl_16F24 microcontroller outline

DERTS-MSc, 2015
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13

Program Counter [

Data Bus

8

“ EEPROM Data Memory
FLASH Il
Program | | =
Memory EEPROM
. RAM . e ¥
8 Level Stack - - EEDATA [== Data Memaory
1K x 14 (13-bit) File Reqgisters 64 x B ¥
68 x 8
Frogram |¢ l l
Al 14
Bus | 7} rRam Addr CEADR
Instruction Register / Addr Mu::-::_. \.
Direct Addr H ?Jﬁ Indirect TMRO
FSR reg —
RALTOCKI
STATUS reg
8
I
Power-up \\ e / 'O Ports
' Timer = J[ q .
Instruction Oscillator T~ 7
Decode & Start-up Timer
Control P ALU /
Power-on | S RA3:RAD
Reset |
Tin'lir'lg I'l'ﬁu'lﬂtCthg A ~ i RBT-RB1
Generation Timer v reg
.'- .-'. L
[ | - - RBOJINT
X .
OSC2ICLKOUT MCLR Voo Ves PIC16F S84
OSHERTEMSC, 2015 Prof. Kasim Al-Aubidy 18




Pipelining:

o1 T2 a3 Tad T 1oz lastad 1ot Ta2 tas hod

|
o5 o) rrrr e r e L
=1 :_I I_I 1 :
@2 1 | 1 | 1 !
N — | — | — |
| | | |
=4 i . . ]
pc b P ¥ P ¥ sk !
| | | |
Fach HET (P | |
Euacda [HST [ Pi- |
Falch [RST (RC+
I Evgcdz [H=T [ I
| | Fach INETI FC+ 2]
| | Ewacule W= (FC+1]

DERTS-MSc, 2015
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oo

- FIC1&5F24

QsC2/CLEOUT

Mote: This pin can be configured as inputioutput pin

P01 ;@2 03304301 Q2 033 04 Q1) 02; Q3 Q4

Tev A1 Tey 2 Tey 3

Felationship between a clock and a number of instruction cycles

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 20



TCHD TCY1 TCY2 TCY: TCY4 TCYA

1, MOVLW 85h Fetchl | Executed

2. MOVWF PORTE Fetch2 | Evecuted

3. CALL 5UB 1 Fetchd | Execltel

4. B5F PORTA, BIT2 [Forced NOF) Fetchd Flush

. Instruction @@ address SUB_1 Fetch aUB 1 (ExecitesUB |
Fetch=UB 1 +1

Al instructions are single cycle exent for any program branches. These take two cycles since the fetch
intructions is "flushed” fromthe pineline while the neswy instruction is being fetched and then execited.

Instruction Pipeline Flow
DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 21



Pin no.1: RA2 Second pin on port A.
Pin no.2: RA3 Third pin on port A.

Pinno.3: RAA4 Fourth pin on port A. TOCK1 which functions as
a timer is also found on this pin.

Pin no.4: MCLR Reset i/p and Vpp programming voltage.
Pin no.5: Vss Ground of power supply.

Pin no.6: RBO Zero pin on port B. Interrupt input.

Pin no.7: RB1 First pin on port B.

Pin no.8: RB2 Second pin on port B.

Pin no.9: RB3 Third pin on port B.

Pin no.10: RB4 Fourth pin on port B.

Pin no.11: RB5 Fifth pin on port B.

Pin no.12: RB6 Sixth pin on port B. 'Clock’ line in program
mode.

Pin no.13: RB7 Seventh pin on port B. 'Data’ line in program
mode.

Pin no.14: Vdd Positive power supply pole.

Pin no.15: OSC2 Pin for connecting with an oscillator.
Pin no.16: OSC1 Pin for connecting with an oscillator.
Pin no.17: RA2 Second pin on port A.

Pin no.18: RAI1 First pin on port A. _ .
DERTS-MSc, 2015 Prof. Kasim Al-Aubidy
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R Fid []
17
FL3 R [ ]
16
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15

Trnz3 Wi=Tesel
PIC i)
wss  1GFB4  vad []
13
RECQAMT RET []
12
FE1 RE6 [ ]
11

REZ RES
10
RE3 RE4|]
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Instruction Set in PIC16Cxx MC Family

Complete set: 35 instructions.
MC Architecture: RISC microcontroller.
Instruction Types:
1. Data Processing Operations:

—  Copy data between registers.

—  Manipulate data in a single register.

—  Arithmetic operations.

— Logic operations.
2. Program Sequence Control Operations:

— Unconditional Jump.

—  Conditional Jump.

—  Call.

T)ERTSQ%Q%QJ ) Prof. Kasim Al-Aubidy
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Word list

f any memory location in a microcontroller
W  work register

b bit position in 'f' register

d destination bit

/abel group of eight characters which marks the
beginning of a part of the program

TOS top of stack

[] option
<> DIt position inside register
Example:

008C | movwf 0C

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy




Data transfer
Transfer of data in a MC is done between W register and an 'f' register.

bremonic Lescrption Cperation Fleq Cyck | Notes
Data transfer

MOV K Move constant to Wy k=W 1

MOVAME  f Mowve Wto f W= 1

MO f o hove f f—=d i 1 1,2
CLRY - Clear Wy 0= 7 1

CLRF i Clear f 0-—=f £ 1 2
SWAPF  fd = nibbles in f f7:4), (3:00 = {5:00,07:4] 1 1.2

These instructions provide for:
- a constant being written in W register (MOVLW)
- data to be copied from W register onto RAM.

- data from RAM to be copied onto W register (or on the same RAM location, at which point
only the status of Z flag changes).

-Instruction CLRF writes constant O in 'f ' register,
- Instruction CLRW wrrites constant O in register W.

- SWAPF instruction exchanges places of the 4-bit nibbles field inside a register.
DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 25



Arithmetic and logic
PIC MCs like most MCs supports only subtraction and addition.

Flags C, DC and Z are set depending on a result of addition or subtraction.

Logic unit performs AND, OR, EX-OR, complement (COMF) and rotation (RLF & RRF).

Arritmetic and logic
ADDLYWY K Add conztant and W Wl W cocz 1
ADCWE f d [AddVWoand t W+ d cocZ 1 12
SUBLWY K subtract W from constant Wk =W COC I 1
=UEME fd [Subtract W from f Wf=d cocz 1 12
AMDLYWY K AND constant with VY WAND k=W I 1
ANDWE f d [ANDW with 1 WAND f=d I 1 12
ORLIA K (R constant with 14 WORL=W I 1
ORWF fd  [ORWwith f WORf+4d z 1 12
SORLW Excluzive OR constant with™  [WYoRL=W 7 1 12
KORWE  f o [Ewclusive ORW with f WEORL=d I 1
INCF fo  (Incrementf fr] +f I 1 12
CECF fd |Decrement f Y L 1 12
RLF fo |Rotate Left ftrough carry U EEEIET T C 1 12
RRF fd | Rotate Right f trough carry W TEERERE T e C 1 12
CUMERTS-M1gk, 20%5mplemert | Prof. Kasifn AL Aubidy L 1 26| 1.2




Bit operations
Instructions BCF and BSF do setting or cleaning of one bit anywhere in the memory.
The CPU first reads the whole byte, changes one bit in it and then writes in the entire byte at the

same place.

Bit operations
BCF f.h |Bt Clear f 0= {b) 1 12
B=F f b |Gt Setf 1 = flh) 1 12

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 27



Directing a program flow

Instructions GOTO, CALL and RETURN are executed the same way as on all other

microcontrollers, only stack is independent of internal RAM and limited to eight levels.

'RETLW k' instruction is identical with RETURN instruction, except that before coming back
from a subprogram a constant defined by instruction operand is written in W register.

Directing a program flow

BIFsC fb (Bt Testf Skinif Clear jurngz tf7)=0 1211 3
BlF=s  fh (Bt Testf Skinif Set jurnga tlb)=1 12| 3
DECFRZ  fd  |Decremert f, Skinit [ -1+ 4, jump of 2= (2 | 123
NCFSI  fd |hcrementf Skiitd f+] = 4 junp 7 1 | 123
GOTO & |Gotoaddess WLANDL L= W 7

CALL & |Call subroutine WLAND f+d .

RETLIRN Redurn fram Subrouting WORk=W 2

RETLAY & (Returm with constant in WORE+H .

RETFIE Retum from interrut WER k= W .

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 28



Look-up tables Design:
« This instruction 'RETLW k' enables us to design easily the Look-up tables (lists).

« We use them by determining data position on our table adding it to the address at
which the table begins, and then we read data from that location.

*Table can be formed as a subprogram which consists of a

series of 'RETLW k' instructions, where 'k' constants are Wain molay 2
members of the table.
*\We write the position of a member of our table in W register, call Loakup
and using CALL instruction to call a subprogram which Lookup  addwt PCL, f
creates the table. retl k
* The instruction ADDWEF PCL, f adds the position of a W retlw k1
register member to the starting address of our table, found in ratly k2
PCL register, and so we get the real data address in program ,
memory.
*When returning from a subprogram we will have in W !
register the contents of an addressed table member. el kn
Other instructions

MOP - Mo Operation 1

CLRWDT - Clear Watchdog Timer 0 -+ WDT,BT0,1+PD TOPD | 1

SLEEP - G into standby made 0-WDT,T0,0-+ FD TOPD | 9

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 29



Configuration Bits

The configuration bits can be programmed (read as '0"), or left unprogrammed
(read as '1'), to select various device configurations.

These bits are mapped in program memory location 2007h.

Address 2007h is beyond the user program memory space and it belongs to the
special test/configuration memory space (2000h - 3FFFh). This space can only be
accessed during programming.

PIC16F84A CONFIGURATION WORD
RP-u RP-u RP-u RP-u RP-u RP-u RP-u RP-u RP-u RP-u RPu RPu RPFu RP-u

ck | CF | CP | CP | CP | CP| CP | CF | CP | CP |PWRTE|WDTE | FOSC1 | FOSCO
bit13 bitD
bit 13-4 CP: Code Protection bit bit2  WDTE: Watchdog Timer Enable bit
1 = Code protection disabled 1 =WDT enabled
0 = All program memaory is code protected 0 =WDT disabled
bit3  PWRTE: Power-up Timer Enable bit bit -0 FOSC1:FOSCO: Oscillator Selection bits
1 = Power-up Timer is disabled 11 = RC oscillator
0 = Power-up Timer is enabled 10 = HS oscillator

01 = XT oscillator

00 = LP oscillator
DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 30



AVAILABLE MEMORY INFIC

|\/|em0ry Device Program Data Data
- - ] Flash Memory EEPROM
Organization: EIC1B6F87/88| 4K x 14 368 x 8 556 x B
PIC16F84 | 1K x 14 128 x 8 64 x 8

« PIC16F84 has two separate memory blocks, for data and for program.

« EEPROM memory with GPR and SFR registers in RAM memory make up the
data block, while FLASH memory makes up the program block.

Program Memory
« Program memory has been carried out in FLASH technology.

« The size of program memory is 1024 locations with 14 bits width where locations
zero and four are reserved for reset and interrupt vector.

Data Memory
« Data memory consists of EEPROM and RAM memories.
« EEPROM memory consists of 64 eight bit locations.

« EEPROM is not directly addressable, but is accessed indirectly through EEADR
and EEDATA registers.

« EEPROM memory usually serves for storing important parameters.

 RAM memory for data occupies space on a memory map from location 0x0C to
Ox4F which comes to 68 locations (GPR registers).

« SFR registers take up first 12 locations in banks 0 and 1.
DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 31
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Memory organization of microcontroller PIC16F 22
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Memory Banks
« Memory map is divided in 'width' to two areas called 'banks'.
« Selecting one of the banks is done via RPO bit in STATUS register.

IRF FF1 RFO O FD £ Qi C
kit

Example:
bcf STATUS, RPO
Instruction BCF clears bit RP0O in STATUS register and thus sets up bank O.
bsf STATUS, RPO
Instruction BSF sets the bit RPO in STATUS register and thus sets up bankl.

What would happen if the wrong bank was selected?

BANKO macro
bcf STATUS, RPO ;Select memory bank 0
endm

BANK1 macro
bsf STATUS, RPO ;Select memory bank 1
endm

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 33



Stack:

PIC16F84 has a 13-bit stack with 8 levels.

Its basic role is to keep the value of PC after
a jump from the main program to an address
of a subprogram .

In order for a program to know how to go
back to the point where it started from, It has
to return the value of a PC from a stack.

When moving from a program to a
subprogram, PC iIs being pushed onto a
stack. When executing instructions such as
RETURN, RETLW or RETFIE which were
executed at the end of a subprogram, PC was
taken from a stack so that program could
continue where was stopped before it was
Interrupted. These operations of placing on
and taking off from a program counter stack
are called PUSH and POP.

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy

PROGRAM MEMORY MAPAN

D STACK

PC<12:0>

CALL, RETURN 13
RETFIE, RETLW

Stack Level 1

Stack Level 8

A RESET Vector

00ach

Peripheral Interrupt Vector

0004h

User Memory Space

3FFh

1FFFh
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Data Memory:

Data memory is partitioned
Into two areas:

- SFR Area.

- GPR Area.

The GPR area allow greater
than 116 bytes of GP RAM.

The data memory can be
accessed either directly using
the absolute address of each
register file or indirectly
through the file select register
(FSR).

DERTS-MSc, 2015

REGISTER FILE MAP
File Address

File Address

Q0h
O1h
02h
03h
O4h
0&h
D6h

O7h
OEh
09h

0AR

0Bh
OCh

4Fh
50h

TFh

Indirect addr.f"! | Indirect addr.t?)
TWMRD OPTION REG
PCL PCL
STATUS STATUS
FSR FSR
PORTA TRISA
FPORTE TRISEB
EEDATA EECOMN1
EEADR EECOMN2I1)
PCLATH FPCLATH
INTCOM INTCOMN
58
SGeneral Mapped
Purpose (accesses)
Raqgisters im Bank O
(SREAMND
"a_,ﬁ_______
x““-..__ I — _____————-
———— . )
Bank O BEBank 1

20h
21h
22h
23h
24dh
25h
2i6h

27h
28h
259h

AR

2B8h
2Ch

CFh
CvOh

[] Unimplemented data memory location

Prof. Kasim Al-Aubidy
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oth and Gtf

I " hits of
Addressing Modes: ool
«  RAM memory locations can be register\ Seven bits from instructions
accessed directly or indirectly. RP1 RPO j
Direct Addressing: +
» Direct Addressing is done through a e |
9-bit address. *
) Example: aejectad ol 01
Bsf STATUS, RPO  ;Bankl bank 0
moviw OxFF 'W=0xFF /" —
movwf TRISA ;address of Soiocted bogetion O
TRISA register is taken from
Instruction movwf
4F
TF /
BankO Bank1

DERTS-MSc, 2015 Prof. Kasim Al-Aubidy
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Indirect Addressing:

Indirect unlike direct
addressing does not take
an address from an
Instruction but derives it
from IRP bit of STATUS
and FSR registers.

Addressed location 1s
accessed via INDF
register which in fact
holds the address
Indicated by a FSR.

DERTS-MSc, 2015

aevehth bt of

STATUS
registar
IRP 7 a
+ FSR
Selacted
an 01
Hank 00
/'
. H]E]
Saiected iocation preeeeee—
nc
4F
TF
Bankl Banki
Indirect addressing
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