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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 -
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17
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512 x 8

1.8V ~ 3.6V
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Internal
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Surface Mount

20-SOIC (0.295", 7.50mm Width)
20-S0IC
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PIC24F16KL402 FAMILY

TABLE 1-5: PIC24F16KL20X/10X FAMILY PINOUT DESCRIPTIONS (CONTINUED)
Pin Number
20-Pin .
Function PDIP/ 20-Pin 1;1D||°'|3r/1 110 Buffer Description
SSOP/ QFN TSSOP
SOIC
SCK1 15 12 8 1/0 ST MSSP1 SPI Serial Input/Output Clock
SCL1 12 9 8 /0 12c MSSP1 12C Clock Input/Output
SCLKI 10 7 12 | ST Digital Secondary Clock Input
SDA1 13 10 9 110 12C | MSSP1 I2C Data Input/Output
SDI1 17 14 1 | ST MSSP1 SPI Serial Data Input
SDO1 16 13 9 (0] — MSSP1 SPI Serial Data Output
SOSCI 9 6 11 I ANA Secondary Oscillator Input
SOSCO 10 7 12 (0] ANA Secondary Oscillator Output
ss1 12 9 12 (e} — SPI1 Slave Select
T1CK 13 10 9 | ST Timer1 Clock
T3CK 18 15 12 | ST Timer3 Clock
T3G 6 3 11 I ST Timer3 External Gate Input
UICTS 12 9 8 I ST UART1 Clear-to-Send Input
U1RTS 13 10 9 o) — UART1 Request-to-Send Output
U1RX 6 3 12 | ST UART1 Receive
U1TX 1 8 1 o — UART1 Transmit
ULPWU 3 1 3 | ANA Ultra Low-Power Wake-up Input
VDD 20 17 14 P — Positive Supply for Peripheral Digital Logic and I/O Pins
VREF+ 2 19 2 | ANA A/D Reference Voltage Input (+)
VREF- 3 20 3 | ANA A/D Reference Voltage Input (-)
Vss 19 16 13 P — Ground Reference for Logic and I/O Pins

Legend: TTL = TTL input buffer
ANA = Analog level input/output

ST = Schmitt Trigger input buffer
12C = 12C™/SMBus input buffer
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PIC24F16KL402 FAMILY

2.0 GUIDELINES FOR GETTING FIGURE 2-1: RECOMMENDED
STARTED WITH 16-BIT MINIMUM CONNECTIONS
MICROCONTROLLERS

c2®
2.1 Basic Connection Requirements Voo

B

> >

Getting started with the PIC24F16KL402 family of R1

16-bit microcontrollers requires attention to a minimal R2
set of device pin connections before proceeding with MCLR
development.

The following pins must always be connected: I PIC2AEXXKLXXX

« All VDD and Vss pins
(see Section 2.2 “Power Supply Pins”) — Vs VoD
» All AVDD and AVSs pins, regardless of whether or I
not the analog device features are used
(see Section 2.2 “Power Supply Pins”)
* MCLR pin
(see Section 2.3 “Master Clear (MCLR) Pin")

VDD Vss
These pins must also be connected if they are being
used in the end application:

[a]
o
>
* PGECx/PGEDx pins used for In-Circuit Serial
Programming™ (ICSP™) and debugging purposes Key (all values are recommendations):
(see Section 2.4 “ICSP Pins”) C1 through C6: 0.1 uF, 20V ceramic
* OSCI and OSCO pins when an external oscillator R1: 10 kQ

source is used . _ R2: 100Q to 4700
(see Section 2.5 “External Oscillator Pins”)

i

C3

i

AVss
Vss

AVDD
gL
E

Note 1: The example shown is for a PIC24F device
Additionally, the following pins may be required: with five VDD/Vss and AVDD/AVSS pairs.
Other devices may have more or less pairs;
adjust the number of decoupling capacitors
appropriately.

» VREF+/VREF- pins are used when external voltage
reference for analog modules is implemented

Note:  The AVDD and AVSs pins must always be
connected, regardless of whether any of
the analog modules are being used.

The minimum mandatory connections are shown in
Figure 2-1.
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TABLE 4-8: MSSP REGISTER MAP

ATINVA ¢0 14914 2Old

File Name Addr Bit 15 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 ReAsItlets
SSP1BUF 0200 — — — — — — — — MSSP1 Receive Buffer/Transmit Register 00xx
SSP1CON1 0202 — — — — — — — — WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000
SSP1CON2 0204 — — — — — — — — GCEN |ACKSTAT| ACKDT | ACKEN RCEN PEN RSEN SEN 0000
SSP1CON3 0206 — — — — — — — — ACKTIM PCIE SCIE BOEN SDAHT | SBCDE AHEN DHEN | 0000
SSP1STAT 0208 = = = = = = = = SMP CKE D/A P S RW UA BF | 0000
SSP1ADD 020A — — — — — — — — MSSP1 Address Register (FC™ Slave Mode) 0000

MSSP1 Baud Rate Reload Register (IZC Master Mode)
SSP1MSK 020C — — — — — — — — MSSP1 Address Mask Register (IZC Slave Mode) 00FF
SSP2BUF® 0210 = = = = = = = = MSSP2 Receive Buffer/Transmit Register 00xXx
SSP2CON1M | 0212 — — — — — — — — WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000
SSP2CON2M | 0214 — — — — — — — — GCEN |ACKSTAT| ACKDT | ACKEN RCEN PEN RSEN SEN 0000
SSP2CON3M | 0216 — — — — — — — — ACKTIM PCIE SCIE BOEN SDAHT | SBCDE AHEN DHEN | 0000
SSP2STAT® | 0218 — — — — — — — — SMP CKE D/A P S RIW UA BF 0000
sspP2ADD® | 021A = = = = = = = = MSSP2 Address Register (12C Slave Mode) 0000
MSSP2 Baud Rate Reload Register (12C Master Mode)

ssP2mMsk® | 021C = — — — — — — — MSSP2 Address Mask Register (I2C Slave Mode) 0OFF
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: These bits and/or registers are unimplemented on PIC24FXXKL10X and PIC24FXXKL20X family devices; read as ‘0’.
TABLE 4-9: UART REGISTER MAP

N';IrI:e Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R(;:Ielzts
U1MODE 0220 | UARTEN — usIDL IREN RTSMD — UEN1 UENO WAKE LPBACK | ABAUD | RXINV BRGH | PDSEL1 | PDSELO | STSEL | 0000
U1STA 0222 |UTXISEL1| UTXINV [UTXISELO — UTXBRK | UTXEN | UTXBF | TRMT |URXISEL1|URXISELO | ADDEN | RIDLE PERR FERR OERR | URXDA | 0110
U1TXREG | 0224 — — — — — — — UART1 Transmit Register XXXX
U1RXREG | 0226 — — — — — — — UART1 Receive Register 0000
U1BRG 0228 Baud Rate Generator Prescaler Register 0000
U2MODE 0230 | UARTEN — usIDL IREN RTSMD — UEN1 UENO WAKE LPBACK | ABAUD | RXINV BRGH | PDSEL1 | PDSELO | STSEL | 0000
U2STA 0232 |UTXISEL1| UTXINV [UTXISELO — UTXBRK | UTXEN | UTXBF | TRMT |URXISEL1|URXISELO| ADDEN | RIDLE PERR FERR OERR | URXDA | 0110
U2TXREG | 0234 — — — — — — — UART2 Transmit Register XXXX
U2RXREG | 0236 — — — — — — — UART2 Receive Register 0000
U2BRG 0238 Baud Rate Generator Prescaler Register 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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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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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.
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REGISTER 8-7: IFS2: INTERRUPT FLAG STATUS REGISTER 2
U-0 U-0 U-0 U-0 uU-0 u-0 u-0 u-0
bit 15 bit 8
uU-0 uU-0 R/W-0 uU-0 uU-0 uU-0 uU-0 uU-0
— — T3GIF — — — — —
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 Unimplemented: Read as ‘0’
bit 5 T3GIF: Timer3 External Gate Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 4-0 Unimplemented: Read as ‘0’
REGISTER 8-8: IFS3: INTERRUPT FLAG STATUS REGISTER 3
U-0 U-0 U-0 uU-0 U-0 u-0 uU-0 u-0
bit 15 bit 8
uU-0 U-0 uU-0 U-0 U-0 R/W-0 R/W-0 u-0
— — — — — BCL2IFD | ssp2IF®) —
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 15-3
bit 2

bit 1

bit 0

Note 1:

Unimplemented: Read as ‘0’
BCL2IF: MSSP2 12C™ Bus Collision Interrupt Flag Status bit(1)

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

SSP2IF: MSSP2 SPI/I2C Event Interrupt Flag Status bit(1)

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

Unimplemented: Read as ‘0’

These bits are unimplemented on PIC24FXXKL10X and PIC24FXXKL20X devices.

© 2011-2013 Microchip Technology Inc.
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REGISTER 8-22:

IPC5: INTERRUPT PRIORITY CONTROL REGISTER 5

uU-0 uU-0 u-0 u-0 uU-0 U-0 U-0 U-0
bit 15 bit 8
u-0 uU-0 U-0 U-0 U-0 R/W-1 R/W-0 R/W-0
— — — — — INT1IP2 INT1IP1 INT11PO
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 15-3
bit 2-0

Unimplemented: Read as ‘0’
INT1IP<2:0>: External Interrupt 1 Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

001 = Interrupt is Priority 1
000 = Interrupt source is disabled

DS30001037C-page 86
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10.3 Ultra Low-Power Wake-up See Example 10-2 for initializing the ULPWU module.

The Ultra Low-Power Wake-up (ULPWU) on pin, RBO A series resistor, between RBO and the external
allows a slow falling voltage to generate an interrupt capacitor, prowdes' overcurrent protection for t.he
without excess current consumption. This feature RBO/AN2/ULPWU pin and enables software calibration
provides a low-power technique for periodically waking of the time-out (see Figure 10-1).

up the device from Sleep mode.

. FIGURE 10-1: SERIES RESISTOR

To use this feature:
1. Charge the capacitor on RBO by configuring the RBO R

RBO pin to an output and setting it to ‘1’.
2. Stop charging the capacitor by configuring RBO

as an input. C4
3. Discharge the capacitor by setting the ULPEN ;I;

and ULPSINK bits in the ULPWCON register.
4. Configure Sleep mode. =

5. Enter Sleep mode.
P A timer can be used to measure the charge time and

The time-out is dependent on the discharge time of the discharge time of the capacitor. The charge time can
RC circuit on RBO. When the voltage on RBO drops then be adjusted to provide the desired delay in Sleep.
below ViL, the device wakes up and executes the next This technique compensates for the affects of tempera-
instruction. ture, voltage and component accuracy. The peripheral
When the ULPWU module wakes the device from can also be configured as a simple, programmable
Sleep mode, the ULPWUIF bit (IFS5<0>) is set. Soft- Low-Voltage Detect (LVD) or temperature sensor.

ware can check this bit upon wake-up to determine the
wake-up source.

EXAMPLE 10-2: ULTRA LOW-POWER WAKE-UP INITIALIZATION

INEEA SRR EEREEEEEEREEEREEEEEEEEEEEEEREEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEE]

/1 1. Charge the capacitor on RBO
//~k~k~k~k~k~k~k~k~k~k~k~k*********k********************************************************
TRI SBbits. TRISBO = 0;
LATBbi ts. LATBO = 1;
for(i = 0; i < 10000; i++) Nop();

INEEEA SRR EEREEEEEEREEEREEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEE]

/12. Stop Charging the capacitor on RBO

//**********~k~k******************************************************************

TRI SBbits. TRISBO = 1;

INEEEA SRR R RS EEEREEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEREEEEEEEE]

/ /3. Enable ULPWJ I nterrupt
//******************************************************************************
| FS5bits. ULPWJ F = O;

| EC5bits. UUPWJ E = 1;

| PC20bi ts. ULPWJI P = Ox7;

INEEEA SRR EEREEEEEEREEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]

/14. Enable the Utra Low Power Wakeup nodul e and al |l ow capacitor discharge
//******************************************************************************
ULPWCONbi ts. ULPEN = 1;
ULPWCONbi ts. ULPSI NK = 1;

INEEEA SRR EEREEEEEEREEEREEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]

/15. Enter Sleep Mde

//***********~k******************************************************************

Sl eep();
/1for Sleep, execution will resune here

© 2011-2013 Microchip Technology Inc. DS30001037C-page 107
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11.3 Input Change Notification

The Input Change Noatification (ICN) function of the I/O
ports allows the PIC24F16KL402 family of devices to
generate interrupt requests to the processor in response
to a Change-of-State (COS) on selected input pins. This
feature is capable of detecting input Change-of-States,
even in Sleep mode, when the clocks are disabled.
Depending on the device pin count, there are up to
23 external signals that may be selected (enabled) for
generating an interrupt request on a Change-of-State.

There are six control registers associated with the
Change Notification (CN) module. The CNEN1 and
CNENZ2 registers contain the interrupt enable control
bits for each of the CN input pins. Setting any of these
bits enables a CN interrupt for the corresponding pins.

Each CN pin also has a weak pull-up/pull-down
connected to it. The pull-ups act as a current source
that is connected to the pin. The pull-downs act as a
current sink to eliminate the need for external resistors
when push button or keypad devices are connected.

EXAMPLE 11-1:

On any pin, only the pull-up resistor or the pull-down
resistor should be enabled, but not both of them. If the
push button or the keypad is connected to VDD, enable
the pull-down, or if they are connected to Vss, enable
the pull-up resistors. The pull-ups are enabled sepa-
rately using the CNPU1 and CNPU2 registers, which
contain the control bits for each of the CN pins.

Setting any of the control bits enables the weak
pull-ups for the corresponding pins. The pull-downs are
enabled separately, using the CNPD1 and CNPD2
registers, which contain the control bits for each of the
CN pins. Setting any of the control bits enables the
weak pull-downs for the corresponding pins.

When the internal pull-up is selected, the pin uses VDD
as the pull-up source voltage. When the internal
pull-down is selected, the pins are pulled down to Vss
by an internal resistor. Make sure that there is no exter-
nal pull-up source/pull-down sink when the internal
pull-ups/pull-downs are enabled.

Note: Pull-ups and pull-downs on Change Notifi-
cation pins should always be disabled
whenever the port pin is configured as a
digital output.

PORT WRITE/READ EXAMPLE (ASSEMBLY LANGUAGE)

MoV #0xFF0O, WO
MoV W, TRISB
MoV #0x00FF, W
MoV W), ANSB

Confi gure PORTB<15:8> as inputs and PORTB<7: 0> as outputs
Enabl e PORTB<15: 8> digital input buffers

NOP ; Delay 1 cycle
BTSS PORTB, #13 ; Next Instruction

EXAMPLE 11-2:

PORT WRITE/READ EXAMPLE (C LANGUAGE)

TRI SB = O0xFF0O;
ANSB = OxO0OFF;

i f (PORTBbi ts. RB13 == 1)
{
}

/'l Configure PORTB<15:8> as inputs and PORTB<7: 0> as outputs
/1 Enabl e PORTB<15: 8> digital input buffers

NOP() ; /1l Delay 1 cycle

/'l execute followi ng code if PORTB pin 13 is set.

DS30001037C-page 114
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FIGURE 17-1: MSSPx BLOCK DIAGRAM (SPI MODE)

Internal Data Bus

SDIx ~
= L SSPxSR Shift Clock
bit 0
SDOx
?
SSx
SSx Control Enable
Edge
Select
2
Clock Select
SSPM<3:0> SSszDD<7:0>
: 4
SMP'CZKE TMR2 Output) {
SCKx * 2 / Baud
@ e Edge Rate
Select Generator
Prescaler |TOSC
4,16, 64
Data to TXx/RXx in SSPxSR
TRISX bit

Note: Refer to the device data sheet for pin multiplexing.

FIGURE 17-2: SPI MASTER/SLAVE CONNECTION

SPI Slave SSPM<3:0> = 010x

| | |
| | |
| SDOX| _ !SDIx |
| | o | |
| | | |
! Serial Input Buffer ! ! Serial Input Buffer !
: (SSPXBUF) : : (SSPXBUF) :
| | | |
| | | |
| | | |
| | | |
! Shift Register SDIx! ' SDOx Shift Register !
: (SSPxSR) — ' (SSPxSR) :
| | | |
| | | |
LSb MSb
! MSb I Serial Clock ! LSb !
l SCK 1 SCKx |
: PROCESSOR 1 ! ! PROCESSOR 2 :
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NOTES:
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19.0 10-BIT HIGH-SPEED A/D
CONVERTER

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 the 10-Bit
High-Speed A/D Converter, refer to the
“dsPIC33/PIC24 Family  Reference
Manual’, “10-Bit A/D Converter”
(DS39705).

The 10-bit A/D Converter has the following key
features:

» Successive Approximation (SAR) conversion

» Conversion speeds of up to 500 ksps

» Up to 12 analog input pins

» External voltage reference input pins

« Internal band gap reference input

» Automatic Channel Scan mode

» Selectable conversion trigger source

» Two-word conversion result buffer

» Selectable Buffer Fill modes

» Four result alignment options

» Operation during CPU Sleep and Idle modes
Depending on the particular device, PIC24F16KL402
family devices implement up to 12 analog input pins,
designated ANO through AN4 and AN9 through AN15.
In addition, there are two analog input pins for external
voltage reference connections (VREF+ and VREF-).

These voltage reference inputs may be shared with
other analog input pins.

A block diagram of the A/D Converter is displayed in
Figure 19-1.

To perform an A/D conversion:

1. Configure the A/D module:

a) Configure port pins as analog inputs and/
or select band gap reference inputs
(ANSA<3:0>, ANSB<15:12,4:0> and
ANCFG<0>).

b) Select the voltage reference source to
match the expected range on analog inputs
(AD1CON2<15:13>).

c) Select the analog conversion clock to match
the desired data rate with the processor
clock (AD1CON3<7:0>).

d) Select the appropriate sample/conversion
sequence (AD1CON1<7:5> and
AD1CON3<12:8>).

e) Select how conversion results are
presented in the buffer (AD1CON1<9:8>).

f)  Select interrupt rate (AD1CON2<5:2>).

g) Turn on A/D module (AD1CON1<15>).
2. Configure A/D interrupt (if required):

a) Clear the AD1IF bit.

b) Select A/D interrupt priority.

© 2011-2013 Microchip Technology Inc.
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FIGURE 19-3:

A/D TRANSFER FUNCTION

10
10
10
10
01
01
01

11 1111 1111 (1023)
11 1111 1110 (1022) +

0000
0000
0000
0000
1111
1111

1111

00 0000 0000 (0)

Digital Output Code
Binary (Decimal)

'

0011 (515) -

0010 (514) o
0001 (513)

0000 (512)
1111 (511) =+
1110 (510) =+
1101 (509) =+

00 0000 0001 (1)

o

Voltage Level

—_—

Vg-
Vr+ - Vr-

1024

Vg- +

512 * (Vg+ - Vi)

1024

Vg- +

Vr+
Vine - Vine

1023 * (Va+ - Vie)
1024

Vg- +
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TABLE 26-6:

DC CHARACTERISTICS: OPERATING CURRENT (Ipop)®

DC CHARACTERISTICS

Standard Operating Conditions:

1.8Vto 3.6V

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

Parameter No. Typical(l) Max Units | Conditions
IDD Current
DC20 0.154 0.350 1.8V
A +85Vv°C
0.301 0.630 m 3.3V 0.5 MIPS,
— .500 1.8V Fosc =1 MHz
A +125°C
— 800 m 3.3V S
DC22 0.300 — 1.8V . 1 MIPS,
0.585 — mA aav | &€ FOSC = 2 MHz
DC24 7.76 12.0 A 3.3V | +85°C 16 MIPS,
— 18.0 m 33V | +125°C Fosc = 32 MHz
DC26 1.44 — 1.8V . FRC (4 MIPS),
271 — mA sav | € Fosc = 8 MHz
DC30 4.00 28.0 1.8V
MA +85°C
9.00 55.0 3.3V LPRC (15.5 KIPS),
— 45.0 1.8V Fosc = 31 kHz
A +125°C
— 90.0 H 3.3V °
Note 1: Data in the Typical column is at 3.3V, +25°C, unless otherwise stated.

2. DD is measured with all peripherals disabled. All I/Os are configured as outputs and set low; PMDx bits are

set to ‘1’ and WDT, etc., are all disabled.

TABLE 26-7: DC CHARACTERISTICS: IDLE CURRENT (lipLE)®
Standard Operating Conditions: 1.8V to 3.6V
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Parameter No. Typical® Max Units ‘ Conditions
Idle Current (liDLE)
DC40 0.035 0.080 1.8V
mA +85°C
0.077 0.150 3.3V 0.5 MIPS,
— 0.160 1.8V Fosc =1 MHz
mA +125°C
— 0.300 3.3V
DC42 0.076 — 1.8V . 1 MIPS,
0.146 - mA - TEav | Fosc = 2 MHz
DC44 2.52 3.20 mA 3.3V | +85°C 16 MIPS,
— 5.00 mA 3.3V | +125°C Fosc = 32 MHz
DC46 0.45 — mA 1.8V FRC (4 MIPS)
+85°C _ ’
0.76 — mA 3.3V Fosc =8 MHz
DC50 0.87 18.0 MA 1.8V
+85°C
1.55 40.0 MA 3.3V LPRC (15.5 KIPS),
— 27.0 MA 1.8V Fosc =31 kHz
+125°C
— 50.0 MA 3.3V
Note 1: Data in the Typical column is at 3.3V, +25°C, unless otherwise stated.

2. lIDLE is measured with all I/Os configured as outputs and set low; PMDx bits are set to ‘1’ and WDT, etc.,

are all disabled.
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TABLE 26-13: DC CHARACTERISTICS: DATA EEPROM MEMORY

Standard Operating Conditions: 1.8V to 3.6V
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pzrg\m Sym Characteristic Min Typ(l) Max Units Conditions
Data EEPROM Memory
D140 EPD Cell Endurance 100,000 — — E/W
D141 VPRD |VDD for Read VMIN — 3.6 V  |VMIN = Minimum operating
voltage
D143A |Tiwp |Self-Timed Write Cycle — 4 — ms
Time
D143B |TRer  |Number of Total — 10M — E/W
Write/Erase Cycles Before
Refresh
D144 TRETDD |Characteristic Retention 40 — — Year |Provided no other specifications
are violated
D145 IDbPD | Supply Current during — 7 — mA
Programming
Note 1: Datain “Typ” column is at 3.3V, +25°C unless otherwise stated.
TABLE 26-14: DC CHARACTERISTICS: COMPARATOR
Standard Operating Conditions: 2.0V < VDD < 3.6V
Operating temperature -40°C < TA < +85°C (unless otherwise stated)
-40°C < TA < +125°C for Extended
PaNr:m Symbol Characteristic Min Typ Max Units Comments
D300 VIOFF Input Offset Voltage — 20 40 mV
D301 Vicm Input Common-Mode Voltage 0 — VDD \%
D302 CMRR Common-Mode Rejection 55 — — dB
Ratio

TABLE 26-15: DC CHARACTERISTICS: COMPARATOR VOLTAGE REFERENCE

Standard Operating Conditions: 2.0V < VDD < 3.6V
Operating temperature -40°C < TA < +85°C (unless otherwise stated)
-40°C < TA £ +125°C for Extended

Pzr:m Symbol Characteristic Min Typ Max Units Comments
VRD310 |CVRES Resolution — — VDD/32 LSb
VRD311 |CVRAA Absolute Accuracy — — AVDD - 1.5 LSb
VRD312 |CVRUR Unit Resistor Value (R) — 2k — Q
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TABLE 26-23: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET TIMING REQUIREMENTS

Standard Operating Conditions: 1.8V to 3.6V
AC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilr:m Symbol Characteristic Min. | Typ® | Max. Units Conditions
SY10 |TmcL MCLR Pulse Width (low) 2 — — us
SY11 |TPwWRT |Power-up Timer Period 50 64 90 ms
SY12 |TPOR Power-on Reset Delay 1 5 10 us
SY13 |Tioz I/0 High-Impedance from — — 100 ns
MCLR Low or Watchdog
Timer Reset
SY20 |TwDT Watchdog Timer Time-out 0.85 1.0 1.15 ms 1.32 prescaler
Period 34 | 4.0 4.6 ms  |1:128 prescaler
SY25 |TBOR Brown-out Reset Pulse 1 — — us
Width
SY45 |TRST Internal State Reset Time — 5 — us
SY55 |TLOCK PLL Start-up Time — 100 — us
SY65 |TosT Oscillator Start-up Time — 1024 — Tosc
SY71 |TpMm Program Memory Wake-up — 1 — us Sleep wake-up with
Time PMSLP =0

Note 1. Datain “Typ” column is at 3.3V, +25°C unless otherwise stated.

TABLE 26-24: COMPARATOR TIMINGS

Pzr:m Symbol Characteristic Min Typ Max Units Comments
300 |TResp |Response Time(®-?) — 150 400 ns
301 Tmc2ov | Comparator Mode Change to — — 10 us

Output Valid®

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

2. Parameters are characterized but not tested.

TABLE 26-25: COMPARATOR VOLTAGE REFERENCE SETTLING TIME SPECIFICATIONS

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

Note 1. Settling time is measured while CVRSS = 1 and the CVR<3:0> bits transition from ‘0000’ to ‘1111’.
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2

7.2

Package Details

The following sections give the technical details of the packages.

14-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note:

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

http://www.microchip.com/packaging

N
NOTE 1 A
~7 c
,
)
1 2 3
D
A [ LA
A1—
b — e |—-—r0
Units INCHES
Dimension Limits MIN NOM MAX
Number of Pins N 14
Pitch e .100 BSC
Top to Seating Plane A - - 210
Molded Package Thickness A2 115 .130 .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length .735 .750 775
Tip to Seating Plane 115 130 .150
Lead Thickness .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:

1.

2
3.
4

nlals ol sl Wl ke

Pin 1 visual index feature may vary, but must be located with the hatched area.
. § Significant Characteristic.
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
. Dimensioning and tolerancing per ASME Y 14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-005B
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28-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

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

D

-

N |

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A — - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 9.90 10.20 10.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [ 0° 4° 8°
Lead Width b 0.22 - 0.38

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
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 C04-073B

DS30001037C-page 242 © 2011-2013 Microchip Technology Inc.



PIC24F16KL402 FAMILY

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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28-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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