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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"

Active

PIC

8-Bit

64MHz

I2C, LINbus, SPI, UART/USART
Brown-out Detect/Reset, LCD, POR, PWM, WDT
69

64KB (32K x 16)

FLASH

1K x 8

4K x 8

1.8V ~ 5.5V

A/D 24x12b

Internal

-40°C ~ 125°C (TA)
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80-TQFP

80-TQFP (12x12)
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PIC18F87K90 FAMILY

TABLE 1-4: PIC18F8XK90 PINOUT 1/O DESCRIPTIONS (CONTINUED)

. Pin Number | pin | guffer -
Pin Name Description
TQFP Type| Type
PORTE is a bidirectional 1/O port.
REO/LCDBIAS1/P2D 4
REO I/0 ST Digital I/0.
LCDBIAS1 | | Analog BIAS1 input for LCD.
P2D 0} — ECCP2 PWM Output D.
RE1/LCDBIAS2/P2C 3
RE1 I/0 ST Digital I/0.
LCDBIAS2 | | Analog BIAS2 input for LCD.
P2C o — ECCP2 PWM Output C.
RE2/LCDBIAS3/P2B/ 78
CCP10
RE2 I/0 ST Digital I/0.
LCDBIAS3 I | Analog BIAS3 input for LCD.
P2B 0} ST ECCP2 PWM Output B.
ccp10®) 1/0 ST Capture 10 input/Compare 10 output/PWM10 output.
RE3/COMO0/P3C/CCPY/ 77
REFO
RE3 I/0 ST Digital I/0.
COMO O | Analog COMO output for LCD.
P3C 0} — ECCP3 PWM Output C.
ccp9ot4) /o | sIT Capture 9 input/Compare 9 output/PWM9 output.
REFO 0] — Reference clock out.
RE4/COM1/P3B/CCP8 76
RE4 I/0 ST Digital 1/0.
COoM1 O | Analog COM1 output for LCD.
P3B O — ECCP4 PWM Output B.
ccprs® /o | ST Capture 8 input/Compare 8 output/PWMS8 output.
RE5/COM2/P1C/CCP7 75
RE5 I/0 ST Digital 1/0.
COM2 O | Analog COM2 output for LCD.
P1C O — ECCP1 PWM Output C.
ccp7® /o | ST Capture 7 input/Compare 7 output/PWM?7 output.
RE6/COM3/P1B/CCP6 74
RE6 I/0 ST Digital 1/0.
COM3 O | Analog COM3 output for LCD.
P1B 0} — ECCP1 PWM Output B.
ccpre® /o | ST Capture 6 input/Compare 6 output/PWM6 output.
RE7/ECCP2/P2A/SEG31 73
RE7 I/0 ST Digital 1/0.
ECCP2d 1/0 ST Capture 2 input/Compare 2 output/PWM2 output.
P2A 0} — ECCP2 PWM Output A.
SEG31 O | Analog SEG31 output for LCD.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open-Drain (no P diode to VDD)

12C™ = 12C/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
Not available on PIC18F65K90 and PIC18F85K90 devices.
The CCP6, CCP7, CCP8 and CCP9 pin placement depends on the ECCPMX Configuration bit setting.

RPowd
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5.5 Configuration Mismatch (CM)

The Configuration Mismatch (CM) Reset is designed to
detect, and attempt to recover from, random, memory
corrupting events. These include Electrostatic Discharge
(ESD) events that can cause widespread, single bit
changes throughout the device and result in catastrophic
failure.

In PIC18F87K90 family Flash devices, the device
Configuration registers (located in the configuration
memory space) are continuously monitored during
operation by comparing their values to complimentary
shadow registers. If a mismatch is detected between
the two sets of registers, a CM Reset automatically
occurs. These events are captured by the CM bit
(RCON<5>). The state of the bit is set to ‘0’ whenever
a CM event occurs and does not change for any other
Reset event.

A CM Reset behaves similarly to a Master Clear Reset,
RESET instruction, WDT time-out or Stack Event Reset.
As with all hard and power Reset events, the device
Configuration Words are reloaded from the Flash
Configuration Words, in program memory, as the
device restarts.

FIGURE 5-3:

5.6 Power-up Timer (PWRT)

PIC18F87K90 family devices incorporate an on-chip
Power-up Timer (PWRT) to help regulate the Power-on
Reset process. The PWRT is enabled by setting the
PWRTEN bit (CONFIG2L<0>). The main function is to
ensure that the device voltage is stable before code is
executed.

The Power-up Timer (PWRT) of the PIC18F87K90
family devices is a 13-bit counter that uses the
LF-INTOSC source as the clock input. This yields an
approximate time interval of 2,048 x 32 pus = 66 ms.
While the PWRT is counting, the device is held in
Reset.

The power-up time delay depends on the LF-INTOSC
clock and will vary from chip-to-chip due to temperature
and process variation. See DC Parameter 33 for
details.

5.6.1 TIME-OUT SEQUENCE

If enabled, the PWRT time-out is invoked after the POR
pulse has cleared. The total time-out will vary based on
the status of the PWRT. Figure 5-3, Figure 5-4,
Figure 5-5 and Figure 5-6 all depict time-out
sequences on power-up with the Power-up Timer
enabled.

Since the time-outs occur from the POR pulse, if
MCLR is kept low long enough, the PWRT will expire.
Bringing MCLR high will begin execution immediately
(Figure 5-5). This is useful for testing purposes or for
synchronizing more than one PIC18 device operating
in parallel.

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD, VDD RISE < TPWRT)

VDD /

MCLR

INTERNAL POR | X

PWRT TIME-OUT

~——— TPWRT — !

INTERNAL RESET
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FIGURE 6-6: DATA MEMORY MAP FOR PIC18FX5K90 AND PIC18FX7K90 DEVICES
BSR<3:0> Data Memory Map
00h
000h
= 0000 | Access RAM | o5ep) When a = 0:
Bank 0 060h is i
FEh GPR OFFh The BSR is ignored and the
00h 100h Access Bank is used.
= 0001 The first 96 bytes are general
———— Bank1 GPR Y g
FFh 1FFh purpose RAM (from Bank 0).
00h 200h The second 160 bytes are
= 0010 Bank 2 GPR Special  Function Registers
FFh >FEh (from Bank 15).
00h 300h
=0011 —1.
Bank 3 GPR When a = 1:
FFh 3FFh The BSR specifies the bank
- 0100 00h 400h used by the instruction.
Bank 4 GPR
FFh 4FFh
= 0101 00h 500h
Bank 5 GPR
FFh 5FFh
00h 600h
=0110
Bank 6 GPR
FFh 6FFh
00h 700h
=0111 Access Bank
Bank 7 GPR 0oh
FFh 7FFh
00h 800h  Access RAM Low SFh
=1000 i
Bank 8 GPR® Accesisé Eéé\/)l High
FFh 8FFh FFh
=1001 00h 900h
———» Bank9 GPR®
FFh 9FFh
=1010 00h AO0Oh
————» Bank 10 GPR®
FFh AFFh
=1011 00h BOOh
———» Bank 11 GPR®
FFh BFFh
=1100 00h CO0h
Bank 12 GPR®
FFh CFFh
= 00h DOOh
1101 Bank 13 GPR®
FFh DFFh
- 00h EOOh
= 1110 Bank 14 GPR(2)
FFh EFFh
=1111 00h|  GPR®? FOOh
" » Bank15 [ — — — — 7 Egg{]‘
FFh SFR FFFh
Note 1: Addresses, EF4h through F5Fh, are also used by SFRs, but are not part of the Access RAM. Users must
always use the complete address, or load the proper BSR value, to access these registers.
2: These addresses are unused for devices with 32 Kbytes of program memory (PIC18FX5K90). For those

devices, read these addresses at 00h.

© 2009-2011 Microchip Technology Inc.
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10.2 PIR Registers Note 1: Interrupt flag bits are set when an

The PIR registers contain the individual flag bits for the interrupt condition occurs, regardless of

peripheral interrupts. Due to the number of peripheral the state of its corresponding enable bit or

interrupt sources, there are six Peripheral Interrupt the Global Interrupt Enable bit, GIE

Request (Flag) registers (PIR1 through PIRG). (INTCON<7>).

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

REGISTER 10-4: PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1

uU-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0

— ADIF RC1IF TX1IF | SSP1IF | TMR1GIF ‘ TMR2IF TMR1IF
bit 7 bit 0
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
bit 7 Unimplemented: Read as ‘0’
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 RC1IF: EUSART Receive Interrupt Flag bit
1 = The EUSART receive buffer, RCREGH1, is full (cleared when RCREG1 is read)
0 = The EUSART receive buffer is empty
bit 4 TX1IF: EUSART Transmit Interrupt Flag bit
1 = The EUSART transmit buffer, TXREG1, is empty (cleared when TXREG1 is written)
0 = The EUSART transmit buffer is full
bit 3 SSP1IF: 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 TMR1GIF: Timer1 Gate Interrupt Flag bit
1 = Timer gate interrupt has occurred (must be cleared in software)
0 = No timer gate interrupt has occurred
bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match has occurred (must be cleared in software)
0 = No TMR2 to PR2 match has occurred
bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow
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REGISTER 10-7: PIR4: PERIPHERAL INTERRUPT FLAG REGISTER 4

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ccP10IF® | ccpalF® CCP8IF CCP7IF CCP6IF CCP5IF CCP4IF CCP3IF
bit 7 bit 0

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
bit 7-1 CCP10IF:CCP4IF: CCP<10:4> Interrupt Flag bits®)

Capture Mode
1 = A TMR register capture occurred (must be cleared in software)

0 = No TMR register capture occurred

Compare Mode
1 = A TMR register compare match occurred (must be cleared in software)

0 = No TMR register compare match occurred
PWM Mode
Not used in PWM mode.

bit 0 CCP3IF: ECCP3 Interrupt Flag bits
Capture Mode
1 = A TMR register capture occurred (must be cleared in software)
0 = No TMR register capture occurred
Compare Mode
1 = ATMR register compare match occurred (must be cleared in software)
0 = No TMR register compare match occurred

PWM Mode
Not used in PWM mode.

Note 1. Unimplemented in devices with a program memory of 32 Kbytes (PIC18FX5K90).
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REGISTER 10-14: PIE5: PERIPHERAL INTERRUPT ENABLE REGISTER 5

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
TMR7GIED | TMR12IE® | TMR10IED | TMRSIE | TMR7IE® TMR6IE TMRS5IE TMR4IE
bit 7 bit O

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
bit 7 TMR7GIE: TMR7 Gate Interrupt Enable bit(!)
1= Enabled
0 = Disabled
bit 6 TMR12IE: TMR12 to PR12 Match Interrupt Enable bit®

1= Enables the TMR12 to PR12 match interrupt
0 = Disables the TMR12 to PR12 match interrupt

bit 5 TMR10IE: TMR10 to PR10 Match Interrupt Enable bit()

1= Enables the TMR10 to PR10 match interrupt
0 = Disables the TMR10 to PR10 match interrupt

bit 4 TMRS8IE: TMR8 to PR8 Match Interrupt Enable bit

1= Enables the TMRS8 to PR8 match interrupt
0 = Disables the TMR8 to PR8 match interrupt

bit 3 TMRYIE: TMR7 Overflow Interrupt Enable bit(1)

1= Enables the TMR7 overflow interrupt
0 = Disables the TMR7 overflow interrupt

bit 2 TMRG6IE: TMR6 to PR6 Match Interrupt Enable bit

1= Enables the TMR6 to PR6 match interrupt
0 = Disables the TMR6 to PR6 match interrupt

bit 1 TMRS5IE: TMR5 Overflow Interrupt Enable bit

1= Enables the TMRS5 overflow interrupt
0 = Disables the TMRS5 overflow interrupt

bit 0 TMRA4IE: TMR4 to PR4 Match Interrupt Enable bit

1= Enables the TMR4 to PR4 match interrupt
0 = Disables the TMR4 to PR4 match interrupt

Note 1. Unimplemented in devices with a program memory of 32 Kbytes (PIC18FX5K90).
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REGISTER 18-4: CCPRxL: CCPx PERIOD LOW BYTE REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CCPRxL7 CCPRxL6 CCPRxL5 CCPRxL4 | CCPRxL3 CCPRxL2 CCPRxL1 CCPRxLO
bit 7 bit 0

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
bit 7-0 CCPRxL<7:0>: CCPx Period Register Low Byte bits

Capture Mode:
Capture register low byte.

Compare Mode:
Compare register low byte.

PWM Mode:
Duty Cycle register low byte.

REGISTER 18-5: CCPRxH: CCPx PERIOD HIGH BYTE REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CCPRxH7 CCPRxH6 CCPRxH5 | CCPRxH4 | CCPRxH3 CCPRxH2 CCPRxH1 CCPRxHO
bit 7 bit 0

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
bit 7-0 CCPRxH<7:0>: CCPx Period Register High Byte bits

Capture Mode:
Capture register high byte.

Compare Mode:
Compare register high byte.

PWM Mode:
Duty Cycle Buffer register high byte.
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TABLE 19-3: EXAMPLE PIN ASSIGNMENTS FOR VARIOUS PWM ENHANCED MODES

ECCP Mode PxM<1:0> PxA PxB PxC PxD
Single 00 Yes®) Yes® Yes® Yes®
Half-Bridge 10 Yes Yes No No
Full-Bridge, Forward 01 Yes Yes Yes Yes
Full-Bridge, Reverse 11 Yes Yes Yes Yes

Note 1: Outputs are enabled by pulse steering in Single mode (see Register 19-5).

FIGURE 19-4: EXAMPLE PWM (ENHANCED MODE) OUTPUT RELATIONSHIPS
(ACTIVE-HIGH STATE)
PxM<1:0> Signal 0 Pulse Width . PR2. +1

e \ Period —_

00 (Single Output) PxAModulated ! !—
- 'Delay™ Delay™® .
PxA Modulated . | | ! |_
10 (Half-Bridge) PxB Modulated | L
PxA Active _ : 5 .
(Full-Bridge, PxB Inactive — X :
01 Forward) . :
PxC Inactive _ '
PxD Modulated : | '
PxA Inactive :
,  (Ful-Bridge, PxB Modulated | l
Reverse) _ X
PxC Active —_— : ' I
PxD Inactive — :

Relationships:
+ Period =4 * Tosc * (PR2 + 1) * (TMR2 Prescale Value)
+ Pulse Width = Tosc * (CCPRxL<7:0>:CCPxCON<5:4>) * (TMR2 Prescale Value)
+ Delay =4 * Tosc * (ECCPxDEL<6:0>)
Note 1: Dead-band delay is programmed using the ECCPxDEL register (see Section 19.4.6 “Programmable
Dead-Band Delay Mode™).
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19.4.6 PROGRAMMABLE DEAD-BAND FIGURE 19-14: EXAMPLE OF

DELAY MODE HALF-BRIDGE PWM
In half-bridge applications, where all power switches ouTPUT
are modulated at the PWM frequency, the power Period Period
switches normally require more time to turn off than to | ] D |
turn on. If both the upper and lower power switches are ePulse Width I I
switched at the same time (one turned on and the other PxA® ! : !
turned off), both switches may be on for a short period AL | I |
until one switch completely turns off. During this brief F g L : :
interval, a very high current (shoot-through current) will pPxB® : ' t_>: :._, |
flow through both power switches, shorting the bridge ] | y—l_
supply. To avoid this pot.entially. dest.rucltive :(1) : :(1) ‘(1)
shoot-through current from flowing during switching, ! '
turning on either of the power switches is normally d = Dead-Band Delay
delayed to allow the other switch to completely turn off.
In Half-Bridge mode, a digitally programmable Note 1: At this time, the TMR2 register is equal to the
dead-band delay is available to avoid shoot-through PR2 register.
current from destroying the bridge power switches. The 2: Output signals are shown as active-high.

delay occurs at the signal transition from the non-active
state to the active state. For an illustration, see
Figure 19-14. The lower seven bits of the associated
ECCPxDEL register (Register 19-4) set the delay
period in terms of microcontroller instruction cycles
(Tcy or 4 Tosc).

FIGURE 19-15: EXAMPLE OF HALF-BRIDGE APPLICATIONS

V+
Standard Half-Bridge Circuit (“Push-Pull”) I
FET
Driver o+
P — > HE} —v
Load
FET
Driver +
PxB ’l> |E} — vV
V-
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FIGURE 19-16: SIMPLIFIED STEERING 19.4.7.1 Steering Synchronization
BLOCK DIAGRAM The STRSYNC bit of the PSTRXCON register gives the
STRA user two choices for when the steering event will
PxA Signal \I\ Outout Pin happen. When the STRSYNC bit is ‘0’, the steering
CCPxM1 le i event will happen at the end of the instruction that
writes to the PSTRxCON register. In this case, the out-
PORT Data 0 put signal at the Px<D:A> pins may be an incomplete
STRB TRIS PWM waveform. This operation is useful when the user
\I\ firmware needs to immediately remove a PWM signal
. fi the pin.
CCPxMO0 ”:)D, 1 Output Pin rom the pin L ) )
- When the STRSYNC bit is ‘1’, the effective steering
PORT Data update will happen at the beginning of the next PWM
0 TRIS period. In this case, steering on/off the PWM output will
STRC always produce a complete PWM waveform.
\I\ ) Figures 19-17 and 19-18 illustrate the timing diagrams
CCPxM1 'jD—l Output Pin of the PWM steering depending on the STRSYNC
setting.
PORT Data 0
TRIS
STRD
CCPXMO jDTI\ Output Pin
PORT Data 0
TRIS

Note 1: PORT outputs are configured as displayed
when the CCPxCON register bits,
PxM<1:0> = 00 and CCP1Mx<3:2> = 11.

2: Single PWM output requires setting at least
one of the STRx bits.

FIGURE 19-17: EXAMPLE OF STEERING EVENT AT END OF INSTRUCTION (STRSYNC = 0)

<— PWM Period —=

o | L L L L

STRn | |

P1<D:A> w \J \ / “< PORT Data

P1n=PWM

FIGURE 19-18: EXAMPLE OF STEERING EVENT AT BEGINNING OF INSTRUCTION (STRSYNC =1)

PWM u \_l I_l I—
stre ] | |

P1<DA> — PORT Data )’ \ / \ {' PORT Data

P1n = PWM
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20.1 LCD Registers

The LCD driver module has 32 registers:

» LCD Control Register (LCDCON)

* LCD Phase Register (LCDPS)

* LCD Reference Ladder Register (LCDRL)

» LCD Reference Voltage Control Register
(LCDREF)

» Six LCD Segment Enable Registers
(LCDSE5:LCDSEO)

» 24 LCD Data Registers
(LCDDATA23:LCDDATAO0)

The LCDCON register, shown in Register 20-1,
controls the overall operation of the module. Once the
module is configured, the LCDEN (LCDCON<7>) bit is
used to enable or disable the LCD module. The LCD
panel can also operate during Sleep by clearing the
SLPEN (LCDCON<6>) bit.

The LCDPS register, shown in Register 20-2,
configures the LCD clock source prescaler and the type
of waveform, Type-A or Type-B. For details on these
features, see Section 20.2 “LCD Clock Source
Selection”, Section 20.3 “LCD Bias Types” and
Section 20.8 “LCD Waveform Generation”.

REGISTER 20-1: LCDCON: LCD CONTROL REGISTER

R/W-0 R/W-0 R/C-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
LCDEN SLPEN WERR — CSs1 CSO0 LMUX1 LMUXO0
bit 7 bit 0

Legend: C = Clearable bit

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
bit 7 LCDEN: LCD Driver Enable bit

1 = LCD driver module is enabled
0 = LCD driver module is disabled

bit 6 SLPEN: LCD Driver Enable in Sleep mode bit

1 = LCD driver module is disabled in Sleep mode
0 = LCD driver module is enabled in Sleep mode

bit 5 WERR: LCD Write Failed Error bit

1 = LCDDATAX register is written while WA (LCDPS<4>) = 0 (must be cleared in software)

0 = No LCD write error
bit 4 Unimplemented: Read as ‘0’
bit 3-2 CS<1:0>: Clock Source Select bits

00 = (Fosc/4)/8192
01 = SOSC oscillator/32
1x = INTRC (31.25 kHz)/32

bit 1-0 LMUX<1:0>: Commons Select bits
Maximum Maximum
LMUX<1:0> Multiplex Number of Pixels | Number of Pixels Bias
(PIC18F6X90) (PIC18F8X90)

00 Static (COMO) 33 48 Static
01 1/2 (COM<1:0>) 66 96 1/2 or 1/3
10 1/3 (COM<2:0>) 99 144 1/2 or 1/3
11 1/4 (COM<3:0>) 132 192 1/3
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FIGURE 20-9: TYPE-B WAVEFORMS IN 1/2 MUX, 1/2 BIAS DRIVE

<
N

comMo
COM1

CcomMo

COM1 ' Vi

SEGO

SEG1

SEG3
SEG2
SEG1
SEGO
=

COMO-SEGO “ - - - --f--=--f--=--f-----f-ooof-eoo- o Vo

COMO-SEG1 ~-----f-----f - - f-=----p-----f----- --- Vo

~<—2 Frames —»
:
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TABLE 28-1: CONFIGURATION BITS AND DEVICE IDs
Default/
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 |Unprogrammed
Value
300000h |CONFIG1L — XINST — SOSCSEL1|SOSCSELO | INTOSCSEL — RETEN | -1-1 1--1
300001h |CONFIG1H | IESO | FCMEN = PLLCFG | FOSC3 FOSC2 FOSC1 | FOSCO | 0000 1000
300002h |CONFIG2L — |BORPWR1|BORWPRO| BORV1 | BORVO | BOREN1 | BORENO |PWRTEN| -111 1111
300003h |CONFIG2H — WDTPS4 | WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | WDTEN1 |WDTENO| -111 1111
300004h |CONFIG3L — — — — — — — RTCOSC| ---- --- 1
300005h |CONFIG3H | MCLRE — — — MSSPMSK — ECCPMX®@ | cCP2MX | 1--- 1-11
300006h |CONFIG4L | DEBUG = = BBSIZ0 = = = STVREN| 1--1 ---1
300008h |CONFIG5L | cP7® | cpe® cps5® cpP4® CP3 CP2 CP1 CPO 1111 1111
300009h |CONFIG5H | CPD CPB — — — — — — 11-- ----
30000Ah |CONFIGEL | WRT7® | WRTe® | wWRT5W | WRT4® | WRT3 WRT2 WRT1 WRTO | 1111 1111
30000Bh |CONFIG6H | WRTD | WRTB WRTC — = — — — 111- ----
30000Ch |CONFIG7L |EBTR7®| EBTR6W | EBTR5®W | EBTR4® | EBTR3 EBTR2 EBTR1 | EBTRO | 1111 1111
30000Dh |CONFIG7H = EBTRB = = = = = = B T
3FFFFEh |DEVID1®) | DEV2 DEV1 DEVO REV4 REV3 REV2 REV1 REVO | XXXX XXXX
3FFFFFh |DEVID2®) | DEV10 | DEV9 DEV8 DEV7 DEV6 DEV5 DEV4 DEV3 | XXXX XXXX
Legend:  x =unknown, u = unchanged, - = unimplemented, g = value depends on condition.
Shaded cells are unimplemented, read as ‘0’.

Note 1: Implemented in the PIC18F67K90 and PIC18F87K90 devices.

2:  Implemented in the 80-pin devices (PIC18F8XK90).

3:  See Register 28-14 for DEVID1 values. DEVID registers are read-only and cannot be programmed by the user.
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BTFSC Bit Test File, Skip if Clear

Syntax: BTFSC f, b {,a}

Operands: 0<f<255
0<b<7
ae[0, 1]

Operation: skip if (f<b>) =0

Status Affected: None

Encoding: | 1011 [ bbba [ ffff | ffff |

Description: If bit ‘b’ in register ‘f' is ‘0’, then the next
instruction is skipped. If bit ‘b’ is ‘0, then
the next instruction fetched during the
current instruction execution is discarded
and a NOP is executed instead, making
this a two-cycle instruction.
If ‘a’ is ‘0", the Access Bank is selected. If
‘a’is ‘1’, the BSR is used to select the
GPR bank.
If ‘@’ is ‘0’ and the extended instruction set
is enabled, this instruction operates in
Indexed Literal Offset Addressing mode
whenever f <95 (5Fh). See
Section 29.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

Words: 1

Cycles: 1(2)

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

BTFSS Bit Test File, Skip if Set

Syntax: BTFSS f, b {,a}

Operands: 0<f<255
0<b<7
ae[0, 1]

Operation: skip if (f<b>) = 1

Status Affected: None

Encoding: | 1010 [ bbba | fiff [ ffff |

Description: If bit ‘b’ in register ‘' is ‘1’, then the next
instruction is skipped. If bit ‘b’ is ‘1’, then
the next instruction fetched during the
current instruction execution is discarded
and a NOP is executed instead, making
this a two-cycle instruction.
If ‘a’is ‘0’, the Access Bank is selected. If
‘a’is ‘1’, the BSR is used to select the
GPR bank.
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates in
Indexed Literal Offset Addressing mode
whenever f <95 (5Fh). See
Section 29.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

Words: 1

Cycles: 1(2)

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read Process No Decode Read Process No
register ‘f Data operation register ‘f Data operation
If skip: If skip:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
No No No No No No No No
operation operation operation operation operation operation operation operation
If skip and followed by 2-word instruction: If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
No No No No No No No No
operation operation operation operation operation operation operation operation
No No No No No No No No
operation operation operation operation operation operation operation operation
Example: HERE BTFSC FLAG 1, O Example: HERE BTFSS FLAG 1, O
FALSE FALSE
TRUE TRUE
Before Instruction Before Instruction
PC = address (HERE) PC = address (HERE)
After Instruction After Instruction
If FLAG<1> = 0; If FLAG<1> = 0;
PC = address ( TRUE) PC = address (FALSE)
If FLAG<1> = 1; If FLAG<1> = 1;
PC = address (FALSE) PC = address ( TRUE)
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GOTO Unconditional Branch INCF Increment f
Syntax: GOTO k Syntax: INCF f{d{a}}
Operands: 0 <k <1048575 Operands: 0<f<255
Operation: k - PC<20:1> del0,1]
ael0,1]
Status Affected: None .
Operation: (f) + 1 — dest
Encoding: Aff ) DC N. OV 7
1st word (k<7:0>) 1110 | 1111 | kskkk | kkkkg Status Affected: C.DC, N, OV,
2nd word(k<19:8>) | 1111 |kqokkk | kkkk | kkkkg Encoding: | 0010 | 10da | ffff | ffff |
Description: GOTOallows an unconditional branch Description: The contents of register ‘" are
anywhere within entire 2-Mbyte memory incremented. If ‘d’ is ‘0’, the result is
range. The 20-bit value ‘k’ is loaded into placed in W. If ‘d’ is ‘1’, the result is
PC<20:1>. GOTOis always a two-cycle placed back in register ‘f'.
instruction. If ‘@’ is ‘0’, the Access Bank is selected.
Words: 2 If ‘@’ is ‘1’, the BSR is used to select the
Cycles: 2 GPR bank.
Q Cycle Activity: If ‘ai is ‘0’ and thg e.xtendeq instruction
1 o 3 4 set is enabled, this instruction operates
Q Q Q Q in Indexed Literal Offset Addressing
Decode Read literal No Read literal mode whenever f < 95 (5Fh). See
k'<7:0>, | operation | ‘k'<19:8>, Section 29.2.3 “Byte-Oriented and
Write to PC Bit-Oriented Instructions in Indexed
No No No No Literal Offset Mode” for details.
operation operation operation operation Words: 1
Cycles: 1
Example: GOTO THERE o
Afler Instruct Q Cycle Activity:
er Instruction
PC = Address ( THERE) il Q2 Q3 _Q4
Decode Read Process Write to
register ‘f Data destination
Example: I NCF CNT, 1, O
Before Instruction
CNT = FFh
V4 = 0
C = ?
DC = ?
After Instruction
CNT = 00h
z = 1
C = 1
DC = 1
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CALLW Subroutine Call Using WREG MOVSF Move Indexed to f
Syntax: CALLW Syntax: MOVSF  [zg], fy
Operands: None Operands: 0<zg<127
Operation: (PC +2) > TOS, 0 <fy <4095
(W) - PCL, Operation: ((FSR2) + zg) — fy
(PCLATH) — PCH, Status Affected: None
(PCLATU) - PCU ’
S ff ) Encoding:
tatus Affected: ~ None 1st word (source) 1110 | 1011 | Ozzz | zzzzg
Encoding: | 0000 | 0ooo [ 0001 [ o100 | 2nd word (destin.) 1111 | ffff | fff | ffffg
Description First, the return address (PC + 2) is Description: The contents of the source register are
pushed onto the return stack. Next, the moved to destination register fy’. The
contents of W are written to PCL; the actual address of the source register is
existing value is discarded. Then, the determined by adding the 7-bit literal
contents of PCLATH and PCLATU are offset ‘zg’, in the first word, to the value
latched into PCH and PCU, of FSR2. The address of the destination
respectively. The second cycle is register is specified by the 12-bit literal
executed as a NOP instruction while the ‘fq’ in the second word. Both addresses
new next instruction is fetched. can be anywhere in the 4096-byte data
Unlike CALL, there is no option to space (000h to FFFh).
update W, STATUS or BSR. The MOVSF instruction cannot use the
Words: 1 PCL., TQSU, TQSH or TOSL as the
destination register.
Cycles: 2
4 o If the resultant source address points to
Q Cycle Activity: an Indirect Addressing register, the
Q1 Q2 Q3 Q4 value returned will be 00h.
Decode Read Push PC to No Words: 2
WREG stack operation Cvcles: 9
No No No No yeles: -
operation | operation | operation | operation Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Determine | Determine Read
Example: HERE CALLW source addr |source addr | source reg
Before Instruction Decode No No Write
PC = address (HERE) operation operation register f’
PCLATH =  10h dest
PCLATU =  00h No dummy (dest)
w =  06h read
After Instruction
PC = 001006h
TOS = address (HERE + 2) Example: MOVSF  [05h], RE®X
PCLATH =  10h .
PCLATU =  00h Before Instruction
W = 06h FSR2 = 80h
Contents
of 85h = 33h
REG2 = 11h
After Instruction
FSR2 = 80h
Contents
of 85h = 33h
REG2 = 33h
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FIGURE 31-8: HIGH/LOW-VOLTAGE DETECT CHARACTERISTICS

For VDIRMAG = 1: VDD

(HLVDIF can be
cleared in software)

For VDIRMAG =0: VDD
HLVDIF ; \—

TABLE 31-11: HIGH/LOW-VOLTAGE DETECT CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Operating temperature -40°C < TA < +85°C for industrial

-40°C < TA < +125°C for extended
PaNr:m Sym Characteristic Min Typ | Max | Units Conditions
D420 HLVD Voltage on Vbb |HLVDL<3:0>=0000| 1.80 | 1.86 | 1.90 \Y,
Transition High-to-Low || vpl<3:0> = 0001 | 2.03 | 212 | 213 | V

HLVDL<3:0>=0010| 2.24 | 2.33 | 2.35 \Y
HLVDL<3:0>=0011| 240 | 2.49 | 2.53 \Y
HLVDL<3:0>=0100| 2.50 | 2.59 | 2.62 \Y,
HLVDL<3:0>=0101| 2.70 | 2.75 | 2.84 \Y,
HLVDL<3:0>=0110| 2.82 | 2.93 | 2.97 \Y
HLVDL<3:0>=0111| 2.95 | 3.07 | 3.10 \Y,
HLVDL<3:0>=1000| 3.24 | 3.30 | 3.41 \Y,
HLVDL<3:0>=1001| 342 | 3.48 | 3.59 \Y
HLVDL<3:0>=1010| 3.61 3.67 | 3.79 \Y,
HLVDL<3:0>=1011| 3.82 | 3.87 | 4.01 \Y
HLVDL<3:0>=1100| 4.06 | 4.21 | 4.26 \Y,
HLVDL<3:0>=1101| 4.33 | 442 | 455 \Y,
HLVDL<3:0>=1110| 4.64 | 4.77 | 4.87 \Y,
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FIGURE 31-11:

EXAMPLE SPI MASTER MODE TIMING (CKE = 0)

SDIx

LSb

Note: Refer to Figure 31-3 for load conditions.

TABLE 31-14: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 0)

Pilrg\m Symbol Characteristic Min Max | Units | Conditions

73 TDIV2scH, |Setup Time of SDIx Data Input to SCKx Edge 20 — ns
TDIV2scL

73A TB2B Last Clock Edge of Byte 1 to the 1st Clock Edge | 1.5Tcy +40 | — ns

of Byte 2

74 TscH2pIL, |Hold Time of SDIx Data Input to SCKx Edge 40 — ns
TscL2bIL

75 TpoR SDOx Data Output Rise Time — 25 ns

76 TDOF SDOx Data Output Fall Time — 25 ns

78 TscR SCKx Output Rise Time (Master mode) — 25 ns

79 TscF SCKx Output Fall Time (Master mode) — 25 ns

80 TscH2bpoV, |SDOx Data Output Valid after SCKx Edge — 50 ns
TscL2poV
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32.2 Package Details

The following sections give the technical details of the
packages.

64-Lead Plastic Quad Flat, No Lead Package (MR) — 9x9x0.9 mm Body [QFN]

For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

Note:

-1 I:U:I

NOTE 1

OJo2s[c TOP VIEW l* A
/

//0.10|C

[¢]o.10@[c[A[8]

(DATUM B)

¢

el2
(DATUM A)

64xb 0.10@M|[c|A[B]

A4 0.05M|C

BOTTOM VIEW

Microchip Technology Drawing C04-149B Sheet 1 of 2
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