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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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PIC18FXX39
PORTB is a bi-directional I/O port. PORTB can be software 
programmed for internal weak pull-ups on all inputs. 

RB0/INT0
RB0
INT0

21 21
I/O
I

TTL
ST

Digital I/O.
External interrupt 0.

RB1/INT1
RB1
INT1

22 22
I/O
I

TTL
ST

Digital I/O.
External interrupt 1.

RB2/INT2
RB2
INT2

23 23
I/O
I

TTL
ST

Digital I/O.
External interrupt 2.

RB3 24 24 I/O TTL Digital I/O.

RB4 25 25 I/O TTL Digital I/O.
Interrupt-on-change pin.

RB5/PGM
RB5
PGM

26 26
I/O
I/O

TTL
ST

Digital I/O. Interrupt-on-change pin.
Low Voltage ICSP programming enable pin.

RB6/PGC
RB6
PGC

27 27
I/O
I/O

TTL
ST

Digital I/O. Interrupt-on-change pin. 
In-Circuit Debugger and ICSP programming clock pin.

RB7/PGD
RB7
PGD

28 28
I/O
I/O

TTL
ST

Digital I/O. Interrupt-on-change pin. 
In-Circuit Debugger and ICSP programming data pin.

TABLE 1-2: PIC18F2X39 PINOUT I/O DESCRIPTIONS  (CONTINUED)         

Pin Name
Pin Number Pin

Type
Buffer
Type

Description
DIP SOIC

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output 
ST = Schmitt Trigger input with CMOS levels I = Input 
O = Output P = Power 
OD = Open Drain (no P diode to VDD)   
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PIC18FXX39
FSR1H 2439 4439 2539 4539 ---- xxxx ---- uuuu ---- uuuu

FSR1L 2439 4439 2539 4539 xxxx xxxx uuuu uuuu uuuu uuuu

BSR 2439 4439 2539 4539 ---- 0000 ---- 0000 ---- uuuu

INDF2 2439 4439 2539 4539 N/A N/A N/A

POSTINC2 2439 4439 2539 4539 N/A N/A N/A

POSTDEC2 2439 4439 2539 4539 N/A N/A N/A

PREINC2 2439 4439 2539 4539 N/A N/A N/A

PLUSW2 2439 4439 2539 4539 N/A N/A N/A

FSR2H 2439 4439 2539 4539 ---- xxxx ---- uuuu ---- uuuu

FSR2L 2439 4439 2539 4539 xxxx xxxx uuuu uuuu uuuu uuuu

STATUS 2439 4439 2539 4539 ---x xxxx ---u uuuu ---u uuuu

TMR0H 2439 4439 2539 4539 0000 0000 uuuu uuuu uuuu uuuu

TMR0L 2439 4439 2539 4539 xxxx xxxx uuuu uuuu uuuu uuuu

T0CON 2439 4439 2539 4539 1111 1111 1111 1111 uuuu uuuu

OSCCON* 2439 4439 2539 4539 ---- ---0 ---- ---0 ---- ---u

LVDCON 2439 4439 2539 4539 --00 0101 --00 0101 --uu uuuu

WDTCON 2439 4439 2539 4539 ---- ---0 ---- ---0 ---- ---u

RCON(4) 2439 4439 2539 4539 0--q 11qq 0--q qquu u--u qquu

TMR1H 2439 4439 2539 4539 xxxx xxxx uuuu uuuu uuuu uuuu

TMR1L 2439 4439 2539 4539 xxxx xxxx uuuu uuuu uuuu uuuu

T1CON 2439 4439 2539 4539 0-00 0000 u-uu uuuu u-uu uuuu

TMR2* 2439 4439 2539 4539 0000 0000 0000 0000 uuuu uuuu

PR2* 2439 4439 2539 4539 1111 1111 1111 1111 1111 1111

T2CON* 2439 4439 2539 4539 -000 0000 -000 0000 -uuu uuuu

SSPBUF 2439 4439 2539 4539 xxxx xxxx uuuu uuuu uuuu uuuu

SSPADD 2439 4439 2539 4539 0000 0000 0000 0000 uuuu uuuu

SSPSTAT 2439 4439 2539 4539 0000 0000 0000 0000 uuuu uuuu

SSPCON1 2439 4439 2539 4539 0000 0000 0000 0000 uuuu uuuu

SSPCON2 2439 4439 2539 4539 0000 0000 0000 0000 uuuu uuuu

TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

Register Applicable Devices
Power-on Reset,
Brown-out Reset

MCLR Resets
WDT Reset

RESET Instruction
Stack Resets

Wake-up via WDT 
or Interrupt

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0', q = value depends on condition.
Shaded cells indicate conditions do not apply for the designated device.

* These registers are retained to maintain compatibility with PIC18FXX2 devices; however, one or more bits 
are reserved. Users should not modify the value of these bits. See Section 4.9.2 for details.

Note 1: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are 
updated with the current value of the PC. The STKPTR is modified to point to the next location in the 
hardware stack.

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt 
vector (0008h or 0018h).

3: One or more bits in the INTCONx or PIRx registers will be affected (to cause wake-up).
4: See Table 3-2 for RESET value for specific condition.
5: Bit 6 of PORTA, LATA, and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other 

Oscillator modes, they are disabled and read ‘0’. 
6: Bit 6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read ‘0’. 
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PIC18FXX39
EXAMPLE 5-3: WRITING TO FLASH PROGRAM MEMORY
MOVLW D'64 ; number of bytes in erase block
MOVWF COUNTER
MOVLW BUFFER_ADDR_HIGH ; point to buffer
MOVWF FSR0H
MOVLW BUFFER_ADDR_LOW
MOVWF FSR0L
MOVLW CODE_ADDR_UPPER ; Load TBLPTR with the base
MOVWF TBLPTRU ; address of the memory block
MOVLW CODE_ADDR_HIGH
MOVWF TBLPTRH
MOVLW CODE_ADDR_LOW
MOVWF TBLPTRL 

READ_BLOCK
TBLRD*+ ; read into TABLAT, and inc
MOVF TABLAT, W ; get data
MOVWF POSTINC0 ; store data
DECFSZ COUNTER ; done?
BRA READ_BLOCK ; repeat

MODIFY_WORD
MOVLW DATA_ADDR_HIGH ; point to buffer
MOVWF FSR0H
MOVLW DATA_ADDR_LOW
MOVWF FSR0L
MOVLW NEW_DATA_LOW ; update buffer word
MOVWF POSTINC0
MOVLW NEW_DATA_HIGH
MOVWF INDF0

ERASE_BLOCK
MOVLW CODE_ADDR_UPPER ; load TBLPTR with the base
MOVWF TBLPTRU ; address of the memory block
MOVLW CODE_ADDR_HIGH
MOVWF TBLPTRH 
MOVLW CODE_ADDR_LOW
MOVWF TBLPTRL 
BSF EECON1,EEPGD ; point to FLASH program memory
BCF EECON1,CFGS ; access FLASH program memory
BSF EECON1,WREN ; enable write to memory
BSF EECON1,FREE ; enable Row Erase operation
BCF INTCON,GIE ; disable interrupts
MOVLW 55h
MOVWF EECON2 ; write 55h
MOVLW AAh
MOVWF EECON2 ; write AAh
BSF EECON1,WR ; start erase (CPU stall)
BSF INTCON,GIE ; re-enable interrupts
TBLRD*- ; dummy read decrement

WRITE_BUFFER_BACK
MOVLW 8 ; number of write buffer groups of 8 bytes
MOVWF COUNTER_HI
MOVLW BUFFER_ADDR_HIGH ; point to buffer
MOVWF FSR0H
MOVLW BUFFER_ADDR_LOW
MOVWF FSR0L

PROGRAM_LOOP
MOVLW 8 ; number of bytes in holding register
MOVWF COUNTER

WRITE_WORD_TO_HREGS
MOVF POSTINC0, W ; get low byte of buffer data
MOVWF TABLAT  ; present data to table latch
TBLWT+* ; write data, perform a short write 

; to internal TBLWT holding register.
DECFSZ COUNTER ; loop until buffers are full
BRA WRITE_WORD_TO_HREGS
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PIC18FXX39
8.2 PIR Registers

The PIR registers contain the individual flag bits for the
peripheral interrupts. Due to the number of peripheral
interrupt sources, there are two Peripheral Interrupt
Flag registers (PIR1, PIR2). 

REGISTER 8-4: PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1                        

Note 1: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). 

2: User software should ensure the appropri-
ate interrupt flag bits are cleared prior to
enabling an interrupt, and after servicing
that interrupt.

R/W-0 R/W-0 R-0 R-0 R/W-0 U-0 R/W-0 R/W-0

PSPIF(1) ADIF RCIF TXIF SSPIF — TMR2IF(2) TMR1IF

 bit 7 bit 0

bit 7 PSPIF(1): Parallel Slave Port Read/Write Interrupt Flag bit
1 = A read or a write operation has taken place (must be cleared in software) 
0 = No read or write has occurred 

bit 6 ADIF: A/D Converter Interrupt Flag bit 
1 = An A/D conversion completed (must be cleared in software) 
0 = The A/D conversion is not complete 

bit 5 RCIF: USART Receive Interrupt Flag bit 
1 = The USART receive buffer, RCREG, is full (cleared when RCREG is read) 
0 = The USART receive buffer is empty 

bit 4 TXIF: USART Transmit Interrupt Flag bit (see Section 17.0 for details on TXIF functionality)
1 = The USART transmit buffer, TXREG, is empty (cleared when TXREG is written) 
0 = The USART transmit buffer is full 

bit 3 SSPIF: Master Synchronous Serial Port Interrupt Flag bit 
1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive 

bit 2 Unimplemented: Read as ‘0’

bit 1 TMR2IF(2): TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software) 
0 = No TMR2 to PR2 match occurred 

bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit 
1 = TMR1 register overflowed (must be cleared in software)
0 =  MR1 register did not overflow

Note 1: This bit is reserved on PIC18F2X39 devices; always maintain this bit clear.
2: This bit is reserved for use by the ProMPT kernel; do not alter its 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
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PIC18FXX39
FIGURE 10-1: TIMER0 BLOCK DIAGRAM IN 8-BIT MODE    

FIGURE 10-2: TIMER0 BLOCK DIAGRAM IN 16-BIT MODE    

Note: Upon RESET, Timer0 is enabled in 8-bit mode with clock input from T0CKI max. prescale.
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PIC18FXX39
14.3 Software Interface

A sine table, stored in the ProMPT kernel, is used as
the basis for synthesizing the DC bus using the PWM
modules. The table values are accessed in sequence
and scaled based on the frequency or the speed at
which the motor is intended to run. The intended fre-
quency input can be from an A/D channel or a digital
value. 

Parameters in the ProMPT modules can be accessed
using the pre-defined Application Program Interface
(API) methods. A list of the APIs is given in
Section 14.3.3. 

For example, to run the motor at 40 Hz, the user would
invoke the PromMPT_SetFrequency API:

i = ProMPT_SetFrequency(40);   

where i is an unsigned character variable. In this case,
if i = 0 on return, the command has been successfully
executed. If the frequency input is out of range, or if
there is an error in setting the frequency, i is returned
with a value of FFh.

Similarly, to check the frequency set by the ProMPT
kernel, use the ProMPT_GetFrequency API:

i = ProMPT_GetFrequency(void);    

where i is an unsigned character variable. Upon return
from the ProMPT kernel, i will contain the frequency
value in the ProMPT kernel.

14.3.1 THE V/F CURVE

The ProMPT kernel contains a default V/F curve stored
in memory. The default curve is linear, as shown in
Figure 14-2. Table 14-1 shows the data points used to
construct the curve. 

Users may require a different V/F curve for their appli-
cation, based on the load on the motor, or based on the
characteristics of the motor used. The curve can be
changed in the application program using the API
method SetVFCurve(X,Y), where X is the frequency
and Y is the level of modulation of the DC bus voltage.
As a rule, in customizing the curve, the input frequency
corresponding to the point on the V/F curve that gives
100% modulation should match the motor’s rated fre-
quency. Similarly, full modulation should occur at the
motor’s rated input voltage. (See Figure 14-2 for
details.)

Examples of the characteristics for V/F curves for typi-
cal motor applications are shown in Section 14-2
(page 115).

14.3.2 PARAMETERS DEFINED BY THE 
ProMPT API METHODS

Frequency: The frequency (in Hz) of the supply
current for steady state motor operation.

Modulation: The level of modulation (in percentage)
applied to the DC supply voltage by the PWM through
the H-bridge to produce AC drive current.

Acceleration rate: The rate of increase of motor
speed, achieved by ramping up the supply frequency.
Expressed in Hz/s.

Deceleration rate: The rate of decrease of motor
speed, achieved by ramping down the supply
frequency. Expressed in Hz/s.

Boost: The mode for starting a stopped motor by vary-
ing the supply current frequency and modulation until
steady state speed is reached. Boost is defined in
terms of a frequency, a starting and ending modulation,
and a time interval for the transition between the two.

PWM Frequency: The sampling rate (in kHz) at which
the PWM module operates.

FIGURE 14-2: DEFAULT V/F CURVE FOR 
THE ProMPT KERNEL

TABLE 14-1: DATA POINTS FOR THE 
DEFAULT V/F CURVE

Frequency (Hz) % Modulation

0 0

8 14

16 28

24 42

32 57

40 71

48 86

56 100

64 110

72 133

80 133

88 133

96 133

104 133

112 133

120 133

128 133
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FIGURE 16-9: I2C SLAVE MODE TIMING (TRANSMISSION, 7-BIT ADDRESS) 
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PIC18FXX39
FIGURE 16-11: I2C SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESS) 

S
D

A

S
C

L

S
S

P
IF

 

B
F

 (
S

S
P

S
TA

T
<

0>
)

S
1

2
3

4
5

6
7

8
9

1
2

3
4

5
6

7
8

9
1

2
3

4
5

7
8

9
P

1
1

1
1

0
A

9
A

8
A

7
A

6
A

5
A

4
A

3
A

2
A

1
A

0
1

1
1

1
0

A
8

R
/W

=
1 A

C
K

A
C

K

R
/W

 =
 0

A
C

K

R
ec

e
iv

e
 F

ir
st

 B
yt

e
 o

f A
d

dr
e

ss

C
le

a
re

d
 in

 s
o

ftw
a

re

B
u

s 
M

as
te

r
te

rm
in

a
te

s
tr

a
ns

fe
r

A
9

6

(P
IR

1<
3>

) 

R
e

ce
iv

e 
S

ec
o

n
d

 B
yt

e
 o

f 
A

d
d

re
ss

C
le

a
re

d
 b

y 
h

a
rd

w
a

re
 w

he
n

S
S

P
A

D
D

 is
 u

p
d

a
te

d
 w

ith
 lo

w
b

yt
e 

o
f 

a
dd

re
ss

U
A

 (
S

S
P

S
TA

T
<

1
>

)

C
lo

ck
 is

 h
e

ld
 lo

w
 u

nt
il

u
pd

a
te

 o
f 

S
S

P
A

D
D

 h
as

 
ta

ke
n 

p
la

ce

U
A

 is
 s

et
 in

di
ca

tin
g

 t
ha

t
th

e
 S

S
P

A
D

D
 n

e
e

ds
 t

o
 b

e
u

p
d

at
e

d

U
A

 is
 s

et
 in

di
ca

tin
g 

th
at

S
S

P
A

D
D

 n
e

e
ds

 t
o

 b
e

up
d

a
te

d

C
le

ar
e

d
 b

y 
h

a
rd

w
a

re
 w

h
e

n
S

S
P

A
D

D
 is

 u
p

d
at

e
d

 w
ith

 h
ig

h
by

te
 o

f 
ad

d
re

ss

S
S

P
B

U
F

 is
 w

ri
tte

n
 w

ith
co

n
te

n
ts

 o
f 

S
S

P
S

R
D

u
m

m
y 

re
a

d
 o

f 
S

S
P

B
U

F
to

 c
le

a
r 

B
F

 fl
ag

R
e

ce
iv

e
 F

irs
t 

B
yt

e
 o

f 
A

d
d

re
ss

1
2

3
4

5
7

8
9

D
7

D
6

D
5

D
4

D
3

D
1

A
C

K

D
2

6

T
ra

ns
m

itt
in

g
 D

at
a 

B
yt

e

D
0

D
u

m
m

y 
re

a
d

 o
f S

S
P

B
U

F
to

 c
le

a
r 

B
F

 fl
ag

S
r

C
le

ar
e

d
 in

 s
o

ftw
a

re

W
rit

e 
o

f 
S

S
P

B
U

F
in

iti
a

te
s 

tr
an

sm
it

C
le

a
re

d 
in

 s
o

ftw
a

re

C
o

m
p

le
tio

n
 o

f

cl
ea

rs
 B

F
 f

la
g

C
K

P
 (

S
S

P
C

O
N

<
4

>
)

C
K

P
 is

 s
e

t i
n

 s
o

ftw
a

re

C
K

P
 is

 a
u

to
m

a
tic

al
ly

 c
le

a
re

d 
in

 h
a

rd
w

a
re

 h
o

ld
in

g 
S

C
L 

lo
w

C
lo

ck
 is

 h
e

ld
 lo

w
 u

n
til

u
p

da
te

 o
f S

S
P

A
D

D
 h

a
s 

ta
ke

n
 p

la
ce

d
at

a 
tr

a
ns

m
is

si
o

n

C
lo

ck
 is

 h
e

ld
 lo

w
 u

nt
il

C
K

P
 is

 s
et

 t
o 

‘1
’

B
F

 fl
ag

 is
 c

le
ar

th
ir

d
 a

dd
re

ss
 s

e
q

u
e

nc
e

a
t t

h
e

 e
n

d
 o

f 
th

e

 2002-2013 Microchip Technology Inc. Preliminary DS30485B-page 143



PIC18FXX39
16.4.8 I2C MASTER MODE START 
CONDITION TIMING

To initiate a START condition, the user sets the START
condition enable bit, SEN (SSPCON2<0>). If the SDA
and SCL pins are sampled high, the baud rate genera-
tor is reloaded with the contents of SSPADD<6:0> and
starts its count. If SCL and SDA are both sampled high
when the baud rate generator times out (TBRG), the
SDA pin is driven low. The action of the SDA being
driven low, while SCL is high, is the START condition
and causes the S bit (SSPSTAT<3>) to be set. Follow-
ing this, the baud rate generator is reloaded with the
contents of SSPADD<6:0> and resumes its count.
When the baud rate generator times out (TBRG), the
SEN bit (SSPCON2<0>) will be automatically cleared
by hardware, the baud rate generator is suspended,
leaving the SDA line held low and the START condition
is complete.      

16.4.8.1 WCOL Status Flag

If the user writes the SSPBUF when a START
sequence is in progress, the WCOL is set and the con-
tents of the buffer are unchanged (the write doesn’t
occur).    

FIGURE 16-19: FIRST START BIT TIMING        

Note: If at the beginning of the START condition,
the SDA and SCL pins are already sam-
pled low, or if during the START condition
the SCL line is sampled low before the
SDA line is driven low, a bus collision
occurs, the Bus Collision Interrupt Flag,
BCLIF is set, the START condition is
aborted, and the I2C module is reset into its
IDLE state.

Note: Because queueing of events is not
allowed, writing to the lower 5 bits of
SSPCON2 is disabled until the START
condition is complete.

SDA

SCL

S

TBRG

1st bit 2nd bit

TBRG

SDA = 1, 
At completion of START bit,SCL = 1

Write to SSPBUF occurs hereTBRG

Hardware clears SEN bit

TBRG

Write to SEN bit occurs here
Set S bit (SSPSTAT<3>)

    and sets SSPIF bit
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16.4.17.3 Bus Collision During a STOP 
Condition

Bus collision occurs during a STOP condition if:

a) After the SDA pin has been de-asserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) After the SCL pin is de-asserted, SCL is
sampled low before SDA goes high.

The STOP condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the baud rate generator is loaded with SSPADD<6:0>
and counts down to ‘0’. After the BRG times out, SDA
is sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data '0' (Figure 16-31). If the SCL pin is sampled
low before SDA is allowed to float high, a bus collision
occurs. This is another case of another master
attempting to drive a data '0' (Figure 16-32). 

FIGURE 16-31: BUS COLLISION DURING A STOP CONDITION (CASE 1)      

FIGURE 16-32:  BUS COLLISION DURING A STOP CONDITION (CASE 2)      

SDA

SCL

BCLIF

PEN

P

SSPIF

TBRG TBRG TBRG

SDA asserted low

SDA sampled
low after TBRG,
Set BCLIF

'0'

'0'

SDA

SCL

BCLIF

PEN

P

SSPIF

TBRG TBRG TBRG

Assert SDA SCL goes low before SDA goes high,
Set BCLIF

'0'

'0'
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18.4 A/D Conversions 

Figure 18-3 shows the operation of the A/D converter
after the GO bit has been set. Clearing the GO/DONE
bit during a conversion will abort the current conver-
sion. The A/D result register pair will NOT be updated
with the partially completed A/D conversion sample.
That is, the ADRESH:ADRESL registers will continue
to contain the value of the last completed conversion

(or the last value written to the ADRESH:ADRESL reg-
isters). After the A/D conversion is aborted, a 2 TAD wait
is required before the next acquisition is started. After
this 2 TAD wait, acquisition on the selected channel is
automatically started. The GO/DONE bit can then be
set to start the conversion.       

FIGURE 18-3: A/D CONVERSION TAD CYCLES      

18.4.1 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16-bits wide.
The A/D module gives the flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D

Format Select bit (ADFM) controls this justification.
Figure 18-4 shows the operation of the A/D result justi-
fication. The extra bits are loaded with ‘0’s. When an
A/D result will not overwrite these locations (A/D
disable), these registers may be used as two general
purpose 8-bit registers.

FIGURE 18-4: A/D RESULT JUSTIFICATION      

Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

TAD1 TAD2 TAD3 TAD4 TAD5 TAD6 TAD7 TAD8 TAD11

Set GO bit 

Holding capacitor is disconnected from analog input (typically 100 ns) 

b9 b8 b7 b6 b5 b4 b3 b2

TAD9 TAD10

b1 b0

TCY - TAD

Next Q4: ADRESH/ADRESL is loaded, GO bit is cleared, 
ADIF bit is set, holding capacitor is connected to analog input. 

Conversion Starts 

b0

10-bit Result

ADRESH ADRESL

0000 00

ADFM = 0

02 1 0 77

10-bit Result

ADRESH ADRESL

10-bit Result

0000 00

7 0 7 6 5 0

ADFM = 1

Right Justified Left Justified
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REGISTER 20-4: CONFIG4L: CONFIGURATION REGISTER 4 LOW (BYTE ADDRESS 300006h)                

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

DEBUG — — — — LVP — STVREN

bit 7 bit 0

bit 7 DEBUG: Background Debugger Enable bit

1 = Background Debugger disabled. RB6 and RB7 configured as general purpose I/O pins. 
0 = Background Debugger enabled. RB6 and RB7 are dedicated to In-Circuit Debug.

bit 6-3 Unimplemented: Read as ‘0’ 

bit 2 LVP: Low Voltage ICSP Enable bit

1 = Low Voltage ICSP enabled 
0 = Low Voltage ICSP disabled 

bit 1 Unimplemented: Read as ‘0’ 

bit 0 STVREN: Stack Full/Underflow Reset Enable bit

1 = Stack Full/Underflow will cause RESET 
0 = Stack Full/Underflow will not cause RESET 

Legend:

R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’

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

            

         

            

ADDLW ADD literal to W

Syntax: [ label ]  ADDLW     k

Operands: 0  k  255

Operation: (W) + k  W

Status Affected: N, OV, C, DC, Z

Encoding: 0000 1111 kkkk kkkk

Description: The contents of W are added to the 
8-bit literal 'k' and 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: ADDLW 0x15

Before Instruction

W  = 0x10

After Instruction

W = 0x25

ADDWF ADD W to f

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

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

Operation: (W) + (f)  dest

Status Affected: N, OV, C, DC, Z

Encoding: 0010 01da ffff ffff

Description: Add W to 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. If ‘a’ is 1, the 
BSR is used. 

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read

register 'f'
Process 

Data
Write to

destination

Example: ADDWF REG, 0, 0

Before Instruction

W = 0x17
REG = 0xC2

After Instruction

W = 0xD9
REG = 0xC2
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CPFSGT Compare f with W, skip if f > W

Syntax: [ label ]   CPFSGT    f [,a]

Operands: 0  f  255
a  [0,1]

Operation: (f) W),
skip if (f) > (W) 
(unsigned comparison)

Status Affected: None

Encoding: 0110 010a ffff ffff

Description: Compares the contents of data 
memory location 'f' to the contents 
of the W by performing an 
unsigned subtraction.
If the contents of 'f' are greater than 
the contents of WREG, then the 
fetched instruction is discarded and 
a NOP is executed instead, making 
this a two-cycle instruction. 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(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      CPFSGT REG, 0
NGREATER  :
GREATER   :

Before Instruction
PC = Address (HERE)
W = ?

After Instruction

If REG  W;
PC = Address (GREATER)

If REG  W;
PC = Address (NGREATER)

CPFSLT Compare f with W, skip if f < W

Syntax: [ label ]   CPFSLT    f [,a]

Operands: 0  f  255
a  [0,1]

Operation: (f) –W),
skip if (f) < (W) 
(unsigned comparison)

Status Affected: None

Encoding: 0110 000a ffff ffff

Description: Compares the contents of data 
memory location 'f' to the contents 
of W by performing an unsigned 
subtraction.
If the contents of 'f' are less than 
the contents of W, then the fetched 
instruction is discarded and a NOP 
is executed instead, making this a 
two-cycle instruction. If ‘a’ is 0, the 
Access Bank will be selected. If ‘a’ 
is 1, the BSR will not be overridden 
(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    CPFSLT REG, 1
NLESS   :
LESS    :

Before Instruction
PC = Address (HERE)
W = ?

After Instruction

If REG < W;
PC = Address (LESS)
If REG  W;
PC = Address (NLESS)
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FIGURE 23-13: EXAMPLE SPI MASTER MODE TIMING (CKE = 1)      

TABLE 23-12: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 1)     

Param. 
No.

Symbol Characteristic Min Max Units Conditions

71 TscH SCK input high time 
(Slave mode)

Continuous 1.25 TCY + 30 — ns

71A Single Byte 40 — ns (Note 1)

72 TscL SCK input low time 
(Slave mode)

Continuous 1.25 TCY + 30 — ns

72A Single Byte 40 — ns (Note 1)

73 TdiV2scH, 
TdiV2scL

Setup time of SDI data input to SCK edge 100 — ns

73A TB2B Last clock edge of Byte 1 to the 1st clock edge of Byte 2 1.5 TCY + 40 — ns (Note 2)

74 TscH2diL, 
TscL2diL

Hold time of SDI data input to SCK edge 100 — ns

75 TdoR SDO data output rise time PIC18FXXXX — 25 ns

PIC18LFXXXX — 60 ns VDD = 2V

76 TdoF SDO data output fall time PIC18FXXXX — 25 ns

PIC18LFXXXX — 60 ns VDD = 2V

78 TscR SCK output rise time (Master mode) PIC18FXXXX — 25 ns

PIC18LFXXXX — 60 ns VDD = 2V

79 TscF SCK output fall time (Master mode) PIC18FXXXX — 25 ns

PIC18LFXXXX — 60 ns VDD = 2V

80 TscH2doV,
TscL2doV

SDO data output valid after SCK 
edge

PIC18FXXXX — 50 ns

PIC18LFXXXX — 150 ns VDD = 2V

81 TdoV2scH,
TdoV2scL

SDO data output setup to SCK edge TCY — ns

Note 1: Requires the use of Parameter # 73A.
2: Only if Parameter # 71A and # 72A are used.

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

81

71 72

74

75, 76

78

80

MSb

79
73

MSb In

bit6 - - - - - -1

LSb Inbit6 - - - -1

LSb

Note: Refer to Figure 23-4 for load conditions.
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FIGURE 24-15: TYPICAL AND MAXIMUM VOL vs. IOL (VDD = 3V, -40C TO +125C)

FIGURE 24-16: MINIMUM AND MAXIMUM VIN vs. VDD (ST INPUT, -40C TO +125C)
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Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specification contained in their particular Microchip Data Sheet.

• Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the 
intended manner and under normal conditions.

• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our 
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data 
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
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