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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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TABLE 1-2: PIC18FXX20 PINOUT I/O DESCRIPTIONS

Pin Name
Pin Number Pin

Type
Buffer
Type

Description
PIC18F6X20 PIC18F8X20

MCLR/VPP

MCLR

VPP

7 9

I

P

ST

Master Clear (input) or programming 
voltage (output).

Master Clear (Reset) input. This pin is 
an active-low Reset to the device.
Programming voltage input.

OSC1/CLKI
OSC1

CLKI

39 49
I

I

CMOS/ST

CMOS

Oscillator crystal or external clock input.
Oscillator crystal input or external clock 
source input. ST buffer when configured 
in RC mode; otherwise CMOS.
External clock source input. Always 
associated with pin function OSC1 
(see OSC1/CLKI, OSC2/CLKO pins).

OSC2/CLKO/RA6
OSC2

CLKO

RA6

40 50
O

O

I/O

—

—

TTL

Oscillator crystal or clock output.
Oscillator crystal output. 
Connects to crystal or resonator in 
Crystal Oscillator mode.
In RC mode, OSC2 pin outputs CLKO, 
which has 1/4 the frequency of OSC1 
and denotes the instruction cycle rate.
General purpose I/O pin.

Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog =  Analog input 
I =  Input O =  Output 
P =  Power OD =  Open-Drain (no P diode to VDD)  

Note 1: Alternate assignment for CCP2 when CCP2MX is not selected (all operating modes except 
Microcontroller).

2: Default assignment when CCP2MX is set.

3: External memory interface functions are only available on PIC18F8X20 devices.

4: CCP2 is multiplexed with this pin by default when configured in Microcontroller mode. Otherwise, it is 
multiplexed with either RB3 or RC1.

5: PORTH and PORTJ are only available on PIC18F8X20 (80-pin) devices.

6: AVDD must be connected to a positive supply and AVSS must be connected to a ground reference for 
proper operation of the part in user or ICSP modes. See parameter D001A for details.
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FIGURE 4-6: DATA MEMORY MAP FOR PIC18FX520 DEVICES     
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= 0001

= 1110

= 1111

060h
05Fh

F60h
FFFh

00h
5Fh
60h

FFh

Access Bank

When a = 0, 
the BSR is ignored and the 
Access Bank is used. 
The first 96 bytes are General 
Purpose RAM (from Bank 0). 
The second 160 bytes are 
Special Function Registers 
(from Bank 15).

When a = 1, 
the BSR is used to specify the
RAM location that the instruction
uses. 
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000h
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FFh
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FFh
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00h
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700h
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(SFRs)
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Unused,
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FFh

00h

Bank 14
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to Read as ‘0’
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4.12 Indirect Addressing, INDF and 
FSR Registers

Indirect addressing is a mode of addressing data mem-
ory, where the data memory address in the instruction
is not fixed. An FSR register is used as a pointer to the
data memory location that is to be read or written. Since
this pointer is in RAM, the contents can be modified by
the program. This can be useful for data tables in the
data memory and for software stacks. Figure 4-9
shows the operation of indirect addressing. This shows
the moving of the value to the data memory address,
specified by the value of the FSR register.

Indirect addressing is possible by using one of the
INDF registers. Any instruction using the INDF register
actually accesses the register pointed to by the File
Select Register, FSR. Reading the INDF register itself,
indirectly (FSR = 0), will read 00h. Writing to the INDF
register indirectly, results in a no operation. The FSR
register contains a 12-bit address, which is shown in
Figure 4-10. 

The INDFn register is not a physical register. Address-
ing INDFn actually addresses the register whose
address is contained in the FSRn register (FSRn is a
pointer). This is indirect addressing.

Example 4-4 shows a simple use of indirect addressing
to clear the RAM in Bank 1 (locations 100h-1FFh) in a
minimum number of instructions.

EXAMPLE 4-4: HOW TO CLEAR RAM 
(BANK 1) USING 
INDIRECT ADDRESSING   

There are three indirect addressing registers. To
address the entire data memory space (4096 bytes),
these registers are 12 bits wide. To store the 12 bits of
addressing information, two 8-bit registers are
required. These indirect addressing registers are:

1. FSR0: composed of FSR0H:FSR0L

2. FSR1: composed of FSR1H:FSR1L

3. FSR2: composed of FSR2H:FSR2L

In addition, there are registers INDF0, INDF1 and
INDF2, which are not physically implemented. Reading
or writing to these registers activates indirect address-
ing, with the value in the corresponding FSR register
being the address of the data. If an instruction writes a
value to INDF0, the value will be written to the address
pointed to by FSR0H:FSR0L. A read from INDF1 reads

the data from the address pointed to by
FSR1H:FSR1L. INDFn can be used in code anywhere
an operand can be used.

If INDF0, INDF1 or INDF2 are read indirectly via an
FSR, all ‘0’s are read (zero bit is set). Similarly, if
INDF0, INDF1 or INDF2 are written to indirectly, the
operation will be equivalent to a NOP instruction and the
Status bits are not affected.

4.12.1 INDIRECT ADDRESSING 
OPERATION

Each FSR register has an INDF register associated
with it, plus four additional register addresses. Perform-
ing an operation on one of these five registers
determines how the FSR will be modified during
indirect addressing.

When data access is done to one of the five INDFn
locations, the address selected will configure the FSRn
register to:

• Do nothing to FSRn after an indirect access
(no change) – INDFn.

• Auto-decrement FSRn after an indirect access 
(post-decrement) – POSTDECn.

• Auto-increment FSRn after an indirect access 
(post-increment) – POSTINCn.

• Auto-increment FSRn before an indirect access 
(pre-increment) – PREINCn.

• Use the value in the WREG register as an offset 
to FSRn. Do not modify the value of the WREG or 
the FSRn register after an indirect access
(no change) – PLUSWn.

When using the auto-increment or auto-decrement
features, the effect on the FSR is not reflected in the
Status register. For example, if the indirect address
causes the FSR to equal ‘0’, the Z bit will not be set.

Incrementing or decrementing an FSR affects all 12
bits. That is, when FSRnL overflows from an increment,
FSRnH will be incremented automatically.

Adding these features allows the FSRn to be used as a
stack pointer, in addition to its uses for table operations
in data memory.

Each FSR has an address associated with it that
performs an indexed indirect access. When a data
access to this INDFn location (PLUSWn) occurs, the
FSRn is configured to add the signed value in the
WREG register and the value in FSR to form the
address before an indirect access. The FSR value is
not changed.

If an FSR register contains a value that points to one of
the INDFn, an indirect read will read 00h (zero bit is
set), while an indirect write will be equivalent to a NOP
(Status bits are not affected).

If an indirect addressing operation is done where the tar-
get address is an FSRnH or FSRnL register, the write
operation will dominate over the pre- or post-increment/
decrement functions. 

LFSR  FSR0 ,0x100 ;   
NEXT  CLRF  POSTINC0 ; Clear INDF 

; register and 
; inc pointer 

BTFSS FSR0H, 1 ; All done with
; Bank 1? 

GOTO  NEXT ; NO, clear next 
CONTINUE ; YES, continue 
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6.2 16-bit Mode

The External Memory Interface implemented in
PIC18F8X20 devices operates only in 16-bit mode.
The mode selection is not software configurable, but is
programmed via the configuration bits.

The WM<1:0> bits in the MEMCON register determine
three types of connections in 16-bit mode. They are
referred to as:

• 16-bit Byte Write

• 16-bit Word Write

• 16-bit Byte Select

These three different configurations allow the designer
maximum flexibility in using 8-bit and 16-bit memory
devices.

For all 16-bit modes, the Address Latch Enable (ALE)
pin indicates that the address bits A<15:0> are
available on the External Memory Interface bus.
Following the address latch, the Output Enable signal
(OE) will enable both bytes of program memory at once
to form a 16-bit instruction word. The Chip Enable
signal (CE) is active at any time that the microcontroller
accesses external memory, whether reading or writing;
it is inactive (asserted high) whenever the device is in
Sleep mode.

In Byte Select mode, JEDEC standard Flash memories
will require BA0 for the byte address line and one I/O
line to select between Byte and Word mode. The other
16-bit modes do not need BA0. JEDEC standard static
RAM memories will use the UB or LB signals for byte
selection.

6.2.1 16-BIT BYTE WRITE MODE

Figure 6-1 shows an example of 16-bit Byte Write
mode for PIC18F8X20 devices. This mode is used for
two separate 8-bit memories connected for 16-bit oper-
ation. This generally includes basic EPROM and Flash
devices. It allows table writes to byte-wide external
memories.

During a TBLWT instruction cycle, the TABLAT data is
presented on the upper and lower bytes of the
AD15:AD0 bus. The appropriate WRH or WRL control
line is strobed on the LSb of the TBLPTR.

FIGURE 6-1: 16-BIT BYTE WRITE MODE EXAMPLE 

AD<7:0>

A<19:16>

ALE

D<15:8>

373 A<x:0>

D<7:0>

A<19:0>
A<x:0>

D<7:0>

373

OE

WRH

OE OEWR(1) WR(1) 

CE CE

Note 1: This signal only applies to table writes. See Section 5.1 “Table Reads and Table Writes”.

WRL

D<7:0>

(LSB)(MSB)PIC18F8X20

D<7:0>

AD<15:8>

Address Bus

Data Bus

Control Lines

CE
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FIGURE 10-2: BLOCK DIAGRAM OF 
RA3:RA0 AND RA5 PINS        

FIGURE 10-3: BLOCK DIAGRAM OF 
RA4/T0CKI PIN      

FIGURE 10-4: BLOCK DIAGRAM OF RA6 PIN (WHEN ENABLED AS I/O)   
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TABLE 10-15: PORTH FUNCTIONS  

TABLE 10-16: SUMMARY OF REGISTERS ASSOCIATED WITH PORTH  

Name Bit# Buffer Type Function

RH0/A16 bit 0 ST/TTL(1) Input/output port pin or address bit 16 for external memory interface.

RH1/A17 bit 1 ST/TTL(1) Input/output port pin or address bit 17 for external memory interface.

RH2/A18 bit 2 ST/TTL(1) Input/output port pin or address bit 18 for external memory interface.

RH3/A19 bit 3 ST/TTL(1) Input/output port pin or address bit 19 for external memory interface.

RH4/AN12 bit 4 ST Input/output port pin or analog input channel 12.

RH5/AN13 bit 5 ST Input/output port pin or analog input channel 13.

RH6/AN14 bit 6 ST Input/output port pin or analog input channel 14.

RH7/AN15 bit 7 ST Input/output port pin or analog input channel 15.

Legend: ST = Schmitt Trigger input, TTL = TTL input 

Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in System Bus or Parallel 
Slave Port mode.

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on

POR, BOR

Value on 
all other 
Resets

TRISH PORTH Data Direction Control Register 1111 1111 1111 1111

PORTH Read PORTH pin/Write PORTH Data Latch xxxx xxxx uuuu uuuu

LATH Read PORTH Data Latch/Write PORTH Data Latch xxxx xxxx uuuu uuuu

ADCON1 — — VCFG1 VCFG0 PCFG3 PCFG2 PCFG1 PCFG0 --00 0000 --00 0000

MEMCON EBDIS — WAIT1 WAIT0 — — WM1 WM0 0-00 --00 0-00 --00

Legend: x = unknown, u = unchanged, – = unimplemented. Shaded cells are not used by PORTH.
DS39609C-page 124  2003-2013 Microchip Technology Inc.
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11.0 TIMER0 MODULE

The Timer0 module has the following features:

• Software selectable as an 8-bit or 
16-bit timer/counter

• Readable and writable

• Dedicated 8-bit software programmable prescaler

• Clock source selectable to be external or internal

• Interrupt-on-overflow from FFh to 00h in 8-bit 
mode and FFFFh to 0000h in 16-bit mode

• Edge select for external clock

Figure 11-1 shows a simplified block diagram of the
Timer0 module in 8-bit mode and Figure 11-2 shows a
simplified block diagram of the Timer0 module in 16-bit
mode.

The T0CON register (Register 11-1) is a readable and
writable register that controls all the aspects of Timer0,
including the prescale selection. 

REGISTER 11-1: T0CON: TIMER0 CONTROL REGISTER                    

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

TMR0ON T08BIT T0CS T0SE PSA T0PS2 T0PS1 T0PS0

bit 7 bit 0

bit 7 TMR0ON: Timer0 On/Off Control bit 

1 = Enables Timer0 
0 = Stops Timer0 

bit 6 T08BIT: Timer0 8-bit/16-bit Control bit 

1 = Timer0 is configured as an 8-bit timer/counter 
0 = Timer0 is configured as a 16-bit timer/counter 

bit 5 T0CS: Timer0 Clock Source Select bit 

1 = Transition on T0CKI pin 
0 = Internal instruction cycle clock (CLKO) 

bit 4 T0SE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on T0CKI pin 
0 = Increment on low-to-high transition on T0CKI pin 

bit 3 PSA: Timer0 Prescaler Assignment bit 

1 = TImer0 prescaler is NOT assigned. Timer0 clock input bypasses prescaler. 
0 = Timer0 prescaler is assigned. Timer0 clock input comes from prescaler output.

bit 2-0 T0PS2:T0PS0: Timer0 Prescaler Select bits    

111 = 1:256 prescale value
110 = 1:128 prescale value
101 = 1:64   prescale value
100 = 1:32   prescale value
011 = 1:16   prescale value
010 = 1:8     prescale value
001 = 1:4     prescale value
000 = 1:2     prescale value

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
 2003-2013 Microchip Technology Inc. DS39609C-page 131
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17.4.4.5 Clock Synchronization and 
the CKP bit

When the CKP bit is cleared, the SCL output is forced
to ‘0’. However, clearing the CKP bit will not assert the
SCL output low until the SCL output is already sam-
pled low. Therefore, the CKP bit will not assert the
SCL line until an external I2C master device has

already asserted the SCL line. The SCL output will
remain low until the CKP bit is set and all other
devices on the I2C bus have deasserted SCL. This
ensures that a write to the CKP bit will not violate the
minimum high time requirement for SCL (see
Figure 17-12).

FIGURE 17-12: CLOCK SYNCHRONIZATION TIMING

SDA

SCL

DX-1DX

WR

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

SSPCON

CKP

Master device
deasserts clock

Master device
asserts clock
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FIGURE 17-22: I2C MASTER MODE WAVEFORM (RECEPTION, 7-BIT ADDRESS)         
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17.4.14 SLEEP OPERATION

While in Sleep mode, the I2C module can receive
addresses or data and when an address match or
complete byte transfer occurs, wake the processor
from Sleep (if the MSSP interrupt is enabled).

17.4.15 EFFECT OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

17.4.16 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the
MSSP module is disabled. Control of the I2C bus may
be taken when the P bit (SSPSTAT<4>) is set, or the
bus is idle with both the S and P bits clear. When the
bus is busy, enabling the SSP interrupt will generate
the interrupt when the Stop condition occurs.

In multi-master operation, the SDA line must be moni-
tored for arbitration, to see if the signal level is the
expected output level. This check is performed in
hardware, with the result placed in the BCLIF bit.

The states where arbitration can be lost are:

• Address Transfer 

• Data Transfer

• A Start Condition 

• A Repeated Start Condition

• An Acknowledge Condition

17.4.17 MULTI -MASTER COMMUNICATION, 
BUS COLLISION AND BUS 
ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a ‘1’ on SDA, by letting SDA float high and
another master asserts a ‘0’. When the SCL pin floats
high, data should be stable. If the expected data on
SDA is a ‘1’ and the data sampled on the SDA pin = 0,
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag, BCLIF and reset the
I2C port to its Idle state (Figure 17-25).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are deasserted and the
SSPBUF can be written to. When the user services the
bus collision Interrupt Service Routine and if the I2C
bus is free, the user can resume communication by
asserting a Start condition. 

If a Start, Repeated Start, Stop, or Acknowledge condi-
tion was in progress when the bus collision occurred,
the condition is aborted, the SDA and SCL lines are
deasserted and the respective control bits in the
SSPCON2 register are cleared. When the user ser-
vices the bus collision Interrupt Service Routine and if
the I2C bus is free, the user can resume communication
by asserting a Start condition.

The master will continue to monitor the SDA and SCL
pins. If a Stop condition occurs, the SSPIF bit will be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the determi-
nation of when the bus is free. Control of the I2C bus can
be taken when the P bit is set in the SSPSTAT register, or
the bus is Idle and the S and P bits are cleared.

FIGURE 17-25: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE       

SDA

SCL

BCLIF

SDA released 

SDA line pulled low
by another source

Sample SDA. While SCL is high,
data doesn’t match what is driven 

Bus collision has occurred.

Set bus collision
interrupt (BCLIF)

by the master.

by master

Data changes
while SCL = 0
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22.1 Control Register

The Low-Voltage Detect Control register controls the
operation of the Low-Voltage Detect circuitry.

REGISTER 22-1: LVDCON REGISTER                    
U-0 U-0 R-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-1

— — IRVST LVDEN LVDL3 LVDL2 LVDL1 LVDL0

bit 7 bit 0

bit 7-6 Unimplemented: Read as ‘0’

bit 5 IRVST: Internal Reference Voltage Stable Flag bit

1 = Indicates that the Low-Voltage Detect logic will generate the interrupt flag at the specified
voltage range

0 = Indicates that the Low-Voltage Detect logic will not generate the interrupt flag at the
specified voltage range and the LVD interrupt should not be enabled 

bit 4 LVDEN: Low-Voltage Detect Power Enable bit

1 = Enables LVD, powers up LVD circuit 
0 = Disables LVD, powers down LVD circuit 

bit 3-0 LVDL3:LVDL0: Low-Voltage Detection Limit bits(2)

1111 = External analog input is used (input comes from the LVDIN pin) 
1110 = 4.64V
1101 = 4.33V
1100 = 4.13V
1011 = 3.92V
1010 = 3.72V 
1001 = 3.61V
1000 = 3.41V
0111 = 3.1V
0110 = 2.89V
0101 = 2.78V
0100 = 2.58V
0011 = 2.47V
0010 = 2.27V
0001 = 2.06V
0000 = Reserved

Note 1: LVDL3:LVDL0 modes which result in a trip point below the valid operating voltage
of the device are not tested.

2: Typical values shown, see parameter D420 in Table 26-3 for more information.

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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TABLE 23-1: CONFIGURATION BITS AND DEVICE IDS                  

REGISTER 23-1: CONFIG1H: CONFIGURATION REGISTER 1 HIGH (BYTE ADDRESS 300001h)                

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Default/

Unprogrammed
Value

300001h CONFIG1H — — OSCSEN — — FOSC2 FOSC1 FOSC0 --1- -111

300002h CONFIG2L — — — — BORV1 BORV0 BODEN PWRTEN ---- 1111

300003h CONFIG2H — — — — WDTPS2 WDTPS1 WDTPS0 WDTEN ---- 1111

300004h(1) CONFIG3L WAIT — — — — — PM1 PM0 1--- --11

300005h CONFIG3H — — — — — — r(3) CCP2MX ---- --11

300006h CONFIG4L DEBUG — — — — LVP — STVREN 1--- -1-1

300008h CONFIG5L CP7(2) CP6(2) CP5(2) CP4(2) CP3 CP2 CP1 CP0 1111 1111

300009h CONFIG5H CPD CPB — — — — — — 11-- ----

30000Ah CONFIG6L WRT7(2) WRT6(2) WRT5(2) WRT4(2) WRT3 WRT2 WRT1 WRT0 1111 1111

30000Bh CONFIG6H WRTD WRTB WRTC — — — — — 111- ----

30000Ch CONFIG7L EBTR7(2) EBTR6(2) EBTR5(2) EBTR4(2) EBTR3 EBTR2 EBTR1 EBTR0 1111 1111

30000Dh CONFIG7H — EBTRB — — — — — — -1-- ----

3FFFFEh DEVID1 DEV2 DEV1 DEV0 REV4 REV3 REV2 REV1 REV0 (4)

3FFFFFh DEVID2 DEV10 DEV9 DEV8 DEV7 DEV6 DEV5 DEV4 DEV3 0000 0110

Legend: x = unknown, u = unchanged, – = unimplemented, q = value depends on condition, r = reserved. 
Shaded cells are unimplemented, read as ‘0’.

Note 1: Unimplemented in PIC18F6X20 devices; maintain this bit set.
2: Unimplemented in PIC18FX520 and PIC18FX620 devices; maintain this bit set.
3: Unimplemented in PIC18FX620 and PIC18FX720 devices; maintain this bit set.
4: See Register 23-13 for DEVID1 values.

U-0 U-0 R/P-1 U-0 U-0 R/P-1 R/P-1 R/P-1

— — OSCSEN — — FOSC2 FOSC1 FOSC0

bit 7 bit 0

bit 7-6 Unimplemented: Read as ‘0’ 

bit 5 OSCSEN: Oscillator System Clock Switch Enable bit

1 = Oscillator system clock switch option is disabled (main oscillator is source)
0 = Timer1 Oscillator system clock switch option is enabled (oscillator switching is enabled) 

bit 4-3 Unimplemented: Read as ‘0’ 

bit 2-0 FOSC2:FOSC0: Oscillator Selection bits

111 = RC oscillator w/ OSC2 configured as RA6 
110 = HS oscillator with PLL enabled; clock frequency = (4 x FOSC) 
101 = EC oscillator w/ OSC2 configured as RA6 
100 = EC oscillator w/ OSC2 configured as divide-by-4 clock output 
011 = RC oscillator w/ OSC2 configured as divide-by-4 clock output
010 = HS oscillator 
001 = XT oscillator 
000 = LP oscillator 

Legend:

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’

- n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-12: CONFIG7H: CONFIGURATION REGISTER 7 HIGH (BYTE ADDRESS 30000Dh)              

REGISTER 23-13:  DEVICE ID REGISTER 1 FOR PIC18FXX20 DEVICES (ADDRESS 3FFFFEh)                

REGISTER 23-14:  DEVICE ID REGISTER 2 FOR PIC18FXX20 DEVICES (ADDRESS 3FFFFFh)                

U-0 R/P-1 U-0 U-0 U-0 U-0 U-0 U-0

— EBTRB — — — — — —

bit 7 bit 0

bit 7 Unimplemented: Read as ‘0’ 

bit 6 EBTRB: Boot Block Table Read Protection bit

For PIC18FX520 devices:
1 = Boot Block (000000-0007FFh) not protected from table reads executed in other blocks
0 = Boot Block (000000-0007FFh) protected from table reads executed in other blocks

For PIC18FX620 and PIC18FX720 devices:
1 = Boot Block (000000-0001FFh) not protected from table reads executed in other blocks
0 = Boot Block (000000-0001FFh) protected from table reads executed in other blocks

bit 5-0 Unimplemented: Read as ‘0’ 

Legend:

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’

- n = Value when device is unprogrammed u = Unchanged from programmed state

R R R R R R R R

DEV2 DEV1 DEV0 REV4 REV3 REV2 REV1 REV0

bit 7 bit 0

bit 7-5 DEV2:DEV0: Device ID bits

000 = PIC18F8720
001 = PIC18F6720
010 = PIC18F8620
011 = PIC18F6620

bit 4-0 REV4:REV0: Revision ID bits

These bits are used to indicate the device revision.

Legend:

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’

- n = Value when device is unprogrammed u = Unchanged from programmed state

R R R R R R R R

DEV10 DEV9 DEV8 DEV7 DEV6 DEV5 DEV4 DEV3

bit 7 bit 0

bit 7-0 DEV10:DEV3: Device ID bits

These bits are used with the DEV2:DEV0 bits in the Device ID Register 1 to identify the part 
number.

Legend:

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’

- n = Value when device is unprogrammed u = Unchanged from programmed state
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23.4.2 DATA EEPROM 
CODE PROTECTION 

The entire data EEPROM is protected from external
reads and writes by two bits: CPD and WRTD. CPD
inhibits external reads and writes of data EEPROM.
WRTD inhibits external writes to data EEPROM. The
CPU can continue to read and write data EEPROM,
regardless of the protection bit settings.

23.4.3 CONFIGURATION REGISTER 
PROTECTION 

The configuration registers can be write-protected. The
WRTC bit controls protection of the configuration regis-
ters. In user mode, the WRTC bit is readable only.
WRTC can only be written via ICSP or an external
programmer.

23.5 ID Locations

Eight memory locations (200000h-200007h) are
designated as ID locations, where the user can store
checksum or other code identification numbers. These
locations are accessible during normal execution
through the TBLRD and TBLWT instructions or during
program/verify. The ID locations can be read when the
device is code-protected.

23.6  In-Circuit Serial Programming

PIC18FX520/X620/X720 microcontrollers can be seri-
ally programmed while in the end application circuit.
This is simply done with two lines for clock and data
and three other lines for power, ground and the
programming voltage. This allows customers to manu-
facture boards with unprogrammed devices and then
program the microcontroller just before shipping the
product. This also allows the most recent firmware or a
custom firmware to be programmed.

23.7 In-Circuit Debugger

When the DEBUG bit in the CONFIG4L Configuration
register is programmed to a ‘0’, the In-Circuit Debugger
functionality is enabled. This function allows simple
debugging functions when used with MPLAB® IDE.
When the microcontroller has this feature enabled,
some of the resources are not available for general
use. Table 23-4 shows which features are consumed
by the background debugger.

TABLE 23-4: DEBUGGER RESOURCES  

To use the In-Circuit Debugger function of the micro-
controller, the design must implement In-Circuit Serial
Programming connections to MCLR/VPP, VDD, GND,
RB7 and RB6. This will interface to the In-Circuit
Debugger module available from Microchip or one of
the third party development tool companies.

23.8 Low-Voltage ICSP Programming

The LVP bit in the CONFIG4L Configuration register
enables Low-Voltage ICSP Programming. This mode
allows the microcontroller to be programmed via ICSP
using a VDD source in the operating voltage range. This
only means that VPP does not have to be brought to
VIHH, but can instead be left at the normal operating
voltage. In this mode, the RB5/PGM pin is dedicated to
the programming function and ceases to be a general
purpose I/O pin. During programming, VDD is applied to
the MCLR/VPP pin. To enter Programming mode, VDD

must be applied to the RB5/PGM pin, provided the LVP
bit is set. The LVP bit defaults to a ‘1’ from the factory. 

If Low-Voltage Programming mode is not used, the LVP
bit can be programmed to a ‘0’ and RB5/PGM becomes
a digital I/O pin. However, the LVP bit may only be
programmed when programming is entered with VIHH

on MCLR/VPP.

It should be noted that once the LVP bit is programmed
to ‘0’, only the High-Voltage Programming mode is
available and only High-Voltage Programming mode
can be used to program the device.

When using Low-Voltage ICSP Programming, the part
must be supplied 4.5V to 5.5V if a bulk erase will be
executed. This includes reprogramming of the code-
protect bits from an on state to an off state. For all other
cases of Low-Voltage ICSP, the part may be
programmed at the normal operating voltage. This
means unique user IDs or user code can be
reprogrammed or added.

Note: When performing In-Circuit Serial
Programming, verify that power is con-
nected to all VDD and AVDD pins of the
microcontroller and that all VSS and AVSS

pins are grounded.

I/O pins RB6, RB7
Stack 2 levels
Program Memory Last 576 bytes
Data Memory Last 10 bytes

Note 1: The High-Voltage Programming mode is
always available, regardless of the state
of the LVP bit, by applying VIHH to the
MCLR pin.

2: While in Low-Voltage ICSP mode, the
RB5 pin can no longer be used as a
general purpose I/O pin and should be
held low during normal operation.

3: When using Low-Voltage ICSP Program-
ming (LVP) and the pull-ups on PORTB are
enabled, bit 5 in the TRISB register must be
cleared to disable the pull-up on RB5 and
ensure the proper operation of the device.
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MULLW Multiply Literal with W

Syntax: [ label ]    MULLW     k

Operands: 0  k  255

Operation: (W) x k  PRODH:PRODL

Status Affected: None

Encoding: 0000 1101 kkkk kkkk

Description: An unsigned multiplication is 
carried out between the contents 
of W and the 8-bit literal ‘k’. The 
16-bit result is placed in 
PRODH:PRODL register pair. 
PRODH contains the high byte.
W is unchanged.
None of the status flags are 
affected.
Note that neither overflow nor 
carry is possible in this 
operation. A zero result is 
possible but not detected.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read 

literal ‘k’
Process 

Data
Write 

registers 
PRODH:
PRODL

Example: MULLW   0xC4

Before Instruction

W = 0xE2
PRODH = ?
PRODL = ?

After Instruction

W = 0xE2
PRODH = 0xAD
PRODL = 0x08

MULWF Multiply W with f

Syntax: [ label ]    MULWF     f [,a]

Operands: 0  f  255
a  [0,1]

Operation: (W) x (f)  PRODH:PRODL

Status Affected: None

Encoding: 0000 001a ffff ffff

Description An unsigned multiplication is 
carried out between the contents 
of W and the register file location 
‘f’. The 16-bit result is stored in 
the PRODH:PRODL register 
pair. PRODH contains the high 
byte.
Both W and ‘f’ are unchanged.
None of the status flags are 
affected.
Note that neither overflow nor 
carry is possible in this 
operation. A zero result is 
possible but not detected. If ‘a’ is 
‘0’, the Access Bank will be 
selected, overriding the BSR 
value. If ‘a’= 1, then the bank will 
be selected as per the BSR 
value (default).

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read

register ‘f’
Process 

Data
Write

registers 
PRODH:
PRODL

Example: MULWF   REG, 1

Before Instruction
W = 0xC4
REG = 0xB5
PRODH = ?
PRODL = ?

After Instruction
W = 0xC4
REG = 0xB5
PRODH = 0x8A
PRODL = 0x94
DS39609C-page 286  2003-2013 Microchip Technology Inc.



PIC18F6520/8520/6620/8620/6720/8720
                 

       

            

       

TSTFSZ Test f, skip if 0

Syntax: [ label ] TSTFSZ  f [,a]

Operands: 0  f  255
a  [0,1]

Operation: skip if f = 0

Status Affected: None

Encoding: 0110 011a ffff ffff

Description: If ‘f’ = 0, the next instruction, 
fetched during the current 
instruction execution is discarded 
and a NOP is executed, making this 
a two-cycle instruction. If ‘a’ is ‘0’, 
the Access Bank will be selected, 
overriding the BSR value. If ‘a’ is 
‘1’, then the bank will be selected 
as per the BSR value (default).

Words: 1

Cycles: 1(2)
Note: 3 cycles if skip and followed

by a 2-word instruction.

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read

register ‘f’
Process 

Data
No 

operation

If skip:

Q1 Q2 Q3 Q4
No 

operation
No 

operation
No 

operation
No 

operation

If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4
No 

operation
No 

operation
No 

operation
No 

operation

No 
operation

No 
operation

No 
operation

No 
operation

Example: HERE    TSTFSZ  CNT, 1
NZERO   :
ZERO    :

Before Instruction
PC = Address (HERE)

After Instruction
If CNT = 0x00,
PC = Address (ZERO)
If CNT  0x00,
PC = Address (NZERO)

XORLW Exclusive OR literal with W

Syntax: [ label ] XORLW   k

Operands: 0 k 255

Operation: (W) .XOR. k W

Status Affected: N, Z

Encoding: 0000 1010 kkkk kkkk

Description: The contents of W are XOR’ed 
with the 8-bit literal ‘k’. The result 
is placed in W.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read

literal ‘k’
Process 

Data
Write to W

Example: XORLW 0xAF

Before Instruction

W = 0xB5

After Instruction

W = 0x1A
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XORWF Exclusive OR W with f

Syntax: [ label ] XORWF     f [,d [,a]

Operands: 0  f  255
d  [0,1]
a  [0,1]

Operation: (W) .XOR. (f) dest

Status Affected: N, Z

Encoding: 0001 10da ffff ffff

Description: Exclusive OR the contents of W 
with register ‘f’. If ‘d’ is ‘0’, the result 
is stored in W. If ‘d’ is ‘1’, the result 
is stored back in register ‘f’ 
(default). If ‘a’ is ‘0’, the Access 
Bank will be selected, overriding 
the BSR value. If ‘a’ is ‘1’, then the 
bank will be selected as per the 
BSR value (default).

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read

register ‘f’
Process 

Data
Write to 

destination

Example: XORWF   REG, 1, 0

Before Instruction
REG = 0xAF
W = 0xB5

After Instruction
REG = 0x1A
W = 0xB5
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FIGURE 26-5: LOW-VOLTAGE DETECT CHARACTERISTICS

TABLE 26-3: LOW-VOLTAGE DETECT CHARACTERISTICS   

VLVD

LVDIF

VDD

(LVDIF set by hardware)

(LVDIF can be 
cleared in software)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for industrial 

-40°C   TA  +125°C for extended 

Param 
No.

Symbol Characteristic Min Typ† Max Units Conditions

D420 LVD Voltage on VDD 
Transition high-to-low

LVV = 0001 1.96 2.06 2.16 V

LVV = 0010 2.16 2.27 2.38 V

LVV = 0011 2.35 2.47 2.59 V

LVV = 0100 2.45 2.58 2.71 V

LVV = 0101 2.64 2.78 2.92 V

LVV = 0110 2.75 2.89 3.03 V

LVV = 0111 2.95 3.1 3.26 V

LVV = 1000 3.24 3.41 3.58 V

LVV = 1001 3.43 3.61 3.79 V

LVV = 1010 3.53 3.72 3.91 V

LVV = 1011 3.72 3.92 4.12 V

LVV = 1100 3.92 4.13 4.34 V

LVV = 1101 4.11 4.33 4.55 V

LVV = 1110 4.41 4.64 4.87 V

D423 VBG Band Gap Reference Voltage Value — 1.22 — V

† Production tested at TAMB = 25°C. Specifications over temperature limits ensured by characterization.
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TABLE 26-13: CAPTURE/COMPARE/PWM REQUIREMENTS (ALL CCP MODULES)      

FIGURE 26-15: PARALLEL SLAVE PORT TIMING (PIC18F8X20)          

Param
No.

Symbol Characteristic Min Max Units Conditions

50 TCCL CCPx Input Low 
Time

No prescaler 0.5 TCY + 20 — ns

With 
prescaler

PIC18FXX20 10 — ns

PIC18LFXX20 20 — ns

51 TCCH CCPx Input High 
Time

No prescaler 0.5 TCY + 20 — ns

With
prescaler

PIC18FXX20 10 — ns

PIC18LFXX20 20 — ns

52 TCCP CCPx Input Period 3 TCY + 40
N

— ns N = prescale 
value (1, 4 or 16)

53 TCCR CCPx Output Rise Time PIC18FXX20 — 25 ns

PIC18LFXX20 — 45 ns VDD = 2.0V

54 TCCF CCPx Output Fall Time PIC18FXX20 — 25 ns

PIC18LFXX20 — 45 ns VDD = 2.0V

Note: Refer to Figure 26-6 for load conditions.

RE2/CS

RE0/RD

RE1/WR

RD7:RD0

62

63

64

65
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27.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

“Typical” represents the mean of the distribution at 25C. “Maximum” or “minimum” represents (mean + 3) or (mean –‘
3) respectively, where  is a standard deviation, over the whole temperature range.

FIGURE 27-1: TYPICAL IDD vs. FOSC OVER VDD (HS MODE)

FIGURE 27-2: MAXIMUM IDD vs. FOSC OVER VDD (HS MODE) INDUSTRIAL

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.
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