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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

MIPS32® M4K™

32-Bit Single-Core

80MHz

12C, IrDA, LINbus, PMP, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
53

64KB (64K x 8)

FLASH

16K x 8

2.3V ~ 3.6V

A/D 16x10b

Internal

-40°C ~ 105°C (TA)

Surface Mount

64-VFQFN Exposed Pad

64-VQFN (9x9)
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PIC32MX3XX/4XX

Pin Diagrams (Continued)

Pins are up to 5V tolerant

121-Pin XBGAD
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Note 1: Refer to Table 3 for full pin names.
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PIC32MX3XX/4XX

FIGURE 2-1: RECOMMENDED
MINIMUM CONNECTION
I 0.1 pF
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221 BULK CAPACITORS

The use of a bulk capacitor is recommended to improve
power supply stability. Typical values range from 4.7 pF
to 47 pF. This capacitor should be located as close to
the device as possible.

2.3 Capacitor on Internal Voltage
Regulator (VCAP/VCORE)

23.1 INTERNAL REGULATOR MODE

A low-ESR (< 1 Ohm) capacitor is required on the
VCAP/VCORE pin, which is used to stabilize the internal
voltage regulator output. The VCAP/VCORE pin must not
be connected to VDD, and must have a CEFC capacitor,
with at least a 6V rating, connected to ground. The type
can be ceramic or tantalum. Refer to Section 29.0
“Electrical Characteristics” for additional information
on CEerc specifications. This mode is enabled by
connecting the ENVREG pin to VDD.

2.3.2 EXTERNAL REGULATOR MODE

In this mode the core voltage is supplied externally
through the VCoORE/VcAP pin. A low-ESR capacitor of
10 pF is recommended on the VcAP/VCORE pin. This
mode is enabled by grounding the ENVREG pin.

The placement of this capacitor should be close to the
VcAP/VCORE. It is recommended that the trace length
not exceed one-quarter inch (6 mm). Refer to
Section 26.3 “On-Chip Voltage Regulator” for
details.

2.4 Master Clear (MCLR) Pin

The MCLR pin provides for two specific device
functions:

» Device Reset
« Device Programming and Debugging

Pulling The MCLR pin low generates a device reset.
Figure 2-2 illustrates a typical MCLR circuit. During
device programming and debugging, the resistance
and capacitance that can be added to the pin must
be considered. Device programmers and debuggers
drive the MCLR pin. Consequently, specific voltage
levels (ViH and VIL) and fast signal transitions must
not be adversely affected. Therefore, specific values
of R and C will need to be adjusted based on the
application and PCB requirements.

For example, as llustrated in Figure 2-2, it is
recommended that the capacitor C, be isolated from
the MCLR pin during programming and debugging
operations.

Place the components shown in Figure 2-2 within
one-quarter inch (6 mm) from the MCLR pin.

FIGURE 2-2: EXAMPLE OF MCLR PIN
CONNECTIONS
VDD
R
R1
MCLR
p PIC32MX

I o

Note 1: R <10 kQis recommended. A suggested start-
ing value is 10 kQ Ensure that the MCLR pin
VIH and VIL specifications are met.

2: R1<470Q will limit any current flowing into
MCLR from the external capacitor C, in the
event of MCLR pin breakdown, due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS). Ensure that the MCLR pin
VIH and VIL specifications are met.

3: The capacitor can be sized to prevent uninten-
tional resets from brief glitches or to extend the
device reset period during POR.
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TABLE 4-16: DMA CHANNELS 0-3 REGISTERS MAP FOR PIC32MX340FXXXX/360FXXXX/440FXXXX/460XXXX
DEVICES ONLY (CONTINUED)

@ Bits
e . Q 2
° 9] ©
3g| @& 5 8
= '5_'5 &‘3’5 9_: 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 171 16/0 x
2% @ <
<

31:16 — — — — — — — — — — — — — — — — 0000
3260 [DCH2DPTR

15:0 — — — — — — — — CHDPTR<7:0> 0000

3116 — — — — — — — — — — | = - | = — — | —  oooo
3270 | DCH2CsIZ

15:0 — — — — — — — — CHCSIZ<7:0> 0000

3116 — = — — = = — — = - | = - [ = — — | — oooo
3280 [DCH2CPTR

15:0 — — — — — — — — CHCPTR<7:0> 0000

36|  — = = = = = = = = - | = - | - = — | — oooo
3290 | DCH2DAT

15:0 — — — — — — — — CHPDAT<7:0> 0000

3116 — — — — — — — — — — — — — — — | — Joooo
32A0 | DCH3CON

15:0 — — — — — — — CHCHNS CHEN CHAED CHCHN CHAEN — CHEDET CHPRI<1:0> 0000

31:16 — — — — — — — — CHAIRQ<7:0> OOFF
32B0 |[DCH3ECON

15:0 CHSIRQ<7:0> CFORCE | CABORT PATEN SIRQEN | AIRQEN — — — FFOO
32¢0| DEHBINT 31:16 — — — — — — — — CHSDIE | CHSHIE | CHDDIE | CHDHIE | CHBCIE | CHCCIE CHTAIE CHERIE |0000

15:0 — — — — — — — — CHSDIF | CHSHIF | CHDDIF | CHDHIF | CHBCIF | CHCCIF CHTAIF CHERIF |0000

31:16 0000
32D0 | DCH3SSA CHSSA<31:0>

15:0 0000

31:16 0000
32E0 | DCH3DSA CHDSA<31:0>

15:0 0000

36|  — = = = = = = = = - | = - | - = — | — [oooo
32F0 | DCH3sSIZ

15:0 — — — — — — — — CHSSIZ<7:0> 0000

3116 — — — — — — — — — - | = - [ = — — | — oooo
3300 | DCH3DSIZ

15:0 — — — — — — — — CHDSIZ<7:0> 0000

3116 — = — — = = — — = - | = - [ - — — | — oooo
3310 [DCH3SPTR

15:0 — — — — — — — — CHSTR<7:0> 0000

36|  — = = = = = = = = - | = - | - = — | — [oooo
3320 |[DCH3DPTR

15:0 — — — — — — — — CHDPTR<7:0> 0000

3116 — — — — — — — — — - | = - [ = — — | — oooo
3330 | DCH3CsIZ

15:0 — — — — — — — — CHCSIZ<7:0> 0000

3116 — = — — = = — — = - | = - [ - — — | — oooo
3340 [DCH3CPTR

15:0 — — — — — — — — CHCPTR<7:0> 0000

36|  — = = = = = = = = - | = - | - = — | — [oooo
3350 | DCH3DAT

15:0 — — — — — — — — CHPDAT<7:0> 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: All registers except DCHxSPTR, DCHXDPTR and DCHxCPTR have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and OxC, respectively. See Section 12.1.1 “CLR,

SET and INV Registers” for more information.
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TABLE 4-17: COMPARATOR REGISTERS MAP()
@ Bits
e . o} 2
e} [} [}
2g| @s 3 8
= 'E.'E E’% fx_, 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 171 16/0 e
e @ <
£
31:16 — — — — — — — — — — — — — — — — 0000
A000 | CM1CON
15:0 ON COE CPOL — — — — CouT EVPOL<1:0> — CREF — — CCH<1:0> 00C3
31:16 — — — — — — — — — — — — — — — — 0000
A010 | CM2CON
15:0 ON COE CPOL — — — — CouTt EVPOL<1:0> — CREF — = CCH<1:0> 00C3
31:16 — — — — — — — — — — — — — — — — 0000
A060 | CMSTAT
15:0 — — SIDL — — — — — — — — — — — C20UT C10UT (0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: All registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, SET and INV Registers” for more
information.
TABLE 4-18: COMPARATOR VOLTAGE REFERENCE REGISTERS MAP()
9 Bits
< T . ] 2]
o [} =2 [}
39| zZE | & 2
= '5_'5 &‘3’2 f'_:, 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 17/1 16/0 x
2 @ <
S
31:16 — — — — — — — — — — — — — — — — 0000
9800 | CVRCON
15:0 ON — — — — — — — — CVROE CVRR CVRSS CVR<3:0> 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1:

information.

All registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and OxC, respectively. See Section 12.1.1 “CLR, SET and INV Registers” for more
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TABLE 4-19: FLASH CONTROLLER REGISTERS MAP

@ Bits
e . o 2
° 9] ©
2g| zg 3 8
= '5-% E’g 95 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 171 16/0 e
e @ <
£
1|31:16 — — — — — — — — — — — — — — — — 0000
F400 [NVMCON®
15:0 WR WREN WRERR LVDERR | LVDSTAT — — — — — — — NVMOP<3:0> 0000
31:16 0000
F410 | NVMKEY NVMKEY<31:0>
15:0 0000
1 31:16 0000
F420 [NVMADDR®) NVMADDR<31:0>
15:0 0000
31:16 0000
F430 | NVMDATA NVMDATA<31:0>
15:0 0000
31:16 0000
Faqo | NYMSRC NVMSRCADDR<31:0>
ADDR | 15:0 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: This register has corresponding CLR, SET and INV registers at its virtual address, plus an offset of 0x4, 0x8 and OxC, respectively. See Section 12.1.1 “CLR, SET and INV Registers” for more information.
TABLE 4-20: SYSTEM CONTROL REGISTERS MAP(}:2)
g Bits
< T . <] }]
o [} =2 7]
39| @8 | § 2
= '5-'5 §’§ f‘f 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 2317 22/6 21/5 20/4 19/3 18/2 17/1 16/0 E
2= o <
£
Fooo | osccon 31:16 — — PLLODIV<2:0> FRCDIV<2:0> — SOSCRDY — PBDIV<1:0> PLLMULT<2:0> 0000
15:0 — COSC<2:0> — NOSC<2:0> CLKLOCK | ULOCK SLOCK SLPEN CF UFRCEN | SOSCEN | OSWEN [0000
31:16 — — — — — — — — — = - = — — — — 0000
F010 | OSCTUN
15:0 — — — — — — — — — — TUN<5:0> 0000
31:16 — — — — — — — — — — — — — — — — 0000
0000 | WDTCON
15:0 ON — — — — — — — — SWDTPS<4:0> — WDTCLR (0000
31:16 — — — — — — — — — — — — — — — — 0000
F600 | RCON
15:0 — — — — — — CMR VREGS EXTR SWR — WDTO SLEEP IDLE BOR POR 0000
31:16 — — — — — — — — — — — — — — — — 0000
F610 | RSWRST
15:0 = = = = = = = = = = = = = = = SWRST [0000
3 31:16 0000
F230 |SYSKEY®) SYSKEY<31:0>
15:0 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: Except where noted, all registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, SET and INV
Registers” for more information.
2: Reset values are dependent on the DEVCFGx Configuration bits and the type of reset.
3: This register does not have associated CLR, SET, and INV registers.
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TABLE 4-37: PARALLEL MASTER PORT REGISTERS MAP(D)
@ Bits
2ol = 4] i2]
o [] =2 7]
39| 28 | § 8
= 'E.'E §§ f'f 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 17/1 16/0 x
e @ <
£
31:16 — — — — — — — — — — — — — — — — 0000
7000 | PMCON
15:0 ON — SIDL ADRMUX<1:0> PMPTTL | PTWREN | PTRDEN CSF<1:0> ALP Cs2pP CS1P — WRSP RDSP 0000
3116 — = = - | = = = = - | = = = = = = — o000
7010 | PMMODE
15:0 BUSY IRQM<1:0> INCM<1:0> MODE16 MODE<1:0> WAITB<1:0> WAITM<3:0> WAITE<1:0> 0000
31:16] — — — — | = — — — — | = — — — — — —  [oooo
7020 | PMADDR
15:0 |CS2EN/A15|CS1EN/AL4 ADDR<13:0> 0000
31:16 0000
7030 | PMDOUT DATAOUT<31:0>
15:0 0000
31:16 0000
7040 | PMDIN DATAIN<31:0>
15:0 0000
31:16 — — — — — — — — — — — — — — — — 0000
7050 | PMAEN
15:0 PTEN<15:0> 0000
31:16 — — — — — — — — — — — — — — — — 0000
7060 | PMSTAT
15:0 IBF IBOV — — IB3F IB2F IB1F IBOF OBE OBUF — — OB3E OB2E OB1E OBOE |008F
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: All registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, SET and INV Registers” for more

information.

TABLE 4-38: PROGRAMMING AND DIAGNOSTICS REGISTERS MAP
a Bits
< s . % 1)
o 9] ©
3| @E | § @
= é &C’f% f'f 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 2317 22/6 21/5 20/4 19/3 18/2 17/1 16/0 E
22 a <
<
31:16 — — — — — — — — — — — — — — — — 0000
F200 | DDPCON
15:0 — — — — — — — — — — — — JTAGEN | TROEN — — 0008
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

XXVIXXEXNCEDId



‘ou| ABojouyda ] diydooiN TT0Z ©®

€8 abed-HeyTT9SA

TABLE 4-43: USB REGISTERS MAP®) (CONTINUED)
@ Bits
o T - <] a
o 7] = 7]
3g| @& g 8
= '5-'5 E’g 9_: 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 17/1 16/0 x
2 @ z
<
5(31:16 — — — — — — — — — — — — — — — — 0000
5280 |ULFRML®)
15:0 — — — — — — — — FRML<7:0> 0000
NEED — — — — — — — — — — — — — | = ] — oooo
5290 |UIFRMH®)
15:0 — — — — — — — — — — — — — FRMH<10:8> 0000
31:16] — = — = = — = — = = = = — — | = ] — ]oooo
52A0| UITOK
15:0 — — — — — — — — PID<3:0> EP<3:0> 0000
3116 — = = = = = = = = - | - = = — | = | — oooo
52B0| UI1SOF
15:0 — — — — — — — — CNT<7:0> 0000
31:16] — — — — — — — — — - | = - | - — | = ] — oooo
52C0 | U1BDTP2
15:0 — — — — — — — — BDTPTRH<7:0> 0000
31:16] — = — = = — = — = - | - - | - — | = ] — ]oooo
52D0 | U1BDTP3
15:0 — — — — — — — — BDTPTRU<7:0> 0000
31:16 — — — — — — — — — — — — — — — — 0000
52E0 | UICNFG1
15:0 — — — — — — — — UTEYE UOEMON | USBFRZ USBSIDL — — — — 0000
31:16 — — — — — — — — — — — — — — — — 0000
5300 | U1EPO
15:0 — — — — — — — — LSPD RETRYDIS — EPCONDIS | EPRXEN | EPTXEN | EPSTALL | EPHSHK | 0000
31:16 — — — — — — — — — — — — — — — — 0000
5310 | U1EP1
15:0 — — — — — — — — — — — EPCONDIS | EPRXEN | EPTXEN | EPSTALL | EPHSHK | 0000
31:16 — — — — — — — — — — — — — — — — 0000
5320 U1EP2
15:0 — — — — — — — — — — — EPCONDIS | EPRXEN | EPTXEN | EPSTALL | EPHSHK | 0000
31:16 — — — — — — — — — — — — — — — — 0000
5330 | U1EP3
15:0 — — — — — — — — — — — EPCONDIS | EPRXEN | EPTXEN | EPSTALL | EPHSHK | 0000
31:16 — — — — — — — — — — — — — — — — 0000
5340 | U1EP4
15:0 — — — — — — — — — — — EPCONDIS | EPRXEN | EPTXEN | EPSTALL | EPHSHK | 0000
31:16 — — — — — — — — — — — — — — — — 0000
5350 | U1EP5
15:0 — — — — — — — — — — — EPCONDIS | EPRXEN | EPTXEN | EPSTALL | EPHSHK | 0000
31:16 — — — — — — — — — — — — — — — — 0000
5360 | U1EP6
15:0 — — — — — — — — — — — EPCONDIS | EPRXEN | EPTXEN | EPSTALL | EPHSHK | 0000
31:16 — — — — — — — — — — — — — — — — 0000
5370 | U1EP7
15:0 — — — — — — — — — — — EPCONDIS | EPRXEN | EPTXEN | EPSTALL | EPHSHK | 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: Except where noted, all registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, SET and INV
Registers” for more information.
2: This register does not have associated CLR, SET, and INV registers.
3: All bits in this register are read-only; therefore, CLR, SET, and INV registers are not supported.
4: The reset value for this bit is undefined.
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PIC32MX3XX/4XX

FIGURE 22-2: ADC CONVERSION CLOCK PERIOD BLOCK DIAGRAM
ADRC
ADC Internal
RC Clock® 1
TAD
ADCS<7:0> 0

TPB

Note 1:

|

See the ADC electrical characteristics for the exact RC clock value.

ADC Conversion
Clock Multiplier

2,4,..,512
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PIC32MX3XX/4XX

23.0 COMPARATOR

Note 1: This data sheet summarizes the features
of the PIC32MX3XX/4XX family of
devices. Itis notintended to be a compre-
hensive reference source. Refer to
Section 19. “Comparator” (DS61110) of
the “PIC32 Family Reference Manual”,
which is available from the Microchip web
site (www.microchip.com/PIC32).

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 PIC32MX3XX/4XX Analog Comparator module
contains one or more comparator(s) that can be
configured in a variety of ways.

Following are some of the key features of this module:

« Selectable inputs available include:
- Analog inputs multiplexed with 1/O pins

- On-chip internal absolute voltage reference
(IVREF)

- Comparator voltage reference (CVREF)
¢ Outputs can be inverted
» Selectable interrupt generation

A block diagram of the comparator module is illustrated
in Figure 23-1.

is not available as a comparator input.
2: Internally connected.

Note 1: On USB variants, when USB is enabled, this pin is controlled by the USB module and therefore

FIGURE 23-1: COMPARATOR BLOCK DIAGRAM
Comparator 1
CREF _____ COUT (CM1CON)
-, ON cPOL C10UT (CMSTAT)
C1IN+® |
@ ! n
CVREF —F° f——— C10uUT
~o X
CCH<1:0> C1l L ‘_ ~
C1IN- —o|
_ COE
|
C1IN+ &—Io |
C2IN+ X’—‘—o !
| |
IVRer(® — 40 |
Comparator 2
CREF COUT (CM2CON)
e ON CPOL C20UT (CMSTAT)
C2IN+ |
(2) | +
CVREF 2. fo— - c20UT
o—X
CCH<1:0> c2 L F_ .
C2IN- —o |
_ COE
+ | I
C1IN g—lo |
IVRer®  ——o0 [

© 2011 Microchip Technology Inc.
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PIC32MX3XX/4XX

REGISTER 26-2: DEVCFGL1: DEVICE CONFIGURATION WORD 1

Bit
Range

Bit Bit Bit Bit Bit Bit Bit Bit
31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0

31:24

r-1 r-1 r-1 r-1 r-1 r-1 r-1 r-1

23:16

R/P r-1 r-1 R/P R/P R/P R/P R/P

FWDTEN — — WDTPS<4:0>

15:8

R/P R/P R/P R/P r-1 R/P R/P | R/P

FCKSM<1:0> FPBDIV<1:0> — OSCIOFNC POSCMOD<1:0>

7:0

R/P r-1 R/P r-1 r-1 R/P R/P | R/P

IESO = FSOSCEN = = FNOSC<2:0>

Legend:

R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-24
bit 23

bit 22-21
bit 20-16

bit 15-14

Note 1:

Reserved: Write ‘1’
FWDTEN: Watchdog Timer Enable bit

1 =The WDT is enabled and cannot be disabled by software
0 = The WDT is not enabled; it can be enabled in software
Reserved: Write ‘1’

WDTPS<4:0>: Watchdog Timer Postscale Select bits
10100 = 1:1048576

10011 = 1:524288

10010 = 1:262144

10001 = 1:131072

10000 = 1:65536

01111 = 1:32768

01110 =1:16384

01101 =1:8192

01100 = 1:4096

01011 = 1:2048

01010 = 1:1024

01001 = 1:512

01000 = 1:256

00111 =1:128

00110 =1:64

00101 =1:32

00100 =1:16

00011 =1:8

00010=1:4

00001 =1:2

00000 =1:1

All other combinations not shown result in operation = ‘20100’

FCKSM<1:0>: Clock Switching and Monitor Selection Configuration bits

1x = Clock switching is disabled, Fail-Safe Clock Monitor is disabled
01 = Clock switching is enabled, Fail-Safe Clock Monitor is disabled
00 = Clock switching is enabled, Fail-Safe Clock Monitor is enabled

Do not disable Posc (POSCMOD = 00) when using this oscillator source.
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28.2 MPLAB C Compilers for Various
Device Families

The MPLAB C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC18,
PIC24 and PIC32 families of microcontrollers and the
dsPIC30 and dsPIC33 families of digital signal control-
lers. These compilers provide powerful integration
capabilities, superior code optimization and ease of
use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

28.3 HI-TECH C for Various Device
Families

The HI-TECH C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC
family of microcontrollers and the dsPIC family of digital
signal controllers. These compilers provide powerful
integration capabilities, omniscient code generation
and ease of use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

The compilers include a macro assembler, linker, pre-
processor, and one-step driver, and can run on multiple
platforms.

28.4 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

* Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

« Conditional assembly for multi-purpose
source files

 Directives that allow complete control over the
assembly process

28.5 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.
The object linker/library features include:
« Efficient linking of single libraries instead of many
smaller files
« Enhanced code maintainability by grouping
related modules together
» Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

28.6 MPLAB Assembler, Linker and
Librarian for Various Device
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC devices. MPLAB C Compiler uses
the assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

« Support for the entire device instruction set

» Support for fixed-point and floating-point data
e Command line interface

* Rich directive set

» Flexible macro language

* MPLAB IDE compatibility
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28.7 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0, most peripherals and internal registers.

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

28.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit.

The emulator is connected to the design engineer’s PC
using a high-speed USB 2.0 interface and is connected
to the target with either a connector compatible with in-
circuit debugger systems (RJ11) or with the new high-
speed, noise tolerant, Low-Voltage Differential Signal
(LVDS) interconnection (CAT5).

The emulator is field upgradable through future firmware
downloads in MPLAB IDE. In upcoming releases of
MPLAB IDE, new devices will be supported, and new
features will be added. MPLAB REAL ICE offers
significant advantages over competitive emulators
including low-cost, full-speed emulation, run-time
variable watches, trace analysis, complex breakpoints, a
ruggedized probe interface and long (up to three meters)
interconnection cables.

28.9 MPLAB ICD 3 In-Circuit Debugger
System

MPLAB ICD 3 In-Circuit Debugger System is Micro-
chip's most cost effective high-speed hardware
debugger/programmer for Microchip Flash Digital Sig-
nal Controller (DSC) and microcontroller (MCU)
devices. It debugs and programs PIC® Flash microcon-
trollers and dsPIC® DSCs with the powerful, yet easy-
to-use graphical user interface of MPLAB Integrated
Development Environment (IDE).

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

28.10 PICKkit 3 In-Circuit Debugger/
Programmer and
PICKit 3 Debug Express

The MPLAB PICkit 3 allows debugging and program-
ming of PIC® and dsPIC® Flash microcontrollers at a
most affordable price point using the powerful graphical
user interface of the MPLAB Integrated Development
Environment (IDE). The MPLAB PICkit 3 is connected
to the design engineer's PC using a full speed USB
interface and can be connected to the target via an
Microchip debug (RJ-11) connector (compatible with
MPLAB ICD 3 and MPLAB REAL ICE). The connector
uses two device I/O pins and the reset line to imple-
ment in-circuit debugging and In-Circuit Serial Pro-
gramming™.

The PICkit 3 Debug Express include the PICkit 3, demo
board and microcontroller, hookup cables and CDROM

with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.

© 2011 Microchip Technology Inc.
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FIGURE 29-3: I/0 TIMING CHARACTERISTICS
/0 Pin >< ><
(Input)
D135
DI40
1/0 Pin )
(Output) AV
— < DO31
DO32

Note: Refer to Figure 29-1 for load conditions.

TABLE 29-21: /O TIMING REQUIREMENTS

Standard Operating Conditions: 2.3V to 3.6V

(unless otherwise stated)

Operating temperature  -40°C <TA <+85°C for Industrial
-40°C <TA <+105°C for V-Temp

AC CHARACTERISTICS

Pa’\rka)\m. Symbol Characteristics® Min. Typical(l) Max. Units Conditions
DO31 TIOR Port Output Rise Time — 5 15 ns VDD < 2.5V
— 5 10 ns VDD > 2.5V
D032 TIOF Port Output Fall Time — 5 15 ns VDD < 2.5V
— 5 10 ns VDD > 2.5V
DI35 TINP INTx Pin High or Low Time 10 — — ns —
D140 TRBP CNXx High or Low Time (input) 2 — — TSYSCLK —

Note 1: Data in “Typical” column is at 3.3V, 25°C unless otherwise stated.
2. This parameter is characterized, but not tested in manufacturing.
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FIGURE 29-14: 12Cx BUS START/STOP BITS TIMING CHARACTERISTICS (MASTER MODE)

SCLx

Start Stop
Condition Condition

Note: Refer to Figure 29-1 for load conditions.

FIGURE 29-15: I2Cx BUS DATA TIMING CHARACTERISTICS (MASTER MODE)

IM20 > * - e M1 —s ; e IM21

SCLx

s Y X o

Note: Refer to Figure 29-1 for load conditions.
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TABLE 29-32:

12Cx BUS DATA TIMING REQUIREMENTS (MASTER MODE)

AC CHARACTERISTICS

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)

Operating temperature

-40°C <TA <+85°C for Industrial

-40°C <TA <+105°C for V-Temp

P?\Em' Symbol Characteristics Min.(®) Max. Units Conditions
IM10  |Tro:scL |Clock Low Time [100 kHz mode | Tps* (BRG + 2) — us
400 kHz mode | Tes* (BRG + 2) — us —
1 MHz mode® | Tpg* (BRG + 2) — us
IM11  |THiscL |Clock High Time {100 kHz mode | Tee * (BRG + 2) — us
400 kHz mode | Tee* (BRG + 2) — us —
1 MHz mode® | Tpg* (BRG + 2) — us
IM20 |TF:scL |SDAx and SCLx [100 kHz mode — 300 ns CB is specified to be
Fall Time 400 kHz mode 20 + 0.1 CB 300 ns |from 10 to 400 pF.
1 MHz mode® — 100 ns
IM21 TrR:scL |SDAx and SCLx |100 kHz mode — 1000 ns CB is specified to be
Rise Time 400 kHz mode 20+0.1Cs 300 ns |from 10 to 400 pF.
1 MHz mode® — 300 ns
IM25 Tsu:DAT |Data Input 100 kHz mode 250 — ns
Setup Time 400 kHz mode 100 — ns —
1 MHz mode® 100 — ns
IM26 THD:DAT |Data Input 100 kHz mode 0 — us
Hold Time 400 kHz mode 0 0.9 us —
1 MHz mode® 0 0.3 us
IM30  |Tsu:sTA |Start Condition |100 kHz mode | Tpe* (BRG + 2) — us  |Only relevant for
Setup Time 400 kHz mode | Trg* (BRG + 2) _ us |Repeated Start
2 condition.
1 MHz mode® | Tpg* (BRG + 2) — us
IM31 | THD:STA |Start Condition |100 kHz mode | Tpe* (BRG + 2) — us  |After this period, the
Hold Time 400 kHzmode | Tpe* (BRG +2) | — ps |firstclock pulse is
1MHz mode® | Tpg*(BRG+2) | — us |oenerated
IM33  |Tsu:sTo |Stop Condition |100 kHz mode | Tpe* (BRG + 2) — us
Setup Time 400 kHz mode | Tpe* (BRG + 2) — us —
1 MHz mode® | Tpe*(BRG+2) | — us
IM34 | THD:sTO |Stop Condition {100 kHz mode | Tpe* (BRG + 2) — ns
Hold Time 400 kHz mode | Tps* (BRG + 2) — ns —
1 MHz mode® | Tpg* (BRG + 2) — ns
IM40  |TAA:scL |Output Valid 100 kHz mode — 3500 ns
from Clock 400 kHz mode — 1000 ns —
1 MHz mode® — 350 ns
IM45 TBF:SDA |Bus Free Time |100 kHz mode 4.7 — us The amount of time the
400 kHz mode 1.3 — us  |bus must be free
1 MHz mode® 0.5 — us |pefore anew
transmission can start.
IM50 Cs Bus Capacitive Loading — 400 pF —
IM51 |Tpeb  |Pulse Gobbler Delay®) 52 312 ns —
Note 1: BRG is the value of the I°C™ Baud Rate Generator.
2:  Maximum pin capacitance = 10 pF for all I2Cx pins (for 1 MHz mode only).
3: The typical value for this parameter is 104 ns.
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FIGURE 29-16: 12Cx BUS START/STOP BITS TIMING CHARACTERISTICS (SLAVE MODE)

SCLx

Start Stop
Condition Condition

Note: Refer to Figure 29-1 for load conditions.

FIGURE 29-17: 12Cx BUS DATA TIMING CHARACTERISTICS (SLAVE MODE)

1520 -+ a— . IS11_, 2 — e 1521

SCLx
—=11530 ~—_ ' 1S26 ia—»r . o
S 1S3 - . <> 1525 — 1533 — .
SDAX T\ ! ! >< . . .
In ' ' : _____ f '
—> 1S40 — 1S40 —= l-— |S45 —

i X — X .

Note: Refer to Figure 29-1 for load conditions.
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FIGURE 29-20:

PARALLEL SLAVE PORT TIMING

PMD<7:0>

CS

TABLE 29-37: PARALLEL SLAVE PORT REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)

Operating temperature

-40°C <TA <+85°C for Industrial
-40°C <TA <+105°C for V-Temp

Pa’\:(a;m. Symbol Characteristics® Min. Typical | Max. | Units Conditions

PS1 TdtvV2wrH | Data In Valid before WR or CS 20 — — ns —
Inactive (setup time)

PS2  |TwrH2dtl |WR or CS Inactive to Data — 40 — — ns —
In Invalid (hold time)

PS3  |TrdL2dtv |RD and CS Active to Data — — — 60 ns —
Out Valid

PS4 TrdH2dtl | RD Active or CS Inactive to Data — 0 — 10 ns —
Out Invalid

PS5 Tcs CS Active Time TpPB + 40 — — ns —

PS6 TWR WR Active Time TPB + 25 — — ns —

PS7 TRD RD Active Time TPB + 25 — — ns —

Note 1. These parameters are characterized, but not tested in manufacturing.
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NOTES:
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TABLE A-1: MAJOR SECTION UPDATES (CONTINUED)

Section Name Update Description

Section 26.0 “Special Features” | Modified bit names and locations in Register 26-5 “DEVID: Device and
Revision ID Register”.

Replaced “TsTARTUP” with “TPu”, and “64-ms nominal delay” with “TPWRT", in
Section 26.3.1 “On-Chip Regulator and POR”.

The information that appeared in the Watchdog Timer and the Programming and
Diagnostics sections of 61143E version of this data sheet has been incorporated
into the Special Features section:

e Section 26.2 “Watchdog Timer (WDT)”"

« Section 26.4 “Programming and Diagnostics”

Section 29.0 “Electrical Added the 64-Lead QFN package to Table 29-3.
Characteristics”
Updated data in Table 29-5.

Updated data in Table 29-7.

Updated data in Table 29-4, Table 29-5, Table 29-7 and Table 29-8.
Updated data in Table 29-11.

Added OS42 parameter to Table 29-17.

Replaced Table 29-23.

Replaced Table 29-24.

Replaced Table 29-25.

Updated Table 29-36.

Section 30.0 “Packaging Added 64-Lead QFN package marking information to Section 30.1 “Package
Information” Marking Information”.

Added the 64-Lead QFN (MR) package drawing and land pattern to
Section 30.2 “Package Details”.

“Product Identification System” | Added the MR package designator for the 64-Lead (9x9x0.9) QFN.
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