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EGMENT ADDRESSING MODE
destination location is In the different segment the mode Is called interse

0 be transferred is in a different
of branching from one code segment to

segment this addressing mode pr
of the destination address are specified

another code segment. Here the
directly in the instruction.
Example
JMP 2000H: 3000H;
INTERSEGMENT INDIRE
In this the address t
and it is passed block containing four
ing address of the
t immediate

JMP [S000H];

INSTRUCTION SET OF 8086
The 8086 micropracessor supports 8 types of instructions -

= Data Transfer Instructions
e Arithmetic Instructions
= logical Instructions

= String Instructions
» Program Execution Transfer Instructions (Branch & Loop Instructions)

e Processor Control Instructions
» [Iteration Control Instructions
+ Interrupt Instructions

1. DATA TRANSFER INSTRUCTIONS
These instructions are used to transfer the data from the source operand to the
destination operand. Following are the list of instructions under this group -

INSTRUCTION TO TRANSFER A WORD
« MOV - Used to copy the byte or word from the provided source to the provided
destination.

+ PPUSH - Used to put a word at the top of the stack.

s POP - Used to get a word from the top of the stack to the provided location.
s PUSHA - Used to put all the registers into the stack.

« POPA - Used to get words from the stack to all registers.



* XCHG - Used to exchange the data from two locations.

s XLAT - Used to translate a byte in AL using a table in the memory.
INSTRUCTIONS FOR INPUT AND OUTPUT PORT TRANSFER

* IN-Used to read a byte or word from the provided port to the accumulator.

* OUT - Used to send out a byte or word from the accumulator to the provided
port.

INSTRUCTIONS TO TRANSFER THE ADDRESS .
= LEA - Used to load the address of operand into the provided register.

* LDS - Used to load DS register and other provided register from the memory

 LES - Used to load ES register and other provided register from the memory.
INSTRUCTIONS TO TRANSFER FLAG REGISTERS

* LAHF - Used to load AH with the low byte of the flag register.

* SAHF = Used to store AH register to low byte of the flag register.

» PUSHF - Used to copy the flag register at the top of the stack.

+ POPF - Used to copy a word at the top of the stack to the flag register.

2. ARITHMETIC INSTRUCTIONS ;
These instructions are used to perform arithmetic operations like addition,
subtraction, multiplication, division, etc.

Following is the list of instructions under this group -

INSTRUCTIONS TO PERFORM ADDITION
« ADD - Used to add the provided byte to byte/word to word.

« ADC - Used to add with carry.
» INC - Used to increment the provided byte/word by 1.
o AAA - Used to adjust ASCII after addition.
« DAA - Used to adjust the decimal after the addition/subtraction operation.
INSTRUCTIONS TO PERFORM SUBTRACTION
e SUB - Used to subtract the byte from byte/word from word.
e SBB - Used to perform subtraction with borrow.
¢ DEv - Used to decrement the provided byte/word by 1.

« NPG- Used to negate each bit of the provided byte/word and add 1/2's
complement,

» CMP - Used to compare 2 provided byte/word.
« AAS - Used to adjust ASCII codes after subtraction.
s DAS - Used to adjust decimal after subtraction.



INSTRUCTION TO PERFORM MULTIPLICATION
. ME.IL = Used to multiply unsigned byte by byte/word by word.

* IMUL - Used to multiply signed byte by byte/word by word.
. = Used to adjust ASCI| codes after multiplication.

INSTRUCTIONS TO PERFORM DIVISION

« DIV- Used to divide the unsigned word by byte or unsigned double word by
word,

* IDIV - Used to divide the signed word by byte or signed double word by word.
* AAD - Used to adjust ASCII codes after division.

¢ CBW - Used to fill the upper byte of the word with the copies of sign bit of the
lower byte.

* CWD - Used to fill the upper word of the double word with the sign bit of the
lower word. .

3. LOGICAL INSTRUCTIONS

These instructlons are used to perform operations where data bits are involved,
i.e. operations like logical, shift, etc.

Following s the list of instructions under this group -

INSTRUCTIONS TO PERFORM LOGICAL OPERATION
* NOT - Used to invert each bit of a byte or word.

* AND - Used for adding each bit in a byte/word with the corresponding bit in
another byte/word.

¢ OR- Used to multiply each bit in a byte/word with the corresponding bit in
another byte/word.

* XOR - Used to perform Exclusive-OR operation over each bit in a byte/word with
the corresponding bit in another byte/word.

TEST - Used to add operands to update flags, without affecting operands.
INSTRUCII'I ONS TO PERFORM SHIFT OPERATIONS
» SHL/SAL - Used to shift bits of a byte/waord towards left and put zero(S) in LSBs.

+ SHR- Used to shift bits of a byte/word towards the right and put zero(S) in
MSBs.

* SAR - Used to shift bits of a byte/word towards the right and copy the old Ms8
into the new MSB,
INSTRUCTIONS TO PERFORM ROTATE OPERATIONS
* ROL- Used to rotate bits of byte/word towards the left, i.e. MSB to LSB and to
Carry Flag [CF].

* ROR - Used to rotate bits of byte/word towards the right, .. LSB to MSB and to
Carry Flag [CF].




* RCR - Used to rotate bits of byte/word towards the right, i.e. LSB to CF and CF to
MSB.

* RCL - Used to rotate bits of byte/word towards the left, l.e. MSB to CF and CF ta
LSB.

4. STRING INSTRUCTIONS

String is a group of bytes/words and thelr memory is always allocated in a
sequential order.

Following is the list of instructions under this group -
* REP - Used to repeat the glven instruction till CX # 0.
* REPE/REPZ - Used to repeat the given instruction until CX = 0 or zero flag ZF = 1.

* REPNE/REPNZ - Used to repeat the given instruction until CX = 0 or zero flag ZF
=1

« MOVS/MOVSB/MOVSW - Used to move the byte/word from one string to
another.

= COMS/COMPSB/COMPSW - Used to compare two string bytes/words.

» INS/INSB/INSW - Used as an input string/byte/word from the I/O port to the
provided memory location.

« OUTS/OUTSB/OUTSW - Used as an output string/byte/word from the provided
memory location to the |/O port.

= SCAS/SCASB/SCASW - Used to scan a string and compare its byte with a byte in
AL or string word with a word in AX,

« LODS/LODSB/LODSW - Used to store the string byte into AL or string word into
AX.

5. PROGRAM EXECUTION TRANSFER INSTRUCTIONS (BRANCH AND LOOP INSTRUCTIONS)

These instructions are used to transfer/branch the instructions during an execution. It
includes the following instructions -

Instructions to transfer the instruction during an execution without any condition -
s CALL - Used to call a procedure and save their return address to the stack,
¢ RET - Used to return from the procedure to the main program.
» JMP - Used to jump to the provided address to proceed to the next instruction.
Instructions to transfer the instruction during an execution with some conditions -
= JA/INBE - Used to jump If above/not below/equal Instruction satisfies.
« JAE/INB - Used to jump if abave/not below Instruction satisfies,
« IBE/INA - Used to jump if below/equal/ not above instruction satisfies,
e JC-Usedtojump if carry flagCF=1
» JE/JZ - Used to jump if equal/zero flag 2F = 1
* JG/INLE - Used to jump if greater/not less than/equal instruction satisfies.
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JGE/INL - Used to jump If greater than/equal/not less than Instruction satisfies.
ILJINGE - Used to jump if less than/not greater than/equal Instruction satisfies.

JLE/ING - Used to jump If less thanfequal/if not greater than instruction
satisfies,

INC - Used to jump if no carry flag (CF = 0)

JNEfINZ - Used to jump if not equal/zero flag ZF = 0
INO - Used to jump if no overflow flag OF = 0
INP/IPO - Used to jump if not parity/parity odd PF=0
JN5 - Used to jump if not sign $F =0

JO - Used to jump if overflow flag OF = 1

JP/IPE - Used to jump if parity/parity even PF =1

JS - Used to jump if sign flag SF= 1

6. PROCESSOR CONTROL INSTRUCTIONS
These instructions are used to control the processor action by setting/resetting the flag
values.

Following are the instructions under this group -

L

-

STC - Used to set carry flagCFto 1

CLC - Used to clear/reset carry flag CF to 0

CMC - Used to put complement at the state of carry flag CF.

STD - Used to set the direction flag DF to 1

CLD - Used to clear/reset the direction flag DF to 0

§TI - Used to set the interrupt enable flag to 1, i.e., enable INTR input.
CLI - Used to clear the interrupt enable flag to 0, i.e., disable INTR input.

7. ITERATION CONTROL INSTRUCTIONS
These instructions are used to execute the given instructions for number of times,
Following is the list of instructions under this group =

« LOOP - Used to loop a group of instructions until the condition satisfies, i.e., CX

=0

« LOOPE/LOOPZ - Used to loop a group of instructions till it satisfies ZF =1 & CX =

0

« LOOPNE/LOOPNZ - Used to loop a group of instructions till it satisfies ZF = 0 &

Cx=0

» JCXZ - Used to jump to the provided address if CX=0

4. INTERRUPT INSTRUCTIONS
These Instructions are used to call the interrupt during program execution.




s« INT=- Used to Interrupt the program during execution and calling service
specified.

o INTO - Used to interrupt the program during execution if OF =1

« IRET - Used to return from interrupt service to the main program

ASSEMBLER DIRECTIVES

Assembler directives are the Instructions to the Assembler, linker and loader
regarding the program being executed. also called ‘pseudo instructions. Control the
generation of machine codes and organization of the program; but no machine codes
are generated for assembler directives.

They are used to

» specify the start and end of a program

» attach value to variables

) allocate storage locations to input/ output data

» define start and end of segments, procedures, macros etc..
ASSUME

Used to tell the assembler the name of the logical segment it should use for a

specified segment. You must tell the assembler that what to assume for any segment
you use in the program.
Example
ASSUME: CODE
Tells the assembler that the instructions for the program are in segment named CODE.
DB — Defined Byte
Used to declare a byte type variable or to set aside one or more locations of type bytein
memory.
Example
PRICES DB 49H, 98H, 29H:
Declare array of 3 bytes named PRICES and initialize 3 bytes as shown.
DD - Define Double Word
Used to declare a variable of type doubleword or to reserve a memory location which
can be accessed as doubleword.
DQ - Define Quadword
Used to tell the assembler to declare the variable as 4 words of storage in memory.

DT - Define Ten Bytes
Used to tell the assembler to declare the variable which is 10 bytes in length or reserve
10 bytes of storage in memory.

DW - Define Word
Used to tell the assembler to define a variable type as word or reserve word in memory.

DUP: used to initialize several locations and to assign values to location

END - End the Program

To tell the assembler to stop fetching the instruction and end the program execution.
ENDP ~ it is used to end the procedure.

ENDS - used to end the segment.

EQU - EQUATE

Used to give name to some value or symbol.

EVEN - Align On Even Memory Address




Tells the assembler to increment the location counter to the next even address if it is not
already at an even address.
EXTRN
Used to tell the assembler that the name or labels following the directive are in some
other assembly module.
GLOBAL - Declares Symbols As Public Or Extrn
Used to make the symbo! available to other modules.it can be used in place of EXTRN or
PUBLIC keyword.
GROUP - Group related segment

Used to tell the assembler to group the logical segments named after the
diractive into one logical segment. This allows the content of all the segments to be
accessed from the same group.
INCLUDE - include source code from file

Used to tell the assembler to insert a block of source code from the named file
into the current source module. This shortens the source code.
LABEL
Used to give the name to the current value in the location counter. The LABEL directive
must be followed by a term which specifies the type you want associated with that
name,
LENGTH i
Used to determine the number of items in some data such as string or array-
NAME
Used to give a specific name to a module when the programs canslsting of several
modules.

OFFSET
It is an operator which tells the sssambler to determine the offset or displacement of

named data item or procedure from the start of the segment which contains it.
ORG - Originate
Tells the assembler to set the location counter value,
Example, ORG 7000H sets the location counter value to point to 7000H location in
memory.

$ is often used to symbolically represent the value of the location counter. It is
used with ORG to tell the assembler to change the location according to the current
value in the location counter. E.g. ORG 5+100.
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UNIT-3

8051 Microcontroller

Introduction to 8051 Microcontroller

Microcontroller is a single chip microcomputer which consists of CI'U, Memory, 1/0) ports,
timers and other peripherals. The dillerence between microprocessor and microcontroller is
MICTOPIOCESSOT is o single integrated CPU whereas microcontroller is single chip microcomputer.
he world leaders of manutacturing of microprocessor and microcontroller are Intel, Motorola,
[BM. Cyrix ete. Here we have 1o focus on microcontroller 8051,

In 1981 Intel Corporation introduced an 8 bit microcontroller called 8051 .this
microcontroller had 128 bytes of RAM, 4K bytes of on-chip ROM, two timers, one serial port
and tour ports (each 8hit wide) all on a single ¢hip. 1t is an 8 bit processor means it can process

8 bit of data at a time. 1t has total of four 1/O ports, cach 8 bit wide.

Features of 8051

Feature Quantity
ROM 4K bytes
RAM 128bytes
Timer 2

1/0 pins 32
Serial Port 1

Interrupt sources 6

1. Architecture of 8051

Fig 4.1 shows a simplified architecture for the internal Hardware. Fig 4.2 shows an overview of
the internal hardware architecture of the 8051/8031 microcontrollers.

The CPU has the controlled and sequencing logic circuits with signals as in a microprocessor.




The MCU has, besides the CPUL ROM. Interrupt control circuit, internal timing devices (timers
TO, 11, senal interface (S1. RAM and special function registers (SFRs). It has four ports PO,
PL P2 and P3 as shown in Fig. 4.1, The overview block diagram of 8031 is depicted in Fig.4.2,

%ﬂé

-

EXTERNAL
INTERRUPTS
ON CHIP
- ROM
INTERRUPT | for
CONTROL [T | program
code

Fig. 4 1 Simplified architecture of 8051
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Fig.4.2 Overview (Block diagram) of 8051

PC- Program Counter
A 16 bit register to hold the program memory address of the instruction being currently fetched.
Increments continuously (o point to the next instruction, unless there is change in the program
flow path.




DPTR- Data Pointer register

A 16-bit register to hold the external data memory address of the data being currently fetched or
to be fetched in indirect addressing mode.

A-Accumulator

An 8-bit register to save an operand for an ALU or data transfer operation and is also used to
accumulate result afier an ALU operation.

B- B register

An 8-bit register to save a second operand for the ALU and also accumulate the result after ALU
operation for multiplication or division.

ALU- Arithmetic logic unit

A unit to perform an arithmetic and logical operation at an instance as per the instriction to be
exccuted and give result.

PSW- Processor Status Word

A register 1o save the bits of different flags.

PO- Port PO

An 8-bit port for the I/Os in a single chip mode and for the data bus-cum- lower order address in
the expanded mode.

P2- Port2

An 8-bit port for the I/Os in a single chip mode and for the higher order address in the expanded
mode

PI- Portl
An 8-bit port for the 1/Os in a single chip mode and a few device operations related bits in certain

8051 family variants in the expanded mode.

P3- Port3
An 8-bit port for the I/Os in a single chip mode and the serial interface (S1) bits , timer T0 and T1

inputs, Interrupts INTO and INT1 inputs , RD and WR for the memory read-write in the expanded
mode.

SI- Serial Interface Device

Serial device for full duplex UART serial I/0 operations through the set of two pins of P3, RxD
and TxD and for the half duplex synchronous communication of the bits through the same set of
pins, DATA and CLOCK.

T0 and T1- Timers T0 and T1

Timing devices in 8051 family using four registers THI, THO, TL1, and TLO.

SFRs- Special Function Registers

All registers the SP, PSW, A, B, IE, IP, SCON, TCON, SMOD, SBUF, PCON, , TL0, THO,

TL1, THI are called SFRs

ROM- Read only Program memory

Masked ROM EPROM or flash EEPROM of 4kB in 8051 classic family.

Internal RAM- Internal Random Access Memory
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For read and write the 128 B memory is indirectly and directly addressable in address space.
Register banks- Four set of registers

Four register banks cach of 8 registers and these ave also part of the internal RAM

NTALT and XTAL2 - Pins to the Crastal

Pins to the erystal in the oscillator circuit. usually 12 M1z

I A= External Enable

l'o enable use of external memory addresses to external ROM,

RNT- Reset Pin

Reset circuit input and also reset few output cycles to the external peripheral devices to let
processor reset and synchronize with devices.

INT O and INT 1- Interrupt pins

Active low two external interrupts.

VOC and GND- Voltage supply pi and ground pin

For 5V supply and ground connections respectively.

PSEN - Program Store Enable

Active low when reading the external program memory bytes

RD) -Read

\ctive low when reading the byte from external data memory.

WR - Write

Active low when writing the byte to external data memory

2. Pin Configuration

Fig 4.3 shows 40 pin signals in an 8051 series microcontroller. It shows the VO pins. PU.U 1o
P0.7. P1.0 to P1.7. P2.0 to P2.7 and P3.0 to P3.7. It shows other remaining 8 pins, Vp, Vss,

XTAL] and XTAL2. RST. ALE, EA and PSEN .

Vee - Pin 40 provides supply voltage to the chip. The voltage source is +3V
GND- Pin 20 is the ground.

XTALI and XTAL2- 8051 has an on-chip oscillator but requires an external clock to run it.
Most upon a quartz erystal oscillator is connected to inputs XTALL (pin 19 and XTAL @ (pin-
18) The quanz erystal oscillator connected also needs two capacitors of 30 pk. 1f frequency
source other than erystal oscillator such as TTL oscillator will be connected 0 XTALT and
XTAL2 is lefi unconnected.



& -j~ o _] Vi 1 T KTAL S
(¥la F %[ Po 00 i 0
-3 W PR ©1 l
Lkt [ 37 [0 mozan » — KTAL1
Pralls :g;: % [ P02 Aoy, g
glim l: ) B L] P4 ’ - ———] 3D
im b M) Pos DY
atam | 11 [] POBADR
e 13 2740 : r i
ReTLds 2 [ roriaon Fig. 4.4 XTAL connection to
ELD .‘__j-: " ﬁ'-ﬁ H”.‘..I
Rk it b ¥ [ wefe ;
i Him b F mE
wosagn A m R L
AN rll T
e %[0 s . e
WR,P2e 7] e BT -
s pi” u[ maAn i
Rzl 27 e2umi)
R % 2 e 9
ez Fllm AT
Fig. 4.3 8031 Pin diagram Fig. 4.5 Power-On RESET circuit

RST (1'P)- Pin 9 is the RESET pin and is active high (normally low). Upen applying high pulse
1o this pin the microcontroller will reset and terminate all activities. This ofien referred to as
power on reset. Once it is activated the contents of all registers become zero except the content

of SP which is 07TH.
I'A (External Access) - This pin is connected to Vee for those have on-chip ROM otherwise

it is grounded incase 8031 and 8032. Because in case of 8031 and 8032 there is no on-chip
ROM.

PSEN (0/p) (Program Store Enable)- In case of 8031 based system in which an external ROM
holds the program code . To read the code this pin is connected to OE pin of ROM chip.

AIE (o/p) (address Latch enable)- When B051is connected to external memory, both address
and data are transferred through port 0 pins. ALE signal is active high used to demultiplex
address/data bus,
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PO. P1L P2 and P3 are explained in port section,
3. Memory Organization

The 8051 micro controller has a total of 128 bytes of RAM. The 128 bytes of RAM inside the
ROS1 are assigned addresses 0011 1o 7FH and divided into three different groups as follows.

I. A total of 32 bytes rom location s 00H to 1FH are set aside for register  banks and the
stacks.

2. A wtal of 16 bytes from locations 20H to 2FH are set aside for bit addressable read/write
memory,

L. Atotal of 80 bytes from locations 30H 1o 7FH are used for read and write storage. or what s

normally called a seratch pad. These 80 locations of RAM are widely used for the purpose ol

storing data and parameters by 8051 programmers.
Register banks in the 8051

As mentioned. a total of 32 bytes of RAM are set aside for the register banks an stack.
Ihese 32 bytes are divided into 4 banks of registers in which each bank has 8 registers, RO-R7.
RAM locations from 0 to 7 are set aside for bank 0 of R0-R7 where RO is RAM location 0 . R2
is location 2 and so on. The second bank of registers RO-R7 start RAM location 08 and goes 1o
location 1FH. The third bank of RO-R7 starts at memory location 10 H and goes to location
17H. finally RAM location 18H 1o 1FH are set aside for the fourth bank of R0O-R7. The

following shows how 32 bytes are allocated into 4 banks.

7F Fig, 4.7 RAM Allocation in the 8051
Scratch pad RAM
ED]
2F
Bil-Addressable RAM Bard ) Hank | Bank 2 Bari }
20
iF . U IEH T T
Hegister Bank 3 s W Nmn T
18 ] 3 i £ [ 5
7 Regisicr Bank 2 S{_% D% 3 _K ID[_%
10 i | o] ® 4] ®4 i€y M
OF Register Bank 1 (stack) | N HEE B
08 iR Al R i [ I &
oz a o R n[x ST
i Bank 0
Register Boni P BT e s
0f)

Fig. 4.6 RAM allocation in the 8051




External Program Memaory

Fig 4.8 shows a layout of the external code memory addresses in the classic 8031 architecture,

1. When the the Ii.-\_ =0 at RESET. the PC (MCU program counler ) starls from Ox0000
and accesses the external addresses from the memory. Memory addresses are between
0000 and OxFFFF,

When the EA =1 at RESET, the PC starts from 0x0000 for banks0 and 1 and accesses

the internal addresses and the 0x1000 onwards from the external addresses from the

]

memory.
OxFFFF
H
] Code Banks
2-31 =
" 2 When EA=0
Code during
RESET
0x1000 i
FF
S Bank O E
' and o
Bank 1
20000

Fig. 4.8 Code Memory (Program memory)

External Data Memory

Fig. 4.9 shows a layout of the external data (X-DATA) memory addresses in the classic 8031
architecture. It can be accessed through the indirect addressing mode used.

OxFFFF
When DPTR
X-Dala X-DATA .-+ used for
Lo Indirect
addrassing
Ol 300

Fig. 4.9 Memory for X-Data in classic 8051




.\

‘\

5. Special Function Registers (SFR)

For a programmer. the SEFRs are at the directly addressable space special registers [hese can
have addresses between 80H and

be accessed by their names or by their addresses. The SFRs

FEH. These addresses are above 80H. since the addresses 00 to 7FH are addresses of RAM
memory inside the 8051.Not all the address space of 80 1o FF is used by the SFR. The
locations 80 to FFH are reserved and must not be used by the 8051 programmer. The meaning

of cach symbol is enlisted in Table 4.1.

Table 4.1 Special Function Register (SFR) Address.

Svmbol [ Name Address i
ACCH | Accumulator OEOH _‘
| B* | B-register 0FOH ay
| PSWe* . Program Status Word 0DOH |
SP | Stack Pointer 81H I
DPTR | Data Pointer 2 bytes
DPL lower byte ' 82H
DPH higher byte 851
| PO* ' Pont0) 801
[PEe | Portl 90H
| 2% | Port2 OAOH
P3* | Port3 OBOH
| IP* Interrupt Priority Control OBSIH
IE* Interrupt Enable Control OASH
T™MOD Timer /counter mode control | 89H
TCON®* Timer/counter control 88H
T2CON* Timer/counter 2 control 0C8H
T2MOD Timer /counter mode control | 0C91H
" THO Timer/counterQ) high byte 8CH
TLO Timer/counter0 low byte 8AH
THI Timer/counter 1 high byte SDH
TLI Timer/counter 1 low byle SBH
TH2 Timer/counter 2 high byte 0CDH
TL2 Timer/counter 2 low byte 0CCH
RCAP2H | T/C2 capture register high | 0CBH
byvie
RCAP2L | T/C2 capture register high | 0CAH
byte
SCON* Serial control 98H
SBUF Serial data buffer 99H
PCONE Power control 87H
* indicate Bit addressable




6. Port Operation

The tour ports PO, P1. P2 and P3 cach use 8 pins, making them 8-hit ports. All the ports
upon RESET are configured as output, ready to be used as output ports. To use any ol these

portsas an mput port . it must be programmed. The port structure is depicted in Fig. 4.10
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Fig.4.10 Port Structure
Port 0

It can be used for input or output. It oceupies total of 8 pins (pins 32-39). To use the pins of
port O as both input and out ports, each pin must be connected externally to a 10 K ohm pull-up
resistor. PO is an open drain unlike P1, P2 and P3. With external pull-up resistors connected upon
reset, portQ) is configured as an outpul port.
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Fig. 4.11 Port 0 with pull up Resistors

With resistors connected to port 0, in order to make it as input the port must be progriammed by
writing | to all the bits. In the following code.

MOV A, #0FFH
MOV POCA
BACK: MOVA,PU
MOV Rl A

SIMP BACK.

Port 1

Port | occupies a total of 8 pins (pins | through 8) . It 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 reset port 1 is configured as an output port. To make Port | an input port it must
be programmed as such by writing 1 10 all its bits.

Port 2

Port 2 occupies a total of 8 pins ( pins 21 through 28). It can be used as input 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 output port. To make port 2 as inpul, it must programmed



as such by writing 1 to all its bits. The dual role of port 2 is also accomplished by providing

higher byvte address through AS-A15 to access the external memory.

Port 3

Port 3 occupies a total of 8 pins, pin 10 through 17. [t can be used as input or output. P3 does not
need any pull-up resistors . the same as P1 and P2. Although Port 3 is configured as an output
port upon reset, Port 3 has additional function of providing some extremely important signals

such as interrupts. Table depicts the alternate functions of port 2

Table 4.2 Port 3 alternate functions

P3 hit FFunctions Pin
P3.0 RxD 10
P31 TxD 11
P3.2 INTO 12
P3.3 INT1 13
P34 T0O 14
P55 TI 15
P3.6 WR 16
P37 RD 17

P3.0 and P3.1 are used for the RxD and TxD serial communication signals. P3.2 and P3.3 are
used for external interrupts. Bits P3.4 and P3.5 are used for timers 0 and 1. Bits P3.6 and P3.7

are used to provide WR and RD signals for external memories in 8051 based system.
7. Memory interfacing

Semiconductor memory

In the design of all microprocessor based system , Semiconductor memory are used as primary
storage for code and data. It can be in units of K bits, M bits and so on. Semiconductor
memories are conducted directly to the CPU and is also called as primary memory. The widely
used semiconductor memories are ROM and RAM.

Characteristics of Semiconductor Memory

Memory capacity- The number of bits that a semiconductor memory chip can store is called
chip capacity.



Menmory organizntion- Memaory chips are orpanized into number of locations within the 1€

Fawh locaton hold 1 bie, Ahits, 8bits or even 16 bits, depending on how it s designed internally.

I A memony elup contins 2 locations where x is the number of address pins.

Y bach location contains y bits, where v s the number of data pins on the chip.

: woentie chap will contian 2% vy bits, where x is the number of address and ¥
I tie ¢l 1 l v il | 1 her of address pins and v is

the number of data pains

Speed- One of the most impottant characteristics of a memory chip is the speed at which its data

cin be accessed

ROM (Read-Only-Memory)- 1t is a type of memory that does not loss its contents when the
powet s turned of L For this reason ROM is called volatile memory. There are diflerent types ol
read-only - memory such as PROM, EPROM, EEPROM, Flash EPROM and mask ROM.

PROM- Leeters o the kind of ROM that the user can burn information inte it That's why it s
called as user-programmable memory, For every bit of the PROM, there exists a fuse. So it is

programmed by blowing of Tuses, 11 is also referred to as OTP (one ~time programmable)

FPROM (Evasable Programmable ROM)- In EPROM, one can program the memory  c¢hip
amd erase it thousands of times. A widely used EPROM is called UV-EPROM. The content of
NSEPROM s erased when it is exposed to ultra violet light, Its erase time is near about 20

minules ,

FEPROM ( Electrically Erasable Programmable ROM)- Its desired contents are erased by

clectrically,

Flash memory EPROM- This memory has become popular user-programmable memory chip,
due to the process ol erasure of the entire contents takes less than a second. As the erasure
method s electrical sometimes it is called as Flash EEPROM,

Mask ROM- Mask ROM refers to Kind of ROM in which the contents are programmed by the
1C manutucturer. It is not a user-programmable ROM,

RAM ( Random Access Memory)- It is called volatile memory since cutting of the power to
the 1C will result in the loss of data. Sometimes it is called as read and write memory (RAWM),
L here are three types of RAM: Static RAM (SRAM), NV-RAM (Nonvolatile RAM) and
dynamic RAM (DRAM).

NV-RAM (Nonvolatile RAM)-This RAM is nonvolatile, Like other RAMS it allows the CPU o
read write 1o i, but when the power is turned ofl, the contents are not lost. To retain its content
every NV-RAM chip internally is made of the following components.




It uses extremely power-etficient, SRAM cells built o of CMOS

It uses an internal lithium battery as back energy source.

It uses an mtelligent control circuitry. The main job ol imternal circuitey to monitor the
Vi pin - constantly 1o detect the loss of external power supply. I the power to the Vee
pin falls the below out-of-tolerance condition. the control circuitry switches automatically

to its internal power source, lithium battery.

DRAM (Dynamic RAM)-1The use of a capacitor as a means (o store data cuts divwn the number
of transistors needed to build up the cell; however it requires constant refreshing due to leakage.
Ihis is in contrast o SRAM whose cells are made of flip-lops. The use of capacitor as slorage

cells in DRAM results in much smaller net memory size.
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Muomory Address Decoding

The job of the decoding cireuitry 1o locate the selected memory block that CPU has access to
desired data in memory chip. Memory chips have one more pins called CS (chip select) which
must be activated for the memory contents to be accessed. Sometimes the chip select is also
referred to as Chip Enable (CE).

Following points are reguired for interfacing the memory to the CPU.

.
2

The data bus of the CPU is connected directly 1o data pins of the memory chip.

Control signals RI) (read) and WR write from the CPU are connected to the OF (output
enable) and WE (write enable) pins of memory chips respectively.

In case of the address buses, while lower bits of the addresses from the CPU are
connected directly to the address pins of the memory chips and upper address pins are
used to activate the CS or CE pin of the memory chip. The CS or CE pin along with
RI/WR allows the flow of data in or out of the memory chip.
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6.3 Interfacing with External ROM/RAM as Program and Data Memory
For interfacing 1o external ROM some pins have important role that to be discussed here.

EA-When this pin is connected to Vee, that indicates the program code is stored in the
microcontroller on-chip ROM. For external ROM aceess tis pin is grounded.

P0 and P2 role in providing addresses- In 8051 PO and P2 provides the 16-bit address 1o aceess
external memory. OF these ports PO provides the lower 8 bit addresses AD-A7, and P2 provides
the upper 8 bit addresses A8-A15. More importantly, PO is also used 1o provide 8 bit- data bus
D0-D7. In other words P0.0- PO.7 are used for both address and Data is called as address/data
multiplexing. The sharing of this bus is accomplished by ALE (address latch enable.) Pin.

When ALE=0. the 8051 uses PO for the data path and when ALE=1. it is used for address path,

PSEN (program store enable)- [t is an output signal must be connected to OE pin of a ROM

containing the program code. When EA pin is connected to ground the 8051 fetches opeode

from external ROM by using PSEN .
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8. Interrupt

\ single microcontroller can serve several devices. There are two ways to do that:
mterrupts or polling. o the Interrupt method, whenever any device needs its service, the device
notifies the microcontroller by sending an interrupt signal. Once the interrupt is accepted the
microcontroller serves the device by executing an interrupt service routine (ISR). In polling
method the microcontroller continuously monitor the status of a give device, when the condition
1s met it performs the service. This polling method is not efficient because it has to monitor all
times the status of devices in round-robin fashion and priority assignment is not possible.

Interrupt Service Routine

For every interrupt. there must be an Interrupt service routine (1SR}, Interrupt handler. For every
nterrupt. 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.

Steps in executing an Interrupt
Once an interrupt is activated. microcontroller performs the ollowing steps.

1. It finishes the instruction it is executing and save the address ol the next instruction ( PC)

on the stack.

It also saves the the current status ot all the interrupts internally.

It jumps to a fixed location in memory called the interrupt vector table that holds the

address of ISR.

4. The microcontroller gets the address of the ISR from the interrupt vector table and jumps
to it. It starts to execute the ISR until it reaches last instruction of subroutine RETI (return
from the interrupt).

5. Upon executing the RETI instruction, the microcontroller returns to the place where it
was interrupted. First it gets PC address from the stack by popping the top two bytes of
the stack into the PC

L |

Six Interrupts of 8051
The six interrupts in the 8051 are allocated as follows

1. Reset- when the reset pin is activated, the 8051 jumps to address location 0000. This is
power-up rescl.
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2. Two interrupts are set aside for the timers: one for timer 0 and one for timer 1. Memory
locations 000BH and 001BH in the interrupt vector table belongs to timer 0 and timer
I.respectively.

I'wo 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 interrupts INTO and INTI.
X2. Memory

ad

respectively. These external interrupts are also referred to as EX1 and E
location 000311 and 001311 in the interrupt vector table arc assigned to INTO and INTI
respectively.

4. Serial communication has a single interrupt that belongs to both receive and transfer. The
interrupt vector table location 0023H belongs to this interrupt.

Interrupt Vector Table for 8051

From the table it has been observed that only three bytes of ROM space is assigned to the reset
pin. They are ROM address locations 0.1 and 2.

Table 4.2 Imerrupt vector addresses

Interrupt ROM Pin
Location(Hex)
| Reset 0000 0
External hardware interrupt (INT0) 0003 i 12
| Timer 0 interrupt (TI0) 0008 | 13
External hardware interrupt (INT1) 0013
Timer 1 interrupt (TF1) 0B
Serial COM interrupt ( Rl and TI) 0023

Enabling and disabling an interrupt
Upon reset all interrupts are disabled. The interrupts must be enabled by software. There is a
register 1E (interrupt enable) that is responsible for enabling and disabling the interrupts.

To enable an interrupt following steps should be followed.

1. Bit D7of IE register (EA) must be set high to allow the rest of register to take effect.
2. IfEA=1, interrupts are enabled and will be responded to if’ their corresponding bits in IE
are high. If EA=0, no interrupt will be responded to, even if the associated bit in the [E

register is high.



D7 Do
[EA ] [&12 [ €5 | €11 | exi | ET0 | EX0 |
IF.A IE.7  Disables all interrupts. If EA = 0, no interrupt is acknnwlcdgcd.
If EA = 1, each interrupt source is individually enabled or disabled
by setting or clearing its enable bit.
= IE.6  Not implemented, reserved for future use. *
'EETZ IE.S  Enables or disables timer 2 overflow or capture interrupt (8952).
ES IE4  Enables or disables the serial port interrupt.
ET1 IE3 Enables or disables timer 1 overflow interrupt.
X1 [E.2  Enables or disables external interrupt |.
T0 IE.I Enables or disables timer 0 overflow interrupt.
X0 IE.0  Enables or disables external interrupt 0.

User software should not write 1s to reserved bits. These bits may be used
i fulu:e Fiasa microcontrollers to invoke new features

Fig. 4.21 Interrupt Enable Register

Intervupt Priority in the 8051

When the 8051 is powered up, the priorities are assigned, that are enlisted in table.

Table 4.3 Interrupt priority

Highest to Lowest priority
External Interrupt 0 INTO
Timer Interrupt O TFO
External Interrupt | INTI
Timer Interrupt | TFI]
Serial Communication RI-TI




9. Programmer’s Model

Ihe CPU registers are used to store the data temporarily. The information may be data to
be processed or address pointing the data to be fetched. The majority of registers are 8 bits. The
8-bit registers are shown in the diagram from MSB (most significant bit) D7 to the LSB (least
significant bit) DO, The most widely used registers of 8051 are A (accumulator), B. RO. R1. R2.
R3. R4, RS, R6. R7. DPTR (data pointer), and PC (program counter). All these registers are 8
bits except DPTR and the program counter. The accumulator is used to hold one operand before
execution and hold the result after execution, The program counter points to the address of next
instruction 1o be fetched. It is a auto increment register. As the size of program counter is 16 bit.
8051 can access the program addresses trom 0000H-FFFFH. When 8051 is powered-up the
program counter contents will be 0000, This means that it expects the first opcode to be stored
at ROM address 0000H. For this reason in the 8051 system. the first opecode must be burned
memory location 0000H of program ROM since this is where it looks for the first instruction
when it is booted.
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= AT PEWA Aty eam s
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IIl oV Fw2 (herfion flag
- PSW1 Liter defimible bat
[edjsc]mirsifmsafon] = [ Bl B TR0 i et sk
PSW Reglster 0 e ae okl even member of | By i e scorciane
E RSl RSO Regivler Bank Ailires
U 0 a 0OH - OTH
L} 1] I | UEH « OFH
| ] 2 I8H - ITH
[LGENED ! I ) 18H - iFH
Fig. 4.22 Programmer’s model Fig. 4.23 PSW register

PSW (program status word register)

The program status word register (PSW) is an 8-bit register, It is also referred as Flag
register. Although this register is size of 8-bits, only Gbits are used by 8051. Two unused bits are
user definable flags. Other 4 bits are called as conditional Mags such as CY (carry), AC
(auxiliary carry), P(parity) and OV(overflow).In this register the bits PSW.3 and PSW.4 are
designated as RSO and RS1 and used 1o select the banks. PSW.5 and PSW.1 bits are general
purpose status flags and can be used by the programmer for any purpose.




10, Operand addressing

\n addressing mode 1s a method of specifying the data source or destination in an

mstraction. There wee S types ol addressing modes is supported by 8051,

1. Register

2. Immediate

3. Dareet (memory related)

4. Register Indireet (memory related)
]

Index register addressing

Register addressing maode

s addressing mode involves the use of registers to hold the data to be manipulated.
I xamples:

MOV AL RO Copy the contents of RO int A

ADD ALR7  : Add the contents of R7 to contents of A and the result is stored in A

Tmmediate addressing mode

In this addressing mode immediatg data is specified in instruction as a source operand,

3P £ a0
Examples: ,ip.[,"‘l Rl

o) ¥ . !
MOV 13, 54011 L : load 40H into B register
MOV DPTR, #200081 ; load 2000H into DPTR

Direct addressing mode

As we know the on-chip RAM of 8051 is 128 byte, it can be accessed through memory address
from 001 o FF H. The allocations of 128 bytes are as follows.

1. RAM location 00H-1FH are assigned to register banks and stack
2. RAM location 20H-2FH is set aside as bit-addressable space 1o save single bit data.
3. RAM location 30H-7F is available as place (o save bite-sized data,

Although the entire 128 bytes of RAM can be accessed through direct addressing mode, it is
most ofien used to access RAM location 301-7FIL This is due to fact that register banks are
accessed through their names.



v
5 T -
c-\. . ' r
9
Fxamples: .
MOV R4, 701 s move the contents of RAM location 7011 to R4.
MOV 36l A »save the content of A in RAM location 36H

PUSLHE 05 : push RS onto the stack

Register indirect addressing mode

In this mode the address (of 8bits) is indirectly specified in the instruction by the contents )
of pointer. This addressing mode so called because the source operand is from the address
specified indirectly by another register in the instruction. The limitation is that only RO and l{],;'.""
register can be used in 8031 for indirect addressing. SFRs are directly accessible. | a9 5 . 3

X . d J
Examples oY @ i “a\'r -
: N J g ©
MOV R1. #3551 : load pointer R1=35H l{x <’ 7 I_"‘ ? A
, & DS S
MOV AL @RI : the content of pointer is transferred to A & i e i
! e~ N
Index registers addressing ?: . € _Ex: £~
o s
Suppose we need to access external data RAM and external code space of on-chip ROM~__
16 bit address must be required. In this case we have to use DPTR. This mode is widely used in.’
accessing data elements of look-up table entries in the program ROM space of 8051, X
Examples:
i
MOV DPTR. #0200H : load DPTR with 0200 w ¢
CLR A ; clear accumulator ) :_.?1‘ r\ﬁ-ﬂf :
o 2
MOVC AL A+DPTR ; Move the content 0200 location into A~ © D\P o
poV ¢ x5 _#F QR
- W ~
11. Instruction set £y rf& v e
1 he instruction set of 8051 can be classified into following group. i ‘rq-\L : Ir"-‘ QU
A
1. Data Transfer Instructions (S “ . &f\
2, Arithmetic Instructions - ¢ Lot
3. Logic Instructions ‘;\n'i
4. Boolean Variable manipulation Instructions
5. Program llow control (Processor and Machine control) Instructions
6. Interrupt flow Control instruction




Data Pranster Instructon

L hree Iy

within

the third s using the external data memory N=DATA)

AMON instiruction

\ MOV instruction means move (copy) the bits from one source (o i destination,

Table 4.4 MOV instructions within the registers, internal IMM |1||:l SFRs in 8051

pes of the data transter can be done by move struchion, First type s transler

e mternal RANM and SERs, second type s transter using code memory area (CODE) and

i Instruction Action mltln.-“llu., l.cnp,lll eveles
| (Mpemonic) Carlil| ) in bytes .
| MOV A Rn Move Rnoamo A T Register L! I i TR,
| MOV Rn, A Move into R from A S Register SRS i) S
CMON AL #data Move immediate 8-bit da into A i | Immediate _,_3 sl |
r MOV Rn, fdata Move into Rn the data, al ___ ll”""-il'*"f-_ e e | WIS
MOV A, divect ] Move byte at the direct .u_lnlu: i'nl?f\ L [Dircctinny [ ZNNES -
MOV Rn, d:rerl | Move from dlrecl .'n-:itlrr'ssmlu Rn | Direct 12 12
MOV direct, A MllVE‘ I:lvte 10 the direct address form A _ | Direct 2 1
_MOV_:_JII{'_LL_R!‘I o I Mo\re a byte to the(Ilrnctdtldrnssfrmn Rn. Direct 2 2
M OV direct, direct Move byte to the direct address from the Direct 3 2
| direct address
MOV dlrru #idata Move im rnedmte data byte to the direct Immediate | 3 2
- address
MOV a,@Ri Move into A the byte from the address Indirect 2 2
pointed by Ri
._W'IOTJ-E].RI, A Move A into address pointed by Ri Indirect 1
MOV direct, @Ri Move into direct address from address indirect 1
pointed by Ri
i MOV @R, direct Move [rom Lhe direct address Lo the address Indirect 2 2
poined by ri
MOV @Ri, #data | Move data ino address pointed by Ri immediate | 2 2
MOV DPTR, . datal6 | Mov el6 bit dat immediate | 3 2

MOVC-type Instruction

It moves the 8-bit code from one source at the program memory (internal and external) to the

register A destination,

Table 4.5

constant to ucrumulnlur In 8051

MOVC Instructions for transfer from the program memory nrea

uddress code or

Instruction Action Addressing | Length | Cycles
in bytes
MOVC A, @A+DPTR | Moves Lhe code or constant into A the byte Indirect 1 2
from the program memory address pointed




by hypothetical addition of DPTR with the A
G L. S
MOVC A, @A+PC Move the code or constant into A the byte Indirect 1 2
fram the program memory address pointed
by hypothetical addition of PC with the A
L . itself
MOX-type Instractions
A MOVX instruction means move (copy) the 8-bit data into A and from A using the external
data memory address using DPTR or Rias the pointer
Table 4.6 MOVX instruction —
| Instruction Action | Addressing | Length in Cycles
- bytes
MOVX A, wDPTR Move the external data byie Indirect I 2
‘ (X-DATA) into A from the
{ data memory address pointed
{ by DPTR =
;. MOVX aDPTR.A Move into the external data Indireet 1 2
| memory from A o the
{ address pointed by DIPTR
TMOVX AL i Move the external data byte Indirect 1 2
into a from the memory
! address pointed by Ri
MOVX @Ri. A Move into the external data | Indirect 1 2
memory from A to the
memory address pointed by
| Ri i s
Table 4.7 PUSH and POP instructions for using the Stack Area employing SP
Instruction Action Addressing | Length in Cycles
bytes
PLISH direct Move byte from a direct Direet 2 2
internal RAM or SFR into the
stack afier first incrementing
the stack pointer by |
POP direct Move byte to a direct internal | Direct 2 2
RAM or SFR into the stack
and then decrement the stack
pointer by 1.




NCH-type instructions

An XCH instruction is for exchanging the A register with a source using the register (direct or

indirect addresingd mode,

Table 4.8 XCH and XCHD instruction

Instruction Action Addressing Length in cyeles
, hvites

XCH AaRi Exchange byte at A with the Indirect == 2
address pointed by Ri

XCH A.Rn LExchange byte at A with the Repister | 2
register Rn l

XCH AL direct Exchange byvte at A with the byte | Direct 1 I
at a direct address.

XCHD AaRi Exchange lower hex-digits of the | Indirect I 2
bytes at A with the address pointed
by Ri =

Arithmetic Instruction

These instructions include § bit addition, subtraction, increment. decrement. multiply and

division instruction.

Table 4.9 Arithmetic ADD, SUB.MUL, DIV, INC and DEC instruction s in 8051

Instruction Action Addressing | Flags Length | Cycles
affected (bytes)

ADD A.Rn Add Rn imo A Register C.AC.OV | |

ADD A, direct Add the byvte at the direct address Diirect CACOV |2 1
into A

ADD A, @Ri Add the byte from the address Indirect C.ACOV || 1

pointed by the Ri into A

ADD A. #data Add immediate data byte to the A Immediate | C,AC,OV | 2 1

ADDC A, Rn Add CFiearry) bit and Rn into A Register C.AC.OV | 1

ADDC A, direct Add CF bit and byte at the direct Direct C.ACOV |2 |
address ito A

ADDC A @Ri Add CF bit and the b:.'[e from the Inclirect C.ACOV | 1
address pointed by the Ri

ADDC A. #data Add CF bit and immediate data Immediate | CAC,OV |2 |
bvieto the A

SBBB ARn Subtract borrow at CF bit and Rn Ryister CACOV |1 1
into A

SBBB A, direct Subtract borrow at CF bit and byte | Direct CACOV |2 I
al the direct address into A

SBBB A, @Ri Subtract borrow at C bit and byteat | Indirect CACOV |1 §
the byte from the address pointed




by the Ri into A |
SBEB A, #dan Subtract borrow at CF hit and Immedime | CACOV |2 i
immediate data byvte into A
INC A Increment Repister None | |
INC Rn Increment Rn = Register None ! !
:[T';‘l" direct Increment byte at the direct address | Direct None 2 |
INC aRi Increment the bavie at the address Indirect None I I
pointed by Ri
 DEC A Decrement A Register None I I
| DEC Rn Decrement Rn Register None 1 I
DEC direct Decrement byte at the direct Direct None 2 !
address
DEC @Ri Decrement the byte at the address Indirect None 1 |
pointed by the Ri
MUL AR Multiply A and B Result MSB in 8 | Register oV 1 4
. and LSB in A A
DIV AB Divide A (Numerator) and By Register ov i 4
denominator) Remainder in B
QOuotient in A
DAA Decimal adjust accumulator Register & 1 |

Logical Instruction

Table gives features of 8-bit AND. OR and XOR instruction. These instructions have 4

addressing modes such as register. immediate, direct and indirect.

Table 4.10 ANL, ORL XRL instruction

[nstruction Action Addressing | Lengthin | Cyeles
hytes
ANL A. Rn AND Rn into A Register ] 1
i ANL AL direct AND byte at the direet address Direct 2 i

into A

ANL A, @Ri ANID into the byte from the Indirect 1 |
address pointed by the Ri

ANL A, #data ANID immediate data byte into A immediate 2 1

ANL direct. A AND A into byte at the direct Direct 2 1
address

ANL. direct, #data | AND immediate byte into byte at | Direet 3 7)
the direct address

ORL A, Rn OR Rn into A Register | |

ORL A, direct OR byte at the direet address into | Direct 2 |
A

ORL AL @Ri OR into the byte from the address | Indirect 1 |
pointed by Ri

ORL A, #daw OR immediate data byte tothe A | immediate | 2 1

ORL direct, A OR A into byte at the direct Direct 2 1
address

ORL direct #data OR immediate byle into byie al the | Direct 3 2




direct address
| XRL A Rn T\_E R R into A Register | I
[ XRI1 A, direet XOR byte at the direet address Direct 2 I
into A |
NRL AR XOR the byte at the address | Indirect | 1
s pomted by Ri into A
| XRL A, #idat XOR immediate data byvie to the A | immediate 2 I
XRL direct, A XOR A imo byte at the direct Direct 2 |
| address
ARL direct. #data | XOR immediate byte into byvie at Direct 3 2
the direct address

Boolean Variable manipulation Instructions

These are also called as Boolean processing instruction.

Table 4.11 MOV, CLR, CPLSETB,ANL, and ORL Boolean Processing Instruction

Instruction Action Addressing Length | Cycles
(by1es)
MOV C. bit Move bit into CF | Direct bit addressing 2 I
MOV bit, C Move CF into the bit | Direct bit addressing 2 2
CLRC Clear CF | PSW Register CF bil | |
- | addressing
CLR bit Clear bit Direct bit addressing 2 I
CPLC Complement CF PSW Register CF bit | |
addressing
CPL bit Complement bit Direct bit addressing 2 I
SETBC Set CF=1 PSW Register CF bit ] I
addressing
SETB bi Set hit =1 Direct bit addressing 2 l
ANL C.bn AND between CT and bit. place the | Direct bit addressing 2 2
result in CF
ANL C. bit AND between CF and , place the Direct bit addressing 2 2
result in C
ORL C.bit OR between CF and bit, place the Direct bit addressing 2 2
result in C
ORL C, bit OR between CF and bit, place the | Pirect bit addressing 2 2
resultin C

Control Transfer Instruction

In the main program other sub programs may be called to perform a particular task. When a sub
program is called the processor  will jump 1o a new address where this program is available and




it has to accomplish program flow contral transfer with help of JUMP and CALL instruction

when some conditton met,

Table 4.12 Delav-Cyele (NOP) instraction ( No operation)

Instruction

Action .

Length in
hytes

Aildressing

Cyeles

NOP

No operation, PC gets the address of |
next anstruction: on ncrementing at
NOP j

Long, Absolute and Short .T.umrr

8051 has three jump instructions: Long- it jumps to 16-bit address. Absolute- it jumps within 2 K

bytes and Short- it jumps to address within 128 bytes above or below the present address.

Table 4.13 Long, absolute and short jump instructions

Instruction Action Addressing [.L'r-l—f_’,lll Cyeles
P = in hyites

LIMP addri6 Jump to the next address given by | Direet 16 bit | 3 2
two byles in the instruction address

AIMP addrl Jump to the next address Direct [ 1-bit | 2 2

address S

SINIP red Jump in the range between -128 | Direct 8-bil 2 2

and +127 from the address of
N next instruction

IMP @A+DPTR | Jump in the next address given by | Indirect  16-bit
addition of 8-bits of A with 16- | relative
bits of DPTR addreess

Table 4.14 Conditinnal Short Relative Jumps

Instruction Action Addressing Length | Cycles

in bytes

INZ rel Jump to a relative address if a is | Relative(oflset) | 2 2
not zero

JZ rel Jump to a relative address iff A is | Relative(offser) | 2 2
Zero

INC rel Jump to a relative address if CF is | Relative(olfser) | 2 2
not |

JC rel Jump 1o a relative address if CF=1 | Relative(olfset) | 2 2

JB bit. rel Jump 1o a relative address i | Relative({oliser) | 2 2
addressed bit 1 (bit not set)

JNB bit,rel Jump 10 a relative address if | Relative(olfset) | 2 2
addressed bit 0 (bit not set)

IBC bit, rel Jump to a relative address if | Relative(olTset) | 2 2

addressed bit 1{bilt set) and reset




—

[ eany (make CF0) [ .

Deerement and Conditional jump on Zero

Table 415 Instreuction for decrement and then jump in program-loops in K051

i Instruction Action Addressing Length | Cycles
. in byles

"DINZ Rn. Rel Decrement Rnand jump if Rois | Relative (offset) | 2 2

L still not zero, S :

| DINZ direct. Rel | Decrement byte at the direct and | Relative (offset) | 2 2

' jump if byte is still not zero |

Jump after comparison

Table 4.16 Compare then conditional jump after comparison

Instruction Action | Addressing | Flag Length Cyeles
allected in bytes
CINE A, #data. rel Compare A and | Relative C 3 2
immediate data and | (offset)
jump il both are not
equal. =-|
CINE Rn. #data. rel | Compare Rn  and | Relative (I 3 [2
immediate data and | (olfset
jump if both are not
equal.
CINE A. direct, rel Compare the bytes at | Relative C 3 2
A and direct and | (olfset
jump if both are not
equal
CINE @RI, #daa, rel | Compare byte from | Relative C 3 2
the address pointed | (oflset)
by Ri and immediate
data and jump if
both are nol equal
Call to a Routine
“Table 4.17 Long, absolute call and return instruction
Instruction Action Adldressing | Length Cycles
in hytes
LCALL addrl6 Call tothe next address given by two | Direet  16- | 3 2

byvies in the instruction bit address

ACALL addrl | Call the next address given by 11 bits in | Direet  11]2 2




the mstruction bt address
RII Retin to PC the saved PCL oand PCHE | Stack | 2
from the stack adidress

Interrupt Control Flow (RETT instruetion)

Table .18 RETI instruction

_[ll_\__lrll;lilﬁ_ _ “Action ) s __.-_\ill_l-‘tﬂ_illg e E-h_;_?lh f;l_hﬁrs _c}:‘ll’!
RITI Return into PC the | Stack adddress | 2
s sived PCL and l

12. Programming

While the CPU can work only in binary, it can do so at a very high speed. however. it is quite
tedious and slow for humans to deal with Os and 1s in order to program the computer. A program
that consists of 0s and 1s is called machine language. In the early days of the computer
programmers coded programs in machine language. Although the hexadecimal system was used
as a more efficient way 1o represent binary numbers. the process of working in machine code
was still cumbersome for humans. Eventually, assembly language were developed which
provided mnemonics for the machine code instructions. Plus other features which made
programming faster and less prone to error. Assembly language is referred to as low level
language because it deals directly with internal structure of CPU. Programmer needs assembler
to convert the assembly language to machine language for execution purpose. Assembly
language consists mnemonics optionally followed by one or two operands.

Programs

P1. Write an ALP (Assembly Language Program) to find the sum of values and store the result
in A ( lower byte and in R7 (higher byte). Assume that RAM locations 40-44 have the following

values.

40=(7B), 41=(EC), 42=(C4), 43=(5B), 44=(30)




Solution:

MOV RO, #40H : load pointer
MOV R2, #05H : load counter
CLR A : A=0
MOV R7. A :clear R7
AGAIN:  ADD A, @RO : add the byte pointer
INC NEXI SiFCY=0 it can jump to NEXT label
INC R7 . increment counter
NEXT: INC RO s Increment pointer
DINZ R2AGAIN : repeat until R2is zero

HERE: SIMP HERE

P2. Assume that 5 BCD data items are stored in RAM locations starting a 40H as shown below.
Write an ALP to find the sum of all numbers. The result must be in BCD.

Solution:
MOV RO, #40H : load pointer
MOV R2, #05H s load counter
CLR A 1 A=0
MOV R7, A ; clear R7
AGAIN:  ADD A. @RO 2 add the byte pointer
DA A
INC NEXT SAFCY=0 it can jump to NEXT label
INC R7 » Increment counter

NEXT: INC RO ; increment pointer



DIN/ RLAGAIN s repeat until R21s zero

HIERI SIMP HERI

3. Write an ALP 10 get hex data in the range of 00-FFH from port 1 and convert it to decimal.
Save the digits in R7, R6 and RS, where the least significant digit in R7.

MOV AL #OFFH

MOV Pl A : make an P1 an input port

MOV Al P : read data from P

MOV B, #0All » move DAL o register b

DIV AB : divide by the contents o' A by B
MOV R7.B : Save lower digit in R7 register
MOV B . #0AH

DIV ADB

MOV R6. B : save the next digit

MOV R5, A : save the last digit

HERE: SIMP HERE

P4. Read and 1est Pl to see whether it has the value 4511, il it does send 9911 10 P2; otherwise, it
stays cleared.

Solution:
MOV P2, 001 s clear P2
MOV P1, #OFFH ; make P1an input port
MOV k3, #45H ; R3=4511
MOV AP sread 1P|

XRIL. A, R3 :



INZ EXII
MOV P2, #99H
EXIT:

I’s. Find the 2°s complement of the value 78 H

Solution:
MOV A, #78H : A=8511
CPL A - make 1's complement a
ADD A.#O1H ¢ make 2°s complemt

HERE: SIMP HERLE

P6. Write an ALP to determine i register A contains the value 99H. if so. make RI=FFH

otherwise make R1-0,

Solution:
MOV R1.#00H s clear R1
CINE A, #99H. NEXT ; iF A is not equal 991 then jump
MOV RI, #0FFH : make RI=FFH

NEXT

P7. Assume that P1 is an input port connected to a temperature sensor. Write an ALP to read the
temperature and test it for the value 75. According to the rest result, place the tlemperature value
into the registers indicated by the following.

If T=75 then A=75
If T<75 then R1=T

[ T=75 then R2=T




Solution:
AMOA
MON
CINE
SINP

(NVER INC
MOV
SIMP

NEXT: MOV

BRI e

Pl. # 0L

AW

A, #75, OVER
EXIT

NEXT

RI.A

EXTT

R2,. A

» make 1 an mput port
s read 1 port, temperature

sjumpir Ais not equal 73

SFCY =0, then A>75
(PCY=1. A<75

: Exit

PS.  Write an ALP that finds the number of 1s in a given byte 97H.

Solution:

MOV

MOV
MOV
AGAIN: RLC
INC
INC
NEXT: DINZ

HERE: SIMP

PY. Assume that register o has packed BCD 291, write an ALP 10 convert packed BCD to
ASCI numbers and place them in R2 and R6.

R1. #00H
R7. 08H

A 97H

A

NEXT

Rl

R7, AGAIN

HERE

sclear R1

: Counter=08

: rotate through CY once
s cheek for CY
FCY=1 then increment R1

y 2o through Stimes



Soluton:

HERE:

MO
NOA
ANI
ORI
MOV
MO

AN

kR
RR
RR
ORL
MOV

SIMP

A, 112911
R2, A

A, HolFN
A, 1301
ARG

A, R2

AL #HOFON
A

A

A

A
AH30 1
R2, A

HERE

L A 20, packed BCD

L keep a copy of BCD data in R2
» mask the upper nibble (A-09)
s make it an ASCIHL A=39H

» save in R6

, A=20H

» mask the lower nibble

s rotae right

s rotae right

s roLite right

: rotate right

s A=32]1

: save the ASCII character in R2

P10. Write an ALP to create a square wave of 50% duty eycle on bit 0 of port 1.

Solution:

HERE:

SETB
LCALL
CLR
LCALL
SIMP

P1.0O
DELAY
PLO
DELAY

HERE

» sel to high bit Oof port |

; call the delay subroutine

s pl.0=0




P11, Assume that the hit P2.2 is used to control the outdoor light and bit P2.5 to control the light
inside the building. Write an ALP 1o turn on outside light and to turn the inside once.

Solution:
SETB
ORI
MOV
CLR
ANL
MOV

C.P22
p2.2,;C

C,. P25
P2.5.C

; CY=1

;CY=P2.2

: turn it on” if not already “on™

:CY=0

£ CY=P25 ANDed with CY
2 turn it ofT if not already ofl
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UNIT 4
INTRODUCTION TO TMS320LF2407 DSP
CONTROLLER

INTRODUCTION
The Texas Instruments TMS320LF2407 DSP Controller (referred to as the LF2407 in
this text) is a programmable digital controller with a C2xx DSP central processing unit (CPU) as
the core processor. The LI2407 contains the DSP core processor and useful peripherals
integrated onto a single picce of silicon. The LF2407 combines the powerful CPU with on-chip
memory and peripherals. With the DSP core and control-oriented peripherals integrated into a

single chip, users can design very compact and cost-effective digital control systems.

The LF2407 DSP controller offers 40 million instructions per second (MIPS)
performance. This high processing speed of the C2xx CPU allows users to compule
parameters in real time rather than look up approximations from tables stored in memory. This
fast performance is well suited for processing control parameters in applications such as notch
filters or sensor less motor control algorithms where a large amount of calculations must be
computed quickly. While the “brain™ of the LF2407 DSP is the C2xx core. the LF2407 contains
several control-orientated peripherals onboard (see Fig. 3.1). The peripherals on the LF2407
make virtually any digital control requirement possible. Their applications range from analog to
digital conversion to pulse width modulation (PWM) generation. Communication peripherals
make possible the communication with external peripherals, personal computers, or other DSP
processors. Below is a brief listing of the different peripherals onboard the LF2407 followed by a

graphical layout depicted in Fig. 3.1.
The LF2407 peripheral set includes:

«» Two Event Managers (A and B)

» General Purpose (GP) timers

« PWM generators for digital motor control
+ Analog-to-digital converter

« Controller Area Network (CAN) interface
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Figure 3.1 Graphical overview of DSP core and peripherals on the LF2407.

Brief Introduction to Peripherals

The following peripherals are those that are integrated onto the LF2407 chip. Refer to

Fig. 1.1 1o view the pin-out associated with each peripheral.
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Event Managers (EVA, EVRB)

I'here are two Event Managers on the 112407, the EVA and EVB. The Event Manager is
the most important peripheral in digital motor control. It contains the necessary functions
needed o conwol eleciromechanical devices. Each EV is composed of functional “blocks™
including timers, comparators, and capture units for triggering on an event, PWM logic
crremits, quadrature-encoder—pulse (QEP) eirenits, and interrupt logic.

The Analog-to-Digital Converter (ADC)

The ADC on the LF2407 is used whenever an external analog signal needs to be
sampled and converted to a digital number. Fxamples of ADC applications range [rom
sampling a control signal for use in a digital notch filtering algorithm or using the ADC in a
control feedback loop to monitor motor performance. Additionally. the ADC is useful in motor
control applications because it allows for current sensing using a shunt resistor instead ol an
eXpensive current sensor.

The Control Area Network (CAN) Module L

While the CAN module will not be covered in this text, it is a useful peripheral for
specific applications of the LF2407. The CAN module is used for multi-master serial
communication between external hardware. The CAN bus has a high level of data integrity
and is ideal for operation in noisy environments such as in an automobile, or industrial
environments that require reliable communication and data integrity.

Serial Peripheral Interface (SPI) and Scrial Communications Interface (SCI)

The SPI is a high-speed synchronous communication port that is mainly used for
communicating between the DSP and external peripherals or another DSP device. Typical
uses of the SPI include communication with external shift registers, display drivers, or ADCs.
The SCI is an asynchronous communication port that supports asynchronous serial (UART)
digital communication between the CPU and other asynchronous peripherals that use the
standard NRZ (non-return-to-zero) format. It is useful in communication between external
devices and the DSP. Since these communication peripherals are not directly related to motion

control applications, they will not be discussed further in this text.




Watchdog Timer (WD)
Ihe Watchdog timer (WD) peripheral monitors soltw

lows. The WD timer (when enabled) will

are and hardware operations and

asserts a svstem reset when its imternal counter overl

o s : I s gt s software o reset the WD
count for a specific amount of time. It is necessary lor the user’s soft

i " for some reason there is a
timer periodically so that an unwanted reset does not occur. If for some reas

CPU disruption. the watchdog will generate a system reset. For example, “.t_h"' software enters
an endless loop or if the CPU becomes temporarily disrupted. the WD timer will overflow and a
DSP reset will occur. which will cause the DSP program to branch to its initial starting point.
Most error conditions that temporarily disrupt chip operation and inhibit proper CPU function
can be cleared by the WD function. In this way, the WD increases the reliability of the CPU, thus

ensuring svstem integrity,

General Purpose Bi-Directional Digital 1/0 (GP10O) Pins

Since there are only a finite number of pins available on the LF2407 device. many of the
pins are multiplexed to either their primary function or the secondary GPIO function. In
most cases. a pin's second function will be as a general-purpose input/output pin. The GP1O
capability of the LF2407 is very useful as a means of controlling the functionality of pins and
also provides another method to input or output data to and from the device. Nine 16-bit control
registers control all I/O and shared pins. There are two types of these registers:

+ 'O MUX Control Registers (MCRx) — Used to control the multiplexer selection that

Chooses between the primary function of a pin or the general-purpose 1/0 function,

* Data and Direction Control Registers (PXDATDIR) - Used Lo control the data and data

Direction of bi-directional /O pins.

Phase Locked Loop (PLL) Clock Module

The phase locked loop (PLL) module is basically an input clock multiplier that allows
the user 10 control the input clocking frequency to the DSP core. External to the LF2407, a
clock reference (can oscillator/erystal) is generated, This signal is fed into the LF2407

multiplied or divided by the PLL. This new (higher or lower freque

and is

ncy) clock signal is then
used (o clock the DSP core. The LF2407's PLL allows the user 1o select a multiplic

factor ranging from 0.5X to 4X that of the exte
is 4X.

ation
mal clock signal. The default value of the PLL
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Memory Allocation Spaces

The 112407 DSP Controller has three different allocations of memory it can use: [
Program, and 1O memory space. Data space is used for program calculations, look-up
tables. and any other memory used by an algorithm. Data memory can be in the form of the on-
chip random access memory (RAM) or external RAM. Program memory is the location of user’s
program code. Program memory on the 112407 is either mapped to the off-chip RAM
(MP/MC- pin =1) or to the on-chip flash memory (MP/MC-= 0). depending on the logic value
of the MP/MC-pin.

'O space 15 not really memory but a virtual memory address used to output data 1o

wripherals external to the 112407, For example. the digital-to-analog converter (DAC) on the

™
Spectrum Digital — evaluation module is accessed with 1/O memory. If one desires to output

data to the DAC, the data is simply sent to the configured address of 1/0 space with the “OUT”
command. This process is similar to writing to data memory except that the OUT command is

used and the data is copied to and outputted on the DAC instead of being stored in memory.

Tvpes of Physical Memory

Random Access Memory(RAM)
The LF2407 has 544 words ol 16 bits each in the on-chip DARAM. These 544 words are
partitioned into three blocks: B0, Bl and B2. Blocks Bl and B2 are allocated for use only as
data memory. Memory block BO is different than Bl and B2. This memory block is normally
configured as Data Memory. and hence primarily used to hold data. but in the case of the BO
block. it can also be configured as Program Memory. BO memory can be configured as
program or data memory depending on the value of the core level “*CNF” bit.
« (CNF=0) maps B0 to data memory.
« (CNF=1) maps B0 to program memory.
The LF2407 also has 2K of single-access RAM (SARAM). The addresses associated
with the SARAM can be used for both data memory and program memory, and are software

configurable to the internal SARAM or external memory.




Non-Vaolatile Flash Memory

The 1.E2407 contains 32K of on-chip flash memory that can be mapped o program space
it the MP/MC-pin is made logic 0 (tied to ground). The flash memory provides a permanent
location to store code that is unaffected by cutting power to the device. The flash memory can be
electronically programmed and erased many times to allow for code development. Usually. the
external RAM on the LF2407 Evaluation Module (EVM) board is used instead of the tlash for
code development due to the fact that a separate “flash programming” routine must be performed
to flash code into the flash memory. The on-chip flash is normally used in situations where the
DSP program needs 1o be tested where a JTAG connection is not practical or where the DSP
needs to be tested as a “stand-alone™ device. For example, if a LF2407 was used to develop a
DSP control solution to an automobile braking system, it would be somewhat impractical to have

a DSPITAG/PC interface in a car that is undergoing performance testing.

Software Tools

« Texas Instruments Code Composer Studio (CCS) is a user friendly windows based

debugger for developing and debugging software for LF2407.

= CCS allows user to write and debug code in C or assembly language.

Features

. User friendly windows environment

. Ability to use code written in C and Assembly language
. Memory displays and on the fly editing capability

. Disassembly window for debugging

«  Source level debugging (allows stepping through and setting break points in original source

= (CPU register visibility and modification
. Real time debugging

«  Various single step by step, over/ step into command icons
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. Ability to display data in graph formats

. General Extension Language capability (GEL) allows the user to create functions that

extend the uselulness of CCS.

Introduction to the C2xx DSP Core and Code Generation

The heart of the LF2407 DSP Controller is the C2xx DSP core. This core is a 16-bit fixed

point processor, meaning that it works with 16-bit binary numbers. One can think of the C2xx as
the central processor in a personal computer. The LF2407 DSP consists of the C2xx DSP core
plus many peripherals such as Event Managers, ADC, etc., all integrated onto one single chip.
The Components of the C2xx DSP Core

The DSP core (like all microprocessors) consists of several subcomponents necessary (o
perform arithmetic operations on 16-bit binary numbers. The following is a list of the multiple
subcomponents found in the C2xx core which we will discuss further:

* A 32-bit central arithmetic logic unit (CALLT)

« A 32-bit accumulator (used frequently in programs)

« Input and output data-scaling shifters for the CALLU

"

A (16=bit by 16-bit) multiplier

+ A product-scaling shifter

« Light auxiliary registers (ARO = AR7) and an auxiliary register arithmetic unit
(ARAL)

Each of the above components is either accessed directly by the user code or is indirectly

used during the execution of an assembly command.




Central Avithmetic Logic Unit (CALLU)

Ihe C2xx performs 2s-complement arithmetic using the 32-bit CALU. The CALU uses

Siwonds taken from data memory. derived from an immediate instruction, or from the 32-
bit multiplier result. In addition o arithmetic operations, the CAT L can perionn Boolean
cpctations The CALLU is somewhat transparent to the user. For example. il an arithmetic
command is used. the user only needs to write the command and later read the output from the
appropriate register. In this sense, the CALU is “transparent™ in that it is not accessed directly by
the user.
Accumulator
The accumulator stores the output from the CALU and also serves as another input to the CALU
(many arithmetic commands perform operations on numbers that are currently stored in the
accumulator: versus other memory locations). The accumulator is 32 bits wide and is divided
into two sections. each consisting of 16 bits. The high-order bits consist of bits 31 through 16,
and the low-order bits are made up of bits 15 through 0. Assembly language instructions are
provided for storing the high- and low-order accumulator words to data memory. In most cases.
the accumulator is written to and read from directly by the user code via assembly commands. In
some instances. the accumulator is also transparent to the user (similar to the CALU operation in
that 1t 1s accessed “behind the scenes™).

Scaline Shifters

The C2xx has three 32-bit shifters that allow for scaling, bit extraction. extended arithmetic. and
overflow-prevention operations. The scaling shifiers make possible commands that shift data leli
or right. Like the CALU, the operation of the scaling shifiers is “transparent™ to the user. For
example. the user needs only to use a shifl command, and observe the result, Any one of the
three shifiers could be used by the C2xx depending on the specific instruction entered. The
following is a description of the three shilters:

« Input data-scaling shifier (input shifier): This shifter left-shifts 16-bit input databy 0 1o 16
bits to align the data to the 32-bit input of the CALU. For example, when the user uses a
command such as “ADD 300h, 57, the input shifter is responsible for first shifting the data in
memory address *300h™ to the lefi by five places before it is added to the contents of the

accumulator.




« Output data-scaling shifier (output shifter): This shifier Iefi-shifis data from the accumulator
by 0 to 7 bits before the output is stored to data memory. The content of the accumulator
remains unchanged. For example. when the user uses a command such as “SACL 300h. 47,
the output shifter is responsible for first shifting the contents of the accumulator to the left by
four places before it is stored to the memory address “300h".

o Product-scaling shifter (product shifier): The product register (PREG) receives the output
of the multiplier. The product shifier shifls the output of the PREG before that output is sent
o the input of the CALU, The product shifter has four product shift modes (no shifi. left shifl
by one bit, left shift by four bits, and right shift by six bits), which are useful for performing
multiply/accumulate operations, fractional arithmetic. or justifying fractional products.

Multiplier

The multiplier performs 16-bit, 2s-complement multiplication and creates a 32-bit result.

In conjunction with the multiplier, the C2xx uses the 16-bit temporary register (TREG) and the

32-bit product register (PREG).

The operation of the multiplier is not as “transparent™ as the CALU or shifters. The

TREG alwavs needs to be loaded with one of the numbers that are to be multiplied. Other than

this prerequisite. the multiplication commands do not require any more actions from the user

code. The output of the multiply is stored in the PREG, which can later be read by the user code.

Auxiliary Revister Arithmetic Unit (ARAU) and Auxiliary Registers

The ARAU generates data memory addresses when an instruction uses indirect addressing to
access data memory (more on indirect addressing will be covered later along with assembly
programming). Eight auxiliary registers (ARO through AR7) support the ARAU. ¢ach of which
can be loaded with a 16-bit value from data memory or directly [rom an instruction. Each
auxiliary register value can also be stored in data memory. The auxiliary registers are mainly
used as “pointers” lo data memory locations to more easily facilitate looping or repeating
algorithms. They are directly written to by the user code and are automatically incremented or
decremented by particular assembly instructions during a looping or repeating operation. The
auxiliary register pointer (ARP) embedded in status register STO references the auxiliary register.
The status registers (ST0, ST1) are core level registers where values such as the Data Page (DP)

and ARP located.




Mapping External Devices to the C2yx Core and the Peripheral Interface

[ F2407 contains many peripherals that need to be accessed by ¢2xx core.
Iach peripheral is mapped 1o a corresponding block of data memory addresses.

Fach corresponding block contains configuration registers. input registers. output registers
and status registers.

Each peripheral is accessed by simply writing to the appropriate regisiers m data memory
provided the peripheral clock is enabled.

Functional Block Diagram of L.E2407 DSP Controller

. All on chip peripherals are accessed through peripheral bus (PBUS).
Clxx CPU + JTAG
- 544 x 16 DARAM
L,ogl_]( Flash ROM
SARAM i3 {up 1o 32K x 16)
(up 10 2K = 16)
Memn [F
]
Swuthesized ASIC gates
P bes IF
i P bus
Event ApC | |ioempss | | 10
Managers SP1 ol i W2 control reset, ele reqster
(EVA and EVB) A i
ADC
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Svstem Configuration Registers

The System Control and Status Registers (SUSRIL SOSR2Y are used o conligure or
display fundamental settings of the 1LF2407, For example, these fundamental settings include the
clock speed (clock presscale setting) of the LF2407, which peripherals are cnabled,
microprocessor/microcontroller mode, ete. Bits are controlled by writing to the corresponding
duta

memaory

address  or  the with  the

logic level on an external pin  as
microprocessor/microcontroller (MP/MC) select bit. The bit descriptions of these two registers
(mapped 1o data memory) are listed below.

Svstem Control and Status Register 1 (SCSR1) — Address 07018h

15 14 13 12 11 10 g &
Reserved I CLKSRC LP&H LPM I CLK PS2 [ CLK PS1 CLK FS0 Reser/ed
R-0 Rw-0 R =0 RN-0 Rv-1 RW-1 AW-1 R-0
[ (i 5 4 3 2 1 D
ADC SCI SPI CAN EVB EVA Reserved ILLADR
CLKEN CLKEN CLKEN CLKEN CLKEN CLKEN
R0 R-0 R0 Riv-0 Riw=D RW-0 R-0 c-0

Note: R = iead access, W = write access, C = clear, -0 = value after esei.
Bit 15 Reserved
Bit 14 CLKSRC. CLKOUT pin source seleet
0 CLKOUT pin has CPU Clock (40 MHz on a 40-MIz device) as the output
I CLEKOUT pin has Watchdog clock as the outpul
Bits 13-12 LPM (1:0). Low-power mode select
These bits indicate which low-power mode is entered when the CPU executes the IDLE

instruction. Deseription of the low-power modes:

LPM(1:0) Low-Power mode selected
00 IDLE1 (LPMO)
01 IDLE2. (LPM1)
1x HALT (LPM2)

11



Bits 11-9

PLL Clock prescale select. These bits select the PLL multiplication factor for the input clock.

CLK CLK CLK System Clock Frequency
__Ps2 PS1 PS0 - =
0 0 0 4 % Fin
0 0 1 2 x Fin
0 1 0 1.33 % Fiq
0 1 1 1% Fin
1 0 0 0.8 xFq
1 0 1 0.66 x Fpn
1 1 0 0.57 x Fi,
1 i 1 0.5 x Fin =

Note: F. s the input clock frequency

But 8 Reserved

Bit 7 ADC CLKEN. ADC module clock enable control bit.
0 Clock to module is disabled (i.e.. shut down to conserve power).
| Clock to module is enabled and running normally.

Bit 6 SCI CLKEN. SCI module clock enable control bit.
0 Clock 10 module is disabled (i.e.. shut down to conserve power),

1 Clock to module is enabled and running normally.

Bit 5 SP1 CLKEN. SPI module clock enable control bit
0 Clock to module is disabled (i.e., shut down to conserve power)
I Clock to module is enabled and running normally

Bit 4 CAN CLKEN. CAN module clock enable control bit
0 Clock to module is disabled (i.e.. shut down to conserve power)
1 Clock to module is enabled and running normally

Bit 3 EVB CLKEN. EVB module clock enable control bit
] Clock 10 module is disabled (i.e., shut down to conserve power)
I Clock to module is enabled and running normally

Bit 2 EVA CLKEN. EVA module clock enable control bit
0 Clock 1o module is disabled (i.e., shut down to conserve power)
I Clock to module is enabled and running normally

Note: In order to modify/read the register contents of any peripheral, the clock to that peripheral

must be enabled by writing a | 1o the appropriate bit,
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B 1 Reserved
it 0 1L LADR, Hlegal Address dereet bit

If an illegal address has occurred, this bit will be set. [t is up to software to clear this bit
following an illegal address detects, This bit is cleared by writing a 1 to it and should be cleared
as part of the initialization sequence. Note: An illegal address will cause a Non-Mask able
Interrupt (NM1).

System Control and Status Register 2 (SCSR2) — Address 07019h

15-8
Reserved
RW-0
z 6 5 3 3 2 1 0
Reserved | 1P QUAL WD XMIF HI-Z | BOOTEN | MP/MC GON FON
OVERRIDE
RW-0 RC-1 RN-O RW-BOOT RN - R&-1 RA -1
EN pn MP/MC pin

Nore: R = read access, W = wiire access, C = cleai, -0 = value afiei veser.

Bits 15-7 Reserved. Writes have no effect; reads are undefined
Bit 6 Input Qualifier Clocks.

An input-qualifier circuitry qualifies the input signal to the CAPl-6. XINTI/2,
ADCSOC. and PDPINTA/B pins in the 240xA devices, The 1/O functions of these pins do not
use the input-qualifier circuitry. The state of the internal input signal will change only after the
pin is held high/low for 6 (or 12) clock edges. This ensures that a glitch smaller than (or equal to)
5 (or 11) CLKOUT cycles wide will not change the internal pin input state. The user must hold
the pin high/low for 6 (or 12) eycles to ensure that the device will see the level change. This bit
determines the width of the glitches (in number of internal clock cycles) that will be blocked.
Note that the internal clock is not the same as CLKOUT, although its frequency is the same as
CLKOUT.

0 The input-qualifier circuitry blocks glitches up to 5 clock cycles long

1 The input-qualifier circuitry blocks glitches up to 11 clock cycles long
Note: This bit is applicable only for the 240xA devices, not for the 240x devices because they

lack an input-qualifier circuitry.
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Rit 5 Watchdog Override. (W1 protect bit)

After RESET, this bit gives the user the ability to disable the WD function through
software (by setting the WDDIS bit -~ 1 in the WDCR), This bit is a clear-only bit and defaults to
a | aller reset,

Note: This bit is cleared by writing a 1 1o it.

0 Protects the WD from being disabled by software. This bit cannot be set 1o 1 by
software. It is a clear-only bit, cleared by writing a 1.

1 This is the default reset value and allows the user to disable the WD through the
WDDIS bit in the WDCR. Once cleared, however, this bit can no longer be set 1o 1 by sofiware,
therehy protecting the integrity of the WD timer.
Bit 4 XMIF Hi-Z Control
I'his bit controls the state of the external memory interface (XMIF) signals.

0 XMIF signals in normal driven mode: i.e., not Hi-Z (high impedance).

1 All XMIF signals are lorced to Hi-Z state.
Bit 3 Bool Enable
This bit reflects the state of the BOOT_EN / XF pin at the time of reset. Afier reset and device
has “booted up”. this bit can be changed in software to re-enable Flash memory visibility or
return to active Boot ROM.

0 Enable Boot ROM — Address space 0000 — 00FF is now occupied by the on-
chip Boot ROM Block. Flash memory is totally disabled in this mode. Note: There is no on-chip
boot ROM in ROM devices (i.e.. LC240xA)

1 Disable Boot ROM — Program address space 0000 — 7FFF is mapped 1o on-
chip Flash memory in the case of LF2407A and LF2406A. In the case of LF2402A, addresses
0000 — 1FFF are mapped
Bit 2 Microprocessor/Microcontroller Select
This bit reflects the state of the MP/MC pin at time of reset. Aller reset, this bit can be changed
in software to allow dynamie mapping of memory on and ofT chip.

0 Set to Microcontroller mode — Program Address range 0000 — 7FFF is mapped
internally (i.e., Flash)

1 Set 1o Microprocessor mode — Program Address range 0000 — 7EFF is mapped

externally (i.e., customer provides external memory device.)
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Bits 1-0 SARAM Program Data Space Select
DON PON SARAM status

0 0 SARAM not mapped (disabled). address space allocated to external memory
0 I SARAM mapped internally 1o Program space

l 0 SARAM mapped internally 1o Data space

| l SARAM block mapped internally to both Data and Program spaces.

This is the default or reset value

Memory Addressine Mades

There are three basic memory addressing modes used by the C2xx instruction set. The three
modes are:

* Immediate addressing mode (does not actually aceess memory)

* Direct addressing mode

* Indirect addressing mode

Immediate Addressing Mode
In the immediate addressing mode, the instruction contains a constant o be manipulated by the
nstruction. Even though the name “immediate addressing™ suggests that a memory location is
accessed. immediate addressing is simply dealing with a user-specified constant which is usually
included in the assembly command syntax. The “#” sign indicates that the value is an immediate
address (just a constant). The two types of immediate addressing modes are:
Short-immediate addressing: The instructions that use short-immediate addressing have an
¥-bit. Y-bit. or |3-bit constant as the operand.
For example, the instruction:
LACL 544k Moads {ower bits of accumulator with
: Eighe-bit constant (4411 in this case)

Note: The LACL command will work only with a short 8-bit constant. If you want (o loud a long
16-bit constant, then use the LACC command,
Long-immediate addressing: Instructions that use long-immediate addressing have a 16-bit
constant as an operand. This 16-bil value can be used as an absolule constant or as a 2s-
complement value.
For example, the instruction:

LACC #4444h :Aoadys accumudator with up ro a 16-bir
15




cConstentt (44440 in this case)
I vou need 1o nse FURINICES O fCCe AN lovations m deta HICmory, You mst use either divect or
mdivect adidressing
Direct Addressing Mode

In direct addressing, data memory is first addressed in blocks of 128 words called data
pages. The entire 64K of data memory consists of §12 DPs labeled 0 through 511, as shown in
the Fig. 3.2. The current DP is determined by the value in the 9-bit DP pointer in status register
SO For example, if the DI value is 0 0000 G000, the current DP s 0. 11 the DI value is 0
0000 00107, the current data page is 2. The DP of a particular memory address can be found
casily by dividing the address (in hexadecimal) by 80h,
For exaumple: For the data memory address 0300h, 300h/80h = 6h so the DP pointer is 6h.

Likewise, the DP poimer for 200N is 4h.

DP Value O=et Data Memory
0000 0ocoe o - 00D 0000

Fage 0 COCCh-007Fh
poecooonoo 1
0000 0Coo 1 000 0000

Fage 1 DORCH-00FFh
noo oo 1 1111111

0000 De01 @ | 000 N0oD

Page 2 0100h-017Fh
0000 0001 0 (i

111111111 | 000 0000

Page 511, FFB0h-FFFFh

IR e R R

Figure 3.2 Data pages and corresponding memory ranges.

In addition to the DP, the DSP must know the particular word being referenced on that
page. This is determined by a 7-bit offset, The 7-bit offset is simply the 7 least significant bits
(1.5Bs) of the memory address. The DI and the olTset make up the 16-bit memory address (see
Fig. 3.3).
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Data page pointer (DP) Instruction ragister (IR)

0 bils B MSBs 0 7LSBs
¥ All 9 bits from DP 7 LSBs from IR Y
} f
Page (9 MSBs) Olffsel (T LSBs)

16-bit data-memory address
Figure 3.3 Data page and offset make up a 16-bit memory address.

When you use direct addressing. the processor uses the 9 DP bits and the 7 LSBs of the
instruction 1o obtain the true memory address. The following steps should be followed w hen
using direct addressing:

I Set the DP. Load the appropriate value (from 0 to 511 in decimal or 0-1FF in hex) into
the DP. The easiest way to do this is with the LDP instruction. The LDP instruction loads

the DP directly to the STO register without affecting any other bits of the ST0.

LDFP =0ETh : sets the data page pointer to Elh
(Jr
LDP #2235 - sets the data page pointer to 223 decimal

= Which is El in hexadecimal

b

Specifv the offset. For example. if you want the ADD instruction to use the value at the
second address of the current data page. you would write: ADD 1h
If the data page points 1o 300h, then the above instruction will add the contents of 301h to the
accumulator

Note: You do not have to set the data page prior to every instruction that uses direct
addressing. If all the instructions in a block of code access the same data page, you can simply
load the DP before the block. However, if various data pages are being accessed throughout the
hlock of code be sure the DP is changed accordingly.

Examples of Direct Addressing
In Example 1, the first instruction loads the DP with 0 0000 0100; to set the current data

page to 4. The ADD instruction then references a data memory address that is generated as
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shown following the program code. Before the ADD mstruction s executed. the opeode is

loaded imto the instruction r

register form the complete 16

cgister. Together. the DI and the seven LSBs of the instruction

it address, 0000 0010 0000 10012 (02049h).

In Example 2. the ADD instruction references a data memory address that is generated as

shown following the program code. For any instruction that performs a shift of 16. the shift value

is not embedded directly in the instruction word: instead. all eight MSBs contain an opcode that

not only indicates the instrue

tion type. but also a shift of 16. The eight MSBs of the instruction

word indicate an ADD with a shift ol 16.

Example 1 1sing Dircet Ade

bressine with ADD (Shill of Q0w 13)

2 »4 ;:5et datz page to 4 (addresses 0200h-027Fh).
ADD 9h,5 ;The contents of data address 0209h are
;left shift=ed S bits and added to the
;contents of the accumulator.
DP=4 Instruction reqister (1R)
0000 OD10 O 0o10 0010 CI| 00D 1001
ADD Shitol 5 9n
apcode -
AllD s from DP l . 7 LSBs from IR
0000 DODI1OD O D00 1001
16-bit data address 0209

Example 2 Using Direct Ad

dressing with ADD (Shiltof 16)

LCP nS ;5et data page to 5 (addresses 0280h-02FFh).
ACD 9n,16 ;The contents of data address 028%h are
;:left shifted 16 bits and added to the
icontents of the accumulator.
DP=5 Instruction register (IR)
0000 O010 1 0110 0001 0| 00D 1DD1
ADD with shit ol 16 9h
- opcode e
All 9 pus from DP + TLSBs from IR
0000 0010 1 000 1001

16-bit data address 02890
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shown following the program code. You should note that if an instruction does not perform shifts

(such as the ADDC instruction). all eight MSBs of the instruction contain the opeode tor the

In Example 3, the ADDC instruction references a data memory address that is generated as

instruction type.
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Example 3 Using Dircct Addressinge

with AL

J ;Set data page
:The centents o

[

DP = 500
11119 1010 0

;added to the contents of

to 500

{addresses FAOOh-
f data address
and the value of the carry bi

FhTFh)
FADER

t () ar

¥
the accumulator.

Instruction register (1R)

0110 0000 | O

000 0110

&

All 3 bits from DP

ADDC opcode

&h

I

7 LSBs from IR

1111 1010 O

000 0110

16-bit data address FAOGH




Indirect Addressing Maode

Indirect addressing 1s a powertul way of addressing data memory. Indirect addressing
mode s not dr|'1‘|1u[c1'|t on the current dita pige as 15 direct iIi.!:|I'L'~.h'!I|g. Instead, when li.‘mil]g
mdireet addressimg you load the memory space that you would like to aceess into one of the
auniliary registers (ARX). The current auxiliary register acts as a pointer that points to a specific
memory address.

I'he register pointed to by the ARP is referred to as the current auxiliary register or
current AR. To seleet a specific auxilinry register, load the 3-bit auxiliary register pointer (ARP)
with a value from 0 1o 7. The ARP can be loaded with the MAR instruction or by the LARP
nstruction, An ARP value can also be loaded by using the ARx operand afier any instruction
that supports indirect addressing as seen below,

Fxample ol using MAR:
(DD * ARt s Addeds using curvent * then makes ARI the
; New current AR for future uses
Example of using LARP

LARP %2 :this will make AR2 the current AR
Ihe C2xx provides four types of indirect addressing options:

e No mncrement or decrement. The instruction uses the content of the current auxiliary
register as the data memory addresses but neither increments nor decrements the content
of the current auxiliary register.

e Increment or decrement by 1. The instruction uses the content of the current auxiliary
register as the data memory address and then increments or decrements the content of the
current auxiliary register by one.

o Increment or decrement by an index amount. The value in ARO is the index amount.
The instruction uses the content of the current auxiliary register as the data memory
address and then increments or decrements the content of the current auxiliary register by
the index amount.

o Increment or decrement by an index amount using reverse carry. The value in ARO i
the index amount, After the instruction uses the content of the current auxiliary register as

the data memory address, that content is incremented or decremented by the index
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amount. The addition and subtraction process is accomplished with the carry propagation
reversed and is useful in fast Fourier transforms algorithms.
Table 3.1 displays the various operands that are available for use with instructions while using

mdirect addressing mode.

Oparand  Option Example

= No increment of decrement LT * londs the temporary register TREG wath the content of
the data memaory address referanced by the current AR

" Increment by 1 LT *+ loads the TREG with the content ol the dala memary

address referenced by the current AR and then adds 1 1o the
content of the curmrent AR

= Decrament by 1 LT “- Ioads the TREG with the coment of the data mamorny
address referencad by the cument AR and than subtracts 1
from the content of the current AR

0= Incremient by index amount LT "D+ loads the TREG with the content of the data memony
address referenced by the current AR and then adas the
content of ARD to the content of the current AR

- Decrement by index amount LT "D- inads the TREG wath the content of the data memory
address referenced by the current AR and then sublracts the
content of ARD from the content of the current AR

‘BRO+ fncremont by mdex amount LT "BRO+ lpads the TREG with the content of the data
adding with reJerse cary memary addigss referenced by the cument AR and then adds
the content of ARD to the content of the current AR addng
with reverse catry propagaton

"ERD- Decramant by index amount, LT "BRO- loads the TREG with the content of the dala
sublracting with reéverse carry memory address referenced by the cument AR and then
subtracts the content of ARD rom the content of the cumrent

AR, sulitracting with bit revarse carmy propagation

Table 3.1 Indirect addressing operands.

Examples of Indirect Addressing

Example 1 illustrates how the instruction register is loaded with the value shown when the ADD
instruction is fetched from program memory.

Example 1. Indirect Addressing—No Inerement or Decrement

ADD *.8B ;Add to the accumulator the content of the
;data-memory address referenced by the
;ourrent auxiliary register. The data
;is left shifted 8 bits befors being added.

15 14 13 12 11 10 9 A& T B & 4 3 2 1 0
[o o + of1t o o oJ1]o o o] o0o]x x x|
ADD opcode Shit = & |
NAR = don’t cares
Addressing mode = Indifec! M = No next AR specified

ARU = No operalion on currenl AR
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Fxample 2, illustrates how the instruction register is loaded with the value shown when the ADD

instruction is fetched from program memory.

Example 2. ladicect Addressimg— Increman by
ADD *+, 8, AR4 ;Operates as in Examplel but
:in addition, the current auxl lLiary

;register 1s incremented by cne, and
;ARd is chosen as the next auxiliary

;register.

B 5 - 3 2 1 0

15 14 13 12 11 10 8 8 7
[0 0o + o[+ 0o 0o o]1Jo 1+ oJloa[1 o o]
ADD opcoge Shin=8
NAR = 4

Addressing mode = indirect N = next AR specified

ARU = increment current AR by 1

Example 3. Induea Addressing  Decrement hy |

;Operates as in Example! , but in
;addition, the current auxiliary register
;15 decremented by one.

Example 4. Indircct Addressing —Increment by Index Amount

;Operates as in Example 1 , but in
;addition, the content of register AROD
;is added to the current auxiliary

;register,

ACD =0+,8B

Example 5. Indirect Addressing—Decrement by Index Amount

ALD *0-,8 ;Operates as in Example 1, but in
;addition, the content of register ARD
;is subtracted from the current auxiliary

;register.
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Assembly Prosramming Using the C2xx DSP Instruction Set

I'he complete detailed instruction set for the C2xx DSP core can be found in the Texas

Instruments TMS320F/C24x DSP Controllers Reference Guide: CPU and Instruction Set:
Literature Number: SPRU160C. This reference guide contains a complete descriptive listing on
syntax, operands, binary opcode, instruction execution order. status bits affected by the
mstruction, number of memory words required to store the instruction, and clock-cycles used by
the instruction. The Texas Instruments documentation on the assembly instruction sel is very
well written. Each assembly instruction has a complete explanation of the instruction, all
optional operands. and several examples of the instructions used. Since including the instruction
set and complete documentation would make this book excessively long. we will assume the
reader has access to the documentation referred to above.
We will therefore focus on developing code, not the instruction set itself, Each command starts
with the basic assembly instruction. Each command supports specific addressing modes and
options. For example, the ADD command will work with direct. indirect. and immediate
addressing. In addition to the basic command. many instructions have additional options that
may be used with the instruction. For example, the ADD command supports left shifting of the
data before it is added to the accumulator.

The following is the instruction syntax for the ADD command:

ADD dma {, shift] ; Direct addvessing

ADD dma, 16 : Direct with left shift of 16

ADD ind [, shift {, ARnf{ Indirect addressing

ADD ind, 16 [, ARn| ; Indirect with lefi shift of 16

ADD #k : short immediate addressing

ADD wlk {, shift] : Long immediate addressing
The following is a list of the various notations used in C2xx syntax examples:
fralics ltalic symbols in instruction syntax represent variables.
Example:

LACC dma, you can use several ways Lo address the dma (data memory address).
LAcc*
or

LACC 200k
23




ik
LACC v Cwhere v iy any variahle assigned to data memaory
Where *. 2000 and v are the data memory addresses
Boldlace Characters Boldtace characters must be included in the syntax.
I xample:
LAR dma, 16 sdireet addressing with left shift of 16
LAR ARL 60h, [o Sload auxiliary AR register with the memory contents of 600 that

was feft shifred 16 bits

Example:
LACC dme. [shin) s optional left shift from 0, 13; defaults to ()
LACC main_counier, 8 : shifts contents of the variable “main_counter” data 8 places o

the left betore loading accumulator

[ | An optional operand may be placed in the placed here.

Example:

LACC ind [ shift [, AR n] ] Indirect addressing

f40C* S oad Accum. Woecontens of the memory
: Location pointed to by the current AR

LACC % 5 Hoad Accum. With the contents of the memory
: Location pointed to by the current AR afier
: The memory contents are lefi shifted by 3
. Birs.

LACC *, 0. AR3 Maad Accum. With the conttents of the memory
: Location pointed to by the current AR after
; The memaory contents are left shifted by 3
; Bits. Now you have the oprion of choosing
DA new AR Inthis case, AR3 will become the
: New AR,

[. x1 [. x2]] Operands x1 and x2 are optional, but you cannot include x2 without also including

xl.
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It is optional when using indirect addressing to modily the data, Onee you stpply a len
shlt vadue from 0,18 (even a shiflt of 0, then vou have the option of changing (o @ new current
anxiliary rewister (AR,

# The # sign is prefin that signilies that the number used is o constant as apposed (o

menmory location,

Example:
RPT #15 + this syntax is using short immediate addressing. It will repeat the next

mstruetion 1541 times,
LACC #60h : this will load the aceumulator with the

: Constant 601
LACC 60h : However, this instruction will load the

: Accumulator with the contents in the data

: Memory location 60h, not the constant #60h
We will now provide a few examples of using the instruction set, Example 2.1 performs a lew
arithmetic tunctions with the DSP core and illusirates the nature of assembly programming.
Programming with the assembly instruction set is somewhat ditferent than lainguages such as C.
In a high-level language, 1o add two numbers we might just code ¢ = a + b™ In assembly, the
user must be sure to code everything that needs to happen in order for a task to be exceuted, Take
the following example:

Example 2.1 - Add the two numbers 2" and *3"

LDP H#6h ;doads the proper D for dma 3004

SPLK #2, 300k : ptore the number 2" in memory address 300k
LACL #3 ; Moad the accumulator with the number "3°
ADD 300h : adds contents of 300h (*27) 1o the contents

:of the accumudetor (137), wecumudator = 3

Another way;

LDP #6h :loads the proper DP for dma 300k

SPLK 820, 300h ; store the nmumber “ 20" in memory address
; 00k

SPLK #3h, 301h ; stores the number “3h' into memory address
; 30h
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LACL 300h lowd the accunndaror witl the contents in
; Memory location 300k
10D 301h ;adds contents of memory address 3000 1730
To the contents of the accumulator (2h7)
caceumdator = 3h
Looping algorithms are very common in all programming languages. In high-level languages, the
“For™ and “While™ loops can be used. However, in assembly, we need a slightly different
approach 1 perform a repeating algorithm. The following example is an algorithm that stores the

value "1™ 10 memory locations 300h, 301h. 302h. 303h, and 304h.

Example 2.2- Looping Algorithm Using the Auxiliary Register

LAR ARO. #4 Moad auxiliory register O with #4

LAR AR #3000 s this AR will he used as a memory poiinier
LACL #lh SMoads 1 into the accunilator
LOOPER MAR * ARSI . makes AR the next current AR

SACL *+, AR o wriles contenis of accumufator (o address

: pointed to by ARL, the "+ " increments AR
: By I, next current AR is AR
BANZ LOOPER . branch to LOOPER while current AR is not 0;

decrements current AR by | and branches

; back 1o LOOPER
One might wonder if assembly language is so tedious to use, why not just program in a high-
level language all the time. When code written in a high level language is compiled into
assembly, the length of the code increases substantially. For example. if an assembly program
takes up 50 lines, the same program written in C might take 150 lines afier it is compiled. For
this reason. code written in assembly almost always executed faster and uses less memory than

high-level language code.
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Memory Maps

Program Memory

— When a program is loaded 1o LF2407. the code resides in and run from program memory
space. In addition, program memory can also store immediate operands and table information.

oa1km
oDa0h
D4k
ooaah

TFFFh
BDOON

FOFFh
FEDON

FEFFN
FFOGh

FFFER

(]

Two factors determine the configuration of program memory - CNF bit and MP/MC Pin

. CNF bit

Irterrupt
VECIONS

Hoset

Code security passwords

User cota in
flash memaory

External

Feseiying
ICNF = 1)
{External of CNF » 0]

On-chip
DARAM (EO)
(CNF =1)

(Exfornal 4 CNF = 0)

Intorrupt level 1

btorrupt lvel 2

Intermupt leyel 3

Titorrupt fevil 4

Intefrupt level 5

Intesrupt lovel &

Reservod

Softmare inferrupis

TRAR

NMI

Heserved

12K on-chip tlash (MPRIT « o)
Enternal (MPIRIT « 1)

Soltwnare inferrupis

- Determines if BO memory is in on chip program space.

~ 1f0, 256 words are mapped as external memory

Boooh - 0001h
LOOZh-0003h
DOOAH-DOISh
DOOGH-00ATH
booeh-000%9h
oo0AR-000BR
DOOC b (00

DOOE h-000F h

0010h-0821h

00zzh-0023h
0024h-0025h
0026h.002Th

BO2ER-001FN

— If 1,256 words of DARAM B0 are configured for Program Space.

. MP/MC Pin

0 — Device is configured in microcontroller mode. Flash memory is accessible.

1- Device is configured in microprocessor mode. Program memory is mapped to external

memory.

Data Memory

. For the execution of a program, it is necessary to store calculation results or look up tables

in memory — data memory
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. Fo store a value to data memory address, the corresponding memory block must reside in

data memory space

Blocks 31 and B2 — Data Space
. Block BOand SARAM — for Program or Data Space

. In addition, data memory space can access on chip configuration registers and peripherals.

Input / Output space (1/0)
* [t is used for accessing external peripherals such as DAC...

* Within program . data and 1/0 space are addresses that are reserved for system functionality .

Q00D0h
External
FEFF el
FFOD
Resarved
FFOE L :
Flash control
FEOF maode register®
FF10
Reserved
FFFE
Wait-state generator
FFFF control register*
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O06F
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legrd | —FEmaionregiders 0007
O0OFF o reseneg
[OSF
0100
Resarved / Ilexgad 7000 700F
g ;| L smarfig s
! cortrol regslars Mio-10F
Onchip DARAM D /
0oFF i Whlchdog timer regstirs TR0 0
S Onchip DARAMEBI i 06F
GFF :
0400 fi = 030 TO4F
OFF o) 060-705F
0500 !
- A e
OTFF ;
| 20 _; - reqgHirs 0-707F
= [ [ ==
= Hiexpl ' ] Digtd O corirol rog <o TR0 709F
o Peripira frame 1 (PF1) ADC cxrird reg dirs 70A0- T0BF
;-13; i TOFF
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7420 A
Hiexpd i s, gl r;a:.'nFF
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7500 frame 3 FFD L CAN rroilbox F200- 7225
¥ ety
1 N T20-TIFF
Tm [} i‘ .
I e B A
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— Coxie secLty pesswords 1". R Cenoralpurposetimir registers | 7400-7408
TH 3 5 CETp POl et 74117419
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L] LR
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000 L L fld roct et 26743
Extermd - X ey :
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FFFF .‘. "il i!_ IJ
5 Y Eveni mamgr - EVB
| —— b
Indcites Ul acoess 1o hi=e b Genoral-purpose limer regstars. | 75007508
— g ) 3 0 \ Carrpere, PAM and
' \ dachond regdars Lalaol
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Introduction to Interrupts

The interrupts on the LEF2407 allow the device hardware to trigger the C2xx DSP core to break from
and start a new task, then return back 1o the initial task.

the current tash, branch to a new section of code
. New task-1SR
. Interrupt Request Sequence

There are two levels of interrupt hierarchy in the LF2407.

There is an interrupt flag bit and an interrupt enable bit located in each peripheral configuration

rezister for each event that can generate an interrupt.

The interrupt enable bit acts as a “gate™

POPINT &
POPINTE
e T
HINTY
LINT2
ST
T

T et
CAtmasmiT
A ERINT

&5
& chapuNT "
CPAPZINT >
P I NT =
TR

P
e

PIE

Lt |

o GEM
mTE

Yrerteed

TVYLIT
TIUFINT — | * I T2
Ti0OF INT
CTAPAIrT
CIAPA T
CrAPe INT
T2 PINT
cPL

Ll 2
I GE

|
vees

TICIHT

TIUTINT
TaokiNT — 1 *

'! TZPRT
TZCMT — | >

TILFINT — T3

T2OF IMT Larid 3
ragar —4-o RO GEN
T4 INT

Tl iMAT

TAOF U

CAPTINT
CAPZINT el — T4

CAPIINT
CArSINT =0 GEN

AN

CapamT
LammiT

PRORY

S PIIT
=

REINT foais = Sirs

THMT RO GEN

CAtaB T

CANBERINT

ADCINT Ll 0

\ HINT 1FD e
EL s

LR L

PR P
PAL KR
P

[ Adde
bus bum

Interrupt hierarchy inthe LF2407 (Courtesy of Texas Instruments)

j}.l—l

Figure 4 1
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11 the interrupt enable bit is not set, then the setting of the peripheral fag bit will not he able 10

generate an mterrupt signal

« 11 the enable bit is set. then the peripheral ag bit will generate an interrupt signal, That mterrupt signal

will then leave the peripheral level and go 1o the next hierarchal level.

« Once an interrupt signal leaves the peripheral level, it is then multiplexed through the Peripheral Interrupt

Expansion (PIE) module.

+ The PIE module takes the many individual interrupts and groups them into six priority levels (INTI
through INT6G).

» Once an interrupt reaches the PIE, a code identitying the individual interrupt is loaded into the Peripheral
Interrupt Vector Register (PIVR).

+ This allows the ISR to determine which interrupt was actually asserted when multiple mterrupts from the

same level occur.

» After passing through the PIE module, the interrupt request signal has now entered the upper level of

hierarchy or the “CPU level™.

» CPU Level:
Fach of the six levels has a corresponding flag bit in the Interrupt Flag Register (IFR)

- Additionally there is an Interrupt Mask Register (IMR) which acts similar 1o the interrupt enable bits

at the peripheral level,

« Each of the six bits in the IMR behaves as a “gate” to each of the corresponding six bits in the IFR.

« If the corresponding bits in both the [FR and IMR are both set, then the interrupt request signal can
continue through to the C2xx core itself.

« Once the interrupt request signal has entered the CPU level and has passed through the IFR/IMR, there is
one more gateway the signal must pass through in order to cause the core 1o service the interrupl.

» The Interrupt Mask (INTM) bit must be cleared for the interrupt signal 1o reach the core.

« The INTM bit and the peripheral level flag bit must be cleared “manually™ via Interrupt Control Register

Interrupt Control Register

The three registers are used at the CPU level.

IFR-Imerrupt Flag Register at the beginning of the CPU level

. IMR-Interrupt Mask Register

. PIVR-Peripheral Interrupt Vector Register-At the peripheral Level.

In addition INTM bit at the CPU level provides the “gateway" that the interrupl must pass through to
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reach the core

Interrupt Flag Regisier

o 1R s used o oadentily

and elear the pending interrupts at the CPU level and contains the interrupt
|'l|.ij_' Iits Lo e maskable ”Ilﬂ“”“ Prortics INTI:INTG,

* Atter the imterrupt is serviced, the [1R bit corresponding to the interrupt is automatically cleared.

* Wihen the imterrapt is acknowledged only the [FR bit is cleared automatically.

* IER pertam to intermupts at the CPU level only. All peripherals have their own interrupts mask and
flag bits in their respective contral / configuration bits,

Interrupt Flag Register (IFR) — Address 0006h

15-8 5 4 3 2 1 0
| |
Reserved INTS flag INTEflag | INT4flag | INT3flag | INT2flag | INT!flag
0 ___Ranc-o __Rw1C-0 RW1C-0 RW1C-0 RW1C-0 RWIC-0

INTERRUPT MASK REGISTER (IMR)

= It as o 16 bit register which contains mask bits for cach of the six interrupt priority levels INT1 <INT6.
= When an IMR bt is "0 the corresponding interrupt is masked (halted at the CPU level)

* IMR may also be used to identify which interrupts are masked or unmasked.

156 - 4 : 2 )
Reserad INTS masd N5 masi INT2 masf INT3 mash INT2 mask| INTI mask
0 RW RV R RW R R

. PIVR is a 16 bit read only register,
. Each imterrupt has a unigue code which is loaded into PVIR when in the PIE module,
@

his assures that the different priorities happen simullancously, the higher priority interrupt will be

serviced first,
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Parip et al Int@crupt Yeotor Hegiotae (PN - Addrass 7GLEH

15 14 11 12 11 10 9 1
[Twvis [ wvia | wvia | wiz [ wvna | wio [ v | wH |
T RO T RO RO na T R0 N (TN H 1)
’ A % b 1 1
e [ T e T 7 T (S, N [ T ] N S
~ RO T RO ) "o oo o A

A~ Reasd accm i,
0= wvalise after res ot.,
Bia 150 wVis=wO

Interrupt vector Thisragister contains the peripheral intamupt vector of the most recently
stknowledeed peripharal interrupt

External Interrupt Control Registers

The external nterrupts (NINT 1. XINT2) are controlled by the XINTICR and XINT2CR control regisiers,
respectively.

It these interrupts are enabled in their control registers, an interrupt will be gencrated when the XINT Tor
MINT2 logic transition oceurs for at least 12 CPU clock eycles.

15 14-3 2 | 0
KINT 1 flag Reserved 1IINT1 pelinly | XINT1 prsonty | XINT1 enatile
RC-D R0 RW-0 RW o W0

External Interrupt 2 Control Register (XINT2OR) = Address 70710

15 14-3 2 | a
AiNTZ ag t Reserved [NIHTJ polanty I RINTZ priotily | XINT2 enahle ]
RC-0 RO RW-0 AW RW-0

Note: R = read access, IV = wite aceess, C = Clear by winting a 1, -0 = value affer
reser.
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Field Programmable Gate Arrays (FPGA)

Introduction

::-:jd Ipmgmn:mmlﬂc_ﬂmc Arrays (FPGASs) are digital ICs (Integrated Circuits) that enable the

Th b f‘f?'E" engineer to program a customized Digital Logic as per his/er requirements,
¢ lerm I:u:ld ngrqmmahlc“ implies that the Digital Logic of the IC is not fixed during its

manufacturing (or fabrication) but rather it is programmed by the end-user (designer).

In “l_'d'-‘-'l' to provide this programmability, an FPGA consists of Configurable (or Programmable)
Logic Blocks and configurable interconnects between these blocks. This configurable Logic and
the Int::rcunncclinns (Routing) of FPGAs makes them general purpose and flexible but at the

same time, it also makes them slow and power hungry when compared to a similar calibre ASIC

with Standard Cells.

It has been more than three decades since the introduction of FPGAs into the market and in this
long span, they have undergone a severe technalogical advancement and gained a continuously

growing popularity.

A Brief Note on PLD (Programmable Logic Device)
Before diving into the main topic, 1 want to briefly discuss the concept of Programmable Logic

Devices. So, what is a PLD. It is an IC containing a large number of Logie gates and Flip-flops
that can be configured by the user to implement a wide variety of functions.

The simplest ofl‘mgrum:ﬁuhlc Logic Devices consists of an array of AND & OR gates and the
logic of thesc gates and their interconnections can be configured by a programming process.

PLDs are particularly useful when an engineer wants to implement a customized logic and is
restricted by the pre-configured integrated circuits. PLDs provide a way to implement a custom
digital circuit through the power of hardware configuration rather than implementing it using o

software.

Different Types of PLDs o o
Basically, PLDs can be categorized into three types. They are:

« Simple Programmable Logic Devices (SPLD)
« Complex Programmable Logic Devices (CPLD)
« Field Programmable Gate Arrays (FPGA)
The Simple Programmable Logic Devices are further divided into:

o Programmable Logic Array (PLA)
« Programmable Array Logic (PAL)
+ Generic Array Logic (GAL)

m CamScanner









lagic or function of
Since this process 0
known as “Field

tom design by specifying the
f each programmable switch.

Using an FPGA, you can implement any cus
rather than in a fub, the device is

cach logic block and sciling the connection o
designing o custom circuit is done in the field

Programmable™,
The following image shows a typical intemal structure of an FPGA in a very broad sensc.

1 wa b tes | e

| |
the FFGA 18 misue up o1 conugusable logic cells and programmable

As vou can see, the core of
interconnections. These are surrounded by a number of programmable 10 blocks, which are used
to talk to the external world.

consists of

Components of an FPGA
Let us now take a closer look at the structure of an FPGA. Typicaliy. an FPGA
three basic components. They are:

+ Programmable Logic Cells (or Logic Blocks) — responsible for implementing the core
logic functions.

Programmable Routing — responsibl
10 Blocks — which are connected ot

make external connections.

¢ for connecting the Logic Blocks.
he Logic Blocks through the routing and help 10

Logic Block

The Logic Block in
the similar structures in A

Xilinx based FPGAs arc called as Configurable Logic Blocks or CLB while
[tern based FPGAs are called Logic Armay Blocks or LAD. Let us use
the term CLB for this discussion. A CLB is the basic component of an FPGA, which provides
both the logic and storage functionalilies. The basic logic block can be anything fike a transisior,
a NAND gate, Multiplexors, Look-up Table (LUT), o PAL like structure or even a processor.
Both Xilinx and Altera use Look-up Table (LUT) based logic blocks to implement the logic as

well as the storage functionalities.

of o single Basic Logic Element or o set of interconnecied Basic

A Logic Block can be made up
Logic Elements, where a Basic Logic Element is o combination of a Look-up table (which is in

tum made up of SRAM and Multiplexors) and o Flip-flop.
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cost, Examples {nfhiitl range I-'II‘GM are Arrin from Altera, Artix-7/Kintex-7 series from Xlinix
1GL002 from Microsemi and ECP3 and ECPS series from Lattice semiconductor. C

High End FPGAs

These types of FPGf\s'nrc developed for logic density and high performance. Examples of High
end FPGAs are a Stratix family from Altern, Virtex family from Xilinx, Speedster 22i family
from Achronix, and ProASIC3 family from Microsemi.

Applications of FPGA:

FPGAs have gained rapid growth over the past decade becanse they are useful for a wide range
of applications. Specilic application of an FPGA includes digital signal processing,
bioinformatics, device conlrollers, software-defined radio, random logie, ASIC prototsping,
medical imaging, computer hardware emulation, integrating multiple SPLDs, voice recognition.
cryptography, filtering and communication encoding and many more.

Usually, FPGAs are kept for particulur vertical applications where the production volume is
small. For these low-volume applications, the top companies pay in hardware costs per unit.
Today, the new performance dynamics and cost have extended the range of viable applications.

Security
Monrtary Az, Syitems
Syslems

lma L]
Frocessing
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Appl ications of FPGA

Some More Common FPGA Applications are: Acrospace and Defense, Medical Electronics, .
ASIC Prototyping, Audio, Automolive, Broadeast, Cansumer IElc-.:lnnlucs. I.J|?|n’l:-uh.-d Monetary
Systems, Data Center, High Performunce Computing, Industrinl, Medical, Scientific i
Instruments, Security systems, Video & Image Processing, Wired Communications, Wireless

Communications.
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