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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"

Active

PIC

16-Bit

32MHz

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, HLVD, POR, PWM, WDT
24

8KB (2.75K x 24)

FLASH

512 x8

1IKx 8

1.8V ~ 3.6V

A/D 12x10b

Internal

-40°C ~ 85°C (TA)

Through Hole

28-DIP (0.300", 7.62mm)

28-SPDIP

https://www.e-xfl.com/product-detail/microchip-technology/pic24f08kl402-i-sp

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic24f08kl402-i-sp-4406119
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

PIC24F16KL402 FAMILY

Pin Diagrams: PIC24FXXKL302/402

28-Pin SPDIP/SSOP/soICc®)

MCLR/VPP/RA5
VREF+/CVREF+/ANO/SDA2/CN2/RAO
CVREF-/VREF-/AN1/CN3/RA1
PGED1/AN2/ULPWU/C1IND/C2INB/U2TX/CN4/RBO
PGEC1/AN3/C1INC/C2INA/U2RX/CN5/RB1
AN4/C1INB/C2IND/T3G/U1RX/CN6/RB2
C1INA/C2INC/SCL2/CN7/RB3

Vss

OSCI/AN13/CLKI/CN30/RA2
OSCO/AN14/CLKO/CN29/RA3
SOSCI/AN15/U2RTS/CN1/RB4
SOSCO/SCLKI/U2CTS/CNO/RA4

VDD

PGED3/ASDA1@/SCK2/CN27/RB5

28-Pin QFN®
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1 VDD

] Vss -

7 AN9/T3CK/REFO/SST/CN11/RB15

] CVREF/AN10/C1OUT/FLTO/INT1/CN12/RB14
(7 AN11/SDO1/CN13/RB13

] AN12/HLVDIN/SS2/CCP2/CN14/RB12
5] PGEC2/SCK1/P1C/CN15/RB11

] PGED2/SDI1/P1B/CN16/RB10

] C20UT/CCP1/P1A/INT2/CNS/RA6

] SDI2/CCP3/CN9/RA7

(] SDA1/T1CK/U1RTS/P1D/CN21/RB9
] SCL1/UTCTS/CN22/RB8

B U1TX/INTO/CN23/RB7

(] PGEC3/ASCL1@/SD0O2/CN24/RB6

VREF+/CVREF+/ANO/SDA2/CN2/RA0

CVREF-/VREF-/AN1/CN3/RA1

AN9/T3CK/REFO/SS1/CN11/RB15

CVREF/AN10/C1OUT/FLTO/INT1/CN12/RB14
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PGED1/AN2/ULPWU/C1IND/C2INB/U2TX/CN4/RBO | 1 @ 211 AN11/SDO1/CN13/RB13
PGEC1/AN3/C1INC/C2INA/U2RX/CN5/RBA | 2 201 AN12/HLVDIN/SS2/CCP2/CN14/RB12
AN4/CTINB/C2INDIT3G/UTRX/ICNEIRB2 | 3 1y 4| 302(2) 19| PGEC2ISCK1/P1C/CN5/RB11
CTINAIC2INCISCL2ICNTIRB3 | 4 S 200 ™ o PGED2/SDI1/P1B/CN16/RB10
Vss| 5 C20UT/CCP1/P1A/INT2/CNS/RAG
OSCIAN13/CLKIICN30/RA2 | 6 16| SDI2/CCP3/CN9/RAT
OSCO/AN14/CLKO/CN29/RA3 | 7 15] SDA1/T1CK/UTRTS/P1D/CN21/RBY
8 91011121314

VDD

PGED3/ASDA1@/SCK2/CN27/RB5
PGEC3/ASCL1®/SDO2/CN24/RB6

SOSCO/SCLKI/U2CTS/CNO/RA4
U1TX/INTO/CN23/RB7

SCL1/U1CTS/CN22/RB8

SOSCI/AN15/U2RTS/CN1/RB4

Contact your Microchip sales team for Chip Scale Package (CSP) availability.

Note 1:
2:

Analog features (indicated in red) are not available on PIC24FXXKL302 devices.
Alternate location for 2C™ functionality of MSSP1, as determined by the 12C1SEL Configuration bit.
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PIC24F16KL402 FAMILY

Pin Diagrams: PIC24FXXKL10X/20X

20-Pin QFN®

PGEC2/VREF+/CVREF+/ANO/CN2/RAO

PGED2/CVREF-/VREF-/AN1/CN3/RA1
MCLR/VPP/RA5

PGED1/AN2/ULPWU/C1IND/CN4/RBO |1 @ 15 ANS/T3CK/REFO/CN11/RB15
PGEC1/AN3/C1INC/CN5/RB1 | 2 PIC24EXXKL101@ 14| CVREF/AN10/SDI1/C10OUT/INT1/CN12/RB14
AN4/T3G/U1RX/CN6/RB2 | 3 PIC24EXXKL 201 13] AN11/SDO1/CN13/RB13
OSCI/AN13/C1INB/CLKI/CN30/RA2 |4 12| AN12/HLVDIN/SCK1/CCP2/CN14/RB12
OSCO/AN14/C1INA/CLKO/CN29/RA3 |5 11]] CCP1/INT2/CN8/RA6

o
~
©
©
N
)

SCL1/U1CTS/SS1/CN22/RB8
SDA1/T1CK/U1RTS/CN21/RB9

U1TX/INTO/CN23/RB7

PGED3/SOSCI/AN15/CN1/RB4
PGEC3/SOSCO/SCLKI/CNO/RA4

20-Pin PDIP/SSOP/sOICY)

MCLR\VPP/RAS []1 ' 20|37 Voo
PGEC2/VREF+/CVREF+/ANO/CN2/IRAO (]2 & _, 190 Vss
PGED2/CVREF-IVReF-/ANTICN3/RAT 3 & S 18 [ AN9/T3CK/REFO/CN11/RB15
PGED1/AN2/ULPWU/CTIND/CN4/RBO []4 = 17 1 CVREF/AN10/SDIT/CTOUT/INT1/CN12/RB 14
PGEC1/AN3/C1INC/CN5/RB1 []5 £ 5 16[] AN11/SDO1/CN13/RB13
AN4/T3G/UTRX/CN6/RB2 6 352X 15 [0 AN12/HLVDIN/SCK1/CCP2/CN14/RB12
OSCI/AN13/C1INB/CLKIICN3O/RA2 []7 & 5 14 [T CCP1/INT2/CN8/RAG
OSCO/AN14/CHINAICLKO/CN29/RA3 (18 & (3 13| SDA1/T1CK/UTRTS/CN21/RBY
PGED3/SOSCIAN15/CN1/RB4 ]9 £ & 121 SCL1/UTCTS/SST/CN22/RB8
PGEC3/SOSCO/SCLKI/CNO/RA4 [] 10 11 U1 TX/INTO/CN23/RB7
14-Pin PDIP/TSSOP®
MCLRVPP/IRAS []1 ~— 1417 vop
PGEC2/VREF+/CVREF+/ANO/CNZIRAD ]2 '@ & 13[] vss o
PGED2/CVREF-/VREF-/AN1/ULPWU/CN3/RAT []3 = o 127 ANO/T3CK/REFO/UTRX/SST/INTO/CN11/RB15
OSCUAN13/C1INB/CLKICNSO/RA2 []4 £ X 11 [] CVREF/AN10/T3G/U1TX/SDI1/C1OUT/NT1/CN12/RB14
OSCO/AN14/C1INA/ICLKO/CN29/RA3 []5 & & 10 [0 CCP1/INT2/CNS/RAG
PGED3/SOSCIAN15/HLVDIN/CN1/RB4 []6 & & 9[1 SDA1/T1CK/UTRTS/SDO1/CCP2/CN21/RB9
PGEC3/SOSCO/SCLKIICNO/RA4 []7 2@ 87 SCL1/UTCTS/SCK1/CN22/RBS

Note 1: Analog features (indicated in red) are not available on PIC24FXXKL100/101 devices.
2:  Alternate location for 12C™ functionality of MSSP1, as determined by the I2C1SEL Configuration bit.
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PIC24F16KL402 FAMILY

TABLE 1-2: DEVICE FEATURES FOR PIC24F16KL40X/30X DEVICES
AN AN AN — — —
o (@) o o o o
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- - - - - -
~ ~ ¥ ¥ ~ ¥
© [e0] [0} o [0} [0}

Features — o o — o o

L L oL L oL o
< < < < < <
N N N N N N
) ) S S S S
o o o o o o

Operating Frequency DC - 32 MHz

Program Memory (bytes) 16K 8K 8K 16K 8K 8K

Program Memory (instructions) 5632 2816 2816 5632 2816 2816

Data Memory (bytes) 1024 1024 1024 1024 1024 1024

Data EEPROM Memory (bytes) 512 512 256 512 512 256

Interrupt Sources 31 (27/4) 31 (27/4) 30 (26/4) 31 (27/4) 31 (27/4) 30 (26/4)

(soft vectors/NMI traps)

1/0 Ports PORTA<7:0> PORTA<6:0>

PORTB<15:0> PORTB<15:12,9:7,4,2:0>

Total I/O Pins 24 18

Timers (8/16-bit) 2/2 2/2 2/2 2/2 2/2 2/2

Capture/Compare/PWM modules:

Total 3 3 3 3 3 3
Enhanced CCP 1 1 1 1 1 1
Input Change Notification Interrupt 23 23 23 17 17 17

Serial Communications:
UART 2 2 2 2 2 2
MSSP 2 2 2 2 2 2
10-Bit Analog-to-Digital Module 12 12 — 12 12 —
(input channels)
Analog Comparators 2 2 2 2 2 2

Resets (and delays)

POR, BOR, RESET Instruction, MCLR, WDT, lllegal Opcode,
REPEAT Instruction, Hardware Traps, Configuration Word Mismatch

(PWRT, OST, PLL Lock)

Instruction Set

76 Base Instructions, Multiple Addressing Mode Variations

Packages

28-Pin SPDIP/SSOP/SOIC/QFN

20-Pin PDIP/SSOP/SOIC/QFN

© 2011-2013 Microchip Technology Inc.
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PIC24F16KL402 FAMILY

5.5.1 PROGRAMMING ALGORITHM FOR

FLASH PROGRAM MEMORY

The user can program one row of Flash program
memory at a time by erasing the programmable row.
The general process is as follows:

1. Read a row of program memory (32 instructions)
and store in data RAM.

2. Update the program data in RAM with the
desired new data.

3. Erase a row (see Example 5-1):

a) Set the NVMOPx bits (NVMCON<5:0>) to
‘011000’ to configure for row erase. Set the
ERASE (NVMCON<6>) and WREN
(NVMCON<14>) bits.

b) Write the starting address of the block to be
erased into the TBLPAG and W registers.

c) Write 55h to NVMKEY.
d) Write AAh to NVMKEY.

e) Setthe WR bit (NVMCON<15>). The erase
cycle begins and the CPU stalls for the
duration of the erase cycle. When the erase is
done, the WR bit is cleared automatically.

EXAMPLE 5-1:

4. Write the first 32 instructions from data RAM into

the program memory buffers (see Example 5-1).

5. Write the program block to Flash memory:

a) Set the NVMOPx bits to ‘000100' to
configure for row programming. Clear the
ERASE bit and set the WREN bit.

b) Write 55h to NVMKEY.

c) Write AAh to NVMKEY.

d) Set the WR bit. The programming cycle
begins and the CPU stalls for the duration of
the write cycle. When the write to Flash
memory is done, the WR bit is cleared
automatically.

For protection against accidental operations, the write
initiate sequence for NVMKEY must be used to allow
any erase or program operation to proceed. After the
programming command has been executed, the user
must wait for the programming time until programming
is complete. The two instructions following the start of
the programming sequence should be NOPs, as shown
in Example 5-5.

ERASING A PROGRAM MEMORY ROW — ASSEMBLY LANGUAGE CODE

Set up NVMCON for row erase operation
MOV #0x4058, W)
MOV W0, NVMCON

Init pointer to rowto be ERASED
MoV #t bl page( PROG_ADDR), W)
MOV W0, TBLPAG
MOV #t bl of f set (PROG_ADDR), W)
TBLWIL WO, [WO]
Dl SI #5

MoV #0x55, W
MoV W), NVMKEY
MoV #0xAA, W
MoV WL, NVMKEY
NVMCQON, #WR

; Wite the 55 key

; Wite the AA key

Initialize NVMCON

Initialize PM Page Boundary SFR
Initialize in-page EA[15:0] pointer
Set base address of erase bl ock

Bl ock all interrupts

for next 5 instructions

Start the erase sequence
Insert two NOPs after the erase
command i s asserted

DS30001037C-page 50
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PIC24F16KL402 FAMILY

EXAMPLE 5-4: LOADING THE WRITE BUFFERS - ‘C’' LANGUAGE CODE
/1 C exanpl e usi ng MPLAB C30

#def i ne NUM_| NSTRUCTI CN_PER_ROW 64

int __attribute  ((space(auto_psv))) progAddr = &progAddr; // Qobal variabl e | ocated i n PgmMenory
unsigned int offset;

unsigned int i;

unsi gned i nt progDbat a 2* NUM | NSTRUCTI ON_PER ROW ; /1 Buffer of data to wite

//Set up NVMCON for row programi ng
NVMOON = 0x4004; /1 Initialize NVMXON

//Set up pointer to the first nmenory location to be witten
TBLPAG = __ bui |l tin_t bl page( &r ogAddr) ; /1 Initialize PM Page Boundary SFR
of fset = &progAddr & OxFFFF; /1 Initialize | ower word of address

//Perform TBLWI instructions to wite necessary nunber of |atches
for(i=0; i < 2*NUM.I NSTRUCTI ON_PER RON i ++)

{
__builtin_tblwtl (offset, progDatali++]); // Wite to address | ow word
__builtin_tblwh(offset, progbDatali]); /!l Wite to upper byte
of fset = offset + 2; /1 1ncrement address

}

EXAMPLE 5-5: INITIATING A PROGRAMMING SEQUENCE — ASSEMBLY LANGUAGE CODE

DI SI #5 ; Block all interrupts
for next 5 instructions

MoV #0x55, W

MoV WO, NVMKEY ; Wite the 55 key

MoV #OXAA, WL ;

MoV WL, NVMKEY . Wite the AA key

BSET NVMCON, #WR ; Start the erase sequence

NOP ; 2 NOPs required after setting WR

NoP ;

BTSC NVMCON, #15 ; Wait for the sequence to be conpl eted
BRA $-2 ;

EXAMPLE 5-6: INITIATING A PROGRAMMING SEQUENCE - ‘C' LANGUAGE CODE
/1 C exanpl e using MPLAB C30

asm("DI SI #5"); /1 Block all interrupts for next 5 instructions

__builtin_wite_NVM); /'l Performunl ock sequence and set WR

DS30001037C-page 52 © 2011-2013 Microchip Technology Inc.



PIC24F16KL402 FAMILY

6.0 DATA EEPROM MEMORY

Note: This data sheet summarizes the features of
this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information on Data
EEPROM, refer to the “dsPIC33/PIC24
Family Reference Manual’, “Data
EEPROM” (DS39720).

The data EEPROM memory is a Nonvolatile Memory
(NVM), separate from the program and volatile data
RAM. Data EEPROM memory is based on the same
Flash technology as program memory, and is optimized
for both long retention and a higher number of
erase/write cycles.

The data EEPROM is mapped to the top of the user pro-
gram memory space, with the top address at program
memory address, 7FFFFFh. For PIC24FXXKL4XX
devices, the size of the data EEPROM is 256 words
(7TFFEOOh to 7FFFFFh). For PIC24FXXKL3XX devices,
the size of the data EEPROM is 128 words (7FFFOO0h to
7FFFFFh). The data EEPROM is not implemented in
PIC24F08KL20X or PIC24F04KL10X devices.

The data EEPROM is organized as 16-bit wide
memory. Each word is directly addressable, and is
readable and writable during normal operation over the
entire VDD range.

Unlike the Flash program memory, normal program
execution is not stopped during a data EEPROM
program or erase operation.

The data EEPROM programming operations are
controlled using the three NVM Control registers:

* NVMCON: Nonvolatile Memory Control Register
*« NVMKEY: Nonvolatile Memory Key Register
« NVMADR: Nonvolatile Memory Address Register

EXAMPLE 6-1:

6.1 NVMCON Register

The NVMCON register (Register 6-1) is also the primary
control register for data EEPROM program/erase
operations. The upper byte contains the control bits
used to start the program or erase cycle, and the flag bit
to indicate if the operation was successfully performed.
The lower byte of NVMCOM configures the type of NVM
operation that will be performed.

6.2 NVMKEY Register

The NVMKEY is a write-only register that is used to
prevent accidental writes or erasures of data EEPROM
locations.

To start any programming or erase sequence, the
following instructions must be executed first, in the
exact order provided:

1. Write 55h to NVMKEY.
2. Write AAh to NVMKEY.

After this sequence, a write will be allowed to the
NVMCON register for one instruction cycle. In most
cases, the user will simply need to set the WR bit in the
NVMCON register to start the program or erase cycle.
Interrupts should be disabled during the unlock
sequence.

The MPLAB® C30 C compiler provides a defined library
procedure (builtin_wite_NVM to perform the
unlock sequence. Example 6-1 illustrates how the
unlock sequence can be performed with in-line
assembly.

DATA EEPROM UNLOCK SEQUENCE

/I Disable Interrupts For 5 instructions
asmvol atile("disi #5");
//1ssue Unl ock Sequence

asmvol atile ("mv #0x55, W \n"
"mov WD, NVMKEY \n"
"nov #O0xAA, W \n"
"mov WL, NVMKEY \n");

/1 Perform Wite/Erase operations

asmvol atile ("bset NVMCON, #WR \n"
"nop \n"
"nop \n");

© 2011-2013 Microchip Technology Inc.
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REGISTER 8-11:

IECO: INTERRUPT ENABLE CONTROL REGISTER O

R/W-0 uU-0 R/W-0 R/W-0 R/W-0 uU-0 U-0 R/W-0
NVMIE — AD1IE U1TXIE U1RXIE — — T3IE
bit 15 bit 8
R/W-0 R/W-0 uU-0 uU-0 R/W-0 R/W-0 U-0 R/W-0
T2IE CCP2IE — — T1IE CCP1IE — INTOIE
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 NVMIE: NVM Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 14 Unimplemented: Read as ‘0’
bit 13 ADL1IE: A/D Conversion Complete Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 12 U1TXIE: UART1 Transmitter Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 11 U1RXIE: UART1 Receiver Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 10-9 Unimplemented: Read as ‘0’
bit 8 T3IE: Timer3 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 7 T2IE: Timer2 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 6 CCP2IE: Capture/Compare/PWM2 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 5-4 Unimplemented: Read as ‘0’
bit 3 T1IE: Timer1 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 2 CCPL1IE: Capture/Compare/PWM1 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 1 Unimplemented: Read as ‘0’
bit 0 INTOIE: External Interrupt O Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

© 2011-2013 Microchip Technology Inc.
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REGISTER 8-27:

IPC16: INTERRUPT PRIORITY CONTROL REGISTER 16

uU-0 uU-0 u-0 u-0 u-0 R/W-1 R/W-0 R/W-0
— — — — — U2ERIP2M | U2ERIP1D | U2ERIPOW
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 u-0
— U1ERIP2(M | U1ERIP1® | U1ERIPOW — — — —
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 15-11 Unimplemented: Read as ‘0’

bit 10-8 U2ERIP<2:0>: UART2 Error Interrupt Priority bits()
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4 U1ERIP<2:0>: UART1 Error Interrupt Priority bits(®)
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’

Note 1: These bits are unimplemented on PIC24FXXKL10X and PIC24FXXKL20X devices.

© 2011-2013 Microchip Technology Inc.
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REGISTER 9-2: CLKDIV: CLOCK DIVIDER REGISTER
R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-1
ROI DOZE2 DOZE1 DOZEO DOZENW RCDIV2 RCDIV1 RCDIVO
bit 15 bit 8
u-0 u-0 u-0 u-0 u-0 U-0 U-0 U-0
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

bit 14-12

bit 11

bit 10-8

bit 7-0

Note 1:

ROI: Recover on Interrupt bit

1 = Interrupts clear the DOZEN bit, and reset the CPU and peripheral clock ratio to 1:1

0 = Interrupts have no effect on the DOZEN bit
DOZE<2:0>: CPU-to-Peripheral Clock Ratio Select bits

111 = 1:128
110 = 1:64
101 = 1:32
100 = 1:16
011 = 1:8
010 = 14
001 = 1:2
000 = 11

DOZEN: DOZE Enable bit(®

1 = DOZE<2:0> bits specify the CPU-to-peripheral clock ratio
0 = CPU and the peripheral clock ratio are set to 1:1
RCDIV<2:0>: FRC Postscaler Select bits

When COSC<2:0> (OSCCON<14:12) =111 or 001:
111 = 31.25 kHz (divide-by-256)

110 = 125 kHz (divide-by-64)

101 = 250 kHz (divide-by-32)

100 = 500 kHz (divide-by-16)

011 = 1 MHz (divide-by-8)

010 = 2 MHz (divide-by-4)

001 = 4 MHz (divide-by-2) (default)

000 = 8 MHz (divide-by-1)

When COSC<2:0> (OSCCON<14:12>) = 110:

111 = 1.95 kHz (divide-by-256)

110 = 7.81 kHz (divide-by-64)

101 = 15.62 kHz (divide-by-32)

100 = 31.25 kHz (divide-by-16)

011 = 62.5 kHz (divide-by-8)

010 = 125 kHz (divide-by-4)

001 = 250 kHz (divide-by-2) (default)

000 = 500 kHz (divide-by-1)

Unimplemented: Read as ‘0’

This bit is automatically cleared when the ROI bit is set and an interrupt occurs.

© 2011-2013 Microchip Technology Inc.
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REGISTER 16-5: PSTR1CON: ECCP1 PULSE STEERING CONTROL REGISTER®

uU-0 uU-0 u-0 u-0 uU-0 uU-0 uU-0 u-0
bit 15 bit 8
R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1
CMPLA1 CMPLO — STRSYNC STRD STRC STRB STRA
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-8 Unimplemented: Read as ‘0’
bit 7-6 CMPL<1:0>: Complementary Mode Output Assignment Steering bits
00 = Complementary output assignment is disabled; the STR<D:A> bits are used to determine
Steering mode
01 = P1A and P1B are selected as the complementary output pair
10 = P1A and P1C are selected as the complementary output pair
11 = P1A and P1D are selected as the complementary output pair
bit 5 Unimplemented: Read as ‘0’
bit 4 STRSYNC: Steering Sync bit
1 = Output steering update occurs on the next PWM period
0 = Output steering update occurs at the beginning of the instruction cycle boundary
bit 3 STRD: Steering Enable D bit
1 = P1D pin has the PWM waveform with polarity control from CCP1M<1:0>
0 = P1D pin is assigned to port pin
bit 2 STRC: Steering Enable C bit
1 = P1C pin has the PWM waveform with polarity control from CCP1M<1:0>
0 = P1C pin is assigned to port pin
bit 1 STRB: Steering Enable B bit
1 = P1B pin has the PWM waveform with polarity control from CCP1M<1:0>
0 = P1B pin is assigned to port pin
bit 0 STRA: Steering Enable A bit
1 = P1A pin has the PWM waveform with polarity control from CCP1M<1:0>
0 = P1A pin is assigned to port pin
Note 1: This register is only implemented on PIC24FXXKL40X/30X devices. In addition, PWM Steering mode is

available only when CCP1M<3:2> = 11 and PM<1:0> = 00.
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REGISTER 19-5: ADI1CSSL: A/D INPUT SCAN SELECT REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CSSL<15:8>(D

bit 15 bit 8

R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CSSL<7:6> — CSSL<4:0>D

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 15-6 CSSL<15:6>: A/D Input Pin Scan Selection bits(%)

1 = Corresponding analog channel selected for input scan
0 = Analog channel omitted from input scan

bit 5 Unimplemented: Read as ‘0’

bit 4-0 CSSL<4:0>: A/D Input Pin Scan Selection bits(?)

1 = Corresponding analog channel selected for input scan
0 = Analog channel omitted from input scan

Note 1: CSSL<12:11,4:2> bits are unimplemented on 14-pin devices.

REGISTER 19-6: ANCFG: ANALOG INPUT CONFIGURATION REGISTER

u-0 u-0 u-0 uU-0 uU-0 U-0 U-0 U-0
bit 15 bit 8
u-0 u-0 u-0 U-0 U-0 u-0 U-0 R/W-0
— — — — — — — VBGEN
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 15-1 Unimplemented: Read as ‘0’
bit 0 VBGEN: Internal Band Gap Reference Enable bit

1 = Internal band gap voltage is available as a channel input to the A/D Converter
0 = Band gap is not available to the A/D Converter
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24.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers (MCU) and dsPIC® digital
signal controllers (DSC) are supported with a full range
of software and hardware development tools:
 Integrated Development Environment

- MPLAB® X IDE Software
» Compilers/Assemblers/Linkers

- MPLAB XC Compiler

- MPASM™ Assembler

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

» Simulators
- MPLAB X SIM Software Simulator
* Emulators
- MPLAB REAL ICE™ In-Circuit Emulator
* In-Circuit Debuggers/Programmers
- MPLABICD 3
- PICkit™ 3
* Device Programmers
- MPLAB PM3 Device Programmer

* Low-Cost Demonstration/Development Boards,
Evaluation Kits and Starter Kits

» Third-party development tools

24.1 MPLAB X Integrated Development
Environment Software

The MPLAB X IDE is a single, unified graphical user
interface for Microchip and third-party software, and
hardware development tool that runs on Windows®,
Linux and Mac OS® X. Based on the NetBeans IDE,
MPLAB X IDE is an entirely new IDE with a host of free
software components and plug-ins for high-
performance application development and debugging.
Moving between tools and upgrading from software
simulators to hardware debugging and programming
tools is simple with the seamless user interface.

With complete project management, visual call graphs,
a configurable watch window and a feature-rich editor
that includes code completion and context menus,
MPLAB X IDE is flexible and friendly enough for new
users. With the ability to support multiple tools on
multiple projects with simultaneous debugging, MPLAB
X IDE is also suitable for the needs of experienced
users.

Feature-Rich Editor:

» Color syntax highlighting

* Smart code completion makes suggestions and
provides hints as you type

» Automatic code formatting based on user-defined
rules

* Live parsing
User-Friendly, Customizable Interface:

» Fully customizable interface: toolbars, toolbar
buttons, windows, window placement, etc.

» Call graph window

Project-Based Workspaces:

* Multiple projects

* Multiple tools

* Multiple configurations

« Simultaneous debugging sessions

File History and Bug Tracking:

* Local file history feature
« Built-in support for Bugzilla issue tracker
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24.6 MPLAB X SIM Software Simulator

The MPLAB X SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on I/0, most peripherals and internal registers.

The MPLAB X SIM Software Simulator fully supports
symbolic debugging using the MPLAB XC Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

24.7 MPLAB REAL ICE In-Circuit
Emulator System

The MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs all 8, 16 and 32-bit MCU, and DSC devices
with the easy-to-use, powerful graphical user interface of
the MPLAB X IDE.

The emulator is connected to the design engineer’s
PC using a high-speed USB 2.0 interface and is
connected to the target with either a connector
compatible with in-circuit debugger systems (RJ-11)
or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CATS).

The emulator is field upgradable through future firmware
downloads in MPLAB X IDE. MPLAB REAL ICE offers
significant advantages over competitive emulators
including full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, logic
probes, a ruggedized probe interface and long (up to
three meters) interconnection cables.

24.8 MPLAB ICD 3 In-Circuit Debugger
System

The MPLAB ICD 3 In-Circuit Debugger System is
Microchip’s most cost-effective, high-speed hardware
debugger/programmer for Microchip Flash DSC and
MCU devices. It debugs and programs PIC Flash
microcontrollers and dsPIC DSCs with the powerful,
yet easy-to-use graphical user interface of the MPLAB
IDE.

The MPLAB ICD 3 In-Circuit Debugger probe is
connected to the design engineer’s PC using a high-
speed USB 2.0 interface and is connected to the target
with a connector compatible with the MPLAB ICD 2 or
MPLAB REAL ICE systems (RJ-11). MPLAB ICD 3
supports all MPLAB ICD 2 headers.

24.9 PICKkit 3 In-Circuit Debugger/
Programmer

The MPLAB PICkit 3 allows debugging and program-
ming of PIC and dsPIC Flash microcontrollers at a most
affordable price point using the powerful graphical user
interface of the MPLAB IDE. The MPLAB PICkit 3 is
connected to the design engineer’s PC using a full-
speed USB interface and can be connected to the
target via a Microchip debug (RJ-11) connector (com-
patible with MPLAB ICD 3 and MPLAB REAL ICE). The
connector uses two device I/O pins and the Reset line
to implement in-circuit debugging and In-Circuit Serial
Programming™ (ICSP™).

24.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages, and a mod-
ular, detachable socket assembly to support various
package types. The ICSP cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices, and incorporates an MMC card for file
storage and data applications.
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24.11 Demonstration/Development
Boards, Evaluation Kits and
Starter Kits

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully
functional systems. Most boards include prototyping
areas for adding custom circuitry and provide applica-
tion firmware and source code for examination and
modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In additon to the PICDEM™ and dsPICDEM™
demonstration/development board series of circuits,
Microchip has a line of evaluation kits and demonstra-
tion software for analog filter design, KEEL0oQ® security
ICs, CAN, IrDA®, PowerSmart battery management,
SEEVAL® evaluation system, Sigma-Delta ADC, flow
rate sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.

24.12 Third-Party Development Tools

Microchip also offers a great collection of tools from
third-party vendors. These tools are carefully selected
to offer good value and unique functionality.

» Device Programmers and Gang Programmers
from companies, such as SoftLog and CCS

» Software Tools from companies, such as Gimpel
and Trace Systems

» Protocol Analyzers from companies, such as
Saleae and Total Phase

» Demonstration Boards from companies, such as
MikroElektronika, Digilent® and Olimex

* Embedded Ethernet Solutions from companies,
such as EZ Web Lynx, WIZnet and IPLogika®
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26.2 AC Characteristics and Timing Parameters

The information contained in this section defines the PIC24F16KL402 Family AC characteristics and timing parameters.

TABLE 26-16: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC

Standard Operating Conditions: 1.8V to 3.6V
AC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
Operating voltage VDD range as described in Section 26.1 “DC Characteristics”.
FIGURE 26-3: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
Load Condition 1 — for All Pins Except OSCO Load Condition 2 — for OSCO
Vob/2
RL Pin T CL
Vss
Pin _T_ CL RL = 4640
CL = 50 pF for all pins except OSCO
Vss 15 pF for OSCO output
TABLE 26-17: CAPACITIVE LOADING REQUIREMENTS ON OUTPUT PINS
Pz’i\lrg\m Symbol Characteristic Min Typ(l) Max | Units Conditions
DO50 |Cosc2 |OSCO/CLKO Pin — — 15 pF [In XT and HS modes when
external clock is used to drive
OSCI
DO56 |Cio All I/O Pins and OSCO — — 50 pF |EC mode
DO58 |(Cs SCLx, SDAx — — 400 pF  |In I’C™ mode

Note 1. Datain “Typ” column is at 3.3V, +25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.
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FIGURE 26-9:

EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)

SDIx

bit6 - -2

Note:

Refer to Figure 26-3 for load conditions.

=1 LSb In

5
_J

77

TABLE 26-29: EXAMPLE SPI MODE REQUIREMENTS (SLAVE MODE TIMING, CKE = 0)

Pilr:m Symbol Characteristic Min Max | Units |Conditions
70 TssL2scH, |SSx | to SCKx 4 or SCKx T Input 3 Tey — | ns
TssL2scL
70A TssL2WB [SSx to Write to SSPxBUF 3 Tey — ns
71 TscH SCKXx Input High Time Continuous 1.25Tcy +30| — ns
71A (Slave mode) Single Byte 40 — | ns |(Note1)
72 TscL SCKx Input Low Time Continuous 1.25Tcy +30| — ns
72A (Slave mode) Single Byte 40 — | ns |(Note1)
73 TDIV2scH, |Setup Time of SDIx Data Input to SCKx Edge 20 — ns
TpIV2scL
73A TB2B Last Clock Edge of Byte 1 to the First Clock Edge of Byte 2| 1.5Tcy +40 | — ns |(Note 2)
74 TscH2bIL, [Hold Time of SDIx Data Input to SCKx Edge 40 — ns
TscL2DpIL
75 TpoR SDOx Data Output Rise Time — 25 ns
76 TDOF SDOx Data Output Fall Time — 25 ns
77 TssH2D0Z |SSx T to SDOx Output High-Impedance 10 50 ns
80 TscH2boV, |SDOx Data Output Valid after SCKx Edge — 50 ns
TscL2poV
83 TscH2ssH, |SSx T after SCKx Edge 15Tcy+40 | — | ns
TscL2ssH
Fsck SCKx Frequency — 10 | MHz
Note 1: Requires the use of Parameter 73A.

2:  Only if Parameters 71A and 72A are used.
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14-Lead Plastic Thin Shrink Small Outline (ST) - 4.4 mm Body [TSSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

NOTE 1 J

T

SIZER J LE JL

TOP VIEW

o A R
|Q|O.10|C|B|A}—$

SEATING PLANE F—

14X b —=
[€]0.10@[C[B[A]

SIDE VIEW

|

Microchip Technology Drawing C04-087C Sheet 1 of 2
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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

EXPOSED
D PAD x D2
| 222212
| \ |
T
| | .
| | ;
T QNN
r//// . \ §§\1 —
7, . ' K
/L "
| N
L
TOP VIEW BOTTOM VIEW
y A
— —D—D—D—D—D—*f_
A3 Al
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.

Microchip Technology Drawing C04-139B
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