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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

PIC

16-Bit

40 MIPs

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

32KB (11K x 24)

FLASH

2K x 8

3V ~ 3.6V

A/D 10x10b/12b

Internal

-40°C ~ 125°C (TA)

Through Hole

28-DIP (0.300", 7.62mm)

28-SPDIP
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

Pin Diagrams (Continued)

44-Pin TQFP

AN4/RP2(/CN6/RB2
AN5/RP3M/CN7/RB3
AN6/RP16(1/CN8/RCO
AN7/RP170/CN9/RC1
AN8/RP18W/CN10/RC2
VDD

Vss
OSC1/CLKI/CN30/RA2
OSC2/CLKO/CN29/RA3
TDO/RA8
SOSCI/RP4M/CN1/RB4
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The RPn pins can be used by any remappable peripheral. See Table 1 for the list of available peripherals.
Refer to Section 2.3 “CPU Logic Filter Capacitor Connection (VcAP)” for proper connection to this pin.

B = Pins are up to 5V tolerant

AN11/RP13W/CN13/RB13
AN12/RP120/CN14/RB12
PGEC2/RP11M/CN15/RB11
PGED2/RP10(/CN16/RB10
vcap®

Vss

RP25(W/CN19/RC9
RP24(M/CN20/RC8
RP23W/CN17/RC7
RP22/CN18/RC6
SDA1W/RPOM/CN21/RBY
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

REGISTER 6-1: RCON: RESET CONTROL REGISTER® (CONTINUED)

bit 1 BOR: Brown-out Reset Flag bit

1 = A Brown-out Reset has occurred

0 = A Brown-out Reset has not occurred
bit 0 POR: Power-on Reset Flag bit

1 = A Power-on Reset has occurred

0 = A Power-on Reset has not occurred

Note 1. All of the Reset status bits can be set or cleared in software. Setting one of these bits in software does not
cause a device Reset.
2. Ifthe FWDTEN Configuration bit is ‘1’ (unprogrammed), the WDT is always enabled, regardless of the
SWDTEN bit setting.
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

TABLE 6-2: OSCILLATOR PARAMETERS

Symbol Parameter Value
VPOR POR threshold 1.8V nominal
TPOR POR extension time 30 ps maximum
VBOR BOR threshold 2.5V nominal
TBOR BOR extension time 100 ps maximum
TPWRT Programmable power-up time delay | 0-128 ms nominal
TFsCM Fail-Safe Clock Monitor Delay 900 ps maximum

Note: When the device exits the Reset condi-
tion (begins normal operation), the
device operating parameters (voltage,
frequency, temperature, etc.) must be
within their operating ranges, otherwise
the device may not function correctly.
The user application must ensure that
the delay between the time power is
first applied, and the time SYSRST
becomes inactive, is long enough to get
all operating parameters  within
specification.

6.4 Power-on Reset (POR)

A Power-on Reset (POR) circuit ensures the device is
reset from power-on. The POR circuit is active until
VDD crosses the VPOR threshold and the delay TPOR
has elapsed. The delay TPOR ensures the internal
device bias circuits become stable.

The device supply voltage characteristics must meet
the specified starting voltage and rise rate
requirements to generate the POR. Refer to
Section 22.0 “Electrical Characteristics” for details.

The POR status bit in the Reset Control register
(RCON<0>) is set to indicate the Power-on Reset.

6.4.1 Brown-out Reset (BOR) and
Power-up Timer (PWRT)

The on-chip regulator has a Brown-out Reset (BOR)
circuit that resets the device when the VDD is too low
(VDD < VBOR) for proper device operation. The BOR
circuit keeps the device in Reset until VDD crosses
VBOR threshold and the delay TBOR has elapsed. The
delay TBOR ensures the voltage regulator output
becomes stable.

The BOR status bit in the Reset Control register
(RCON<1>) is set to indicate the Brown-out Reset.

The device will not run at full speed after a BOR as the
VDD should rise to acceptable levels for full-speed
operation. The PWRT provides power-up time delay
(TPWRT) to ensure that the system power supplies have
stabilized at the appropriate levels for full-speed
operation before the SYSRST is released.

The power-up timer delay (TPWRT) is programmed by
the Power-on Reset Timer Value Select
(FPWRT<2:0>) bits in the POR Configuration
(FPOR<2:0>) register, which provides eight settings
(from 0 ms to 128 ms). Refer to Section 19.0 “ Special
Features” for further details.

Figure 6-3 shows the typical brown-out scenarios. The
reset delay (TBOR + TPWRT) is initiated each time VDD
rises above the VBOR trip point

© 2007-2011 Microchip Technology Inc.

DS70289J-page 59




PIC24HJ32GP202/204 AND PIC24HJ16GP304

REGISTER 7-2.  CORCON: CORE CONTROL REGISTER®

uU-0 uU-0 u-0 U-0 u-0 u-0 uU-0 U-0
bit 15 bit 8
U-0 uU-0 uU-0 u-0 R/C-0 R/W-0 uU-0 u-0
— | — | — | — | p3® | psv | — | —
bit 7 bit 0
Legend: C = Clear only bit
R = Readable bit W = Writable bit -n = Value at POR 1’ = Bitis set
0’ = Bit is cleared ‘x = Bit is unknown U = Unimplemented bit, read as ‘0’
bit 3 IPL3: CPU Interrupt Priority Level Status bit 3(2)

1 = CPU interrupt priority level is greater than 7
0 = CPU interrupt priority level is 7 or less

Note 1. For complete register details, see Register 3-2.
2:  The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU Interrupt Priority Level.
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

10.2 Open-Drain Configuration 10.4 1/O Port Write/Read Timing

In addition to the PORT, LAT and TRIS registers for One instruction cycle is required between a port
data control, some port pins can also be individually direction change or port write operation and a read
configured for either digital or open-drain output. This is operation of the same port. Typically this instruction
controlled by the Open-Drain Control register, ODCXx, would be a NOP. Examples are shown in Example 10-1
associated with each port. Setting any of the bits con- and Example 10-2. This also applies to PORT bit oper-
figures the corresponding pin to act as an open-drain ations, such as BSET PORTB, # RBO, which are single
output. cycle read-modify-write. All PORT bit operations, such

as MOV PORTB, WO or BSET PORTB, # RBX, read

The open-drain feature allows the generation of X
the pin and not the latch.

outputs higher than VDD (e.g., 5V) on any desired 5V
tolerant pins by using external pull-up resistors. The o .
maximum open-drain voltage allowed is the same as 10.5 Input Change Notification

the maximum VIH specification. The input change notification function of the 1/0 ports

See the “Pin Diagrams” section for the available pins allows the PIC24HJ32GP202/204 and
and their functionality. PIC24HJ16GP304 devices to generate interrupt

requests to the processor in response to a
10.3 Configuring Analog Port Pins change-of-state on selected input pins. This feature

can detect input change-of-states even in Sleep mode,

The AD1PCFG and TRIS registers control the when the clocks are disabled. Depending on the device

operation of the Analog-to-Digital (A/D) port pins. The pin count, up to 31 external signals (CNx pin) can be
port pins that are desired as analog inputs must have selected (enabled) for generating an interrupt request
their corresponding TRIS bit set (input). If the TRIS bit on a change-of-state.

is cleared (output), the digital output level (VOH or VoL)

will be converted. Four control registers are associated with the CN

module. The CNEN1 and CNENZ2 registers contain the

The AD1PCFGL register has a default value of 0x0000; interrupt enable control bits for each of the CN input
thereff)r.e, all pins that share ANx functions are analog pins. Setting any of these bits enables a CN interrupt
(not digital) by defauit. for the corresponding pins.

When the PORT register is read, all pins configured as Each CN pin also has a weak pull-up connected to it.
analog input channels will read as cleared (a low level). The pull-ups act as a current source connected to the
Pins configured as digital inputs will not convert an pin, and eliminate the need for external resistors when
analog input. Analog levels on any pin that is defined as push button or keypad devices are connected. The
a digital input (including the ANx pins) can cause the pull-ups are enabled separately using the CNPU1 and
input buffer to consume current that exceeds the CNPU2 registers, which contain the control bits for
device specifications. each of the CN pins. Setting any of the control bits

enables the weak pull-ups for the corresponding pins.

Note:  Pull-ups on 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 OxFFO0, WO ; Configure PORTB<15:8> as inputs
MoV WO, TRISBB ; and PORTB<7:0> as outputs

NOP ; Delay 1 cycle

btss PORTB, #13 ; Next Instruction

EXAMPLE 10-2: PORT BIT OPERATIONS

Incorrect:

BSET PORTB, #RB1 ;Set PORTB<RB1> high
BSET PORTB, #RB6 ;Set PORTB<RB6> high
Correct:

BSET PORTB, #RB1 ;Set PORTB<RB1> high
NOP

BSET PORTB, #RB6 ;Set PORTB<RB6> high
NOP

Preferred:

BSET LATB, LATB1 ;Set PORTB<RB1> high
BSET LATB, LATB6 ;Set PORTB<RB6> high
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

10.9 Peripheral Pin Select Registers

The PIC24HJ32GP202/204 and PIC24HJ16GP304
devices implement 17 registers for remappable
peripheral configuration:

* Input Remappable Peripheral Registers (9)

» Output Remappable Peripheral Registers (8)

Note:  Input and Output Register values can only
be changed if the IOLOCK bit (OSC-
CON<6>) = 0. See Section 10.6.3.1
“Control Register Lock” for a specific
command sequence.

© 2007-2011 Microchip Technology Inc.
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

REGISTER 10-8:

RPINR20: PERIPHERAL PIN SELECT INPUT REGISTER 20

-n = Value at POR

U-0 U-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
_ _ _ SCK1R<4:0>
bit 15 bit 8
U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
_ - — SDI1R<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-13
bit 12-8

bit 7-5
bit 4-0

Unimplemented: Read as ‘0’
SCK1R<4:0>: Assign SPI 1 Clock Input (SCK1IN) to the corresponding RPn pin

11111 = Input tied to Vss
11001 = Input tied to RP25

00001 = Input tied to RP1

00000 = Input tied to RP0O

Unimplemented: Read as ‘0’

SDI1R<4:0>: Assign SPI 1 Data Input (SDI1) to the corresponding RPn pin

11111 = Input tied to Vss
11001 = Input tied to RP25

00001 = Input tied to RP1
00000 = Input tied to RP0O

DS70289J-page 118
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

11.2

REGISTER 11-1:

Timerl Control Register
T1CON: TIMER1 CONTROL REGISTER

R/W-0 u-0 R/W-0 u-0 U-0 U-0 U-0 U-0
TON — | TmsoL | — — — — —
bit 15 bit 8
U-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 U-0
— TGATE TCKPS<1:0> — TSYNC TCS —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15

bit 14
bit 13

bit 12-7
bit 6

bit 5-4

bit 3
bit 2

bit 1

bit 0

TON: Timer1 On bit

1 = Starts 16-bit Timer1

0 = Stops 16-bit Timer1

Unimplemented: Read as ‘0’

TSIDL: Stop in Idle Mode bit

1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
Unimplemented: Read as ‘0’

TGATE: Timer1 Gated Time Accumulation Enable bit
When TCS = 1:

This bit is ignored.

When TCS = 0:

1 = Gated time accumulation enabled

0 = Gated time accumulation disabled

TCKPS<1:0> Timer1 Input Clock Prescale Select bits

11 =1:256
10 =1:64
01 =18
00 =1:1

Unimplemented: Read as ‘0’

TSYNC: Timer1 External Clock Input Synchronization Select bit
When TCS = 1:

1 = Synchronize external clock input

0 = Do not synchronize external clock input

When TCS = 0:
This bit is ignored.
TCS: Timer1 Clock Source Select bit

1 = External clock from pin T1CK (on the rising edge)
0 = Internal clock (FcY)

Unimplemented: Read as ‘0’

© 2007-2011 Microchip Technology Inc.
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

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

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

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

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

0 = Address Detect mode disabled

RIDLE: Receiver Idle bit (read-only)

1 = Receiveris Idle

0 = Receiver is active

PERR: Parity Error Status bit (read-only)

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

0 = Parity error has not been detected

FERR: Framing Error Status bit (read-only)

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

0 = Framing error has not been detected

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

1 = Receive buffer has overflowed

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

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

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

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

DS70289J-page 164 © 2007-2011 Microchip Technology Inc.



PIC24HJ32GP202/204 AND PIC24HJ16GP304

19.7 In-Circuit Serial Programming

PIC24HJ32GP202/204 and PIC24HJ16GP304 family
microcontrollers can be serially programmed while in
the end application circuit. This is done with two lines
for clock and data, and three other lines for power,
ground and the programming sequence. Serial pro-
gramming allows customers to manufacture boards
with unprogrammed devices and then program the
microcontroller just before shipping the product. Serial
programming also allows the most recent firmware or a
custom firmware to be programmed. Refer to the
“dsPIC33F/PIC24H Flash Programming Specification”
(DS70152) document for details about In-Circuit Serial
Programming™ (ICSP)™.

Any of the following three pairs of programming
clock/data pins can be used:

+ PGEC1 and PGED1

» PGEC2 and PGED2

» PGEC3 and PGED3

19.8 In-Circuit Debugger

When MPLAB® ICD 2 is selected as a debugger, the
in-circuit debugging functionality is enabled. This
function allows simple debugging functions when used
with MPLAB IDE. Debugging functionality is controlled
through the Emulation/Debug Clock (PGECx) and
Emulation/Debug Data (PGEDX) pin functions.

Any of the following three pairs of debugging clock/data
pins can be used:

+ PGEC1 and PGED1
* PGEC2 and PGED2
+ PGEC3 and PGED3

To make use of the in-circuit debugger function of the
device, the design must implement ICSP connections
to MCLR, VDD, Vss and PGECx/PGEDx pin pair. In
addition, when the feature is enabled, some of the
resources are not available for general use. These
resources include the first 80 bytes of data RAM and
two I/O pins.

DS70289J-page 186
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

TABLE 20-2: INSTRUCTION SET OVERVIEW (CONTINUED)

et | ety Assembly Synix worts | yoes | ares®
35 INC INC f f=f+1 1 1 C,DC,N,0Vv,Z
INC f,WREG WREG =f+ 1 1 1 C,DC,N,0V,Z2
INC Ws,Wd Wd =Ws + 1 1 1 C,DC,N,0V,Z2
36 INC2 INC2 f f=f+2 1 1 C,DC,N,0Vv,Z
INC2 f,WREG WREG =f+2 1 1 C,DC,N,0V,Z2
INC2 Ws,Wd Wd =Ws + 2 1 1 C,DC,N,0V,Z2
37 IOR I0R f f=f.IOR. WREG 1 1 N,Z
I0R f,WREG WREG =f.IOR. WREG 1 1 N,Z
I0R #11t10,Wn Wd =it10 .IOR. Wd 1 1 N,Z
I0R Wb ,Ws,Wd Wd = Wb .IOR. Ws 1 1 N,Z
I0R Wb,#1it5,Wd Wd = Wb .IOR. lit5 1 1 N,Z
38 LNK LNK #1itl4 Link Frame Pointer 1 1 None
39 LSR LSR f f = Logical Right Shift f 1 1 C,N,0Vv,Z
LSR f,WREG WREG = Logical Right Shift f 1 1 C,N,0v,Z2
LSR Ws,wd Wd = Logical Right Shift Ws 1 1 C,N,0v,Z2
LSR Wb ,Wns,Wnd Wnd = Logical Right Shift Wb by Wns 1 1 N,z
LSR Wb, #1it5,Wnd Wnd = Logical Right Shift Wb by lit5 1 1 N,Z
40 MOV MoV f,Wn Move f to Wn 1 1 None
MOV f Move fto f 1 1 N,Z
MOV f,WREG Move f to WREG 1 1 None
MoV #11t16,Wn Move 16-bit literal to Wn 1 1 None
MOV.b #11t8,Wn Move 8-bit literal to Wn 1 1 None
MoV Wn,f Move Wn to f 1 1 None
MoV Wso,Wdo Move Ws to Wd 1 1 None
MoV WREG, Move WREG to f 1 1 None
MOV.D Wns,Wwd Move Double from W(ns):W(ns + 1) to Wd 1 2 None
MOV.D Ws,Wnd Move Double from Ws to W(nd + 1):W(nd) 1 2 None
41 MUL MUL.SS  Wb,Ws,Wnd {Wnd + 1, Wnd} = signed(Wb) * signed(Ws) 1 1 None
MUL.SU  Wb,Ws,Wnd {Wnd + 1, Wnd} = signed(Wb) * unsigned(Ws) 1 1 None
MUL.US  Wb,Ws,Wnd {Wnd + 1, Wnd} = unsigned(Wb) * signed(Ws) 1 1 None
MUL.UU  Wb,Ws,Wnd {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(Ws)
MUL.SU  Wb,#1it5,Wnd {Wnd + 1, Wnd} = signed(Wb) * unsigned(lit5) 1 1 None
MUL.UU  Wb,#1it5,Wnd {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(lit5)
MUL f W3:W2 =f* WREG 1 1 None
42 NEG NEG f f=f+1 1 1 C,DC,N,0V,Z
NEG f,WREG WREG =f + 1 1 1 C,DC,N,0V,Z2
NEG Ws ,Wd Wd =Ws + 1 1 1 C,DC,N,0V,Z
43 NOP NOP No Operation 1 1 None
NOPR No Operation 1 1 None
44 POP POP f Pop f from Top-of-Stack (TOS) 1 1 None
POP Wdo Pop from Top-of-Stack (TOS) to Wdo 1 1 None
POP.D Wnd Pop from Top-of-Stack (TOS) to 1 2 None
W(nd):W(nd + 1)
POP.S Pop Shadow Registers 1 1 All
45 PUSH PUSH f Push f to Top-of-Stack (TOS) 1 1 None
PUSH Wso Push Wso to Top-of-Stack (TOS) 1 1 None
PUSH.D  Wns Push W(ns):W(ns + 1) to Top-of-Stack (TOS) 1 2 None
PUSH.S Push Shadow Registers 1 1 None
46 PWRSAV PWRSAV #litl Go into Sleep or Idle mode 1 1 WDTO,Sleep

© 2007-2011 Microchip Technology Inc. DS70289J-page 191



PIC24HJ32GP202/204 AND PIC24HJ16GP304

TABLE 22-21: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
TIMING REQUIREMENTS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrsm Symbol Characteristic Min Typ(z) Max | Units Conditions
SY10 |TmcL |MCLR Pulse-Width (low)® 2 — — us | -40°C to +85°C
SY11 | TPwRT |Power-up Timer Period? — 2 — ms |-40°C to +85°C
4 User programmable
8
16
32
64
128
SY12 |TPor |Power-on Reset Delay® 3 10 30 us | -40°C to +85°C
SY13 |Tioz 1/0 High-Impedance from 0.68 | 0.72 1.2 us —
MCLR Low or Watchdog
Timer Reset®
SY20 |TwbT1 |Watchdog Timer Time-out — — — ms | See Section 19.4 “Watchdog
Period® Timer (WDT)" and LPRC
specification F21a (Table 22-19).
SY30 |TosT Oscillator Start-up Time — 1024 — — | Tosc = OSC1 period
Tosc
SY35 |TrscM | Fail-Safe Clock Monitor — 500 900 us |-40°C to +85°C
Delay®

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

3: These parameters are characterized by similarity, but are not tested in manufacturing.

© 2007-2011 Microchip Technology Inc. DS70289J-page 217




PIC24HJ32GP202/204 AND PIC24HJ16GP304

FIGURE 22-15: SPIx SLAVE MODE (FULL-DUPLEX CKE =0, CKP

CHARACTERISTICS
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Note: Refer to Figure 22-1 for load conditions.
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

TABLE 22-38: ADC MODULE SPECIFICATIONS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pzr:m Symbol Characteristic Min. Typ Max. Units Conditions
Device Supply
ADO1 |AVDD | Module Vbp Supply® Greaterof | — | Lesserof | V
VDD - 0.3 VDD + 0.3 —
or 3.0 or 3.6
AD02 |AVss |Module Vss Supply @ Vss-03 | — | Vss+03 | V —
Reference Inputs
ADO5 |VREFH |Reference Voltage High |AVss+25| — AVDD V | See Note 1
ADO5a 3.0 — 3.6 V | VREFH = AVDD
VREFL = AVSs = 0, see Note 2
ADO6 |VREFL |Reference Voltage Low AVss — |AVDD-25| V |SeeNotel
ADO06a 0 — 0 V | VREFH = AVDD
VREFL = AVss = 0, see Note 2
ADO7 |VREF Absolute Reference 2.5 — 3.6 V | VREF = VREFH - VREFL
Voltage®
ADO8 | IREF Current Drain — 250 550 pA | ADC operating, See Note 1
— — 10 pA | ADC off, See Note 1
ADO08a |lAD Operating Current — 7.0 9.0 mA | 10-bit ADC mode, See Note 2
— 2.7 3.2 mA | 12-bit ADC mode, See Note 2
Analog Input
AD12 | VINH Input Voltage Range VINL — VREFH V | This voltage reflects Sample
VINH®?) and Hold Channels 0, 1, 2,
and 3 (CHO-CH3), positive
input
AD13 | VINL Input Voltage Range VREFL — | Avss+1V | V |This voltage reflects Sample
VINL®?) and Hold Channels 0, 1, 2,
and 3 (CHO-CH3), negative
input
AD17 |RIN Recommended Imped- — — 200 Q | 10-bit ADC
ance of Analog Voltage — — 200 Q | 12-bit ADC
Source®)

Note 1: These parameters are not characterized or tested in manufacturing.
2: These parameters are characterized, but are not tested in manufacturing.

3: These parameters are assured by design, but are not characterized or tested in manufacturing.
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TABLE 22-42: ADC CONVERSION (10-BIT MODE) TIMING REQUIREMENTS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pzr:m Symbol Characteristic Min. | Typ® | Max. | Units Conditions
Clock Parameters
AD50 |TAD ADC Clock Period™® 76 — — ns —
AD51 |tRC ADC Internal RC Oscillator — 250 — ns —
Period®
Conversion Rate
AD55 [tconv  |Conversion Time® — |12TaD| — — —
AD56 |FcNv | Throughput Rate(D) — — 1.1 Msps —
AD57 |Tsamp |Sample Time® 20TAD | — — — —
Timing Parameters
ADB60 |tPcCS Conversion Start from Sample 2.0 TAD — 3.0 TaD —  |Auto-Convert Trigger
Trigger® not selected
ADG61 |tPss Sample Start from Setting 2.0 TAD — 3.0 TAD — —
Sample (SAMP) bit()
AD62 |tcss Conversion Completion to — 0.5 TaD — — —
Sample Start (ASAM = 1)1
AD63 |tbPU Time to Stabilize Analog Stage — — 20 us —
from ADC Off to ADC On()

Note 1: These parameters are characterized but not tested in manufacturing.

2: Because the sample caps will eventually lose charge, clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures.
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TABLE 23-15: ADC MODULE SPECIFICATIONS

AC Standard Operating Conditions: 3.0V to 3.6V (unless otherwise stated)
CHARACTERISTICS | Operating temperature -40°C < TA < +150°C for High Temperature

Param

NoO Symbol Characteristic Min Typ Max | Units Conditions

Reference Inputs

HADO08 IREF Current Drain — 250 600 pA | ADC operating, See Note 1
— — 50 pA | ADC off, See Note 1

Note 1: These parameters are not characterized or tested in manufacturing.
2: These parameters are characterized, but are not tested in manufacturing.

TABLE 23-16: ADC MODULE SPECIFICATIONS (12-BIT MODE)(3)

AC Standard Operating Conditions: 3.0V to 3.6V (unless otherwise stated)
CHARACTERISTICS | Operating temperature -40°C < TA < +150°C for High Temperature
Pilr:m Symbol Characteristic Min Typ Max | Units Conditions
ADC Accuracy (12-bit Mode) — Measurements with External VREF+/VREF-(D)
HAD20a |Nr Resolution® 12 data bits bits -
HAD21a |INL Integral Nonlinearity -2 — +2 LSb |VINL = AVSs = VREFL = 0V,
AVDD = VREFH = 3.6V
HAD22a |DNL Differential Nonlinearity > -1 — <1 LSb |VINL = AVSS = VREFL = 0V,
AVDD = VREFH = 3.6V
HAD23a | GERR Gain Error -2 — 10 LSb |VINL = AVss = VREFL = 0V,
AVDD = VREFH = 3.6V
HAD24a |EOFF Offset Error -3 — 5 LSb |VINL = AVss = VREFL = 0V,
AVDD = VREFH = 3.6V
ADC Accuracy (12-bit Mode) — Measurements with Internal VREF+/VREF-(1)
HAD20a |Nr Resolution® 12 data bits bits —
HAD21a |INL Integral Nonlinearity -2 — +2 LSb |VINL = AVss =0V, AVDD = 3.6V
HAD22a |DNL Differential Nonlinearity > -1 — <1 LSb |VINL = AVss =0V, AVDD = 3.6V
HAD23a |GERR Gain Error 2 — 20 LSb |VINL = AVss = 0V, AVDD = 3.6V
HAD24a |EOFF Offset Error 2 — 10 LSb |VINL = AVss =0V, AVDD = 3.6V
Dynamic Performance (12-bit Mode)(z)
HAD33a |FNva  [Input Signal Bandwidth | — | — [ 200 [ kHz | —

Note 1. These parameters are characterized, but are tested at 20 ksps only.
2: These parameters are characterized by similarity, but are not tested in manufacturing.
3: Injection currents > | 0 | can affect the ADC results by approximately 4-6 counts.
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TABLE 23-18: ADC CONVERSION (12-BIT MODE) TIMING REQUIREMENTS

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

CHARACTERISTICS| Operating temperature -40°C < TA < +150°C for High Temperature

Pilr:m Symbol Characteristic Min Typ Max Units Conditions
Clock Parameters

HAD50 [Tap |ADC Clock Period® | 147 | — | — | ns | —
Conversion Rate

HAD56 |Fonv | Throughput Rate™ | — | — | 400 | Ksps | —

Note 1: These parameters are characterized but not tested in manufacturing.

TABLE 23-19: ADC CONVERSION (10-BIT MODE) TIMING REQUIREMENTS

AC Standard Operating Conditions: 3.0V to 3.6V (unless otherwise stated)
CHARACTERISTICS| Operating temperature -40°C < TA < +150°C for High Temperature
Pzrsm Symbol Characteristic Min Typ Max Units Conditions

Clock Parameters

HAD50 |Tap |ADC Clock Period® | 104 | — | — | ns | —
Conversion Rate

HAD56 |Fcnv  [Throughput Rate™® | — | — | 800 | Ksps | —

Note 1: These parameters are characterized but not tested in manufacturing.
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44-L ead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm Footprint [TQFP]

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

D
D1
OO00000000T]
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= = | F
= = e
. N:b{\\ —
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T ]

A1—
—~—L —— =11
Units MILLIMETERS

Dimension Limits MIN | NOM MAX
Number of Leads N 44
Lead Pitch e 0.80 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle [0} 0° 3.5° 7°
Overall Width E 12.00 BSC
Overall Length D 12.00 BSC
Molded Package Width E1 10.00 BSC
Molded Package Length D1 10.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.30 0.37 0.45
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°

Notes:

1.

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

2. Chamfers at corners are optional; size may vary.
3.
4. Dimensioning and tolerancing per ASME Y 14.5M.

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-076B

DS70289J-page 268 © 2007-2011 Microchip Technology Inc.



PIC24HJ32GP202/204 AND PIC24HJ16GP304

Revision E (November 2009)

The revision includes the following global update:

* Added Note 2 to the shaded table that appears at
the beginning of each chapter. This new note
provides information regarding the availability of
registers and their associated bits

This revision also includes minor typographical and
formatting changes throughout the data sheet text.

All other major changes are referenced by their

respective section in the following table.

TABLE 25-4:

MAJOR SECTION UPDATES

Section Name

Update Description

“High-Performance, 16-bit Microcontrollers”

Added information on high temperature operation (see
“Operating Range:”).

Section 10.0 “1/O Ports”

Changed the reference to digital-only pins to 5V tolerant pins in
the second paragraph of Section 10.2 “Open-Drain
Configuration”.

Section 17.0 “Universal Asynchronous
Receiver Transmitter (UART)”

Updated the two baud rate range features to: 10 Mbps to 38 bps
at 40 MIPS.

Section 18.0 “10-bit/12-bit Analog-to-Digital
Converter (ADC)”

Updated the ADC1 block diagrams (see Figure 18-1 and
Figure 18-2).

Section 19.0 “Special Features”

Updated the second paragraph and removed the fourth
paragraph in Section 19.1 “Configuration Bits”.

Updated the Device Configuration Register Map (see Table 19-1).

Section 22.0 “Electrical Characteristics”

Updated the Absolute Maximum Ratings for high temperature
and added Note 4.

Updated the SPIx Module Slave Mode (CKE = 1) Timing
Characteristics (see Figure 22-12).

Section 23.0 “High Temperature Electrical
Characteristics”

Added new chapter with high temperature specifications.

“Product Identification System”

Added the “H” definition for high temperature.

Revision F (November 2009)

This revision includes minor typographical and
formatting changes throughout the data sheet text.

All other major changes are referenced by their
respective section in the following table.

TABLE A-1: MAJOR SECTION UPDATES

Section Name

Update Description

“High-Performance, 16-bit Microcontrollers”

vs. Voltage”.

Updated MIPS rating from 16 to 20 for high temperature devices
in “Operating Range:” and in TABLE 23-1: “Operating MIPS
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