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PIC24F16KA102 FAMILY

The internal oscillator block also provides a stable
reference source for the Fail-Safe Clock Monitor
(FSCM). This option constantly monitors the main clock
source against a reference signal provided by the
internal oscillator and enables the controller to switch to
the internal oscillator, allowing for continued low-speed
operation or a safe application shutdown.

1.1.4 EASY MIGRATION

Regardless of the memory size, all the devices share
the same rich set of peripherals, allowing for a smooth
migration path as applications grow and evolve.

The consistent pinout scheme used throughout the
entire family also helps in migrating to the next larger
device. This is true when moving between devices with
the same pin count, or even jumping from 20-pin to
28-pin devices.

The PIC24F family is pin compatible with devices in the
dsPIC33 family, and shares some compatibility with the
pinout schema for PIC18 and dsPIC30. This extends
the ability of applications to grow from the relatively
simple, to the powerful and complex.

1.2 Other Special Features

* Communications: The PIC24F16KA102 family
incorporates a range of serial communication
peripherals to handle a range of application
requirements. There is an 12C™ module that
supports both the Master and Slave modes of
operation. It also comprises UARTSs with built-in
IrDA® encoders/decoders and an SPI module.

* Real-Time Clock/Calendar: This module
implements a full-featured clock and calendar with
alarm functions in hardware, freeing up timer
resources and program memory space for use of
the core application.

« 10-Bit A/D Converter: This module incorporates
programmable acquisition time, allowing for a
channel to be selected and a conversion to be
initiated without waiting for a sampling period, and
faster sampling speed. The 16-deep result buffer
can be used either in Sleep to reduce power, or in
Active mode to improve throughput.

* Charge Time Measurement Unit (CTMU)
Interface: The PIC24F16KA102 family includes
the new CTMU interface module, which can be
used for capacitive touch sensing, proximity
sensing and also for precision time measurement
and pulse generation.

1.3 Details on Individual Family
Members

Devices in the PIC24F16KA102 family are available in
20-pin and 28-pin packages. The general block
diagram for all devices is displayed in Figure 1-1.

The devices are different from each other in two ways:

1. Flash program memory (8 Kbytes for
PIC24F08KA devices, 16 Kbytes for PIC24F 16KA
devices).

2. Available I/O pins and ports (18 pins on two
ports for 20-pin devices and 24 pins on two ports
for 28-pin devices).

3. Alternate SCLx and SDAXx pins are available
only in 28-pin devices and not in 20-pin devices.

All other features for devices in this family are identical;
these are summarized in Table 1-1.

A list of the pin features available on the
PIC24F16KA102 family devices, sorted by function, is
provided in Table 1-2.

Note:  Table 1-1 provides the pin location of
individual peripheral features and not how
they are multiplexed on the same pin. This
information is provided in the pinout
diagrams on pages 4, 5 and 6 of the data
sheet. Multiplexed features are sorted by
the priority given to a feature, with the
highest priority peripheral being listed
first.
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3.2 CPU Control Registers
REGISTER 3-1:  SR: ALU STATUS REGISTER

U-0 U-0 U-0 U-0 u-0 u-0 u-0 R/W-0, HSC

— — | — — — — — DC

bit 15 bit 8

RW-0, HSC®  RMW-0, HSCY R/W-0,HSC®) R-0, HSC R/W-0,HSC R/W-0,HSC R/W-0, HSC R/MW-0, HSC

IPL2®? IPL1®@ IPLO®) RA N oV Z c
bit 7 bit 0
Legend: HSC = Hardware Settable/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 15-9 Unimplemented: Read as ‘0’
bit 8 DC: ALU Half Carry/Borrow bit

1 = A carry-out from the 4™ low-order bit (for byte-sized data) or 8™ low-order bit (for word-sized data)
of the result occurred
0 = No carry-out from the 4" or 8! low-order bit of the result has occurred
bit 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(®?)
111 = CPU interrupt priority level is 7 (15); user interrupts disabled
110 = CPU interrupt priority level is 6 (14)
101 = CPU Interrupt priority level is 5 (13)
100 = CPU interrupt priority level is 4 (12)
011 = CPU interrupt priority level is 3 (11)
010 = CPU interrupt priority level is 2 (10)
001 = CPU interrupt priority level is 1 (9)
000 = CPU interrupt priority level is 0 (8)
bit 4 RA: REPEAT Loop Active bit
1 = REPEAT loop in progress
0 = REPEAT loop not in progress
bit 3 N: ALU Negative bit
1 = Result was negative
0 = Result was non-negative (zero or positive)
bit 2 OV: ALU Overflow bit
1 = Overflow occurred for signed (2's complement) arithmetic in this arithmetic operation
0 = No overflow has occurred
bit 1 Z: ALU Zero bit
1 = An operation, which effects the Z bit, has set it at some time in the past
0 = The most recent operation, which effects the Z bit, has cleared it (i.e., a non-zero result)
bit 0 C: ALU Carry/Borrow bit
1 = A carry-out from the Most Significant bit (MSb) of the result occurred
0 = No carry-out from the Most Significant bit (MSb) of the result occurred

Note 1: The IPL Status bits are read-only when NSTDIS (INTCON1<15>) = 1.

2:  The IPL Status bits are concatenated with the IPL3 bit (CORCON<3>) to form the CPU Interrupt Priority
Level (IPL). The value in parentheses indicates the IPL when IPL3 = 1.

DS39927C-page 26 © 2008-2011 Microchip Technology Inc.
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4.2

The PIC24F core has a separate, 16-bit wide data
memory space, addressable as a single linear range.
The data space is accessed using two Address
Generation Units (AGUs), one each for read and write
operations. The data space memory map is displayed
in Figure 4-3.

Data Address Space

All Effective Addresses (EAs) in the data memory space
are 16 bits wide and point to bytes within the data space.
This gives a data space address range of 64 Kbytes or
32K words. The lower half of the data memory space
(that is, when EA<15> = 0) is used for implemented
memory addresses, while the upper half (EA<15>=1)is
reserved for the Program Space Visibility (PSV) area
(see Section 4.3.3 “Reading Data From Program
Memory Using Program Space Visibility”).

PIC24F16KA102 family devices implement a total of
768 words of data memory. Should an EA point to a

location outside of this area, an all zero word or byte will
be returned.

4.2.1 DATA SPACE WIDTH

The data memory space is organized in
byte-addressable, 16-bit wide blocks. Data is aligned in
data memory and registers as 16-bit words, but all the
data space EAs resolve to bytes. The Least Significant
Bytes (LSBs) of each word have even addresses, while
the Most Significant Bytes (MSBs) have odd
addresses.

FIGURE 4-3: DATA SPACE MEMORY MAP FOR PIC24F16KA102 FAMILY DEVICES
MSB LSB
Address MSB L§B Address
A%
0001h SFR Space 0000h SFR
07FFh 07FEh Space
0801h ! 0800h
| Near
Data Space
Implemented Data IRAM
Data RAM
ODFFh | ODFEh
1FFF - — — — — |— — — — ~ 1FFEh
I
Unimplemented
Read as ‘0’
7FFFh | 7FFFh
8001h | 8000h
I
I
Program Space
Visibility Area
|
I
I
I
FFFFh | FFFEh
Note:  Data memory areas are not shown to scale.

© 2008-2011 Microchip Technology Inc.
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TABLE 4-4: ICN REGISTER MAP

N';'r':e Addr| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Re’;"ets
CNEN1[0060 | CN15IE® | CN14IE | CN13IE | CN12IE | CNMIEW — CNIIE CNBIE CN7IE® | CN6IE | CNSIE | CN4IE | CN3IE | CN2IE | CN1IE CNOIE | 0000
CNEN2 | 0062 — CN30IE | CN29IE — CN27IE® — — CN24IE® | CN23IE | CN22IE | CN21IE — — — — CN16IE® | 0000
CNPU1 | 0068 | CN15PUE® | CN14PUE | CN13PUE | CN12PUE | CN11PUED | — CN9PUE | CNSPUE |CN7PUE®| CNBPUE | CN5SPUE | CN4PUE | CN3PUE | CN2PUE | CN1PUE | CNOPUE | 0000
CNPU2 | 006A — CN30PUE [CN29PUE| — CN27PUED |  — — | CN24PUE® | CN23PUE |CN22PUE |CN21PUE| — — — — | cN16PUEM | 0000
CNPD1 | 0070 | CN15PDE® | CN14PDE | CN13PDE | CN12PDE | CN11PDE® | — CN9PDE | CNSPDE |CN7PDE®| CN6PDE | CN5PDE | CN4PDE | CN3PDE | CN2PDE | CN1PDE | CNOPDE | 0000
CNPD2 | 0072 — CN30PDE [CN29PDE|  — CN27PDED | — — | CN24PDE® | CN23PDE |CN22PDE |CN21PDE| — — — — | cN16PDEM | 0000
Legend: — =unimplemented, read as ‘0. Reset values are shown in hexadecimal.
Note 1:  These bits are not implemented in 20-pin devices.
TABLE 4-5: INTERRUPT CONTROLLER REGISTER MAP

NZ'::e Addr | Bit15 Bit 14 Bit 13 Bit12 | Bit1l | Bit10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Re’;'éts
INTCON1 | 0080 | NSTDIS — — — — — — — — — — MATHERR | ADDRERR | STKERR | OSCFAIL — 0000
INTCON2 | 0082 | ALTIVT DISI — — — — — — — — — — — INT2EP | INTYEP | INTOEP | 0000
IFSO 0084 | NVMIF — AD1IF | U1TXIF | UIRXIF | SPHIF | SPF1IF T3IF T2IF — — — T1IF OC1IF IC1IF INTOIF | 0000
IFS1 0086 | U2TXIF | U2RXIF | INT2IF — — — — — — — — INT1IF CNIF CMIF MI2C1IF | SI2C1IF | 0000
IFS3 008A — RTCIF — — — — — — — — — — — — — — 0000
IFS4 008C — — CTMUIF — — — — HLVDIF | — — — — CRCIF | U2ERIF | U1ERIF — 0000
IECO 0094 | NVMIE — AD1IE | U1TXIE | UIRXIE | SPMIE | SPF1IE | T3IE | T2IE — — — T1IE OC1IE IC1IE INTOIE | 0000
IEC1 0096 | U2TXIE | U2RXIE | INT2IE — — — — — — — — INT1IE CNIE CMIE | MI2C1IE | SI2C1IE | 0000
IEC3 009A — RTCIE — — — — — — — — — — — — — — 0000
IEC4 009C — — CTMUIE — — — — HLVDIE | — — — — CRCIE | U2ERIE | U1MERIE — 0000
IPCO 00A4 — T1IP2 T1IP1 T1IPO — OC1IP2 | OC1IP1 | OC1IPO | — IC1IP2 IC11P1 IC11PO — INTOIP2 | INTOIP1 | INTOIPO | 4444
IPC1 00A6 — T2I1P2 T2IP1 T2IPO — — — — — — — — — — — — 4444
IPC2 00A8 — U1RXIP2 | UIRXIP1 | UTRXIPO | — SPIIP2 | SPIMIP1 | SPIIPO | — | SPF1IP2 | SPF1IP1 | SPF1IPO — T3IP2 T3IP1 T3IPO 4444
IPC3 00AA — NVMIP2 | NVMIP1 | NVMIPO — — — — — AD1IP2 | AD1IP1 | AD1IPO — U1TXIP2 | UITXIP1 | UTXIPO | 4044
IPC4 00AC — CNIP2 | CNIP1 | CNIPO — CMIP2 | CMIP1 | CMIPO — | MI2C1P2 | MI2C1P1 | MI2C1PO — SI2C1P2 | SI2C1P1 | SI2C1P0 | 4444
IPC5 00AE — — — — — — — — — — — — — INT1IP2 | INT1IP1 | INT1IPO | 0004
IPC7 00B2 — U2TXIP2 | U2TXIP1 | U2TXIPO |  — | U2RXIP2 | U2RXIP1 | U2RXIPO | — | INT2IP2 | INT2IP1 | INT2IPO — — — — 4440
IPC15 0oc2 — — — — — RTCIP2 | RTCIP1 | RTCIPO | — — — — — — — — 0400
IPC16 0oc4 — CRCIP2 | CRCIP1 | CRCIPO — | U2ERIP2 | U2ERIP1 | U2ERIPO| — | U1ERIP2 | U1ERIP1 | U1ERIPO — — — — 4440
IPC18 oocs — — — — — — — — — — — — — HLVDIP2 | HLVDIP1 | HLVDIPO | 0004
IPC19 00CA| — — — — — — — — — | CTMUIP2 | CTMUIP1 | CTMUIPO — — — — 0040
INTTREG | 00EO | CPUIRQ — VHOLD — ILR3 ILR2 ILR1 ILRO — | VECNUMS6 | VECNUMS | VECNUM4 | VECNUM3 | VECNUM2 | VECNUM1 | VECNUMO | 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 8-1: TRAP VECTOR DETAILS

Vector Number IVT Address AIVT Address Trap Source
0 000004h 000104h Reserved
1 000006h 000106h Oscillator Failure
2 000008h 000108h Address Error
3 00000AhN 00010Ah Stack Error
4 00000Ch 00010Ch Math Error
5 00000Eh 00010Eh Reserved
6 000010h 000110h Reserved
7 000012h 000112h Reserved

TABLE 8-2: IMPLEMENTED INTERRUPT VECTORS

Interrupt Source N\(Jer(r:ltt?ér IVT Address A(?dl\r/érss Interrupt Bit Locations —
Flag Enable Priority
ADC1 Conversion Done 13 00002Eh 00012Eh IFS0<13> IEC0<13> IPC3<6:4>
Comparator Event 18 000038h 000138h IFS1<2> IEC1<2> IPC4<10:8>
CRC Generator 67 00009Ah 00019Ah IFS4<3> IEC4<3> IPC16<14:12>
CTMU 77 0000AEh 0001AEh IFS4<13> IEC4<13> IPC19<6:4>
External Interrupt O 0 000014h 000114h IFS0<0> IEC0<0> IPC0<2:0>
External Interrupt 1 20 00003Ch 00013Ch IFS1<4> IEC1<4> IPC5<2:0>
External Interrupt 2 29 00004Eh 00014Eh IFS1<13> IEC1<13> IPC7<6:4>
12C1 Master Event 17 000036h 000136h IFS1<1> IEC1<1> IPC4<6:4>
12C1 Slave Event 16 000034h 000134h IFS1<0> IEC1<0> IPC4<2:0>
Input Capture 1 1 000016h 000116h IFS0<1> IECO<1> IPC0<6:4>
Input Change Notification 19 00003Ah 00013Ah IFS1<3> IEC1<3> IPC4<14:12>
HLVD High/Low-Voltage Detect 72 0000A4h 0001A4h IFS4<8> IEC4<8> IPC17<2:0>
NVM — NVM Write Complete 15 000032h 000132h IFS0<15> IEC0<15> IPC3<14:12>
Output Compare 1 2 000018h 000118h IFS0<2> IEC0<2> IPC0<10:8>
Real-Time Clock/Calendar 62 000090h 000190h IFS3<14> IEC3<14> IPC15<10:8>
SPI1 Error 9 000026h 000126h IFS0<9> IEC0<9> IPC2<6:4>
SPI1 Event 10 000028h 000128h IFS0<10> IEC0<10> IPC2<10:8>
Timer1 3 00001Ah 00011Ah IFS0<3> IEC0<3> IPC0<14:12>
Timer2 7 000022h 000122h IFS0<7> IECO<7> IPC1<14:12>
Timer3 8 000024h 000124h IFS0<8> IEC0<8> IPC2<2:0>
UART1 Error 65 000096h 000196h IFS4<1> IEC4<1> IPC16<6:4>
UART1 Receiver 1 00002Ah 00012Ah IFS0<11> IEC0<11> IPC2<14:12>
UART1 Transmitter 12 00002Ch 00012Ch IFS0<12> IEC0<12> IPC3<2:0>
UART2 Error 66 000098h 000198h IFS4<2> IEC4<2> IPC16<10:8>
UART2 Receiver 30 000050h 000150h IFS1<14> IEC1<14> IPC7<10:8>
UART2 Transmitter 31 000052h 000152h IFS1<15> IEC1<15> IPC7<14:12>

© 2008-2011 Microchip Technology Inc. DS39927C-page 65
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9.3 Control Registers The Clock Divider register (Register 9-2) controls the
) ) ) features associated with Doze mode, as well as the
The operation of the oscillator is controlled by three postscaler for the FRC oscillator.

Special Function Registers (SFRs):
P I ( ) The FRC Oscillator Tune register (Register 9-3) allows

+ OSCCON the user to fine tune the FRC oscillator over a range of
+ CLKDIV approximately +5.25%. Each bit increment or decre-
« OSCTUN ment changes the factory calibrated frequency of the
The OSCCON register (Register 9-1) is the main con- FRC oscillator by a fixed amount.

trol register for the oscillator. It controls clock source
switching and allows the monitoring of clock sources.

REGISTER 9-1: OSCCON: OSCILLATOR CONTROL REGISTER

u-0 R-0,HSC  R-0,HSC  R-0,HSC u-0 R/W-x1) R/W-x1) R/W-x1)
— | cosca | cosct | cosco |  — | Nosc2 | NOSC1 | NOSCO
bit 15 bit 8
R/SO-0, HSC u-0 R-0, HsC® u-0 R/CO-0, HS u-0 R/W-0 R/W-0
Ctklock |  — | ock | — | cF | — | SOSCEN | OSWEN
bit 7 bit 0
Legend: CO = Clearable Only bit
SO = Settable Only bit HS = Hardware Settable bit HSC = Hardware Settable/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 15 Unimplemented: Read as ‘0’

bit 14-12 COSC<2:0>: Current Oscillator Selection bits
111 = 8 MHz Fast RC Oscillator with Postscaler (FRCDIV)
110 = 500 kHz Low-Power Fast RC Oscillator (FRC) with Postscaler (LPFRCDIV)
101 = Low-Power RC Oscillator (LPRC)
100 = Secondary Oscillator (SOSC)
011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Primary Oscillator (XT, HS, EC)
001 = 8 MHz FRC Oscillator with Postscaler and PLL module (FRCPLL)
000 = 8 MHz FRC Oscillator (FRC)

bit 11 Unimplemented: Read as ‘0’
bit 10-8 NOSC<2:0>: New Oscillator Selection bits™®)

111 = 8 MHz Fast RC Oscillator with Postscaler (FRCDIV)

110 = 500 kHz Low-Power Fast RC Oscillator (FRC) with Postscaler (LPFRCDIV)
101 = Low-Power RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)

010 = Primary Oscillator (XT, HS, EC)

001 = 8 MHz FRC Oscillator with Postscaler and PLL module (FRCPLL)

000 = 8 MHz FRC Oscillator (FRC)

Note 1: Reset values for these bits are determined by the FNOSC Configuration bits.
2: Also resets to ‘0’ during any valid clock switch or whenever a non-PLL Clock mode is selected.
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REGISTER 16-1: SPI1STAT: SPI1 STATUS AND CONTROL REGISTER

R/W-0 u-0 R/W-0 U-0 U-0 R-0, HSC R-0, HSC R-0, HSC
SPIEN — SPISIDL — — SPIBEC2 SPIBEC1 SPIBECO
bit 15 bit 8
R-0,HSC R/C-0,HS R/W-0, HSC R/W-0 R/W-0 R/W-0 R-0, HSC R-0, HSC
SRMPT SPIROV SRXMPT SISEL2 SISEL1 SISELO SPITBF SPIRBF
bit 7 bit 0

Legend: U = Unimplemented bit, read as ‘0° HSC = Hardware Settable/Clearable bit
R = Readable bit W = Writable bit H = Hardware Settable bit C = Clearable bit
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15 SPIEN: SPI1 Enable bit
1 = Enables module and configures SCK1, SDO1, SDI1 and SS1 as serial port pins
0 = Disables module
bit 14 Unimplemented: Read as ‘0’
bit 13 SPISIDL: Stop in Idle Mode bit
1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12-11  Unimplemented: Read as ‘0’
bit 10-8 = SPIBEC<2:0>: SPI1 Buffer Element Count bits (valid in Enhanced Buffer mode)
Master mode:
Number of SPI transfers are pending.
Slave mode:
Number of SPI transfers are unread.
bit 7 SRMPT: Shift Register (SPI1SR) Empty bit (valid in Enhanced Buffer mode)
1 = SPI1 Shift register is empty and ready to send or receive
0 = SPI1 Shift register is not empty
bit 6 SPIROV: Receive Overflow Flag bit
1 = A new byte/word is completely received and discarded
The user software has not read the previous data in the SPI1BUF register.
0 = No overflow has occurred
bit 5 SRXMPT: Receive FIFO Empty bit (valid in Enhanced Buffer mode)
1 = Receive FIFO is empty
0 = Receive FIFO is not empty
bit 4-2 SISEL<2:0>: SPI1 Buffer Interrupt Mode bits (valid in Enhanced Buffer mode)

111 = Interrupt when the SPI1 transmit buffer is full (SPITBF bit is set)

110 = Interrupt when the last bit is shifted into SPI1SR; as a result, the TX FIFO is empty

101 = Interrupt when the last bit is shifted out of SPI1SR; now the transmit is complete

100 = Interrupt when one data byte is shifted into the SPI1SR; as a result, the TX FIFO has one open spot

011 = Interrupt when the SPI1 receive buffer is full (SPIRBF bit set)

010 = Interrupt when the SPI1 receive buffer is 3/4 or more full

001 = Interrupt when data is available in receive buffer (SRMPT bit is set)

000 = Interrupt when the last data in the receive buffer is read; as a result, the buffer is empty
(SRXMPT bit is set)

DS39927C-page 134 © 2008-2011 Microchip Technology Inc.
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17.3

Setting Baud Rate When
Operating as a Bus Master

To compute the Baud Rate Generator (BRG) reload
value, use Equation 17-1.

EQUATION 17-1:

COMPUTING BAUD RATE
RELOAD VALUE®

Note

Fcy
12C1BRG + 1 +

FscL =

Fcy
10, 000, 000

or

Fcy

12C1BRG = T ooo) 1

(FSCL

1: Based on Fcy = Fosc/2; Doze mode and
PLL are disabled.

17.4 Slave Address Masking

The 12C1MSK register (Register 17-3) designates
address bit positions as “don’t care” for both 7-Bit and
10-Bit Addressing modes. Setting a particular bit
location (= 1) in the I2C1MSK register causes the slave
module to respond whether the corresponding address
bit value is ‘0’ or ‘1’. For example, when [2C1MSK is set
to ‘00100000°, the slave module will detect both
addresses: ‘0000000’ and ‘00100000’.

To enable address masking, the Intelligent Peripheral
Management Interface (IPMI) must be disabled by
clearing the IPMIEN bit (I2C1CON<11>).

Note:  As a result of changes in the 1’c protocol,
the addresses in Table 17-2 are reserved
and will not be Acknowledged in Slave
mode. This includes any address mask
settings that include any of these

addresses.

TABLE 17-1:  1°C™ CLOCK RATES(®
Rse;qsutgr?]d . I2C1BRG Value Actual
FscL (Decimal) (Hexadecimal) FscL
100 kHz 16 MHz 157 9D 100 kHz
100 kHz 8 MHz 78 4E 100 kHz
100 kHz 4 MHz 39 27 99 kHz
400 kHz 16 MHz 37 25 404 kHz
400 kHz 8 MHz 18 12 404 kHz
400 kHz 4 MHz 9 9 385 kHz
400 kHz 2 MHz 4 4 385 kHz
1 MHz 16 MHz 13 D 1.026 MHz
1 MHz 8 MHz 6 6 1.026 MHz
1 MHz 4 MHz 3 3 0.909 MHz
Note 1: Based on Fcy = Fosc/2; Doze mode and PLL are disabled;
TABLE 17-2:  1°C™ RESERVED ADDRESSES()
Slave R/W Description
Address Bit
0000 000 0 |General Call Address®®
0000 000 1 Start Byte
0000 001 X Cbus Address
0000 010 X Reserved
0000 011 X Reserved
0000 1xx X HS Mode Master Code
1111 1xx X Reserved
1111 Oxx X 10-Bit Slave Upper Byte(3)
Note 1: The address bits listed here will never cause an address match, independent of the address mask settings.
2:  The address will be Acknowledged only if GCEN = 1.
3: A match on this address can only occur on the upper byte in 10-Bit Addressing mode.

© 2008-2011 Microchip Technology Inc.
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REGISTER 17-3: [2C1MSK: 12C1 SLAVE MODE ADDRESS MASK REGISTER

u-0 u-0 u-0 u-0 u-0 u-0 R/W-0 R/W-0
— — — — — — AMSK9 AMSK38
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
AMSK7 AMSK6 AMSK5 AMSK4 AMSK3 AMSK2 AMSKA1 AMSKO
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 15-10 Unimplemented: Read as ‘0’
bit 9-0 AMSK<9:0>: Mask for Address Bit x Select bits

1 = Enable masking for bit x of incoming message address; bit match is not required in this position
0 = Disable masking for bit x; bit match is required in this position

REGISTER 17-4: PADCFG1: PAD CONFIGURATION CONTROL REGISTER

U-0 u-0 U-0 u-0 u-0 U-0 U-0 u-0
bit 15 bit 8
U-0 u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0
— — — SMBUSDEL | OC1TRIS®?? | RTSECSEL1(®) | RTSECSELO™3) —
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 15-5 Unimplemented: Read as ‘0’

bit 4 SMBUSDEL: SMBus SDA Input Delay Select bit
1 = The IC module is configured for a longer SMBus input delay (nominal 300 ns delay)
0 = The 12C module is configured for a legacy input delay (nominal 150 ns delay)

bit 0 Unimplemented: Read as ‘0’

Note 1: To enable the actual RTCC output, the RTCOE (RCFGCAL<10>) bit needs to be set.
2. To enable the actual OC1 output, the OCPWM1 module has to be enabled.
3. Bits<3:1> are described in related chapters.
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FIGURE 20-2: CRC GENERATOR RECONFIGURED FOR x16 + x12 + x5 + 1
XOR
»>(De»D alelepmD alep »D Q (M oD alel( o»lD a
soo’ ’5) \“J D)) &AJ *S)
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CRC Read Bus
CRC Write Bus
20.1 User Interface To empty words already written into a FIFO, the

20.1.1 DATA INTERFACE

To start serial shifting, a value of ‘1’ must be written to
the CRCGO bit.

The module incorporates a FIFO that is 8-level deep
when PLEN<3:0>>7 and 16-deep, otherwise. The
data for which the CRC is to be calculated must first be
written into the FIFO. The smallest data element that
can be written into the FIFO is one byte.

For example, if PLEN = 5, then the size of the data is
PLEN + 1 = 6. The data must be written as follows:

data<5:0> = cr c_i nput <5:0>
data<7:6> = bxx

Once data is written into the CRCWDAT MSb (as
defined by PLEN), the value of the VWORD bits
(CRCCON<12:8>) increments by one. The serial
shifter starts shifting data into the CRC engine when
CRCGO =1 and VWORD<4:0> > 0. When the Most
Significant bit (MSb) is shifted out, the VWORD bits
decrement by one. The serial shifter continues shifting
until the VWORD bits reach zero. Therefore, for a given
value of PLEN, it will take (PLEN + 1) * VWORD
number of clock cycles to complete the CRC
calculations.

When the VWORD bits reach 8 (or 16), the CRCFUL bit
will be set. When the VWORD bits reach 0, the
CRCMPT bit will be set.

To continually feed data into the CRC engine, the
recommended mode of operation is to initially “prime”
the FIFO with a sufficient number of words so no
interrupt is generated before the next word can be
written. Once that is done, start the CRC by setting the
CRCGO bitto ‘1’. From that point onward, the VWORD
bits should be polled. If they read less than 8 or 16,
another word can be written into the FIFO.

CRCGO bit must be set to ‘1’ and the CRC shifter
allowed to run until the CRCMPT bit is set.

Also, to get the correct CRC reading, it will be
necessary to wait for the CRCMPT bit to go high before
reading the CRCWDAT register.

If a word is written when the CRCFUL bit is set, the
VWORD Pointer will roll over to 0. The hardware will
then behave as if the FIFO is empty. However, the
condition to generate an interrupt will not be met;
therefore, no interrupt will be generated (see
Section 20.1.2 “Interrupt Operation”).

At least one instruction cycle must pass after a write to
CRCWDAT before a read of the VWORD bits is done.
20.1.2 INTERRUPT OPERATION

When the VWORD<4:0> bits make a transition from a

value of 1’ to ‘0’, an interrupt will be generated.

20.2 Operation in Power Save Modes

20.2.1 SLEEP MODE

If Sleep mode is entered while the module is operating,
the module will be suspended in its current state until
clock execution resumes.

20.2.2 IDLE MODE

To continue full module operation in Idle mode, the
CSIDL bit must be cleared prior to entry into the mode.

If CSIDL = 1, the module will behave the same way as
it does in Sleep mode; pending interrupt events will be
passed on, even though the module clocks are not
available.
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FIGURE 22-3:

A/D TRANSFER FUNCTION

Output Code
(Binary (Decimal))

11 1111 1111 (1023)
11 1111 1110 (1022) 4

10
10
10
10
01
01
01

0000
0000
0000
0000
1111
1111
1111

00 0000 0001 (1)

0011 (515) -+
0010 (514)

0001 (513) +
0000 (512)

1111 (511) 4
1110 (510) +
1101 (509)

00 0000 0000 (0)

Voltage Level —p»

1024

1024
(VINH = VINL)

1023 * (VR+ — VR-)

VR- +
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REGISTER 24-1: CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER

uU-0 U-0 U-0 U-0 U-0 uU-0 uU-0 uU-0
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO
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 15-8 Unimplemented: Read as ‘0’
bit 7 CVREN: Comparator Voltage Reference Enable bit
1 = CVREF circuit is powered on
0 = CVREF circuit is powered down
bit 6 CVROE: Comparator VREF Output Enable bit
1 = CVREF voltage level is output on CVREF pin
0 = CVREF voltage level is disconnected from CVREF pin
bit 5 CVRR: Comparator VREF Range Selection bit
1 = CVRSRC range should be 0 to 0.625 CVRSRC with CVRSRC/24 step size
0 = CVRSRC range should be 0.25 to 0.719 CVRSRC with CVRSRC/32 step size
bit 4 CVRSS: Comparator VREF Source Selection bit
1 = Comparator reference source, CVRSRC = VREF+ — VREF-
0 = Comparator reference source, CVRSRC = AVDD — AVSS
bit 3-0 CVR3:CVRO0: Comparator VREF Value Selection 0 < CVR<3:0> < 15 bits

When CVRR = 1 and CVRSS = o:

CVREF = (CVR<3:0>/24) * (CVRSRC)

When CVRR = 0 and CVRSS = o0:

CVREF = 1/4 (CVRSRC) + (CVR<3:0>/32) * (CVRSRC)

When CVRR =1 and CVRSS = 1:

CVREF = ((CVR<3:0>/24) * (CVRSRC)) + VREF-

When CVRR = 0 and CVRSS = 1:

CVREF = (1/4 (CVRSRC) + (CVR<3:0>/32) * (CVRSRC)) + VREF-
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REGISTER 26-6: FPOR: RESET CONFIGURATION REGISTER

R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 u-0 R/P-1 R/P-1
MCLRE® | BORV1©) BORVO® | 12C1SEL®) | PWRTEN — BOREN1 BORENO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable 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 MCLRE: MCLR Pin Enable bit(®
1 = MCLR pin is enabled; RA5 input pin is disabled
0 = RA5 input pin is enabled; MCLR is disabled
bit 6-5 BORV<1:0>: Brown-out Reset Enable bits)
11 = Brown-out Reset is set to the lowest voltage
10 = Brown-out Reset
01 = Brown-out Reset is set to the highest voltage
00 = Low-Power Brown-out Reset occurs around 2.0V
bit 4 I2C1SEL: Alternate 12C1 Pin Mapping bit™®
0 = Alternate location for SCL1/SDA1 pins
1 = Default location for SCL1/SDA1 pins
bit 3 PWRTEN: Power-up Timer Enable bit
0 = PWRT is disabled
1 = PWRT is enabled
bit 2 Unimplemented: Read as ‘0’
bit 1-0 BOREN<1:0>: Brown-out Reset Enable bits

11 = Brown-out Reset is enabled in hardware; SBOREN bit is disabled

10 = Brown-out Reset is enabled only while device is active and disabled in Sleep; SBOREN bit is disabled
01 = Brown-out Reset is controlled with the SBOREN bit setting

00 = Brown-out Reset is disabled in hardware; SBOREN bit is disabled

Note 1. Applies only to 28-pin devices.

2:  The MCLRE fuse can only be changed when using the VPP-Based ICSP™ mode entry. This prevents a
user from accidentally locking out the device from the low-voltage test entry.

Refer to Section 29.0, Electrical Characteristics for the BOR voltages.
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TABLE 29-6: DC CHARACTERISTICS: OPERATING CURRENT (IoD) (CONTINUED)

Standard Operating Conditions: 1.8V to 3.6V (unless otherwise stated)

DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Parameter No. | Typical® Max Units Conditions
Iob Current®
DC31 28 -40°C
DC31a 8 28 WA +25°C 18V
DC31b 28 +60°C
DC31c 28 +85°C
DC31d 55 -40°C LPRC (31 kHz)
DC31e 55 +25°C
DC31f 15 55 pA +60°C 3.3V
DC31g 55 +85°C
DC31h 250 +125°C

Note 1: Datain “Typical’ column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
2: Operating Parameters:
» EC mode with clock input driven with a square wave rail-to-rail
* I/Os are configured as outputs, driven low
* MCLR - VDD
* WDT FSCM is disabled
* SRAM, program and data memory are active
* All PMD bits are set except for modules being measured
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TABLE 29-26: COMPARATOR TIMINGS

Pzrgm Symbol Characteristic Min Typ Max Units Comments
300 |TResp |Response Time ™ — 150 400 ns
301 Tmc2ov Comparator*Mode Change to — — 10 us

Output Valid

* Parameters are characterized but not tested.

Note 1: Response time is measured with one comparator input at (VDD — 1.5)/2, while the other input transitions
from Vss to VDD.

TABLE 29-27: COMPARATOR VOLTAGE REFERENCE SETTLING TIME SPECIFICATIONS

P;a\lrc?m Symbol Characteristic Min Typ Max Units Comments
VR310 | TSET Settling Time® — — 10 us

Note 1. Settling time is measured while CVRR = 1 and CVR<3:0> bits transition from ‘0000’ to ‘1111".
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TABLE 29-32: 1°C™ BUS DATA TIMING REQUIREMENTS (SLAVE MODE)

Standard Operating Conditions: 2.0V to 3.6V
unless otherwise stated
AC CHARACTERISTICS (Operating temperature —4)10°C < TA < +85°C (Industrial)
-40°C < TA < +125°C for Extended
PaNr:m Symbol Characteristic Min Max | Units Conditions
1IS10 TLo:scL |Clock Low Time |[100 kHz mode 4.7 — us |Device must operate at a
minimum of 1.5 MHz
400 kHz mode 1.3 — us |Device must operate at a
minimum of 10 MHz
1 MHz mode® 0.5 — us
1IS11 THI:sCL Clock High Time |100 kHz mode 4.0 — us |Device must operate at a
minimum of 1.5 MHz
400 kHz mode 0.6 — pus |Device must operate at a
minimum of 10 MHz
1 MHz mode® 0.5 — us
1S20 TF:sCL SDAx and SCLx |100 kHz mode — 300 ns |CBis specified to be from
Fall Time 400 kHz mode | 20+0.1Cs | 300 | ns |[10t0400pF
1 MHz mode(® — 100 | ns
1S21 TR:SCL SDAx and SCLx |100 kHz mode — 1000 ns |CBis specified to be from
Rise Time 400 kHz mode | 20+0.1Cs | 300 | ns |[10t0400pF
1 MHz mode(® — 300 | ns
1S25 TSuU:DAT |Data Input 100 kHz mode 250 — ns
Setup Time 400 kHz mode 100 — ns
1 MHz mode(® 100 — ns
1S26 THD:DAT |Data Input 100 kHz mode 0 — ns
Hold Time 400 kHz mode 0 0.9 us
1 MHz mode® 0 0.3 us
1S40 TAaA:scL  |Output Valid From | 100 kHz mode 0 3500 ns
Clock 400 kHz mode 0 1000 | ns
1 MHz mode(® 0 350 | ns
1S45 TBF:SDA |Bus Free Time 100 kHz mode 4.7 — pus | Time the bus must be free
400 kHz mode 1.3 _ us before a new transmission
1 MHz mode® 05 — [ ps |constart
1S50 Cs Bus Capacitive Loading — 400 pF
Note 1: Maximum pin capacitance = 10 pF for all |2cm pins (for 1 MHz mode only).
FIGURE 29-13: START BIT EDGE DETECTION
BRGx | Any Value |
|<— Tcy —>| |- Start bit Detected, BRGx Started
e [\ [\ [ W B U B
—»| [« TSETUP
|4—TSTDELAY4>‘
UxRX \ \a
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FIGURE 29-20: SPIx MODULE SLAVE MODE TIMING CHARACTERISTICS (CKE =1)
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TABLE 29-39: SPIx MODULE SLAVE MODE TIMING REQUIREMENTS (CKE = 1)

Standard Operating Conditions: 2.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature ~ -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

PaNr(z)am Symbol Characteristic Min Typ(l) Max Units | Conditions
SP70 |TscL SCKXx Input Low Time 30 — — ns
SP71 |TscH SCKXx Input High Time 30 — — ns
SP72 |TscF SCKx Input Fall Time®@ — 10 25 ns
SP73 |TscR SCKx Input Rise Time® — 10 25 ns
SP30 |TdoF SDOx Data Output Fall Time® — 10 25 ns
SP31 |TdoR SDOx Data Output Rise Time®@ — 10 25 ns
SP35 |TscH2doV, |SDOx Data Output Valid after SCKx Edge — — 30 ns

TscL2doV
SP40 |TdiV2scH, |Setup Time of SDIx Data Input to 20 — — ns

TdiV2scL |SCKx Edge
SP41 |TscH2diL, |Hold Time of SDIx Data Input to 20 — — ns

TscL2diL |SCKx Edge
SP50 |TssL2scH, |SSx | to SCKx | or SCKx T Input 120 — — ns

TssL2scL
SP51 |TssH2doZ |SSx T to SDOx Output High-Impedance® 10 — 50 ns
SP52 |TscH2ssH | SSx T after SCKx Edge 1.5 Tcy + 40 — — ns

TscL2ssH
SP60 |TssL2doV |SDOx Data Output Valid after SSx Edge — — 50 ns
Note 1: Datain “Typ” columnis at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only and are not

tested.
2: The minimum clock period for SCKx is 100 ns. Therefore, the clock generated in Master mode must not violate this
specification.
3: Assumes 50 pF load on all SPIx pins.
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20-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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20-Lead Plastic Quad Flat, No Lead Package (MQ) — 5x5x0.9 mm Body [QFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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TOP VIEW BOTTOM VIEW
y A
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A3 A1
Units MILLIMETERS
Dimension Limits|  MIN | NOM [ MAX
Number of Pins N 20
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 5.00 BSC
Exposed Pad Width E2 315 | 325 | 335
Overall Length D 5.00 BSC
Exposed Pad Length D2 3.15 3.25 3.35
Contact Width b 0.25 0.30 0.35
Contact Length L 0.35 0.40 0.45
Contact-to-Exposed Pad K 0.20 - -
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
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