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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, USB OTG
Brown-out Detect/Reset, DMA, POR, PWM, WDT
256KB (256K x 8)

FLASH

32K x 8

2.3V ~ 3.6V

A/D 16x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

121-TFBGA

121-TFBGA (10x10)
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PIC32MX3XX/4XX

TABLE 2: PIC32MX USB — FEATURES
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PIC32MX420F032H | 64 | PTMR | 40 | 32+12® | 8 | 5/5/5 | 0 2 |Yes|No| 2/1/2 | 16 | 2 | Yes | Yes
PIC32MX440F128H | 64 | P, MR | 80 | 128 +12®W | 32 | 5/5/5 | 4 2 |Yes|No| 2/1/2 | 16 | 2 | Yes | Yes
PIC32MX440F256H | 64 | PT,MR | 80 | 256+ 12® | 32 | 5/5/5 | 4 2 |Yes|No| 2/1/2 | 16 | 2 | Yes | Yes
PIC32MX440F512H | 64 | PT MR | 80 | 512+12®W | 32 | 5/5/5 | 4 2 |Yes|No| 2/1/2 | 16 | 2 | Yes | Yes
100 | PT
PIC32MX440F128L (121 | BG 80 | 128+12® | 32 | 5/5/5 | 4 2 |Yes|No| 2/2/2 | 16 | 2 | Yes | Yes
100| PT
PIC32MX460F256L [151 | g | 80 | 256 +12®W | 32 | 5/5/5 | 4 2 |Yes|Yes| 2/2/2 | 16 | 2 | Yes | Yes
100| PT
PIC32MX460F512L [ 121 | Rg 80 | 512+12® | 32 | 5/5/5 | 4 2 |Yes|Yes| 2/2/2 | 16 | 2 | Yes | Yes

Legend: PT=TQFP MR = QFN BG = XBGA

Note 1: This device features 12 KB Boot Flash memory.
2:  See Legend for an explanation of the acronyms. See Section 30.0 “Packaging Information” for details.

© 2011 Microchip Technology Inc. DS61143H-page 5
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TABLE 4-13: ADC REGISTERS MAP (CONTINUED)
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31:16 0000
9110 [ADC1BUFA ADC Result Word A (ADC1BUFA<31:0>) —
15:0 0000
31:16 0000
9120 | ADC1BUFB ADC Result Word B (ADC1BUFB<31:0>) —
15:0 0000
31:16 0000
9130 [ADC1BUFC ADC Result Word C (ADC1BUFC<31:0>) —
15:0 0000
31:16 0000
9140 |ADC1BUFD ADC Result Word D (ADC1BUFD<31:0>) —
15:0 0000
31:16 0000
9150 [ADC1BUFE ADC Result Word E (ADC1BUFE<31:0>) —
15:0 0000
31:16 0000
9160 [ ADC1BUFF ADC Result Word F (ADC1BUFF<31:0>) —
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.
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TABLE 4-25: PORTD REGISTERS MAP FOR PIC32MX320F128L, PIC32MX340F128L, PIC32MX360F256L, PIC32MX360F512L,
PIC32MX440F128L, PIC32MX460F256L AND PIC32MX460F512L DEVICES ONLYD)
g - . . Bits .
3| 28 |
‘_§ 'é g zZ _5 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 ;
§
31:16 — — — — — — — — — — — — — — — — 0000
60co | TRISD 15:0 | TRISD15 | TRISD14 | TRISD13 | TRISD12 | TRISD11 | TRISD10 | TRISD9 TRISD8 TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO |FFFF
6000 | PORTD 31:16 — — — — — — — — — — — — — — — — 0000
15:0 RD15 RD14 RD13 RD12 RD11 RD10 RD9 RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX
31:16 — — — — — — — — — — — — — — — — 0000
60E0| LATD 15:0 | LATD15 | LATD14 | LATD13 | LATD12 LATD11 LATD10 LATD9 LATD8 LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO | XXXX
31:16 — — — — — — — — — — — — — — — — 0000
60F0 | Obeb 15:0 | ODCD15 | ODCD14 | ODCD13 | ODCD12 | ODCD11 | ODCD10 | ODCD9 OoDCD8 OoDCD7 ODCD6 ODCD5 ODCD4 OoDCD3 OoDCD2 ODCD1 ODCDO | 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: alflorfn%gg:\s 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
TABLE 4-26: PORTD REGISTERS MAP FOR PIC32MX320F032H, PIC32MX320F064H, PIC32MX320F128H, PIC32MX340F128H,

PIC32MX340F256H, PIC32MX340F512H, PIC32MX420F032H, PIC32MX440F128H, PIC32MX440F256H AND PIC32MX440F512H
DEVICES ONLY®
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31:16 — — — — — — — — — — — — — — — — 0000
60CO | TRISD

15:0 — — — — TRISD11 | TRISD10 | TRISD9 | TRISD8 | TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO |OFFF

31:16 — — — — — — — — — — — — — — — — 0000
60D0 | PORTD

15:0 — — — — RD11 RD10 RD9 RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX

31:16 — — — — — — — — — — — — — — — — 0000
60EO0 LATD

15:0 — — — — LATD11 LATD10 LATD9 LATD8 LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO | xxxx

31:16 — — — — — — — — — — — — — — — — 0000
60F0 | ODCD

15:0 — — — — ODCD11 | ODCD10 | ODCD9 | ODCD8 | ODCD7 ODCD6 | ODCD5 | ODCD4 | ODCD3 | ODCD2 | ODCD1 | ODCDO |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.
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PIC32MX3XX/4XX

50 FLASH PROGRAM MEMORY

Note 1: This data sheet summarizes the features
of the PIC32MX3XX/4XX family of
devices. Itis notintended to be a compre-
hensive reference source. To comple-
ment the information in this data sheet,
refer to Section 5. “Flash Program
Memory” (DS61121) 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.

RTSP is performed by software executing from either
Flash or RAM memory. EJTAG is performed using the
EJTAG port of the device and a EJTAG capable
programmer. ICSP is performed using a serial data
connection to the device and allows much faster pro-
gramming times than RTSP. RTSP techniques are
described in this chapter. The ICSP and EJTAG
methods are described in the “PIC32MX Flash
Programming Specification” (DS61145), which can be
downloaded from the Microchip web site.

Note: Flash LVD Delay (LVDstartup) must be
taken into account between setting up and
executing any Flash command operation.
See Example 5-1 for a code example to
set up and execute a Flash command
operation.

PIC32MX3XX/4XX devices contain an internal
program Flash memory for executing user code. There
are three methods by which the user can program this
memory:

* Run-Time Self Programming (RTSP)

* In-Circuit Serial Programming™ (ICSP™)

* EJTAG Programming

EXAMPLE 5-1:
NVMCON = 0x4004; // Enable and configure for erase operation
Wait(delay); // Delay for 6 ps for LVDstartup

NVMKEY = OxAA996655;
NVMKEY = Ox556699AA;
NVMCONSET = 0x8000;

// Initiate operation

while(NVMCONbits.WR==1); // Wait for current operation to complete

© 2011 Microchip Technology Inc.
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PIC32MX3XX/4XX

7.0 INTERRUPT CONTROLLER

Note 1: This data sheet summarizes the features
of the PIC32MX3XX/4XX family of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to Section 8. “Interrupt
Controller” (DS61108) 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.

FIGURE 7-1:

PIC32MX3XX/4XX devices generate interrupt requests
in response to interrupt events from peripheral mod-
ules. The Interrupt Control module exists externally to
the CPU logic and prioritizes the interrupt events before
presenting them to the CPU.

The PIC32MX3XX/4XX interrupts module includes the
following features:

* Up to 96 interrupt sources

« Up to 64 interrupt vectors

« Single and Multi-Vector mode operations

» Five external interrupts with edge polarity control

* Interrupt proximity timer

¢ Module Freeze in Debug mode

» Seven user-selectable priority levels for each
vector

 Four user-selectable subpriority levels within each
priority

» Dedicated shadow set for highest priority level

« Software can generate any interrupt

« User-configurable interrupt vector table location

» User-configurable interrupt vector spacing

INTERRUPT CONTROLLER MODULE

— ¥ Interrupt Controller

Interrupt Requests

Vector Number

Priority Level

Shadow Set Number

CPU Core

Note:  Several of the registers cited in this section are not in the interrupt controller module. These registers (and
bits) are associated with the CPU. Details about them are available in Section 3.0 “CPU".

To avoid confusion, a typographic distinction is made for registers in the CPU. The register names in this
section, and all other sections of this manual, are signified by uppercase letters only. The CPU register
names are signified by upper and lowercase letters. For example, INTSTAT is an Interrupts register;

whereas, IntCtl is a CPU register.

© 2011 Microchip Technology Inc.
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PIC32MX3XX/4XX

8.0 OSCILLATOR The PIC32MX oscillator system has the following
modules and features:
CONFIGURATION
» A total of four external and internal oscillator
Note 1: This data sheet summarizes the features options as clock sources
gf the P|Q32MX3)§X/4>;Xd familg of « On-chip PLL (phase-locked loop) with user-
evices. It is not intended to be a selectable input divider, multiplier and output
ggmplrgrt:qzrr]:l\t/ﬁe irr?ffgrrr?\g(t:iin ?rc\)ut[ﬁse.da-'[g divider to boost operating frequency on select
h Fz fer to the *PIC32 Famil internal and external oscillator sources
sheet, refer to e ami . -
Reference Manual”  Section Gy » On-chip user-selectable divisor postscaler on
“Oscillator Configuration” (DS61112), select oscillator sources o .
which is available from the Microchip web * Software-controllable switching between various
site (www.microchip.com/PIC32). clock sources
2. Some registers and associated bits « A Fail-Safe Clock Monitor (FSCM) that detects
described in this section may not be clocrI: f?gure and permits safe application recovery
available on all devices. Refer to ors ) ut down ) )
Section 4.0 “Memory Organization” in » Dedicated on-chip PLL for USB peripheral
this data sheet for device-specific register
and bit information.
FIGURE 8-1: PIC32MX3XX/4XX FAMILY CLOCK DIAGRAM
Cuel T T T "
| UFIN |USB Clock (48 MHZ)
[ ¢— divx > PLL x24 [» div2 |
UFRCEN
| UFIN = 4 MHz UPLLEN
Primary Oscillator (Posc) L UPLLIDIV<2:0>
01|(3? OSC&l DC XT, HS, EC
T
l RE®@ To Internal 4 MHz < FIN £5 MHz XTPLL, HSPLL, Peripherals
Logic | FiN | ECPLL, FRCPLL | Postscaler | “=F S
IXTAL < Erable J divx | PLL F*{divy > div x PBCLK
N |
. s <X PLL Input Divider PLL Output Divider
c2® 052 FPLLIDIV<2:0> PLLODIV<2:0> PBDIV<1:0>
FRC PLL Multiplier
Oscillator  |—{ COSC<2:0> PLLMULT<2:0> FRC
8 MHz typical >
——
TUN<5:0> »| div 16 FRC/16=
FRCDIV CPU and Select Peripherals
| Postscaler > SYSCLK
|
FRCDIV<2:0>
LPRC LPRC _
Osscillator 31.25 kHz typical
Secondary Oscillator (Sosc)
SOSC% SRR ,|> 32.768 kHz Sosc - 1
: : ¥
. —SOSCEN and FSOSCEN -
, , Clock Control Logic
sosql -~ . Fail-Safe | FSCMINT
\Aock FSCM Event
Notes: 1. A series resistor, RS, may be required for AT strip-cut crystals. [
2. Theinternal feedback resistor, RF, is typically in the range of 2 to 10 MQ NOSC<2:0>
3. Refer to the “PIC32 Family Reference Manual” Section 6. “ Oscillator COSC<2:0>
Configuration” (DS61112) for help determining the best oscillator ESCMEN<1:0> OSWEN
components. WDT, PWRT
4. PBCLK out is available on the OSC2 pin in certain clock modes. - >
Timerl, RTCC

© 2011 Microchip Technology Inc.
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PIC32MX3XX/4XX

16.0 OUTPUT COMPARE The Output Compare module (OCMP) is used to gen-
erate a single pulse or a train of pulses in response to
Note 1. This data sheet summarizes the features selected time base events. For all modes of operation,
of the PIC32MX3XX/4XX family of the OCMP module compares the values stored in the
devices. It is not intended to be a OCxR and/or the OCXxRS registers to the value in the
comprehensive reference source. To selected timer. When a match occurs, the OCMP mod-
complement the information in this data ule generates an event based on the selected mode of

sheet, refer to Section 16. “Output operation.

Compare” (DS61111) of the “PIC32

. ! " The following are some of the key features:
Family Reference Manual”, which is

available from the Microchip web site * Multiple output compare modules in a device
(www.microchip.com/PIC32). * Programmable interrupt generation on compare
2: Some registers and associated bits eyent
described in this section may not be * Single and Dual Compare modes
available on all devices. Refer to  Single and continuous output pulse generation
Section 4.0 “Memory Organization” in « Pulse-Width Modulation (PWM) mode
this data sheet for device-specific register  Hardware-based PWM Fault detection and
and bit information. automatic output disable
« Programmable selection of 16-bit or 32-bit time
bases.

e Can operate from either of two available 16-bit
time bases or a single 32-bit time base

FIGURE 16-1: OUTPUT COMPARE MODULE BLOCK DIAGRAM

Set Fla&l;lbit
OCxIF)

A

A

) Output HS Q ocx®
Logic -
> ¢} " R

3 Output Enable
OCM<2:0> Output > Logic
Mode Select Enable
OCFA or OCFB
(see Note 2)

TMR register inputs Period match signals
from time bases from time bases
(see Note 3) (see Note 3)

Note 1: Where ‘X’ is shown, reference is made to the registers associated with the respective output compare
channels 1 through 5.

2: The OCFA pin controls the OC1-OC4 channels. The OCFB pin controls the OC5 channel.
3: Each output compare channel can use one of two selectable 16-bit time bases or a single 32-bit timer base.

© 2011 Microchip Technology Inc. DS61143H-page 109



PIC32MX3XX/4XX

24,0 COMPARATOR VOLTAGE
REFERENCE (CVREF)

Note 1: This data sheet summarizes the features
of the PIC32MX3XX/4XX family of
devices. Itis not intended to be a compre-
hensive reference source. Refer to Sec-
tion 20. “Comparator Voltage
Reference (CVRer)” (DS61109) 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.

FIGURE 24-1:

The CVREF is a 16-tap, resistor ladder network that pro-
vides a selectable reference voltage. Although its pri-
mary purpose is to provide a reference for the analog
comparators, it also may be used independently of
them.

A Dblock diagram of the module is illustrated in
Figure 24-1. The resistor ladder is segmented to
provide two ranges of voltage reference values and has
a power-down function to conserve power when the
reference is not being used. The module’s supply refer-
ence can be provided from either device VDD/VSS or an
external voltage reference. The CVREF output is avail-
able for the comparators and typically available for pin
output.

The comparator voltage reference has the following

features:

» High and low range selection

 Sixteen output levels available for each range

« Internally connected to comparators to conserve
device pins

« Output can be connected to a pin

COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM

CVRSS =1

VREF+ g'—o
X o\° L
AV CVRSS =0

©
Py

Pl

CVREN

CVR3:CVRO

ol

———— > CVREF

16 Steps <

r=—n

o CVREF
N :l\_ N & ouT

CVRCON<CVROE>

16-to-1 MUX

o X D
AWM= - = =~ AATAMAAWAR-AAA—AN

I U 3D

CVRR |

CVRSS =1
VReF- X}——
\07

Avss [G———
CVRSS =0

T
3
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PIC32MX3XX/4XX

TABLE 29-18: PLL CLOCK TIMING SPECIFICATIONS (VDD = 2.3V TO 3.6V)

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C <TA <+85°C for Industrial
-40°C <TA <+105°C for V-Temp
Pz?\lr;lm. Symbol Characteristics® Min. Typical Max. | Units Conditions
0S50 FPLLI PLL Voltage Controlled 4 — 5 MHz |ECPLL, HSPLL, XTPLL,
Oscillator (VCO) Input FRCPLL modes
Frequency Range
0OS51 | Fsys On-Chip VCO System 60 — 120 MHz —
Frequency
0S52 |TLock PLL Start-up Time (Lock Time) — — 2 ms —
0S53 |Dclk | CLKO Stability® -0.25 — +0.25| % |Measured over 100 ms
(Period Jitter or Cumulative) period

Note 1. These parameters are characterized, but not tested in manufacturing.
2: This jitter specification is based on clock-cycle by clock-cycle measurements. To get the effective jitter for
individual time-bases on communication clocks, use the following formula:
DeLk

J SYSCLK
CommunicationClock

Effectivelditter =

For example, if SYSCLK = 80 MHz and SPI bit rate = 20 MHz, the effective jitter is as follows:

D D
EffectiveJitter = —<tK — ZCLK
80 2
20

TABLE 29-19: INTERNAL FRC ACCURACY

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

Param.
No.

Internal FRC Accuracy @ 8.00 MHz()

F20 |FRC | 2 | — ] 2 ] % | —

Note 1: Frequency calibrated at 25°C and 3.3V. TUN bits can be used to compensate for temperature drift.

Characteristics Min. |Typical| Max. | Units Conditions

TABLE 29-20: INTERNAL RC ACCURACY

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

P?\Irgm' Characteristics Min. | Typical | Max. | Units Conditions
LPRC @ 31.25 kHz(®
F21  |LPRC [ a5 | — | <15 | % | —

Note 1: Change of LPRC frequency as VDD changes.

© 2011 Microchip Technology Inc. DS61143H-page 163



PIC32MX3XX/4XX

FIGURE 29-5: EXTERNAL RESET TIMING CHARACTERISTICS

Clock Sources = (FRC, FRCDIV, FRCDIV16, FRCPLL, EC, ECPLL and LPRC)

MCLR —\§—7ZL

I~
A/AN

(SY20)

BOR M »

. TBOR ' (TsyspLY)
+ (SY30) ! sv02:

Reset Sequence 7

I~
=~

~—— CPU starts fetching code

Clock Sources = (HS, HSPLL, XT, XTPLLE and Sosc) (TsYsDLY)
Reset Sequence . % |

TABLE 29-22: RESETS TIMING

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C <Ta <+85°C for Industrial
-40°C <TA <+105°C for V-Temp
Pe;\:glm. Symbol Characteristics® Min. | Typical® | Max. | Units Conditions
SY00 |Tpu Power-up Period — 400 600 us |-40°C to +85°C
Internal Voltage Regulator Enabled
SY01 |TpPwrT | Power-up Period 48 64 80 ms |-40°C to +85°C
External Vcore Applied
(Power-Up-Timer Active)
SY02 |TsysDLY | System Delay Period: - 1 us - — |-40°Cto +85°C
Time required to reload Device +
Configuration Fuses plus SYSCLK 8 syscLk
delay before first instruction is cycles
fetched.
SY20 |TMmCLR | MCLR Pulse Width (low) - 2 - us | -40°C to +85°C
SY30 |Tsor BOR Pulse Width (low) — 1 — us |-40°C to +85°C

Note 1. These parameters are characterized, but not tested in manufacturing.
2. Datain “Typ” column is at 3.3V, 25°C unless otherwise stated. Characterized by design but not tested.

DS61143H-page 166 © 2011 Microchip Technology Inc.



PIC32MX3XX/4XX

FIGURE 29-6: TIMER1, 2, 3, 4, 5 EXTERNAL CLOCK TIMING CHARACTERISTICS

oS K /

< Tx10 —»| [ XL ——
|

<—Tx20 —» |

x

Tx15
0S60

A A
y

\J

TMRX

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

TABLE 29-23: TIMER1 EXTERNAL CLOCK TIMING REQUIREMENTS()

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C <TaA <+85°C for Industrial
-40°C <TA <+105°C for V-Temp
Pa’\:gm. Symbol Characteristics® Min. Typical | Max. | Units Conditions
TA10 |TTxH TXCK Synchronous, | [(12.5 ns or 1TPB)/N] — — | ns |Mustalso meet
High Time | with prescaler +25ns parameter TA15.
Asynchronous, 10 — — ns —
with prescaler
TA1l |TTXL TxCK Synchronous, | [(12.5 ns or 1TPB)/N] — — ns | Must also meet
Low Time | with prescaler +25ns parameter TA15.
Asynchronous, 10 — — ns —
with prescaler
TA15 |TTXP TxCK Synchronous, | [(Greater of 25 ns or — — ns VoD > 2.7V
Input Period | with prescaler 2TpB)/N] + 30 ns
[(Greater of 25 ns or — — ns VDD < 2.7V
2TpB)/N] + 50 ns
Asynchronous, 20 — — ns VDD > 2.7V
with prescaler (Note 3)
50 — — ns VDD < 2.7V
(Note 3)
0s60 |Ft1 SOSC1/T1CK Oscillator 32 — 100 | kHz —
Input Frequency Range
(oscillator enabled by
setting TCS bit
(TLCON<1>))
TA20 | TCKEXTMRL | Delay from External TxCK — 1 TPB —
Clock Edge to Timer
Increment
Note 1: Timerlis a Type A.

2. This parameter is characterized, but not tested in manufacturing.
3. N =prescale value (1, 8, 64, 256)

© 2011 Microchip Technology Inc. DS61143H-page 167



PIC32MX3XX/4XX

TABLE 29-34: ADC MODULE SPECIFICATIONS (CONTINUED)

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C <TA <+85°C for Industrial
-40°C <TA <+105°C for V-Temp

Pz?\lrgm. Symbol Characteristics Min. Typical Max. Units Conditions

ADC Accuracy — Measurements with Internal VREF+/VVREF-

AD20d | Nr Resolution 10 data bits bits | (Note 3)

AD21d | INL Integral Nonlinearity — — <zl LSb | VINL = AVsSs = 0V,
AVDD = 2.5V to 3.6V
(Note 3)

AD22d | DNL Differential Nonlinearity — — <t1 LSb |VINL = AVss =0V,
AVDD = 2.5V to 3.6V
(Notes 2,3)

AD23d | GERR Gain Error — — <t4 LSb | VINL = AVss =0V,
AVDD = 2.5V to 3.6V
(Note 3)

AD?24d | EOFF Offset Error — — <t2 LSb | VINL = AVss =0V,
AVDD = 2.5V to 3.6V
(Note 3)

AD25d — Monotonicity — — — — | Guaranteed

Dynamic Performance

AD31b | SINAD |Signal to Noise and 55 58.5 — dB |(Notes 3, 4)

Distortion
AD34b | ENOB | Effective Number of Bits 9.0 9.5 — bits | (Notes 3, 4)

Note 1. These parameters are not characterized or tested in manufacturing.
2:  With no missing codes.
3:  These parameters are characterized, but not tested in manufacturing.
4: Characterized with 1 kHz sinewave.
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TABLE 29-35: 10-BIT ADC CONVERSION RATE PARAMETERS®

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

ADC Speed . TAD Sf'impllr]g Rs Max VDD ADC Channels Configuration
Minimum | Time Min
1 MIPS to 400 ksps®™ | 65 ns 132ns | 500Q [3.0Vto 3.6V
VREF- VREF+
CHx
AN +
g % SHA ADC
Up to 400 ksps 200 ns 200ns | 5.0kQ | 2.5V to 3.6V
VREF- VREF+
or or
AVss  AVDD
D e— DN
SHA ADC
ANX or VREF-
Up to 300 ksps 200 ns 200ns | 5.0kQ | 2.5V to 3.6V
VREF- VREF+
or or
AVSs  AVDD
L —— N
SHA ADC

X i

ANX or VREF-

Note 1:

External VREF- and VREF+ pins must be used for correct operation.

2: These parameters are characterized, but not tested in manufacturing.
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ANALOG-TO-DIGITAL CONVERSION (10-BIT MODE) TIMING CHARACTERISTICS

(CHPS<1:0>

FIGURE 29-18:

01, SIMSAM =0, ASAM = 0, SSRC<2:0> = 000)
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@ — Software sets ADXCON. SAMP to start sampling.

(DS61104) of the “PIC32 Family Reference Manual”.
@ — Software clears ADxCON. SAMP to start conversion.
@ — Sampling ends, conversion sequence starts.

@ — Sampling starts after discharge period. TsAMP is described in Section 17. “10-bit Analog-to-Digital Converter (ADC)”
® - Convert bit 9.

(® - Convert bit 8.

@ — Convert bit 0.

— One TAD for end of conversion.
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64-Lead Plastic Quad Flat, No Lead Package (MR) — 9x9x0.9 mm Body [QFN]
With 0.40 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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—
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L —
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ol
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width W2 7.35
Optional Center Pad Length T2 7.35
Contact Pad Spacing C1 8.90
Contact Pad Spacing C2 8.90
Contact Pad Width (X64) X1 0.30
Contact Pad Length (X64) Y1 0.85
Distance Between Pads G 0.20
Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2149A
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121-Lead Plastic Thin Profile Ball Grid Array (BG) - 10x10x1.10 mm Body [XBGA]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Microchip Technology Drawing C04-148B Sheet 1 of 2
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121-Lead Plastic Thin Profile Ball Grid Array (BG) - 10x10x1.10 mm Body [XBGA]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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OO O 0O0O0OO0OO0OO0OO0OO0OO0
O 0O O0OO0O0OO0OO0OO0OO0OO0o0Oo
OO0 O0OO0O0OO0OO0OO0OO0OO0Oo
C2 O O 0O 0O0O0O0OO0OO0OO0OO0OO0OO0
O 0O OO O0O0OO0OO0OO0OO0Oo
O O O0OO0OO0O0OO0OO0OO0oOOoOo r E
OO0 00000000 O0——
OO O0OO0OO0O0OO0OO0OO0o0Oo O——?
————eoo/q}ooooooo
@XJ E2
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits]  MIN | NOM | MAX
Contact Pitch E1 0.80 BSC
Contact Pitch E2 0.80 BSC
Contact Pad Spacing C1 8.00
Contact Pad Spacing C2 8.00
Contact Pad Diameter (X121) X 0.32

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2148B
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TABLE A-2: MAJOR SECTION UPDATES (CONTINUED)

Section Name Update Description
Section 29.0 “Electrical Updated the Absolute Maximum Ratings and added Note 3.
Characteristics” Added Thermal Packaging Characteristics for the 121-pin XBGA package

(see Table 29-3).

Updated the conditions for parameters DC20, DC21, DC22 and DC23 in
Table 29-5.

Updated the comments for parameter D321 (CeFC) in Table 29-15.

Updated the SPIx Module Slave Mode (CKE = 1) Timing Characteristics,
changing SP52 to SP35 between the MSb and Bit 14 on SDOx (see
Figure 29-13).

Section 30.0 “Packaging Information” | Added the 121-pin XBGA package marking information and package
details.

“Product Identification System” Added the definition for BG (121-lead 10x10x1.1 mm, XBGA).
Added the definition for Speed.
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TABLE A-3: MAJOR SECTION UPDATES (CONTINUED)

Section Name

Update Description

Section 29.0 “Electrical
Characteristics”

Added the new V-Temp temperature range (-40°C to +105°C) to the
heading of all specification tables.

Updated the Ambient temperature under bias, updated the Voltage on
any 5V tolerant pin with respect to Vss when VDD < 2.3V, and added
Voltage on VBUS with respect to Vss in Absolute Maximum Ratings.

Added the characteristic, DC5a to Operating MIPS vs. Voltage (see
Table 29-1).

Updated or added the following parameters to the Operating Current
(Iop) DC Characteristics: DC20, DC23, DC24c, DC25d, DC26¢ (see
Table 29-5).

Added the following parameters to the Idle Current (libLe) DC
Characteristics: DC30c, DC31c, DC32c, DS33c, DC34c, DC35c, and
DC36c (see Table 29-6).

Added the following parameters to the Power-down Current (IPD) DC
Characteristics: DC40g, DC40h, DC40i, DC41g, DC41h, DC42g, DC42h,
DC42i, DC43h, and DCA43i (see Table 29-7).

Added the Brown-out Reset (BOR) Electrical Characteristics (see
Table 29-10).

Removed all Conditions from the Program Memory DC Characteristics
(see Table 29-11).

Removed the AC Characteristics voltage reference table (Table 29-15).
Added Note 2 to the PLL Clock Timing Specifications (see Table 29-18).
Updated the OC/PWM Module Timing Characteristics (see Figure 29-9).

Added parameter IM51 and Note 3 to the 12Cx Bus Data Timing
Requirements (Master Mode) (see Table 29-32).

Added parameter numbers (AD13, AD14, and AD15) to the ADC Module
Specifications (see Table 29-34).

Updated the 10-bit ADC Conversion Rate Parameters (see Table 29-35).

Updated parameter AD57 (TsAMP) in the Analog-to-Digital Conversion
Timing Requirements (see Table 29-36).

Updated the Conditions for parameters USB313, USB318, and USB319
in the OTG Electrical Specifications (see Table 29-40).

Section 30.0 “Packaging Information”

Updated the 64-Lead Plastic Quad Flat, No Lead Package (MR) —
9x9x0.9 mm Body [QFN] packing diagram.

Product Identification System

Added the new V-Temp (V) temperature information.
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