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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"

Obsolete

PIC

16-Bit

40 MIPs

12C, SPI, UART/USART

Brown-out Detect/Reset, POR, PWM, WDT
21

12KB (4K x 24)

FLASH

1K x 8

3V ~ 3.6V

A/D 10x10b/12b

Internal

-40°C ~ 125°C (TA)

Surface Mount

28-S0IC (0.295", 7.50mm Width)
28-S0IC
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PIC24HJ12GP201/202

Pin Diagrams

18-Pin PDIP, SOIC

PGED2/ANO/VREF+/CN2/RA0 [|2
PGEC2/AN1/VREF-/CN3/RA1 []3
PGED1/AN2/RPO()/CN4/RBO 4
PGEC1/AN3/RP1()/CN5/RB1 []5
OSC1/CLKI/CN30/RA2 |6
OSC2/CLKO/CN29/RA3 []7
PGED3/SOSCI/RP4M/CN1/RB4 [|8
PGEC3/SOSCO/T1CK/CNO/RA4 []9

28-Pin SPDIP, SOIC, SSOP

MCLR [l
PGED2/ANO/VREF+/CN2/RA0 []2
PGEC2/AN1/VREF-ICN3/RAT []3
PGED1/AN2/RPOY/CN4/RBO [|4
PGEC1/AN3/RP1/CN5/RB1 [[5

AN4/RP2M/CN6/RB2 [ |6
AN5/RP3M/CN7/RB3 [|7
8
9

Vss []
OSC1/CLKI/CN30/RA2 [_|

PGED3/SOSC/RP4/CN1/RB4 [ 11

VoD []
ASDA1/RP5(/CN27/RB5

peripherals.

OSC2/CLKO/CN29/RA3 []10

PGEC3/SOSCO/T1CK/CNO/RA4 []12

T0ZdOZ1CHYZOId

202dOZ1IrHYZOId

B = Pins are up to 5V tolerant

MCLR m 7 voo

17[] Vss
16[ ] AN6/RP15(0/CN11/RB15

151 AN7/RP14(1)/CN12/RB14
14[_] Vcap

13 ] Vss
12[8 SDA1/RPIMW/CN21/RB9

11 SCL1/RP8W/CN22/RB8
10/ INTO/RP7(M/CN23/RB7

W = Pins are up to 5V tolerant

28] AvDbD

27[] Avss
26 [ ] AN6/RP15()/CN11/RB15

25[ ] AN7/RP14/CN12/RB14
24[ ] AN8/RP13M/CN13/RB13
23] AN9/RP12(D/CN14/RB12
22 [l TMS/RP11W/CN15/RB11
21 : TDI/RP10Y/CN16/RB10
20[] Veap

19 Vss

18 TDO/SDA1/RP9M/CN21/RB9
17 TCK/SCL1/RP8(M/CN22/RB8

INTO/RP7()/CN23/RB7
ASCL1/RP6(M/CN24/RB6

Note 1: The RPn pins can be used by any remappable peripheral. See Table 1 for the list of available
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TABLE 4-4: INTERRUPT CONTROLLER REGISTER MAP

oK | R | Bitas | Bitia | Bit13 | Bit12 Bit1l | Bit10 | Bit9 | Bit8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 | Bito ReAS'G'HS
INTCON1 | 0080 |[NSTDIS| — - - - - - - - DIVOERR| — | MATHERR|ADDRERR| STKERR |OSCFALL| — | 0000
INTCON2 | 0082 | ALTIVT | DISI _ _ _ _ _ _ _ _ _ —_ _ INT2EP | INT1EP | INTOEP | 0000
IFSO 0084 | — _ AD1IF | UTTXIF | UIRXIF | SPHIF |SPHEIF| T3IF T2IF oC2IF | Ic2IF —_ T1IF OC1IF | IC1F | INTOIF | 0000
IFS1 0086 | — _ INT2IF _ _ _ _ _ IC8IF IC7IF _ INT1IF CNIF — | mizc1iF [ si2c1iF | oooo
IFS4 oosC | — _ _ _ _ _ _ _ _ _ _ —_ _ _ U1EIF — | oooo
IECO 0094 | — _ AD1E | UTTXIE | UIRXIE | SPMIE |SPHMEIE| T3IE T2IE OC2IE | IC2IE —_ T1IE OC1IE | IC1E | INTOIE | 0000
IEC1 009% | — _ INT2IE _ _ _ _ _ IC8IE IC7IE _ INTAIE CNIE — | mi2c1ie [ si2c1iE | 0000
IEC4 oooc | — _ _ _ _ _ _ _ _ _ _ —_ _ _ U1EIE — | oooo
IPCO 00A4 | — T1IP<2:0> _ 0C1IP<2:0> _ IC11P<2:0> _ INTOIP<2:0> 4444
IPC1 00A6 | — T2IP<2:0> _ 0C2IP<2:0> _ IC2IP<2:0> — — | — | — | 440
IPC2 00A8 | — U1RXIP<2:0> _ SPIIP<2:0> _ SPIEIP<2:0> _ T3IP<2:0> 4444
IPC3 00AA | — — | = T = _ _ _ _ — AD1IP<2:0> _ U1TXIP<2:0> 0044
IPC4 00AC | — CNIP<2:0> — — — _ _ MI2C1IP<2:0> _ SI2C1IP<2:0> 4044
IPC5 00AE | — IC8IP<2:0> — IC7IP<2:0> — _ _ — — INT1IP<2:0> 4404
IPC7 00B2 | — _ _ _ _ _ _ _ _ INT2IP<2:0> — _ — — | ooa0
IPC16 ooca | — _ _ _ _ _ _ _ _ U1EIP<2:0> _ _ _ — | o040
INTTREG | 00E0 | — _ _ _ ILR<3:0> _ VECNUM<6:0> 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-16: PORTA REGISTER MAP
File Name | Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReAsléletS
TRISA 02C0 — — — — — — — — — — — TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 001F
PORTA 02C2 — — — — — — — — — — — RA4 RA3 RA2 RA1 RAO XXXX
LATA 02C4 — — — — — — — — — — — LATA4 LATA3 LATA2 LATA1 LATAO XXXX
ODCA 02C6 — — — — — — — — — — — ODCA4 ODCA3 ODCA2 ODCA1 ODCAO0 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-17: PORTB REGISTER MAP FOR PIC24HJ12GP202
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 Reéltlets
TRISB 02C8 | TRISB15 | TRISB14 | TRISB13 | TRISB12 | TRISB11 | TRISB10 | TRISB9 | TRISB8 | TRISB7 TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO FFFF
PORTB 02CA RB15 RB14 RB13 RB12 RB11 RB10 RB9 RB8 RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX
LATB 02CC LATB15 | LATB14 LATB13 LATB12 LATB11 LATB10 LATB9 LATB8 LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO XXXX
ODCB 02CE ODCB15 | ODCB14 | ODCB13 | ODCB12 | ODCB11 0ODCB10 ODCB9 ODCB8 ODCB7 ODCB6 ODCB5 ODCB4 ODCB3 ODCB2 ODCB1 ODCBO 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-18: PORTB REGISTER MAP FOR PIC24HJ12GP201
File Name | Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Repgléts
TRISB 02C8 | TRISB15 | TRISB14 — — — — TRISB9 | TRISB8 | TRISB7 — — TRISB4 — — TRISB1 | TRISBO C393
PORTB 02CA | RB15 RB14 — — — — RB9 RB8 RB7 — — RB4 — — RB1 RBO XXXX
LATB 02CC | LATB15 | LATB14 — = — — LATB9 | LATB8 | LATB7 — — LATB4 — — LATB1 | LATBO XXXX
OoDbCB 02CE | ODCB15 | ODCB14 — — — — ODCB9 | ODCB8 | ODCB7 — — ODCB4 — — ODCB1 | ODCBO | 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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PIC24HJ12GP201/202

TABLE 7-1: INTERRUPT VECTORS (CONTINUED)
vector Interrupt
Number Request (IRQ) IVT Address AIVT Address Interrupt Source
Number

54 46 0x000070 0x000170 Reserved

55 47 0x000072 0x000172 Reserved

56 48 0x000074 0x000174 Reserved

57 49 0x000076 0x000176 Reserved

58 50 0x000078 0x000178 Reserved

59 51 0x00007A 0x00017A Reserved

60 52 0x00007C 0x00017C Reserved

61 53 0x00007E 0x00017E Reserved

62 54 0x000080 0x000180 Reserved

63 55 0x000082 0x000182 Reserved

64 56 0x000084 0x000184 Reserved

65 57 0x000086 0x000186 Reserved

66 58 0x000088 0x000188 Reserved

67 59 0x00008A 0x00018A Reserved

68 60 0x00008C 0x00018C Reserved

69 61 0x00008E 0x00018E Reserved

70 62 0x000090 0x000190 Reserved

71 63 0x000092 0x000192 Reserved

72 64 0x000094 0x000194 Reserved

73 65 0x000096 0x000196 U1E — UART1 Error

74 66 0x000098 0x000198 Reserved

75 67 0x00009A 0x00019A Reserved

76 68 0x00009C 0x00019C Reserved

77 69 0x00009E 0x00019E Reserved

78 70 0x0000A0 0x0001A0 Reserved

79 71 0x0000A2 0x0001A2 Reserved

80-125 72-117 0x0000A4- 0x0001A4- Reserved
0x0000FE 0x0001FE
TABLE 7-2: TRAP VECTORS
Vector Number IVT Address AIVT Address Trap Source

0 0x000004 0x000104 Reserved
1 0x000006 0x000106 Oscillator Failure
2 0x000008 0x000108 Address Error
3 0x00000A 0x00010A Stack Error
4 0x00000C 0x00010C Math Error
5 0x00000E 0x00010E Reserved
6 0x000010 0x000110 Reserved
7 0x000012 0x000112 Reserved
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PIC24HJ12GP201/202

REGISTER 7-3: INTCON1: INTERRUPT CONTROL REGISTER 1
R/W-0 u-0 U-0 u-0 U-0 U-0 U-0 u-0
NSTDIS — — — — — — —
bit 15 bit 8
U-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0
— DIVOERR — MATHERR | ADDRERR STKERR OSCFAIL —
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 14-7
bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

NSTDIS: Interrupt Nesting Disable bit

1 = Interrupt nesting is disabled
0 = Interrupt nesting is enabled

Unimplemented: Read as ‘0’
DIVOERR: Arithmetic Error Status bit

1 = Math error trap was caused by a divide by zero
0 = Math error trap was not caused by a divide by zero

Unimplemented: Read as ‘0’
MATHERR: Arithmetic Error Status bit

1 = Math error trap has occurred

0 = Math error trap has not occurred
ADDRERR: Address Error Trap Status bit

1 = Address error trap has occurred
0 = Address error trap has not occurred

STKERR: Stack Error Trap Status bit

1 = Stack error trap has occurred
0 = Stack error trap has not occurred

OSCFAIL: Oscillator Failure Trap Status bit

1 = Oscillator failure trap has occurred
0 = Oscillator failure trap has not occurred

Unimplemented: Read as ‘0’
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PIC24HJ12GP201/202

8.0 OSCILLATOR

CONFIGURATION

Note 1: This data sheet summarizes the features
of the PIC24HJ12GP201/202 family of
devices. However, it is not intended to be
a comprehensive reference source. To
complement the information in this data
sheet, refer to “Section 7. Oscillator”
(DS70186) of the “dsPIC33F/PIC24H
Family Reference Manual”, which is
available from the Microchip website
(www.microchip.com).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

The PIC24HJ12GP201/202 oscillator system provides:

« External and internal oscillator options as clock
sources

* An on-chip PLL to scale the internal operating
frequency to the required system clock frequency

* Aninternal FRC oscillator that can also be used
with the PLL, thereby allowing full-speed
operation without any external clock generation
hardware

» Clock switching between various clock sources

* Programmable clock postscaler for system power
savings

» A Fail-Safe Clock Monitor (FSCM) that detects
clock failure and takes fail-safe measures

* A Clock Control register (OSCCON)

» Nonvolatile Configuration bits for main oscillator
selection.

A simplified diagram of the oscillator system is shown
in Figure 8-1.

FIGURE 8-1: PIC24HJ12GP201/202 OSCILLATOR SYSTEM DIAGRAM
0SCH Primary Oscillator
r— - == DOZE<2:0>
) I% XT, HS, EC ™ L
= - R -
s3 XTPLL, HSPLL, : > :
> ECPLL, FRCPLL w Foy
— @ - S1/S3 ! > ! >
S1 PLL | 8 |
a
I » |
I > |
o ______ e 4 Fp
I < | >
FRC bz > ! FRCDIVN
Oscillator L 5 > ' »|S7 E 2
| x > |
1 L < | Fosc
‘ ‘ I :/([ I g
TUN<5:0> FRCDIV<2:0>
FRCDIV16
+16 »| S6
L]
FRC )
LPRC '—PRC= S5
Oscillator
Secondary Oscillator SOSC
sosco [X I’:__’I'|> >(54
[ ! /(
! LPOSCEN
I
SOSCI | Clock Fail  Clock Switch  Reset
I I ?
S7 NOSC<2:0> FNOSC<2:0>
WDT, PWRT,
FSCM _
Timer1
Note 1: See Figure 8-2 for PLL details.

a Doze ratio of 1:2 or lower.

2. Ifthe Oscillator is used with XT or HS modes, an external parallel resistor with the value of 1 MQ must be connected.

3:  Theterm Fp refers to the clock source for all peripherals, while FCy refers to the clock source for the CPU. Throughout this document,
Fcy and FP are used interchangeably, except in the case of Doze mode. FP and FcY will be different when Doze mode is used with

© 2007-2011 Microchip Technology Inc.
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PIC24HJ12GP201/202

REGISTER 9-1: PMD1: PERIPHERAL MODULE DISABLE CONTROL REGISTER 1

U-0 U-0 R/W-0 R/W-0 R/W-0 uU-0 U-0 u-0

— — T3MD T2MD T1MD — — —
bit 15 bit 8

R/W-0 u-0 R/W-0 u-0 R/W-0 U-0 uU-0 R/W-0
12C1MD — U1MD SPI1MD — — AD1MDW)

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 15-14
bit 13

bit 12

bit 11

bit 10-8
bit 7

bit 6
bit 5

bit 4
bit 3

bit 2-1
bit 0

Note 1:

Unimplemented: Read as ‘0’
T3MD: Timer3 Module Disable bit

1 = Timer3 module is disabled
0 = Timer3 module is enabled

T2MD: Timer2 Module Disable bit
1 = Timer2 module is disabled

0 = Timer2 module is enabled
T1MD: Timer1 Module Disable bit
1 = Timer1 module is disabled

0 = Timer1 module is enabled
Unimplemented: Read as ‘0’
I2C1MD: 12C1 Module Disable bit
1 = I°C1 module is disabled

0 = I°C1 module is enabled
Unimplemented: Read as ‘0’
U1MD: UART1 Module Disable bit

1 = UART1 module is disabled
0 = UART1 module is enabled

Unimplemented: Read as ‘0’
SPI1MD: SPI1 Module Disable bit

1 = SPI1 module is disabled
0 = SPI1 module is enabled

Unimplemented: Read as ‘0’

AD1MD: ADC1 Module Disable bitV)

1 = ADC1 module is disabled
0 = ADC1 module is enabled

PCFGx bits have no effect if the ADC module is disabled by setting this bit. When the bit is set, all port
pins that have been multiplexed with ANx will be in Digital mode.

© 2007-2011 Microchip Technology Inc.
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PIC24HJ12GP201/202

13.1 Input Capture Registers

REGISTER 13-1:

ICXCON: INPUT CAPTURE x CONTROL REGISTER

u-0 U-0 R/W-0 U-0 u-0 u-0 U-0 U-0
— — | csioL — — — — —
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R-0, HC R-0, HC R/W-0 R/W-0 R/W-0
ICTMR ICl<1:0> ICOV ICBNE ICM<2:0>
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 15-14
bit 13

bit 12-8
bit 7

bit 6-5

bit 4

bit 3

bit 2-0

Unimplemented: Read as ‘0’
ICSIDL: Input Capture Module Stop in Idle Control bit

1 = Input capture module will halt in CPU Idle mode
0 = Input capture module will continue to operate in CPU Idle mode

Unimplemented: Read as ‘0’
ICTMR: Input Capture Timer Select bits

1 = TMR2 contents are captured on capture event
0 = TMR3 contents are captured on capture event

ICI<1:0>: Select Number of Captures per Interrupt bits

11 = Interrupt on every fourth capture event
10 = Interrupt on every third capture event
01 = Interrupt on every second capture event
00 = Interrupt on every capture event

ICOV: Input Capture Overflow Status Flag bit (read-only)

1 = Input capture overflow occurred
0 = No input capture overflow occurred

ICBNE: Input Capture Buffer Empty Status bit (read-only)

1 = Input capture buffer is not empty, at least one more capture value can be read
0 = Input capture buffer is empty

ICM<2:0>: Input Capture Mode Select bits

111 = Input capture functions as interrupt pin only when device is in Sleep or Idle mode
(Rising edge detect only, all other control bits are not applicable.)

110 = Unused (module disabled)

101 = Capture mode, every 16th rising edge

100 = Capture mode, every 4th rising edge

011 = Capture mode, every rising edge

010 = Capture mode, every falling edge

001 = Capture mode, every edge (rising and falling)
(IC1<1:0> bits do not control interrupt generation for this mode.)

000 = Input capture module turned off

DS70282E-page 128
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PIC24HJ12GP201/202

REGISTER 17-2:  UxSTA: UARTx STATUS AND CONTROL REGISTER (CONTINUED)

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

ADDEN: Address Character Detect bit (bit 8 of received data = 1)

1 = Address Detect mode enabled. If 9-bit mode is not selected, this does not take effect.

0 = Address Detect mode disabled

RIDLE: Receiver Idle bit (read-only)

1 = Receiveris Idle

0 = Receiver is active

PERR: Parity Error Status bit (read-only)

1 = Parity error has been detected for the current character (character at the top of the receive FIFO)

0 = Parity error has not been detected

FERR: Framing Error Status bit (read-only)

1 = Framing error has been detected for the current character (character at the top of the receive
FIFO)

0 = Framing error has not been detected

OERR: Receive Buffer Overrun Error Status bit (read-only/clear-only)

1 = Receive buffer has overflowed

0 = Receive buffer has not overflowed. Clearing a previously set OERR bit (1 —0 transition) will reset
the receiver buffer and the UXRSR to the empty state.

URXDA: Receive Buffer Data Available bit (read-only)

1 = Receive buffer has data, at least one more character can be read
0 = Receive buffer is empty

Refer to Section 17. “UART” (DS70188) in the “dsPIC33F/PIC24H Family Reference Manual” for
information on enabling the UART module for transmit operation.

© 2007-2011 Microchip Technology Inc. DS70282E-page 151



PIC24HJ12GP
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AN1 T
VREFL

<“—o

FIGURE 18-1: ADC BLOCK DIAGRAM FOR PIC24HJ12GP201 DEVICES
: ANOX—™
l l
| - .. SHo
| ¥ [ (-
CHOSB<4:0 °

| wo Ry

CHo | CSCNA : :Lil |
[ L - - — - 4
| |
| |
| |
| |
| |

CHONA CHONB

CH123SA CH123SB
AN7

VREFL >

|
|
|
|
|
|
|
|
CH2@),
|
|
|
|
|
|
|
|

CH123NA CH123NB

CH123SA CH123SB

VRer+ AVDD VRer-) Avss

L 1T
[ 1]

ADC1BUFO
ADC1BUF1
ADC1BUF2
VREFH VREFL |
|
SARADC :
|
|
|
ADC1BUFE
ADC1BUFF

CH123NA CH123NB

VREFL HP
i1

Note 1:

Alternate
Input Selection

VREF+, VREF- inputs can be multiplexed with other analog inputs.
2: Channels 1, 2, and 3 are not applicable for the 12-bit mode of operation.
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PIC24HJ12GP201/202

19.4 Watchdog Timer (WDT)

For PIC24HJ12GP201/202 devices, the WDT is driven
by the LPRC oscillator. When the WDT is enabled, the
clock source is also enabled.

19.41 PRESCALER/POSTSCALER

The nominal WDT clock source from LPRC is 32 kHz.
This feeds a prescaler than can be configured for either
5-bit (divide-by-32) or 7-bit (divide-by-128) operation.
The prescaler is set by the WDTPRE Configuration bit.
With a 32 kHz input, the prescaler yields a nominal
WDT time-out period (TwDT) of 1 ms in 5-bit mode, or
4 ms in 7-bit mode.

A variable postscaler divides down the WDT prescaler
output and allows for a wide range of time-out periods.
The postscaler is controlled by the WDTPOST<3:0>
Configuration bits (FWDT<3:0>), which allow the selec-
tion of 16 settings, from 1:1 to 1:32,768. Using the pres-
caler and postscaler, time-out periods ranging from
1 ms to 131 seconds can be achieved.

The WDT, prescaler and postscaler are reset:

» On any device Reset
* On the completion of a clock switch, whether
invoked by software (i.e., setting the OSWEN bit
after changing the NOSC bits) or by hardware
(i.e., fail-safe clock monitor)
* When a PWRSAV instruction is executed
(i.e., Sleep or Idle mode is entered)
* When the device exits Sleep or Idle mode to
resume normal operation
» By a CLRWDT instruction during normal execution
Note:  The CLRWDT and PWRSAV instructions
clear the prescaler and postscaler counts
when executed.

FIGURE 19-2: WDT BLOCK DIAGRAM

19.4.2 SLEEP AND IDLE MODES

If the WDT is enabled, it will continue to run during
Sleep or Idle modes. When the WDT time-out occurs,
the device will wake the device and code execution will
continue from where the PWRSAV instruction was
executed. The corresponding SLEEP or IDLE bits
(RCON<3> and RCON<2>, respectively) will need to
be cleared in software after the device wakes up.

19.4.3 ENABLING WDT

The WDT is enabled or disabled by the FWDTEN
Configuration bit in the FWDT Configuration register.
When the FWDTEN Configuration bit is set, the WDT is
always enabled.

The WDT flag bit, WDTO (RCON<4>), is not automatically
cleared following a WDT time-out. To detect subsequent
WDT events, the flag must be cleared in software.

The WDT can be optionally controlled in software when
the FWDTEN Configuration bit has been programmed
to ‘0. The WDT is enabled in software by setting the
SWDTEN control bit (RCON<5>). The SWDTEN
control bit is cleared on any device Reset. The software
WDT option allows the user application to enable the
WDT for critical code segments and disable the WDT
during non-critical segments for maximum power
savings.

Note:  If the WINDIS bit (FWDT<6>) is cleared,
the CLRWDT instruction should be executed
by the application software only during the
last 1/4 of the WDT period. This CLRWDT
window can be determined by using a timer.
If a CLRWDT instruction is executed before
this window, a WDT Reset occurs.

All Device Resets

Transition to New Clock Source % AN
Exit Sleep or Idle Mode

PWRSAV Instruction j/
CLRWDT Instruction

Watchdog Timer

Sleep/Idle
WDTPOST<3:0>

WDT

—¢ \{ - Wake-up
RS RS 1 >

WDTPRE
SWDTEN
FWDTEN l
Prescaler
LPRC Clock (divide by N1)

Postscaler
(divide by N2) WDT

0 — : Reset

WINDIS —»

WDT Window Select

CLRWDT Instruction
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TABLE 20-2: INSTRUCTION SET OVERVIEW (CONTINUED)

?na;i‘re ,\Aﬂizgn;zli% Assembly Syntax Description V\Z;?é s C)#/E 3; s Stitflfjs C't:‘le%gs
66 TBLRDL TBLRDL Ws,Wd Read Prog<15:0> to Wd 1 2 None
67 TBLWTH TBLWTH Ws,Wd Write Ws<7:0> to Prog<23:16> 1 2 None
68 TBLWTL TBLWTL Ws,Wd Write Ws to Prog<15:0> 1 2 None
69 ULNK ULNK Unlink Frame Pointer 1 1 None
70 XOR XOR f f=f.XOR. WREG 1 1 N,Z
XOR f,WREG WREG = f .XOR. WREG 1 1 N,Z
XOR #11t10,Wn Wd = 1it10 .XOR. Wd 1 1 N,Z
XOR Wb, Ws,Wwd Wd = Wb .XOR. Ws 1 1 N,Z
XOR Wb, #1it5,Wwd Wd = Wb .XOR. lit5 1 1 N,Z
71 ZE ZE Ws,Wnd Wnd = Zero-extend Ws 1 1 C,ZN
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21.0 DEVELOPMENT SUPPORT

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

- MPLAB® IDE Software
» Compilers/Assemblers/Linkers

- MPLAB C Compiler for Various Device
Families

- HI-TECH C for Various Device Families
- MPASM™ Assembler

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

» Simulators
- MPLAB SIM Software Simulator
* Emulators
- MPLAB REAL ICE™ In-Circuit Emulator
« In-Circuit Debuggers
- MPLABICD 3
- PICKkit™ 3 Debug Express
* Device Programmers
- PICKit™ 2 Programmer
- MPLAB PM3 Device Programmer

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

21.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16/32-bit
microcontroller market. The MPLAB IDE is a Windows®
operating system-based application that contains:
» A single graphical interface to all debugging tools

- Simulator

- Programmer (sold separately)

- In-Circuit Emulator (sold separately)

- In-Circuit Debugger (sold separately)
» A full-featured editor with color-coded context
* A multiple project manager

» Customizable data windows with direct edit of
contents

« High-level source code debugging
* Mouse over variable inspection

» Drag and drop variables from source to watch
windows

« Extensive on-line help

« Integration of select third party tools, such as
IAR C Compilers

The MPLAB IDE allows you to:

« Edit your source files (either C or assembly)

* One-touch compile or assemble, and download to
emulator and simulator tools (automatically
updates all project information)

* Debug using:

- Source files (C or assembly)
- Mixed C and assembly
- Machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.
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22.1 DC Characteristics

TABLE 22-1: OPERATING MIPS VS. VOLTAGE

Max MIPS
Characteristic VI.DD \F/Qalnge Tem'p Io?gnge
(in Volts) (in°C) PIC24HJ12GP201/202
— 3.0-3.6V -40°C to +85°C 40
— 3.0-3.6V -40°C to +125°C 40
TABLE 22-2: THERMAL OPERATING CONDITIONS
Rating Symbol Min Typ Max Unit
Industrial Temperature Devices
Operating Junction Temperature Range TJ -40 — +125 °C
Operating Ambient Temperature Range TA -40 — +85 °C
Extended Temperature Devices
Operating Junction Temperature Range TJ -40 — +140 °C
Operating Ambient Temperature Range TA -40 — +125 °C

Power Dissipation:
Internal chip power dissipation:
PINT = VDD X (IDD — X I0H) [=]5) PINT + PI/O wW

1/0 Pin Power Dissipation:
1/0 =% ({VDD — VOH} X l0H) + X (VoL x loL)

Maximum Allowed Power Dissipation PDMAX (T —TA)BJA w

TABLE 22-3: THERMAL PACKAGING CHARACTERISTICS

Characteristic Symbol Typ Max Unit Notes
Package Thermal Resistance, 18-pin PDIP 0ua 45 — °C/W 1
Package Thermal Resistance, 28-pin SPDIP 0ua 45 — °C/W 1
Package Thermal Resistance, 18-pin SOIC 0.a 60 — °C/W 1
Package Thermal Resistance, 28-pin SOIC 0ua 50 — °C/W 1
Package Thermal Resistance, 28-pin SSOP 0ua 71 — °C/W 1
Package Thermal Resistance, 28-pin QFN 0.a 35 — °C/W 1

Note 1: Junction to ambient thermal resistance, Theta-JA (BJA) numbers are achieved by package simulations.
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22.2 AC Characteristics and Timing
Parameters

The information contained in this section defines
PIC24HJ12GP201/202 AC characteristics and

timing parameters.

TABLE 22-14: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V

(unless otherwise stated)

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

Operating voltage VDD range as described in Section 22.1 “DC
Characteristics”.

FIGURE 22-1:

LOAD CONDITIO

NS FOR DEVICE TIMING SPECIFICATIONS

Load Condition 1 — for all pins except OSC2 Load Condition 2 — for OSC2

\VDD/2

L
RL Pin T Cr

Vss
. ——CL
Pin RL = 464Q
CL = 50 pF for all pins except OSC2
Vss 15 pF for OSC2 output

TABLE 22-15: CAPACITIVE LOADING REQUIREMENTS ON OUTPUT PINS

Pe’t\llrgm Symbol Characteristic Min Typ | Max | Units Conditions

DO50 |Cosc2 |OSC2/SOSC2 pin — — 15 pF |In XT and HS modes when
external clock is used to drive
OSCH1

DO56 |Cio All 1/O pins and OSC2 — — 50 pF |EC mode

DO58 |CB SCLx, SDAx — — 400 pF |In [2C™ mode

DS70282E-page 198
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TABLE 22-29: SPIx MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY) TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature

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

Pzr:m Symbol Characteristic(t) Min | Typ@ | Max | Units Conditions
SP10 | TscP Maximum SCK Frequency — — 15 MHz |See Note 3
SP20 |TscF SCKx Output Fall Time — — — ns |See parameter DO32
and Note 4
SP21 |TscR SCKx Output Rise Time — — — ns |See parameter DO31
and Note 4
SP30 |TdoF SDOx Data Output Fall Time — — — ns |See parameter DO32
and Note 4
SP31 |TdoR SDOx Data Output Rise Time — — — ns | See parameter DO31
and Note 4
SP35 | TscH2doV, | SDOx Data Output Valid after — 6 20 ns —
TscL2doV | SCKx Edge
SP36 | TdiV2scH, |SDOx Data Output Setup to 30 — — ns —
TdiV2scL |First SCKx Edge
Note 1: These parameters are characterized, but are not tested in manufacturing.
2: Datain “Typ” column is at 3.3V, 25°C unless otherwise stated.
3:  The minimum clock period for SCKx is 66.7 ns. Therefore, the clock generated in Master mode must not
violate this specification.
4: Assumes 50 pF load on all SPIx pins.
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28-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

4X g

Notes:

/(\ —~— a 4X

(L

VIEW C
Units MILLIMETERS

Dimension Limits|  MIN | NOM [ MAX
Number of Pins N 28
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 17.90 BSC
Chamfer (Optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Lead Angle C) 0° - -
Foot Angle % 0° - 8°
Lead Thickness C 0.18 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top a 5° - 15°
Mold Draft Angle Bottom g 5° - 15°

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic

3. Dimension D does not include mold flash, protrusions or gate burrs, which shall
not exceed 0.15 mm per end. Dimension E1 does not include interlead flash
or protrusion, which shall not exceed 0.25 mm per side.

4. 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.
5. Datums A & B to be determined at Datum H.

Microchip Technology Drawing C04-052C Sheet 2 of 2
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

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

|———— D —m |

EXPOSED

\ PAD

|

|

| :
N N2 g

000

VAR

o000 2

///// 1 1

v /%ﬂ

| N

NOTE 1 — | | f—
TOP VIEW BOTTOM VIEW

' sooooo )t ®

Sln

A1
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
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 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
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 C04-105B
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Microchip Trademark

PIC 24 H] 12 GP2 02 T E/ SP - XX

Architecture
Flash Memory Family

Program Memory Size (KB)

Product Group
Pin Count

Temperature Range

Tape and Reel Flag (if applicable)

Package

Pattern

Architecture: 24

Flash Memory Family: HJ

Product Group: GP2
Pin Count: 01
02

Temperature Range: |

Package: P

16-bit Microcontroller

Flash program memory, 3.3V

General purpose family

18-pin
28-pin

-40° C to +85° C (Industrial)
-40° C to +125° C (Extended)

Plastic Dual In-Line - 300 mil body (PDIP)

Skinny Plastic Dual In-Line - 300 mil body (SPDIP)
Plastic Small Outline - Wide, 7.50 mil body (SOIC)
Plastic Quad, No Lead Package - 6x6 mm body (QFN)
Plastic Shrink Small Outline - 5.3 mm body (SSOP)

Examples:

a)

PIC24HJ12GP202-E/SP:

General purpose PIC24H, 12 KB program
memory, 28-pin, Extended temp.,

SPDIP package.
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