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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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ICSPDAT
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ICSPCLK
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IOC Y —
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VPP
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— — — — — VDD

., RA5) will operate, but logic levels will be standard TTL/
Pin Allocation Tables
TABLE 2: 14/16-PIN ALLOCATION TABLE (PIC16(L)F18326)
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RA0 13 12 ANA0 — C1IN0+ — DAC1OUT — — — — — SS2(1)

RA1 12 11 ANA1 VREF+ C1IN0-
C2IN0- — DAC1REF+ — — — — — —

RA2 11 10 ANA2 VREF- — — DAC1REF- — T0CKI(1) CCP3(1) — CWG1IN(1)

CWG2IN(1) —

RA3 4 3 — — — — — — — — — — —

RA4 3 2 ANA4 — — — — — T1G(1)

SOSCO — — — —

RA5 2 1 ANA5 — — — — —
T1CKI(1)

SOSCIN
SOSCI

— — — —

RC0 10 9 ANC0 — C2IN0+ — — — T5CKI(1) — — — SCK1(1)

SCL1(1,3,4)

RC1 9 8 ANC1 — C1IN1-
C2IN1- — — — — CCP4(1) — — SDI1(1)

SDA1(1,3,4)

RC2 8 7 ANC2 — C1IN2-
C2IN2- — — MDCIN1(1) — — — — —

RC3 7 6 ANC3 — C1IN3-
C2IN3- — — MDMIN(1) T5G(1) CCP2(1) — — SS1(1)

RC4 6 5 ANC4 — — — — — T3G(1) — — — SCK2(1)

SCL2(1,3,4)

RC5 5 4 ANC5 — — — — MDCIN2(1) T3CKI(1) CCP1(1) — — SDI2(1)

SDA2(1,3,4)

VDD 1 16 — — — — — — — — — — —

Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection registers.
2: All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output selection registers.
3: These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
4: These pins are configured for I2C logic levels; clock and data signals may be assigned to any of these pins. Assignments to the other pins (e.g

ST as selected by the INLVL register.
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TO OUR VALUED CUSTOMERS
It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced. 
If you have any questions or comments regarding this publication, contact the Marketing Communications Department via E-mail
at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, register at our Worldwide Website at:

http://www.microchip.com
You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata
An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.
To determine if an errata sheet exists for a particular device, check with one of the following:
• Microchip’s Worldwide Website; http://www.microchip.com
• Your local Microchip sales office (see last page)
When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System
Register on our website at www.microchip.com to receive the most current information on all of our products.
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 11
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48
49 ― ―

49 0000 0000 0000 0000

49 0000 0000 0000 0000

49 ---- 0000 ---- 0000

49 0000 0001 0000 0001

49 0000 0000 0000 0000

49 ---- 0000 ---- 0000

49 N1PFM 0-00 ---0 0-00 ---0

49 CKS<1:0> 000- --00 000- --00

TA

Ad Bit 0 Value on:
POR, BOR

Value on 
all other 
Resets

Le , read as ‘0’.
No
Bank 9

CPU CORE REGISTERS; see Table 4-2 for specifics

Ch to 
7h ― ― Unimplemented

8h NCO1ACCL NCO1ACC<7:0>

9h NCO1ACCH NCO1ACC<15:8>

Ah NCO1ACCU — ― ― ― NCO1ACC<19:16>

Bh NCO1INCL NCO1INC<7:0>

Ch NCO1INCH NCO1INC<15:8>

Dh NCO1INCU ― ― ― ― NCO1INC<19:16>

Eh NCO1CON N1EN ― N1OUT N1POL ― ― ―

Fh NCO1CLK N1PWS<2:0> ― ― ― N1

BLE 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

dress Name

PI
C

16
(L

)F
18

32
6

PI
C

16
(L

)F
18

34
6

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

gend: x = unknown, u = unchanged, q = depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented
te 1: Only on PIC16F18326/18346.

2: Register accessible from both User and ICD Debugger.
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4.4 Stack
All devices have a 16-level x 15-bit wide hardware
stack (refer to Figure 4-4 through Figure 4-7). The
stack space is not part of either program or data space.
The PC is PUSHed onto the stack when CALL or
CALLW instructions are executed or an interrupt causes
a branch. The stack is POPed in the event of a
RETURN, RETLW or a RETFIE instruction execution.
PCLATH is not affected by a PUSH or POP operation.

The stack operates as a circular buffer and does not
cause a Reset when either a Stack Overflow or
Underflow occur if the STVREN bit is programmed to
‘0‘ (Configuration Words). This means that after the
stack has been PUSHed sixteen times, the
seventeenth PUSH overwrites the value that was
stored from the first PUSH. The eighteenth PUSH
overwrites the second PUSH (and so on). The
STKOVF and STKUNF flag bits will be set on an
Overflow/Underflow, regardless of whether the Reset is
enabled.

If the STVREN bit in Configuration Words is
programmed to ‘1’, the device will be Reset if the stack
is PUSHed beyond the sixteenth level or POPed
beyond the first level, setting the appropriate bits
(STKOVF or STKUNF, respectively) in the PCON
register. 

4.4.1 ACCESSING THE STACK
The stack is accessible through the TOSH, TOSL and
STKPTR registers. STKPTR is the current value of the
Stack Pointer. TOSH:TOSL register pair points to the
TOP of the stack. Both registers are read/writable. TOS
is split into TOSH and TOSL due to the 15-bit size of the
PC. To access the stack, adjust the value of STKPTR,
which will position TOSH:TOSL, then read/write to
TOSH:TOSL. STKPTR is five bits to allow detection of
Overflow and Underflow.

During normal program operation, CALL, CALLW and
Interrupts will increment STKPTR while RETLW,
RETURN, and RETFIE will decrement STKPTR. At any
time, STKPTR can be read to see how much stack is
left. The STKPTR always points at the currently used
place on the stack. Therefore, a CALL or CALLW will
increment the STKPTR and then write the PC, and a
return will unload the PC and then decrement the
STKPTR.

Reference Figure 4-4 through Figure 4-7 for examples
of accessing the stack.

FIGURE 4-4: ACCESSING THE STACK EXAMPLE 1

Note 1: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, CALLW, RETURN, RETLW and
RETFIE instructions or the vectoring to
an interrupt address.

Note: Care should be taken when modifying the
STKPTR while interrupts are enabled.

0x0F
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0x0B

0x0A

0x09
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0x07
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0x05

0x04
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0x01

0x00

0x0000

STKPTR = 0x1F

Initial Stack Configuration:

After Reset, the stack is empty. The
empty stack is initialized so the Stack
Pointer is pointing at 0x1F. If the Stack
Overflow/Underflow Reset is enabled, the
TOSH/TOSL registers will return ‘0’. If
the Stack Overflow/Underflow Reset is
disabled, the TOSH/TOSL registers will
return the contents of stack address 0x0F. 

0x1F STKPTR = 0x1F

Stack Reset Disabled
(STVREN = 0) 

Stack Reset Enabled
(STVREN = 1) 

TOSH:TOSL

TOSH:TOSL
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 57
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5.0 DEVICE CONFIGURATION
Device configuration consists of Configuration Words,
Code Protection and Device ID.

5.1 Configuration Words
There are several Configuration Word bits that allow
different oscillator and memory protection options.
These are implemented as Configuration Word 1 at
8007h, Configuration Word 2 at 8008h, Configuration
Word 3 at 8009h, and Configuration Word 4 at 800Ah.

Note: The DEBUG bit in Configuration Words is
managed automatically by device
development tools including debuggers
and programmers. For normal device
operation, this bit should be maintained as
a ‘1’.
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 63
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11.4.9 WRERR BIT 
The WRERR bit can be used to determine if a write
error occurred. 

WRERR will be set if one of the following conditions
occurs:

• If WR is set while the NVMADRH:NMVADRL 
points to a write-protected address

• A Reset occurs while a self-write operation was in 
progress

• An unlock sequence was interrupted
The WRERR bit is normally set by hardware, but can
be set by the user for test purposes. Once set, WRERR
must be cleared in software.
TABLE 11-4: ACTIONS FOR PROGRAM FLASH MEMORY WHEN WR = 1

Free LWLO Actions for Program Flash Memory when WR = 1 Comments

0 0 Write the write latch data to Program Flash Memory 
row. See Section 11.4.4 “NVMREG Erase of Pro-
gram Flash Memory”

• If WP is enabled, WR is cleared 
and WRERR is set

• Write latches are reset to 3FFh
• NVMDATH:NVMDATL is ignored

0 1 Copy NVMDATH:NVMDATL to the write latch corre-
sponding to NVMADR LSBs. See Section 11.4.4 
“NVMREG Erase of Program Flash Memory”

• Write protection is ignored
• No memory access occurs

1 x Erase the 32-word row of NVMADRH:NVMADRL 
location. See Section 11.4.3 “NVMREG Write to 
EEPROM”

• If WP is enabled, WR is cleared 
and WRERR is set

• All 32 words are erased
• NVMDATH:NVMDATL is ignored
DS40001839B-page 136 Preliminary  2016-2017 Microchip Technology Inc.
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REGISTER 11-6: NVMCON2: NONVOLATILE MEMORY CONTROL 2 REGISTER

W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0
NVMCON2 

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
S = Bit can only be set x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-0 NVMCON2<7:0>: Flash Memory Unlock Pattern bits
To unlock writes, a 55h must be written first, followed by an AAh, before setting the WR bit of the
NVMCON1 register. The value written to this register is used to unlock the writes.

TABLE 11-5: SUMMARY OF REGISTERS ASSOCIATED WITH NONVOLATILE MEMORY (NVM)

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register 
on Page

INTCON GIE PEIE — — — — — INTEDG 100
PIR2 TMR6IF C2IF C1IF NVMIF SSP2IF BLC2IF TMR4IF NCO1IF 108
PIE2 TMR6IE C2IE C1IE NVMIE SSP2IE BLC2IE TMR4IE NCO1IE 103
NVMCON1 — NVMREGS LWLO FREE WRERR WREN WR RD 138
NVMCON2 NVMCON2 139
NVMADRL NVMADR<7:0> 137

NVMADRH —(1) NVMADR<14:8> 137
NVMDATL NVMDAT<7:0> 137

NVMDATH — — NVMDAT<13:8> 137
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by NVM.
Note 1: Unimplemented, read as ‘1’.

TABLE 11-6: SUMMARY OF CONFIGURATION WORD WITH NONVOLATILE MEMORY (NVM)

Name Bits Bit -/7 Bit -/6 Bit 13/5 Bit 12/4 Bit 11/3 Bit 10/2 Bit 9/1 Bit 8/0 Register 
on Page

CONFIG3 13:8 — — LVP — — — — — 66
7:0 — — — — — — WRT<1:0>

CONFIG4 13:8 — — — — — — — — 67
7:0 — — — — — — CPD CP

Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by NVM.
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 139
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REGISTER 12-13: WPUB: WEAK PULL-UP PORTB REGISTER
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 U-0 U-0 U-0
WPUB7 WPUB6 WPUB5 WPUB4 — — — —

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-4 WPUB<7:4>: Weak Pull-up Register bits
1 = Weak Pull-up enabled
0 = Weak Pull-up disabled

bit 3-0 Unimplemented: Read as ‘0’

REGISTER 12-14: ODCONB: PORTB OPEN-DRAIN CONTROL REGISTER
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 U-0 U-0 U-0
ODCB7 ODCB6 ODCB5 ODCB4 — — — —

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-4 ODCB<7:4>: PORTB Open-Drain Configuration bits
For RB<7:4> pins, respectively:
1 = Port pin operates as open-drain drive (sink current only)
0 = Port pin operates as standard push-pull drive (source and sink current)

bit 3-0 Unimplemented: Read as ‘0’
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 151
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15.6 Register Definitions: Interrupt-on-Change Control
           

           

REGISTER 15-1: IOCAP: INTERRUPT-ON-CHANGE PORTA POSITIVE EDGE REGISTER
U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAP0

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAP<5:0>: Interrupt-on-Change PORTA Positive Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a positive going edge. IOCAFx bit and IOCIF flag will
be set upon detecting an edge.

0 = Interrupt-on-change disabled for the associated pin

REGISTER 15-2: IOCAN: INTERRUPT-ON-CHANGE PORTA NEGATIVE EDGE REGISTER
U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — IOCAN5 IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCAN0

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAN<5:0>: Interrupt-on-Change PORTA Negative Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a negative going edge. IOCAFx bit and IOCIF flag will
be set upon detecting an edge.

0 = Interrupt-on-Change disabled for the associated pin
DS40001839B-page 174 Preliminary  2016-2017 Microchip Technology Inc.
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REGISTER 20-9: CWGxDBF: CWGx FALLING DEAD-BAND COUNT REGISTER
U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — DBF<5:0>

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 DBF<5:0>: CWG Falling Edge Triggered Dead-Band Count bits

11 1111 =   63-64 CWG clock periods
11 1110 =   62-63 CWG clock periods
.
.
.
00 0010 =   2-3 CWG clock periods
00 0001 =   1-2 CWG clock periods
00 0000 =   0 CWG clock periods. Dead-band generation is bypassed.
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 219
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FIGURE 22-4: ANALOG INPUT MODEL        

FIGURE 22-5: ADC TRANSFER FUNCTION
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25.5 Carrier Source Polarity Select
The signal provided from any selected input source for
the carrier high and carrier low signals can be inverted.
Inverting the signal for the carrier high source is
enabled by setting the MDCHPOL bit of the MDCARH
register. Inverting the signal for the carrier low source is
enabled by setting the MDCLPOL bit of the MDCARL
register.

25.6 Programmable Modulator Data
The MDBIT of the MDCON register can be selected as
the source for the modulator signal. This gives the user
the ability to program the value used for modulation.

25.7 Modulated Output Polarity
The modulated output signal provided on the DSM pin
can also be inverted. Inverting the modulated output
signal is enabled by setting the MDOPOL bit of the
MDCON register.

25.8 Slew Rate Control
The slew rate limitation on the output port pin can be
disabled. The slew rate limitation can be removed by
clearing the SLR bit of the SLRCON register
associated with that pin. For example, clearing the slew
rate limitation for pin RA5 would require clearing the
SLRA5 bit of the SLRCONA register.

25.9 Operation in Sleep Mode
The DSM module is not affected by Sleep mode. The
DSM can still operate during Sleep, if the Carrier and
Modulator input sources are also still operable during
Sleep.

25.10 Effects of a Reset
Upon any device Reset, the DSM module is disabled.
The user’s firmware is responsible for initializing the
module before enabling the output. The registers are
reset to their default values.
DS40001839B-page 270 Preliminary  2016-2017 Microchip Technology Inc.
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30.6.6 I2C MASTER MODE 

TRANSMISSION
Transmission of a data byte, a 7-bit address or the
other half of a 10-bit address is accomplished by simply
writing a value to the SSPxBUF register. This action will
set the Buffer Full flag bit, BF, and allow the Baud Rate
Generator to begin counting and start the next
transmission. Each bit of address/data will be shifted
out onto the SDA pin after the falling edge of SCL is
asserted. SCL is held low for one Baud Rate Generator
rollover count (TBRG). Data should be valid before SCL
is released high. When the SCL pin is released high, it
is held that way for TBRG. The data on the SDA pin
must remain stable for that duration and some hold
time after the next falling edge of SCL. After the eighth
bit is shifted out (the falling edge of the eighth clock),
the BF flag is cleared and the master releases SDA.
This allows the slave device being addressed to
respond with an ACK bit during the ninth bit time if an
address match occurred, or if data was received
properly. The status of ACK is written into the
ACKSTAT bit on the rising edge of the ninth clock. If the
master receives an Acknowledge, the Acknowledge
Status bit, ACKSTAT, is cleared. If not, the bit is set.
After the ninth clock, the SSPIF bit is set and the master
clock (Baud Rate Generator) is suspended until the
next data byte is loaded into the SSPxBUF, leaving
SCL low and SDA unchanged (Figure 30-28).

After the write to the SSPxBUF, each bit of the address
will be shifted out on the falling edge of SCL until all
seven address bits and the R/W bit are completed. On
the falling edge of the eighth clock, the master will
release the SDA pin, allowing the slave to respond with
an Acknowledge. On the falling edge of the ninth clock,
the master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT Status bit of the SSPxCON2
register. Following the falling edge of the ninth clock
transmission of the address, the SSPxIF is set, the BF
flag is cleared and the Baud Rate Generator is turned
off until another write to the SSPxBUF takes place,
holding SCL low and allowing SDA to float.

30.6.6.1 BF Status Flag
In Transmit mode, the BF bit of the SSPxSTAT register
is set when the CPU writes to SSPxBUF and is cleared
when all eight bits are shifted out.

30.6.6.2 WCOL Status Flag
If the user writes the SSPxBUF when a transmit is
already in progress (i.e., SSPxSR is still shifting out a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write does not occur). 

WCOL must be cleared by software before the next
transmission.

30.6.6.3 ACKSTAT Status Flag
In Transmit mode, the ACKSTAT bit of the SSPxCON2
register is cleared when the slave has sent an
Acknowledge (ACK = 0) and is set when the slave
does not Acknowledge (ACK = 1). A slave sends an
Acknowledge when it has recognized its address
(including a general call), or when the slave has
properly received its data.

30.6.6.4 Typical Transmit Sequence
1. The user generates a Start condition by setting

the SEN bit of the SSPxCON2 register.
2. SSPxIF is set by hardware on completion of the

Start. 
3. SSPxIF is cleared by software.
4. The MSSPx module will wait the required start

time before any other operation takes place.
5. The user loads the SSPxBUF with the slave

address to transmit.
6. Address is shifted out the SDA pin until all eight

bits are transmitted. Transmission begins as
soon as SSPxBUF is written to.

7. The MSSPx module shifts in the ACK bit from
the slave device and writes its value into the
ACKSTAT bit of the SSPxCON2 register.

8. The MSSPx module generates an interrupt at
the end of the ninth clock cycle by setting the
SSPxIF bit.

9. The user loads the SSPxBUF with eight bits of
data. 

10. Data is shifted out the SDA pin until all eight bits
are transmitted.

11. The MSSPx module shifts in the ACK bit from
the slave device and writes its value into the
ACKSTAT bit of the SSPxCON2 register.

12. Steps 8-11 are repeated for all transmitted data
bytes.

13. The user generates a Stop or Restart condition
by setting the PEN or RSEN bits of the
SSPxCON2 register. Interrupt is generated once
the Stop/Restart condition is complete.
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30.6.7 I2C MASTER MODE RECEPTION
Master mode reception (Figure 30-29) is enabled by
programming the Receive Enable bit, RCEN bit of the
SSPxCON2 register.       

The Baud Rate Generator begins counting and on each
rollover, the state of the SCL pin changes
(high-to-low/low-to-high) and data is shifted into the
SSPxSR. After the falling edge of the eighth clock, the
receive enable flag is automatically cleared, the
contents of the SSPxSR are loaded into the SSPxBUF,
the BF flag bit is set, the SSPxIF flag bit is set and the
Baud Rate Generator is suspended from counting,
holding SCL low. The MSSPx is now in Idle state
awaiting the next command. When the buffer is read by
the CPU, the BF flag bit is automatically cleared. The
user can then send an Acknowledge bit at the end of
reception by setting the Acknowledge Sequence
Enable, ACKEN bit of the SSPxCON2 register.

30.6.7.1 BF Status Flag
In receive operation, the BF bit is set when an address
or data byte is loaded into SSPxBUF from SSPxSR. It
is cleared when the SSPxBUF register is read.

30.6.7.2 SSPOV Status Flag
In receive operation, the SSPOV bit is set when eight
bits are received into the SSPxSR and the BF flag bit is
already set from a previous reception.

30.6.7.3 WCOL Status Flag
If the user writes the SSPxBUF when a receive is
already in progress (i.e., SSPxSR is still shifting in a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write does not occur).

30.6.7.4 Typical Receive Sequence:
1. The user generates a Start condition by setting

the SEN bit of the SSPxCON2 register.
2. SSPxIF is set by hardware on completion of the

Start. 
3. SSPxIF is cleared by software.
4. User writes SSPxBUF with the slave address to

transmit and the R/W bit set.
5. Address is shifted out the SDA pin until all eight

bits are transmitted. Transmission begins as
soon as SSPxBUF is written to.

6. The MSSPx module shifts in the ACK bit from
the slave device and writes its value into the
ACKSTAT bit of the SSPxCON2 register.

7. The MSSPx module generates an interrupt at
the end of the ninth clock cycle by setting the
SSPxIF bit.

8. User sets the RCEN bit of the SSPxCON2 regis-
ter and the master clocks in a byte from the slave.

9. After the eighth falling edge of SCL, SSPxIF and
BF are set.

10. Master clears SSPxIF and reads the received
byte from SSPxBUF, clears BF.

11. Master sets ACK value sent to slave in ACKDT
bit of the SSPxCON2 register and initiates the
ACK by setting the ACKEN bit.

12. Master’s ACK is clocked out to the slave and
SSPxIF is set.

13. User clears SSPIF.
14. Steps 8-13 are repeated for each received byte

from the slave.
15. Master sends a not ACK or Stop to end

communication.

Note: The MSSPx module must be in an Idle
state before the RCEN bit is set or the
RCEN bit will be disregarded. 
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 349



PIC16(L)F18326/18346
34.0 INSTRUCTION SET SUMMARY
Each instruction is a 14-bit word containing the opera-
tion code (opcode) and all required operands. The
opcodes are broken into three broad categories.

• Byte Oriented
• Bit Oriented
• Literal and Control

The literal and control category contains the most
varied instruction word format.

Table 34-3 lists the instructions recognized by the
MPASM™ assembler.

All instructions are executed within a single instruction
cycle, with the following exceptions, which may take
two or three cycles: 

• Subroutine entry takes two cycles (CALL, CALLW)
• Returns from interrupts or subroutines take two 

cycles (RETURN, RETLW, RETFIE)
• Program branching takes two cycles (GOTO, BRA, 
BRW, BTFSS, BTFSC, DECFSZ, INCSFZ)

• One additional instruction cycle will be used when 
any instruction references an indirect file register 
and the file select register is pointing to program 
memory.

One instruction cycle consists of 4 oscillator cycles; for
an oscillator frequency of 4 MHz, this gives a nominal
instruction execution rate of 1 MHz.

All instruction examples use the format ‘0xhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

34.1 Read-Modify-Write Operations
Any WRITE instruction that specifies a file register as
part of the instruction performs a Read-Modify-Write
(R-M-W) operation. The register is read, the data is
modified, and the result is stored according to either the
working (W) register, or the originating file register,
depending on the state of the destination designator ‘d’
(see Table 34-1 for more information). A read operation
is performed on a register even if the instruction writes
to that register.

 

  

TABLE 34-1: OPCODE FIELD 
DESCRIPTIONS 

Field Description

f Register file address (0x00 to 0x7F)
W Working register (accumulator)
b Bit address within an 8-bit file register
k Literal field, constant data or label
x Don’t care location (= 0 or 1). 

The assembler will generate code with x = 0. 
It is the recommended form of use for 
compatibility with all Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f. 

n FSR or INDF number. (0-1)
mm Pre-post increment-decrement mode 

selection

TABLE 34-2: ABBREVIATION 
DESCRIPTIONS

Field Description

PC Program Counter
TO Time-Out bit
C Carry bit

DC Digit Carry bit
Z Zero bit

PD Power-Down bit
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FIGURE 34-1: GENERAL FORMAT FOR 

INSTRUCTIONS       
Byte-oriented file register operations

13                          8     7    6                              0

d = 0 for destination W

OPCODE                 d              f (FILE #)

d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13                         10  9        7   6                       0

OPCODE          b (BIT #)        f (FILE #)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations

13                                  8    7                             0
OPCODE                              k (literal)

k = 8-bit immediate value

13                 11    10                                          0
OPCODE                        k (literal)

k = 11-bit immediate value

General

CALL and GOTO instructions only

MOVLP instruction only

13                                             5   4                   0
OPCODE                                  k (literal)

k = 5-bit immediate value

MOVLB instruction only

13                             9     8                                 0
OPCODE                              k (literal)

k = 9-bit immediate value

BRA instruction only

FSR Offset instructions
13                                  7    6    5                       0

OPCODE                   n             k (literal)

n = appropriate FSR

FSR Increment instructions

13                                      7    6                         0
OPCODE                              k (literal)

k = 7-bit immediate value

13                                                 3    2    1        0
OPCODE                                   n   m (mode)

n = appropriate FSR
m = 2-bit mode value

k = 6-bit immediate value

13                                                                      0
                       OPCODE                            

OPCODE only
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 397



PIC16(L)F18326/18346

FIGURE 35-8: RESET, WATCHDOG TIMER, OSCILLATOR, START-UP TIMER AND POWER-UP 

TIMER TIMING

FIGURE 35-9: BROWN-OUT RESET TIMING AND CHARACTERISTICS

VDD

MCLR

Internal
POR

PWRT
Time-out

OSC
Start-up Time

Internal Reset(1)

Watchdog Timer

RST01

I/O pins

Reset(1)

Note 1: Asserted low.

RST04

RST05

RST03RST02 RST02

VBOR

VDD

(Device in Brown-out Reset) (Device not in Brown-out Reset)

33(1)
Reset

(due to BOR)

VBOR and VHYST

37

Note 1: 64 ms delay only if PWRTE bit in the Configuration Word register is programmed to ‘0’. 2 ms delay if
PWRTE = 0.
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TABLE 35-24: I2C BUS DATA CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)

Param.
No. Symbol Characteristic Min. Max. Units Conditions

SP100* THIGH Clock high time 100 kHz mode 4.0 — s Device must operate at a 
minimum of 1.5 MHz

400 kHz mode 0.6 — s Device must operate at a 
minimum of 10 MHz

SSP module 1.5TCY —
SP101* TLOW Clock low time 100 kHz mode 4.7 — s Device must operate at a 

minimum of 1.5 MHz
400 kHz mode 1.3 — s Device must operate at a 

minimum of 10 MHz
SSP module 1.5TCY —

SP102* TR SDA and SCL rise 
time

100 kHz mode — 1000 ns
400 kHz mode 20 + 

0.1CB
300 ns CB is specified to be from 

10-400 pF 
SP103* TF SDA and SCL fall 

time
100 kHz mode — 250 ns
400 kHz mode 20 + 

0.1CB
250 ns CB is specified to be from 

10-400 pF 
SP106* THD:DAT Data input hold 

time
100 kHz mode 0 — ns
400 kHz mode 0 0.9 s

SP107* TSU:DAT Data input setup 
time

100 kHz mode 250 — ns (Note 2)
400 kHz mode 100 — ns

SP109* TAA Output valid from 
clock

100 kHz mode — 3500 ns (Note 1)
400 kHz mode — — ns

SP110* TBUF Bus free time 100 kHz mode 4.7 — s Time the bus must be free 
before a new transmission 
can start

400 kHz mode 1.3 — s

SP111 CB Bus capacitive loading —  400 pF 
* These parameters are characterized but not tested.

Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region 
(min. 300 ns) of the falling edge of SCL to avoid unintended generation of Start or Stop conditions.

2: A Fast mode (400 kHz) I2C bus device can be used in a Standard mode (100 kHz) I2C bus system, but the 
requirement TSU:DAT 250 ns must then be met. This will automatically be the case if the device does not 
stretch the low period of the SCL signal. If such a device does stretch the low period of the SCL signal, it 
must output the next data bit to the SDA line TR max. + TSU:DAT = 1000 + 250 = 1250 ns (according to the 
Standard mode I2C bus specification), before the SCL line is released. 
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 

http://www.microchip.com/packaging
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PRODUCT IDENTIFICATION SYSTEM
To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X /XX XXX

PatternPackageTemperature
Range

Device

   
Device: PIC16F18326, PIC16LF18326,

PIC16F18346, PIC16LF18346.

Tape and Reel 
Option:

Blank = Standard packaging (tube or tray) 
T = Tape and Reel(1) 

Temperature 
Range:

I =  -40C to +85C (Industrial)
E =  -40C to +125C (Extended)

Package:(2) JQ = 16-lead UQFN (4x4)
GZ = 20-lead UQFN (4x4)
P = PDIP
ST = TSSOP
SL = 14-lead SOIC
SO = 20-lead SOIC
SS = SSOP

Pattern: QTP, SQTP, Code or Special Requirements 
(blank otherwise)

Examples:
a) PIC16LF18326- E/P

Extended temperature
PDIP package

b) PIC16LF18346- E/SO
Extended temperature,
SOIC package

Note 1: Tape and Reel identifier only appears in 
the catalog part number description. This 
identifier is used for ordering purposes and 
is not printed on the device package. 
Check with your Microchip Sales Office 
for package availability with the Tape and 
Reel option.

2: Small form-factor packaging options may 
be available. Check 
www.microchip.com/packaging for 
small-form factor package availability, or 
contact your local Sales Office.

[X](1)

Tape and Reel
Option

-


