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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

dsPIC

16-Bit

60 MIPs

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
21

32KB (32K x 8)

FLASH

4K x 8

3V ~ 3.6V

A/D 12x12b; D/A 1x12b

Internal

-40°C ~ 125°C (TA)

Surface Mount

28-VQFN Exposed Pad

28-QFN-S (6x6)
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Pin Diagrams (Continued)

28-Pin QFN-S, UQFN

coli 88 s
TElgzz8 3
T T 7B T 7 i
® T RLLAIKNA
RA2 [] 1 21| rB14
RBO [] 2 20| rB13
RBo9 || 3 19]] rRB12
RB10 [|4  dSPIC33EPXXGS502  18]] RB11
Vss Vcap
RB1 Vss
RB2 RB7
[s2d < [a] oo} e} Yol [(e}
e ESEoR e
14
Pin Pin Function Pin Pin Function
1 | AN2/PGA1P3/PGA2P2/CMP1C/CMP2A/RA2 15 | PGEC1/AN21/SDA1/RP39/RB7
2 | AN3/PGA2P3/CMP1D/CMP2B/RP32/RB0 16 |Vss
3 | AN4/CMP2C/CMP3A/ISRC4/RP41/RB9 17 | Vecap
4 | AN5/CMP2D/CMP3B/ISRC3/RP42/RB10 18 | TMS/PWM3H/RP43/RB11
5 |Vss 19 | TCKIPWMB3L/RP44/RB12
6 | OSC1/CLKI/AN6/CMP3C/CMP4A/ISRC2/RP33/RB1 20 | PWM2H/RP45/RB13
7 | OSC2/CLKO/AN7/PGA1N2/CMP3D/CMP4B/RP34/RB2 21 | PWM2L/RP46/RB14
8 | PGED2/AN18/DACOUT1/INTO/RP35/RB3 22 | PWM1H/RA4
9 | PGEC2/ADTRG31/EXTREF1/RP36/RB4 23 | PWM1L/RA3
10 | VoD 24 | AVss
11 | PGED3/SDA2/FLT31/RP40/RB8 25 | AvbD
12 | PGEC3/SCL2/RP47/RB15 26 |MCLR
13 | TDO/AN19/PGA2N2/RP37/RB5 27 | ANO/PGA1P1/CMP1A/RAQ
14 | PGED1/TDI/AN20/SCL1/RP38/RB6 28 | AN1/PGA1P2/PGA2P1/CMP1B/RA1

Legend: Shaded pins are up to 5 VDC tolerant.
RPN represents remappable peripheral functions. See Table 10-1 and Table 10-2 for the complete list of remappable sources.
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FIGURE 4-7: DATA MEMORY MAP FOR dsPIC33EP32GS50X DEVICES

MSB LSB
Address 16 Bits Address
- L
MSB LSB
— ' 0x0000 ~
4-Kbyte 0x0001 .
SFR Space SFR Space
P | OXOFFF | OXOFFE
— 0x1001 | 0x1000
I
X Data RAM (X)
' 8-Kbyte
| Near
4-Kbyte Ox17FF | Ox17FE Data Space
SRAM Space 0x1801 | 0x1800
I
Y Data RAM (Y)
I
. OX1FFF | Ox1FFE |
0x2001 | 0x2000
I
I
I
I
I
0x8001 F — — — — — l— — — — — 1 0x8000 )
I
X Data
Unimplemented (X)
I
| Optionally
Mapped
| into Program
| Memory
I
I
OxFFFF | OxFFFE
| —
Note:  Memory areas are not shown to scale.
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TABLE 4-28: PORTA REGISTER MAP FOR dsPIC33EPXXGS502 DEVICES
SFR | addr.| Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 Bita | Bita | Bit2 | Bit1 | Bito | A
Name Resets
TRISA 0EO00 — — — — — — — — — — TRISA<4:0> 001F
PORTA | OE02 — — — — — — — — — — RA<4:0> 0000
LATA 0EO04 — — — — — — — — — — LATA<4:0> 0000
ODCA 0E06 — — — — — — — — — — ODCA<4:0> 0000
CNENA | OE08 — — — — — — — — — — CNIEA<4:0> 0000
CNPUA | OEOA — — — — — — — — — — CNPUA<4:0> 0000
CNPDA | OEOC — — — — — — — — — — CNPDA<4:0> 0000
ANSELA | OEOE — — — — — — — — — — — — ANSA<2:0> 0007
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-29: PORTB REGISTER MAP FOR dsPIC33EPXXGS502 DEVICES
SFR ) ) ) ) ) ) ) ) . ) ) ) ) ) : All
Name Addr. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Resets
TRISB 0E10 TRISB<15:0> FFFF
PORTB | OE12 RB<15:0> XXXX
LATB 0E14 LATB<15:0> XXXX
ODCB 0E16 ODCB<15:0> 0000
CNENB | OE18 CNIEB<15:0> 0000
CNPUB | OE1A CNPUB<15:0> 0000
CNPDB | OE1C CNPDB<15:0> 0000
ANSELB | OE1E — — — — — ANSB<10:9> — | ANSB<7:0> 06FF

Legend: x =unknown value on Reset; —

unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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See Table 7-1 for
Interrupt Vector Details

FIGURE 7-1: dsPIC33EPXXGS50X FAMILY INTERRUPT VECTOR TABLE
A | Reset — GOTO Instruction 0x000000
bg. Reset — GOTOAddress 0x000002
5 Oscillator Fail Trap Vector 0x000004
g Address Error Trap Vector 0x000006
© Generic Hard Trap Vector 0x000008
% Stack Error Trap Vector 0x00000A
%) Math Error Trap Vector 0x00000C
% Reserved 0x00000E
@ Generic Soft Trap Vector 0x000010
3 Reserved 0x000012
o Interrupt Vector 0 0x000014

Interrupt Vector 1 0x000016

v — Interrupt Vector 52 0x00007C
== Interrupt Vector 53 0x00007E
Interrupt Vector 54 0x000080

Interrupt Vector 116 0x0000FC

Interrupt Vector 117 0x0000FE

Interrupt Vector 118 0x000100

Interrupt Vector 119 0x000102

Interrupt Vector 120 0x000104

Interrupt Vector 244 0x0001FC

Interrupt Vector 245 0x0001FE

v START OF CODE 0x000200

Note:  In Dual Partition modes, each partition has a dedicated Interrupt Vector Table.

DS70005127D-page 90

© 2013-2017 Microchip Technology Inc.



dsPIC33EPXXGS50X FAMILY

TABLE 7-1: INTERRUPT VECTOR DETAILS
Interrupt Source Ve;tor IF;Q IVT Address Interrupt BIt Location
Flag Enable Priority
Highest Natural Order Priority
INTO — External Interrupt 0 8 0 0x000014 IFS0<0> | IEC0<0> IPC0<2:0>
IC1 — Input Capture 1 9 1 0x000016 IFS0<1> | IECO0<1> IPC0<6:4>
OC1 — Output Compare 1 10 2 0x000018 IFS0<2> IEC0<2> IPC0<10:8>
T1 - Timer1 11 3 0x00001A IFS0<3> | IEC0<3> | IPC0<14:12>
Reserved 12 4 0x00001C — — —
IC2 — Input Capture 2 13 5 0x00001E IFS0<5> | IEC0<5> IPC1<6:4>
OC2 - Output Compare 2 14 6 0x000020 IFS0<6> | IEC0<6> | IPC1<10:8>
T2 — Timer2 15 7 0x000022 IFS0<7> | IECO<7> | IPC1<14:12>
T3 — Timer3 16 8 0x000024 IFS0<8> | IEC0<8> IPC2<2:0>
SPI1E — SPI1 Error 17 9 0x000026 IFS0<9> | IEC0<9> IPC2<6:4>
SPI1 — SPI1 Transfer Done 18 10 0x000028 IFS0<10> | IEC0<10> | IPC2<10:8>
U1RX — UART1 Receiver 19 11 0x00002A IFS0<11> | IECO0<11> | IPC2<14:12>
U1TX — UART1 Transmitter 20 12 0x00002C IFS0<12> | IEC0<12> | [IPC3<2:0>
ADC — ADC Global Convert Done 21 13 0x00002E IFS0<13> | IEC0<13> | [IPC3<6:4>
Reserved 22 14 0x000030 — — —
NVM — NVM Write Complete 23 15 0x000032 IFS0<15> | IEC0<15> | IPC3<14:12>
SI12C1 - 12C1 Slave Event 24 16 0x000034 IFS1<0> | IEC1<0> IPC4<2:0>
MI2C1 - 12C1 Master Event 25 17 0x000036 IFS1<1> | IEC1<1> IPC4<6:4>
CMP1 — Analog Comparator 1 Interrupt 26 18 0x000038 IFS1<2> | IEC1<2> | IPC4<10:8>
CN - Input Change Interrupt 27 19 0x00003A IFS1<3> | IEC1<3> | IPC4<14:12>
INT1 — External Interrupt 1 28 20 0x00003C IFS1<4> | |IEC1<4> IPC5<2:0>
Reserved 29-32 | 21-24 | 0x00003E-0x000044 — — —
OC3 — Output Compare 3 33 25 0x000046 IFS1<9> IEC1<9> IPC6<6:4>
OC4 - Output Compare 4 34 26 0x000048 IFS1<10> | IEC1<10> | IPC6<10:8>
T4 — Timer4 35 27 0x00004A IFS1<11> | IEC1<11> | IPC6<14:12>
T5 — Timer5 36 28 0x00004C IFS1<12> | IEC1<12> | [IPC7<2:0>
INT2 — External Interrupt 2 37 29 0x00004E IFS1<13> | IEC1<13> | IPC7<6:4>
U2RX — UART2 Receiver 38 30 0x000050 IFS1<14> | IEC1<14> | IPC7<10:8>
U2TX — UART2 Transmitter 39 31 0x000052 IFS1<15> | IEC1<15> | IPC7<14:12>
SPI2E — SPI2 Error 40 32 0x000054 IFS2<0> | IEC2<0> IPC8<2:0>
SPI2 — SPI2 Transfer Done 41 33 0x000056 IFS2<1> | IEC2<1> IPC8<6:4>
Reserved 42-44 | 34-36 | 0x000058-0x00005C — — —
IC3 — Input Capture 3 45 37 0x00005E IFS2<5> IEC2<5> IPC9<6:4>
IC4 — Input Capture 4 46 38 0x000060 IFS2<6> | IEC2<6> | IPC9<10:8>
Reserved 47-56 | 39-48 | 0x000062-0x000074 — — —
S12C2 - 12C2 Slave Event 57 49 0x000076 IFS3<1> | IEC3<1> | IPC12<6:4>
MI2C2 - 12C2 Master Event 58 50 0x000078 IFS3<2> | IEC3<2> | IPC12<10:8>
Reserved 59-61 51-53 | 0x00007A-0x00007E — — —
INT4 — External Interrupt 4 62 54 0x000080 IFS3<6> | IEC3<6> | IPC13<10:8>
Reserved 63-64 | 55-54 | 0x000082-0x000084 — — —
PSEM — PWM Special Event Match 65 57 0x000086 IFS3<9> | IEC3<9> | IPC14<6:4>
Reserved 66-72 | 58-64 | 0x000088-0x000094 — — —
U1E — UART1 Error Interrupt 73 65 0x000096 IFS4<1> | IEC4<1> | IPC16<6:4>
U2E — UART2 Error Interrupt 74 66 0x000098 IFS4<2> | |IEC4<2> | IPC16<10:8>
Reserved 75-80 | 67-72 | 0x0O0009A-0x0000A4 — — —

DS70005127D-page 92
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FIGURE 8-1: OSCILLATOR SYSTEM DIAGRAM
Primary Oscillator (POSC)
0sCH dtiisanel DOZE<2:0>
I I [\ POSCCLK XT, HS, EC R [ .
& T I? > S2
| XTPLL, HSPLL, : > :
ECPLL, FRCPLL
: S3 - FpLLO 5{s1/53 D > | Foy®
PLL Q
1 o I » [
0SC2 ! Sy |Fvco® MR <l
I > I
POSCMD<1:0> = __ VY _ s
R . Fp®
| - | =
| > E | +2
FRC FRCCLK! | 5§ - f FRCDIVN | : Fosc _
Oscillator i > X = ® >
I o > I
| | |
1 > 1
Lo ___"~|- s REFERENCE CLOCK OUTPUT
TUN<5:0> FRCDIV<2:0> r R
1 FRCDIV16 POSCCLK REFCLKO
+16 >|s6 | |
. | X
FRC RPn
|30 Fosc
| RODIV<3:0> |
LPRC LPRQ 35 ROSEL
Oscillator o / L - - - - — — — N
Clock Fail Clock Switch Reset
) NOSC<2:0> FNOSC<2:0>
WDT, PWRT,
FSCM _
AUXILIARY CLOCK GENERATOR CIRCUIT BLOCK DIAGRAM
r—— - - - - - - - - - - - - - - - " " -V - " - - — —/ — A
o
| FRCCLK [\ Fvco® I I |
| POSCCLK—p|1 »| APLL x 16 fo LFSR |
| — 5 y |
| GND—>{0 A VA |
| ASRCSEL  FRCSEL ENAPLL  SELACLK APSTSCLR<2:0>¥ |
L |

Note 1: See Figure 8-2 for the source of the Fvco signal.
2. FPrefers to the clock source for all the peripherals, while FCy (or MIPS) 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 in any ratio other than 1:1.
3:  The auxiliary clock postscaler must be configured to divide-by-1 (APSTSCLR<2:0> = 111) for proper operation of
the PWM and ADC modules.
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REGISTER 9-3: PMD3: PERIPHERAL MODULE DISABLE CONTROL REGISTER 3

U-0 U-0 U-0 U-0 U-0 R/W-0 U-0 u-0
— — — — — CMPMD — —
bit 15 bit 8
u-0 U-0 U-0 U-0 U-0 U-0 R/W-0 U-0
— — — — — — 12C2MD —
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 CMPMD: Comparator Module Disable bit

1 = Comparator module is disabled
0 = Comparator module is enabled

bit 9-2 Unimplemented: Read as ‘0’
bit 1 I2C2MD: 12C2 Module Disable bit

1 =12C2 module is disabled
0 =12C2 module is enabled

bit 0 Unimplemented: Read as ‘0’

REGISTER 9-4: PMD4: PERIPHERAL MODULE DISABLE CONTROL REGISTER 4

u-0 u-0 U-0 U-0 u-0 u-0 U-0 U-0
bit 15 bit 8
u-0 u-0 U-0 U-0 R/W-0 u-0 U-0 U-0
— — — — REFOMD — — —
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 15-4 Unimplemented: Read as ‘0’
bit 3 REFOMD: Reference Clock Module Disable bit

1 = Reference clock module is disabled
0 = Reference clock module is enabled

bit 2-0 Unimplemented: Read as ‘0’

DS70005127D-page 120 © 2013-2017 Microchip Technology Inc.
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10.1.1 OPEN-DRAIN CONFIGURATION

In addition to the PORTx, LATx and TRISx registers
for data control, port pins can also be individually
configured for either digital or open-drain output. This
is controlled by the Open-Drain Control x register,
ODCXx, associated with each port. Setting any of the
bits configures the corresponding pin to act as an
open-drain output.

The open-drain feature allows the generation of out-
puts other than VDD by using external pull-up resistors.
The maximum open-drain voltage allowed on any pin
is the same as the maximum VIH specification for that
particular pin.

See the “Pin Diagrams” section for the available
5V tolerant pins and Table 26-11 for the maximum
VIH specification for each pin.

10.2 Configuring Analog and Digital
Port Pins

The ANSELx register controls the operation of the
analog port pins. The port pins that are to function as
analog inputs or outputs must have their corresponding
ANSELXx and TRISx bits set. In order to use port pins for
I/O functionality with digital modules, such as timers,
UARTs, etc., the corresponding ANSELXx bit must be
cleared.

The ANSELXx register has a default value of OxFFFF;
therefore, all pins that share analog functions are
analog (not digital) by default.

Pins with analog functions affected by the ANSELx
registers are listed with a buffer type of analog in the
Pinout I/O Descriptions (see Table 1-1).

If the TRISx bit is cleared (output) while the ANSELX bit
is set, the digital output level (VOH or VoL) is converted
by an analog peripheral, such as the ADC module or
comparator module.

When the PORTX register is read, all pins configured as
analog input channels are read as cleared (a low level).

Pins configured as digital inputs do not convert an
analog input. Analog levels on any pin, defined as a
digital input (including the ANx pins), can cause the
input buffer to consume current that exceeds the
device specifications.

10.2.1 I/0 PORT WRITE/READ TIMING

One instruction cycle is required between a port
direction change or port write operation and a read
operation of the same port. Typically, this instruction
would be a NOP, as shown in Example 10-1.

10.3 Input Change Notification (ICN)

The Input Change Notification function of the I/O ports
allows devices to generate interrupt requests to the
processor in response to a Change-of-State (COS) on
selected input pins. This feature can detect input
Change-of-States, even in Sleep mode, when the
clocks are disabled. Every I/O port pin can be selected
(enabled) for generating an interrupt request on a
Change-of-State.

Three control registers are associated with the ICN
functionality of each I/O port. The CNENXx registers
contain the ICN interrupt enable control bits for each of
the input pins. Setting any of these bits enables an ICN
interrupt for the corresponding pins.

Each 1/0 pin also has a weak pull-up and a weak
pull-down connected to it. The pull-ups and pull-
downs act as a current source, or sink source,
connected to the pin, and eliminate the need for
external resistors when push button or keypad
devices are connected. The pull-ups and pull-downs
are enabled separately, using the CNPUx and the
CNPDx registers, which contain the control bits for
each of the pins. Setting any of the control bits
enables the weak pull-ups and/or pull-downs for the
corresponding pins.

Note: Pull-ups and pull-downs on Input Change
Notification pins should always be
disabled when the port pin is configured

as a digital output.

EXAMPLE 10-1: PORT WRITE/READ
EXAMPLE

MOV OxFFOO, W Confi gure PORTB<15: 8>
; as inputs

MV W), TRISB ; and PORTB<7: 0>
; as outputs

NOP ; Delay 1 cycle

BTSS PORTB, #13 Next | nstruction

DS70005127D-page 126
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10.4 Peripheral Pin Select (PPS)

A major challenge in general purpose devices is
providing the largest possible set of peripheral features,
while minimizing the conflict of features on I/O pins.
The challenge is even greater on low pin count devices.
In an application where more than one peripheral
needs to be assigned to a single pin, inconvenient
work arounds in application code, or a complete
redesign, may be the only option.

Peripheral Pin Select configuration provides an alter-
native to these choices by enabling peripheral set
selection and placement on a wide range of 1/O pins.
By increasing the pinout options available on a particu-
lar device, users can better tailor the device to their
entire application, rather than trimming the application
to fit the device.

The Peripheral Pin Select configuration feature
operates over a fixed subset of digital 1/0 pins. Users
may independently map the input and/or output of most
digital peripherals to any one of these I/O pins. Hard-
ware safeguards are included that prevent accidental
or spurious changes to the peripheral mapping once it
has been established.

10.4.1 AVAILABLE PINS

The number of available pins is dependent on the par-
ticular device and its pin count. Pins that support the
Peripheral Pin Select feature include the label, “RPn”,
in their full pin designation, where “n” is the remappable
pin number. “RP” is used to designate pins that support

both remappable input and output functions.

10.4.2 AVAILABLE PERIPHERALS

The peripherals managed by the Peripheral Pin Select
are all digital only peripherals. These include general
serial communications (UART and SPI), general pur-
pose timer clock inputs, timer-related peripherals (input
capture and output compare) and interrupt-on-change
inputs.

In comparison, some digital only peripheral modules
are never included in the Peripheral Pin Select feature.
This is because the peripheral’'s function requires
special 1/O circuitry on a specific port and cannot be
easily connected to multiple pins. One example
includes 1°C modules. A similar requirement excludes
all modules with analog inputs, such as the ADC
Converter.

A key difference between remappable and non-
remappable peripherals is that remappable peripherals
are not associated with a default I/0O pin. The peripheral
must always be assigned to a specific I/0 pin before it
can be used. In contrast, non-remappable peripherals
are always available on a default pin, assuming that the
peripheral is active and not conflicting with another
peripheral.

When a remappable peripheral is active on a given 1/O
pin, it takes priority over all other digital /0 and digital
communication peripherals associated with the pin.
Priority is given regardless of the type of peripheral that
is mapped. Remappable peripherals never take priority
over any analog functions associated with the pin.

10.4.3 CONTROLLING PERIPHERAL PIN
SELECT

Peripheral Pin Select features are controlled through
two sets of SFRs: one to map peripheral inputs and one
to map outputs. Because they are separately con-
trolled, a particular peripheral’s input and output (if the
peripheral has both) can be placed on any selectable
function pin without constraint.

The association of a peripheral to a peripheral-
selectable pin is handled in two different ways,
depending on whether an input or output is being
mapped.

© 2013-2017 Microchip Technology Inc.
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10.5 /O Helpful Tips

1.

In some cases, certain pins, as defined in
Table 26-11 under “Injection Current”, have inter-
nal protection diodes to VDD and Vss. The term,
“Injection Current”, is also referred to as “Clamp
Current”’. On designated pins, with sufficient exter-
nal current-limiting precautions by the user, 1/0 pin
input voltages are allowed to be greater or less
than the data sheet absolute maximum ratings,
with respect to the Vss and VDD supplies. Note
that when the user application forward biases
either of the high or low side internal input clamp
diodes, that the resulting current being injected
into the device, that is clamped internally by the
VDD and Vss power rails, may affect the ADC
accuracy by four to six counts.

I/O pins that are shared with any analog input pin
(i.e., ANx) are always analog pins by default after
any Reset. Consequently, configuring a pin as an
analog input pin automatically disables the digital
input pin buffer and any attempt to read the digital
input level by reading PORTx or LATx will always
return a ‘0’, regardless of the digital logic level on
the pin. To use a pin as a digital 1/O pin on a shared
ANX pin, the user application needs to configure the
Analog Pin Configuration registers in the I/O ports
module (i.e., ANSELX) by setting the appropriate bit
that corresponds to that I/O port pin to a ‘0.

Note: Although it is not possible to use a digital

input pin when its analog function is
enabled, it is possible to use the digital I/O
output function, TRISx = 0x0, while the
analog function is also enabled. However,
this is not recommended, particularly if the
analog input is connected to an external
analog voltage source, which would
create signal contention between the

analog signal and the output pin driver.

Most I/O pins have multiple functions. Referring to
the device pin diagrams in this data sheet, the prior-
ites of the functions allocated to any pins are
indicated by reading the pin name from left-to-right.
The left most function name takes precedence over
any function to its right in the naming convention.
For example: AN16/T2CK/T7CK/RC1; this indi-
cates that AN16 is the highest priority in this
example and will supersede all other functions to its
right in the list. Those other functions to its right,
even if enabled, would not work as long as any
other function to its left was enabled. This rule
applies to all of the functions listed for a given pin.
Each pin has an internal weak pull-up resistor and
pull-down resistor that can be configured using the
CNPUx and CNPDx registers, respectively. These
resistors eliminate the need for external resistors
in certain applications. The internal pull-up is up to
~(VDD — 0.8), not VDD. This value is still above the
minimum VIH of CMOS and TTL devices.

When driving LEDs directly, the I/O pin can source
or sink more current than what is specified in the
VoH/IoH and VoL/loL DC characteristics specifica-
tion. The respective |IOH and IoL current rating only
applies to maintaining the corresponding output at
or above the VOH, and at or below the VoL levels.
However, for LEDs, unlike digital inputs of an exter-
nally connected device, they are not governed by
the same minimum VIH/VIL levels. An 1/O pin output
can safely sink or source any current less than that
listed in the Absolute Maximum Ratings in
Section 26.0 “Electrical Characteristics”of this
data sheet. For example:

VOH =2.4v @ loH = -8 mA and VDD = 3.3V

The maximum output current sourced by any 8 mA
1/0 pin = 12 mA.
LED source current < 12 mA is technically permitted.
Refer to the VoH/IOH graphs in Section 27.0 “DC
and AC Device Characteristics Graphs” for
additional information.
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FIGURE 12-1: TIMERx BLOCK DIAGRAM (x = 2 THROUGH 5)
.| Gate Falling Edge ol 1
Syne Detect Set TxIF Flag
| 0
> ™~
FPO_ | Prescaler '} 10 TXCLK
(/n) TGATE
ﬁ Reset Data
| 00 TMRx | Latch
TCKPS<1:0>
TxCK A CLK
o| Prescaler Svne ol x1 ADC 2
Toum) g Equal Trigger
ﬁ Comparator . >
TCKPS<1:0> TGATE
TCS
PRx
Note 1. Fpis the peripheral clock.
2:  The ADC trigger is only available on TMR2.
FIGURE 12-2: TYPE B/TYPE C TIMER PAIR BLOCK DIAGRAM (32-BIT TIMER)
o | Gate Falling Edge o
S Detect o
yne etee Set TylF Flag
PRx PRy
Comparator
. - \ p
Fpl )I Pre(jr(i?ler > 10 LK
Isw msw Latch |
ﬁ 00 Reset
= — —
TCKPS<1:0> TMRx MRy =
AN
TxeK Prescaler ‘ ‘
» (In) p  Sync - x1
ﬁ TMRyHLD
TCKPS<1:0> TGATE
TCS ‘ ‘
< Data Bus<15:0> >
Note 1: Timerxis a Type B timer (x =2 and 4).
2: Timery is a Type C timer (y = 3 and 5).
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REGISTER 15-20: IOCONx: PWMx I/O CONTROL REGISTER (x =1 to 5) (CONTINUED)

bit 3-2

bit 1

bit 0

Note 1:
2:

CLDAT<1:0>: State for PWMxH and PWMAxL Pins if CLMOD is Enabled bits®®
IFLTMOD (FCLCONx<15>) = 0: Normal Fault Mode:

If current limit is active, then CLDAT1 provides the state for the PWMxH pin.
If current limit is active, then CLDATO provides the state for the PWMxL pin.

IFLTMOD (FCLCONx<15>) = 1: Independent Fault Mode:

CLDAT<1:0> bits are ignored.

SWAP: SWAP PWMxH and PWMXxL Pins bit

1 = PWMxH output signal is connected to the PWMxL pins; PWMxL output signal is connected to the
PWMxH pins

0 = PWMxH and PWMxL pins are mapped to their respective pins

OSYNC: Output Override Synchronization bit

1 = Output overrides via the OVRDAT<1:0> bits are synchronized to the PWMx time base
0 = Output overrides via the OVRDAT<1:0> bits occur on the next CPU clock boundary

These bits should not be changed after the PWMx module is enabled (PTEN = 1).
State represents the active/inactive state of the PWMx depending on the POLH and POLL bits settings.

REGISTER 15-21: TRIGx: PWMx PRIMARY TRIGGER COMPARE VALUE REGISTER (x = 1 to 5)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
TRGCMP<12:5>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0 uU-0 uU-0
TRGCMP<4:0> — — —
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 15-3 TRGCMP<12:0>: Trigger Compare Value bits
When the primary PWMx functions in the local time base, this register contains the compare values
that can trigger the ADC module.
bit 2-0 Unimplemented: Read as ‘0’
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REGISTER 19-27: ADTRIGxH: ADC CHANNEL TRIGGER x SELECTION REGISTER HIGH
(x = 0 to 5) (CONTINUED)

bit 4-0 TRGSRC(4x+2)<4:0>: Trigger Source Selection for Corresponding Analog Inputs bits

11111 = ADTRG31

11110 = Reserved

11101 = Reserved

11100 = PWM Generator 5 current-limit trigger
11011 = PWM Generator 4 current-limit trigger
11010 = PWM Generator 3 current-limit trigger
11001 = PWM Generator 2 current-limit trigger
11000 = PWM Generator 1 current-limit trigger
10111 = Output Compare 2 trigger

10110 = Output Compare 1 trigger

10101 = Reserved

10100 = Reserved

10011 = PWM Generator 5 secondary trigger
10010 = PWM Generator 4 secondary trigger
10001 = PWM Generator 3 secondary trigger
10000 = PWM Generator 2 secondary trigger
01111 = PWM Generator 1 secondary trigger
01110 = PWM secondary Special Event Trigger
01101 = Timer2 period match

01100 = Timer1 period match

01011 = Reserved

01010 = Reserved

01001 = PWM Generator 5 primary trigger
01000 = PWM Generator 4 primary trigger
00111 = PWM Generator 3 primary trigger
00110 = PWM Generator 2 primary trigger
00101 = PWM Generator 1 primary trigger
00100 = PWM Special Event Trigger

00011 = Reserved

00010 = Level software trigger

00001 = Common software trigger

00000 = No trigger is enabled
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REGISTER 19-34: ADFLXCON: ADC DIGITAL FILTER x CONTROL REGISTER
(x = 0 or 1) (CONTINUED)

bit 4-0 FLCHSEL<4:0>: Oversampling Filter Input Channel Selection bits
11111 = Reserved

10110 = Reserved
10101 = AN21
10100 = AN20

00001 = AN1
00000 = ANO
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TABLE 26-6: DC CHARACTERISTICS: OPERATING CURRENT (IDD)

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Parilngeter Typ. Max. Units Conditions
Operating Current (Ipp)®
DC20d 7 12 mA -40°C
DC20a 7 12 mA +25°C
3.3V 10 MIPS
DC20b 7 12 mA +85°C
DC20c 7 12 mA +125°C
DC22d 11 19 mA -40°C
DC22a 11 19 mA +25°C
3.3V 20 MIPS
DC22b 11 19 mA +85°C
DC22c 11 19 mA +125°C
DC24d 19 30 mA -40°C
DC24a 19 30 mA +25°C
3.3V 40 MIPS
DC24b 19 30 mA +85°C
DC24c 19 30 mA +125°C
DC25d 26 41 mA -40°C
DC25a 26 41 mA +25°C
3.3V 60 MIPS
DC25b 26 41 mA +85°C
DC25c 26 41 mA +125°C
DC26d 30 46 mA -40°C
DC26a 30 46 mA +25°C 3.3V 70 MIPS
DC26b 30 46 mA +85°C
DC27d 51 81 mA -40°C
DC27a 51 81 mA +25°C 3.3V 70 MIPS
(Note 2)
DC27b 52 82 mA +85°C
Note 1: IDD is primarily a function of the operating voltage and frequency. Other factors, such as 1/O pin loading
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact
on the current consumption. The test conditions for all IDD measurements are as follows:
+ Oscillator is configured in EC mode with PLL, OSC1 is driven with external square wave from
rail-to-rail (EC clock overshoot/undershoot < 250 mV required)
» CLKO is configured as an I/O input pin in the Configuration Word
+ All I/O pins are configured as inputs and pulled to Vss
*+ MCLR = Vbb, WDT and FSCM are disabled
+ CPU, SRAM, program memory and data memory are operational
» No peripheral modules are operating or being clocked (all defined PMDx bits are set)
» CPU is executing whi | e( 1) statement
+ JTAG is disabled
2:  For this specification, the following test conditions apply:

APLL clock is enabled

All 5 PWMs enabled and operating at maximum speed (PTCON2<2:0> = 000), PTPER = 1000h,
50% duty cycle
All other peripherals are disabled (corresponding PMDx bits are set)
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TABLE 26-14: DC CHARACTERISTICS: PROGRAM MEMORY

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < Ta < +125°C for Extended
Pilr:m Symbol Characteristic Min. Typ.(l) Max. | Units Conditions
Program Flash Memory
D130 EP Cell Endurance 10,000| — — E/W |[-40°C to +125°C
D131 VPR VDD for Read 3.0 — 3.6 Vv
D132b |VPew |VDD for Self-Timed Write 3.0 — 3.6 \
D134 TRETD |Characteristic Retention 20 — — Year |Provided no other specifications
are violated, -40°C to +125°C
D135 IDDP Supply Current during — 10 — mA
Programming
D136 IPEAK Instantaneous Peak Current — — 150 mA
During Start-up
D137a |TPE Page Erase Time 19.7 — 201 ms | TPE = 146893 FRC cycles,
TA = +85°C (Note 3)
D137b |TPE Page Erase Time 19.5 — 20.3 ms |TPE = 146893 FRC cycles,
TA = +125°C (Note 3)
D138a |Tww Word Write Cycle Time 46.5 — 47.3 pus | Tww = 346 FRC cycles,
Ta = +85°C (Note 3)
D138b |Tww Word Write Cycle Time 46.0 — 47.9 pus | Tww = 346 FRC cycles,
TA = +125°C (Note 3)
D139%9a |TRw Row Write Time 667 — 679 us | TRw = 4965 FRC cycles,
Ta = +85°C (Note 3)
D139% |TRwW Row Write Time 660 — 687 us | TRw = 4965 FRC cycles,
TA = +125°C (Note 3)

Note 1: Datain “Typ.” column is at 3.3V, +25°C unless otherwise stated.
2: Parameter characterized but not tested in manufacturing.
3:  Other conditions: FRC = 7.37 MHz, TUN<5:0>=011111 (for Minimum), TUN<5:0> = 100000 (for
Maximum). This parameter depends on the FRC accuracy (see Table 26-20) and the value of the FRC
Oscillator Tuning register (see Register 8-4). For complete details on calculating the Minimum and
Maximum time, see Section 5.3 “Programming Operations”.
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TABLE 26-38: SPIx SLAVE MODE (FULL-DUPLEX, CKE =0, CKP =0, SMP =0)

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

Pilrg\m Symbol Characteristic() Min. Typ.(z) Max. | Units Conditions
SP70 |FscP Maximum SCKXx Input Frequency — — 11 MHz | (Note 3)
SP72 | TscF SCKXx Input Fall Time — — — ns | SeeParameter DO32
(Note 4)
SP73 |TscR SCKXx Input Rise Time — — — ns | See Parameter DO31
(Note 4)
SP30 |TdoF SDOx Data Output Fall Time — — — ns |SeeParameter DO32
(Note 4)
SP31 |TdoR SDOx Data Output Rise Time — — — ns | SeeParameter DO31
(Note 4)
SP35 |TscH2doV, | SDOx Data Output Valid After — 6 20 ns
TscL2doV |SCKx Edge
SP36 | TdoV2scH, | SDOx Data Output Setup to 30 — — ns
TdoV2scL | First SCKx Edge
SP40 |TdiV2scH, |Setup Time of SDIx Data Input 30 — — ns
TdiV2scL |to SCKx Edge
SP41 | TscH2diL, |Hold Time of SDIx Data Input 30 — — ns
TscL2diL |to SCKx Edge
SP50 |TssL2scH, |SSx { to SCKx T or SCKx { 120 — — ns
TssL2scL | Input
SP51 |TssH2doZ |SSx T to SDOx Output 10 — 50 ns |(Note 4)
High-Impedance
SP52 |TscH2ssH, | SSx T After SCKx Edge 1.5Tcy +40| — — ns | (Note 4)
TsclL2ssH
Note 1: These parameters are characterized but not tested in manufacturing.
2: Data in “Typ.” column is at 3.3V, +25°C unless otherwise stated.
3:  The minimum clock period for SCKx is 91 ns. Therefore, the SCKx clock generated by the master must not
violate this specification.
4: Assumes 50 pF load on all SPIx pins.
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NOTES:
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