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NOTES:
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PIC16F87XA

2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87XA devices. The program memory and data
memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPROM data memory block is detailed in Section 3.0
“Data EEPROM and Flash Program Memory”.

Additional information on device memory may be found
in the PIC® Mid-Range MCU Family Reference Manual
(DS33023).

FIGURE 2-1: PIC16F876A/877A
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2.1 Program Memory Organization

The PIC16F87XA devices have a 13-bit program coun-
ter capable of addressing an 8K word x 14 bit program
memory space. The PIC16F876A/877A devices have
8K words x 14 bits of Flash program memory, while
PIC16F873A/874A devices have 4K words x 14 bits.
Accessing a location above the physically implemented
address will cause a wraparound.

The Reset vector is at 0000h and the interrupt vector is
at 0004h.

FIGURE 2-2: PIC16F873A/874A
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2.2 Data Memory Organization

The data memory is partitioned into multiple banks
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 (Status<6>) and
RPO (Status<5>) are the bank select bits.

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Function Registers. Some frequently used Special
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access.

Note: = The EEPROM data memory description can
be found in Section 3.0 “Data EEPROM
and Flash Program Memory” of this data
sheet.

RP1:RPO Bank
00 0
01 1
10 2
11 3

221 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly, or
indirectly, through the File Select Register (FSR).

DS39582C-page 16
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TABLE 4-1: PORTA FUNCTIONS

Name Bit# | Buffer Function

RAO/ANO bit 0 TTL | Input/output or analog input.

RA1/AN1 bit 1 TTL |Input/output or analog input.

RA2/AN2/VREF-/CVREF | bit 2 TTL | Input/output or analog input or VREF- or CVREF.

RA3/AN3/VREF+ bit 3 TTL |Input/output or analog input or VREF+.

RA4/TOCKI/C10UT bit 4 ST | Input/output or external clock input for TimerO or comparator output.
Output is open-drain type.

RA5/AN4/SS/C20UT bit 5 TTL | Input/output or analog input or slave select input for synchronous serial
port or comparator output.

Legend: TTL =TTL input, ST = Schmitt Trigger input

TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

value on: Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 : all other

POR, BOR

Resets

05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO |--0x 0000| --0u 0000
85h TRISA — — PORTA Data Direction Register --11 1111| --11 1111
9Ch CMCON | C20UT | C10UT | C2INV | C1lINV CIs CM2 CM1 CMO |[0000 0111| 0000 0111
9Dh CVRCON | CVREN [ CVROE | CVRR — CVR3 CVR2 CVR1 CVRO |[000- 0000| 000- 0000
9Fh ADCON1 | ADFM | ADCS2 — — PCFG3 | PCFG2 | PCFG1 | PCFGO |00-- 0000| 00-- 0000
Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.

Note: When using the SSP module in SPI Slave mode and SS enabled, the A/D converter must be set to one of
the following modes, where PCFG3:PCFGO = 0100, 0101, 011x, 1101, 1110, 1111.

© 2001-2013 Microchip Technology Inc. DS39582C-page 43
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4.5 PORTE and TRISE Register

Note:  PORTE and TRISE are not implemented
on the 28-pin devices.

PORTE has three pins (REO/RD/AN5, RE1/WR/AN6
and RE2/CS/AN7) which are individually configurable
as inputs or outputs. These pins have Schmitt Trigger
input buffers.

The PORTE pins become the 1/O control inputs for the
microprocessor port when bit PSPMODE (TRISE<4>) is
set. In this mode, the user must make certain that the
TRISE<2:0> bits are set and that the pins are configured
as digital inputs. Also, ensure that ADCONL is config-
ured for digital I/O. In this mode, the input buffers are
TTL.

Register 4-1 shows the TRISE register which also
controls the Parallel Slave Port operation.

PORTE pins are multiplexed with analog inputs. When
selected for analog input, these pins will read as ‘0’s.

TRISE controls the direction of the RE pins, even when
they are being used as analog inputs. The user must
make sure to keep the pins configured as inputs when
using them as analog inputs.

Note: On a Power-on Reset, these pins are
configured as analog inputs and read as ‘0’.

TABLE 4-9: PORTE FUNCTIONS

FIGURE 4-9: PORTE BLOCK DIAGRAM

(IN 1/O PORT MODE)

/10 pin(l)

N

Data Data Latch
= T Y
WR
TRIS Latch
q D Q
WR
TRIS as Schmitt
Trigger
Input
/I Buffer
RD
TRIS
D

“

g
RD Port F {>o

Note 1: I/O pins have protection diodes to VbD and Vss.

Name Bit# | Buffer Type

Function

o RD
REO/RD/ANS | bito | ST/TTL® |1 = dle

I/O port pin or read control input in Parallel Slave Port mode or analog input:

0 = Read operation. Contents of PORTD register are output to PORTD
1/0 pins (if chip selected).

L WR
RELWRI/ANG | bit1 | ST/TTL® |1 = Idle

I/O port pin or write control input in Parallel Slave Port mode or analog input:

0 = Write operation. Value of PORTD I/O pins is latched into PORTD
register (if chip selected).

RE2/CSIAN7 | bit2 | sTATL® |CS

1 = Device is not selected
0 = Device is selected

I/O port pin or chip select control input in Parallel Slave Port mode or analog input:

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in /O mode and TTL buffers when in Parallel Slave Port mode.

© 2001-2013 Microchip Technology Inc.
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REGISTER 8-1:

bit 7-6
bit 5-4

bit 3-0

CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS 17h/1Dh)

u-0 U-0 RIW-0  R/W-0 R/W-0 RIW-0 RMW-0  R/W-0
— — ccPxX | CCPxY | CCPxM3 |cCCPxM2 | CCPxML | CCPxMO
bit 7 bit 0

Unimplemented: Read as ‘0’
CCPxX:CCPxY: PWM Least Significant bits

Capture mode:
Unused.

Compare mode:

Unused.

PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRXL.

CCPxM3:CCPxMO0: CCPx Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCPx module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPxIF bit is set)

1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx pin is
unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected); CCP1
resets TMR1; CCP2 resets TMR1 and starts an A/D conversion (if A/D module is
enabled)

11xx = PWM mode

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

DS39582C-page 64
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9.3.1 REGISTERS

The MSSP module has four registers for SPI mode
operation. These are:

* MSSP Control Register (SSPCON)

* MSSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer Register
(SSPBUF)

* MSSP Shift Register (SSPSR) — Not directly
accessible

SSPCON and SSPSTAT are the control and status
registers in SPI mode operation. The SSPCON regis-
ter is readable and writable. The lower six bits of the
SSPSTAT are read-only. The upper two bits of the
SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

In receive operations, SSPSR and SSPBUF together
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double-
buffered. A write to SSPBUF will write to both SSPBUF
and SSPSR.

REGISTER 9-1: SSPSTAT: MSSP STATUS REGISTER (SPI MODE) (ADDRESS 94h)
R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A P | s | RW | ua | BF
bit 7 bit 0
bit 7 SMP: Sample bit
SPI Master mode:
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time
SPI Slave mode:
SMP must be cleared when SPl is used in Slave mode.
bit 6 CKE: SPI Clock Select bit
1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state
Note: Polarity of clock state is set by the CKP bit (SSPCON1<4>).
bit 5 D/A: Data/Address bit
Used in I°C mode only.
bit 4 P: Stop bit
Used in 12C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.
bit 3 S: Start bit
Used in I°C mode only.
bit 2 R/W: Read/Write bit information

Used in 12C mode only.
bit 1 UA: Update Address bit
Used in I°C mode only.

bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

DS39582C-page 72
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9.3.5 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2, Figure 9-2) is to
broadcast data by the software protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI is
only going to receive, the SDO output could be
disabled (programmed as an input). The SSPSR
register will continue to shift in the signal present on the
SDI pin at the programmed clock rate. As each byte is
received, it will be loaded into the SSPBUF register as
if a normal received byte (interrupts and status bits
appropriately set). This could be useful in receiver
applications as a “Line Activity Monitor” mode.

The clock polarity is selected by appropriately program-
ming the CKP bit (SSPCON<4>). This then, would give
waveforms for SPlI communication as shown in

Figure 9-3, Figure 9-5 and Figure 9-6, where the MSB
is transmitted first. In Master mode, the SPI clock rate
(bit rate) is user programmable to be one of the
following:

» Fosc/4 (or Tcy)

* Fosc/16 (or 4 « Tcy)

» Fosc/64 (or 16 « Tcy)

e Timer2 output/2

This allows a maximum data rate (at 40 MHz) of
10.00 Mbps.

Figure 9-3 shows the waveforms for Master mode.
When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPBUF is loaded with the received
data is shown.

FIGURE 9-3: SPI MODE WAVEFORM (MASTER MODE)
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REGISTER 9-5:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPCON2: MSSP CONTROL REGISTER 2 (I°C MODE) (ADDRESS 91h)

R/W-0 RIW-0 R/W-0 RIW-0 RW-0 R/MW-0 RMW-0 R/MW-0
GCEN | ACKSTAT | ACKDT | ACKEN | RCEN | PEN | RSEN | SEN
bit 7 bit 0

GCEN: General Call Enable bit (Slave mode only)

1 = Enable interrupt when a general call address (0000h) is received in the SSPSR
0 = General call address disabled

ACKSTAT: Acknowledge Status bit (Master Transmit mode only)
1 = Acknowledge was not received from slave

0 = Acknowledge was received from slave

ACKDT: Acknowledge Data bit (Master Receive mode only)

1 = Not Acknowledge

0 = Acknowledge

Note:  Value that will be transmitted when the user initiates an Acknowledge sequence at
the end of a receive.

ACKEN: Acknowledge Sequence Enable bit (Master Receive mode only)

1 = Initiate Acknowledge sequence on SDA and SCL pins and transmit ACKDT data bit.
Automatically cleared by hardware.

0 = Acknowledge sequence Idle

RCEN: Receive Enable bit (Master mode only)

1 = Enables Receive mode for I1°C

0 = Receive Idle

PEN: Stop Condition Enable bit (Master mode only)

1 = Initiate Stop condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Stop condition Idle

RSEN: Repeated Start Condition Enabled bit (Master mode only)

1 = Initiate Repeated Start condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Repeated Start condition Idle

SEN: Start Condition Enabled/Stretch Enabled bit

In Master mode:

1 = Initiate Start condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Start condition Idle

In Slave mode:

1 = Clock stretching is enabled for both slave transmit and slave receive (stretch enabled)
0 = Clock stretching is enabled for slave transmit only (PIC16F87X compatibility)

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

Note: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the 12C module is not in the Idle mode,
this bit may not be set (no spooling) and the SSPBUF may not be written (or writes
to the SSPBUF are disabled).
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1°C SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESS)

FIGURE 9-11:

Mo| 10 Buipjoy atempiey ul paseao Ajjeanewoine s| 4o

21eMYOS Ul 18S S| dMD 5

—

(<r>NOOdSS) dX0
parepdn

90 01 SP9dU AAVASS
1ey) Buiealpul 18s I vn

ssalppe jo alkq parepdn
MO yim parepdn s AAVASS 9( 01 spasu dAvdss ay
uaym asempaey Aq pares|d I« +| ey Buiyealpul 18s sI YN

ssalppe Jo alkq
ubiy yum parepdn sl AAvdss
uaym arempiey Aq pases|d I«

beyy 49 sies|d
uoissiwsuel) eyep
Jo uonajdwod

' K

lwisuel sajel
4N9dSS J0 M

aouanbas mmwm%um payy
Sy} JO pus ayi ye
1da)o si ey 49

'

(<T>1V1SdSS) vn

I

Beyy 4g sea|d 0)
4N9dsSS Jo peas Awwng I«

[—

Gey 49 Jeap 0} : USdSS JO Sudu0d
4NAadss jo peas Awwng |+ «| UYHm usnum st 4N9dss

|
2lemyos uj pales|d J

(<0>1v1SdSS) 49

21eMyos Ul pases|d |« 21eMyos Ul pares|d |«

(<e>TdId)

L

f

T MOV A)Ag ereq Bumiwsue. |
ﬂ .T,0118S SI MO
[BUN M| p3y st %2010
lajsueln]
Ssareulw.a)
Jalsew sng

foafra)eajeafia)safoayiaf | vov

D000

T=M/d sSaippy Jo a)Ag 1Sli4 aAI9d9Y [

dIdSs

:

10s

\/ o v evov Jev ow v jov Y v ]

SS2IppY JO 914G PU0ISS SAIBISY

vas

aoe|d usyer
Sey qavdss jo arepdn
1UN MOJ PIBY SI 390D

aoe|d uayel
sey qavdss jo arepdn
13UN MOJ PIBY S 390D

DS39582C-page 89

© 2001-2013 Microchip Technology Inc.



PIC16F87XA

10.2 USART Asynchronous Mode

In this mode, the USART uses standard Non-Return-
to-Zero (NRZ) format (one Start bit, eight or nine data
bits and one Stop bit). The most common data format
is 8 bits. An on-chip, dedicated, 8-bit Baud Rate
Generator can be used to derive standard baud rate
frequencies from the oscillator. The USART transmits
and receives the LSb first. The transmitter and receiver
are functionally independent but use the same data
format and baud rate. The baud rate generator
produces a clock, either x16 or x64 of the bit shift rate,
depending on bit BRGH (TXSTA<2>). Parity is not
supported by the hardware but can be implemented in
software (and stored as the ninth data bit).
Asynchronous mode is stopped during Sleep.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the
following important elements:

« Baud Rate Generator

» Sampling Circuit

« Asynchronous Transmitter
« Asynchronous Receiver

10.2.1 USART ASYNCHRONOUS
TRANSMITTER

The USART transmitter block diagram is shown in
Figure 10-1. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The shift register obtains
its data from the Read/Write Transmit Buffer, TXREG.
The TXREG register is loaded with data in software.
The TSR register is not loaded until the Stop bit has
been transmitted from the previous load. As soon as
the Stop bit is transmitted, the TSR is loaded with new
data from the TXREG register (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcy), the TXREG register is empty and
flag bit, TXIF (PIR1<4>), is set. This interrupt can be

FIGURE 10-1:

enabled/disabled by setting/clearing enable bit, TXIE
(PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicates the status
of the TXREG register, another bit, TRMT (TXSTA<1>),
shows the status of the TSR register. Status bit TRMT
is a read-only bit which is set when the TSR register is
empty. No interrupt logic is tied to this bit so the user
has to poll this bit in order to determine if the TSR
register is empty.

Note 1: The TSR register is not mapped in data
memory so it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN

is set. TXIF is cleared by loading TXREG.

Transmission is enabled by setting enable bit, TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data
and the Baud Rate Generator (BRG) has produced a
shift clock (Figure 10-2). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally, when transmission
is first started, the TSR register is empty. At that point,
transfer to the TXREG register will result in an immedi-
ate transfer to TSR, resulting in an empty TXREG. A
back-to-back transfer is thus possible (Figure 10-3).
Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. As a result, the RC6/TX/CK pin will revert
to high-impedance.

In order to select 9-bit transmission, transmit bit TX9
(TXSTA<6>) should be set and the ninth bit should be
written to TX9D (TXSTA<0>). The ninth bit must be
written before writing the 8-bit data to the TXREG reg-
ister. This is because a data write to the TXREG regis-
ter can result in an immediate transfer of the data to the
TSR register (if the TSR is empty). In such a case, an
incorrect ninth data bit may be loaded in the TSR
register.

USART TRANSMIT BLOCK DIAGRAM

P Data Bus

TXREG Register

0 ' Pin Buffer
. and Control

RC6/TX/CK pin

| TRMT| ‘SPEN ‘
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SWAPF Swap Nibbles in f

Syntax: [label ] SWAPFf,d

Operands: 0<f<127
d € [0,1]

Operation: (f<3:0>) — (destination<7:4>),
(f<7:4>) — (destination<3:0>)

Status Affected: None

Description: The upper and lower nibbles of
register ‘f’ are exchanged. If ‘d’ is
‘0’, the result is placed in the W
register. If ‘d’ is ‘1, the result is
placed in register ‘f'.

XORLW Exclusive OR Literal with W

Syntax: [label] XORLW k

Operands: 0<k<255

Operation: (W) .XOR. k = (W)

Status Affected: z

Description: The contents of the W register

are XOR’ed with the eight-bit
literal ‘k’. The result is placed in
the W register.

XORWF Exclusive OR W with f
Syntax: [label] XORWF f,d
Operands: 0<f<127

d € [0,1]
Operation: (W) .XOR. (f) — (destination)
Status Affected: Z
Description: Exclusive OR the contents of the

W register with register ‘f'. If ‘d’ is
‘0’, the result is stored in the W
register. If ‘d’ is ‘1’, the result is
stored back in register ‘f'.

© 2001-2013 Microchip Technology Inc.
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16.9 MPLAB ICE 2000
High Performance Universal
In-Circuit Emulator

The MPLAB ICE 2000 universal in-circuit emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for PIC
microcontrollers. Software control of the MPLAB ICE
2000 in-circuit emulator is advanced by the MPLAB
Integrated Development Environment, which allows
editing, building, downloading and source debugging
from a single environment.

The MPLAB ICE 2000 is a full-featured emulator sys-
tem with enhanced trace, trigger and data monitoring
features. Interchangeable processor modules allow the
system to be easily reconfigured for emulation of differ-
ent processors. The universal architecture of the
MPLAB ICE in-circuit emulator allows expansion to
support new PIC microcontrollers.

The MPLAB ICE 2000 in-circuit emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft® Windows 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

16.10 MPLAB ICE 4000
High Performance Universal
In-Circuit Emulator

The MPLAB ICE 4000 universal in-circuit emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for high-
end PIC microcontrollers. Software control of the
MPLAB ICE in-circuit emulator is provided by the
MPLAB Integrated Development Environment, which
allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICD 4000 is a premium emulator system,
providing the features of MPLAB ICE 2000, but with
increased emulation memory and high speed perfor-
mance for dsPIC30F and PIC18XXXX devices. Its
advanced emulator features include complex triggering
and timing, up to 2 Mb of emulation memory, and the
ability to view variables in real-time.

The MPLAB ICE 4000 in-circuit emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft Windows 32-bit operating system were cho-
sen to best make these features available in a simple,
unified application.

16.11 MPLAB ICD 2 In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD 2, is a
powerful, low-cost, run-time development tool,
connecting to the host PC via an RS-232 or high-speed
USB interface. This tool is based on the Flash PIC
MCUs and can be used to develop for these and other
PIC microcontrollers. The MPLAB ICD 2 utilizes the in-
circuit debugging capability built into the Flash devices.
This feature, along with Microchip’s In-Circuit Serial
Programming™ (ICSP™) protocol, offers cost effective
in-circuit Flash debugging from the graphical user inter-
face of the MPLAB Integrated Development
Environment. This enables a designer to develop and
debug source code by setting breakpoints, single-
stepping and watching variables, CPU status and
peripheral registers. Running at full speed enables test-
ing hardware and applications in real-time. MPLAB
ICD 2 also serves as a development programmer for
selected PIC devices.

16.12 PRO MATE Il Universal Device
Programmer

The PRO MATE Il is a universal, CE compliant device
programmer with programmable voltage verification at
VDDMIN and VDDMAX for maximum reliability. It features
an LCD display for instructions and error messages
and a modular detachable socket assembly to support
various package types. In Stand-Alone mode, the
PRO MATE Il device programmer can read, verify, and
program PIC devices without a PC connection. It can
also set code protection in this mode.

16.13 PICSTART Plus Development
Programmer

The PICSTART Plus development programmer is an
easy-to-use, low-cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient. The
PICSTART Plus development programmer supports
most PIC devices up to 40 pins. Larger pin count
devices, such as the PIC16C92X and PIC17C76X,
may be supported with an adapter socket. The
PICSTART Plus development programmer is CE
compliant.
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TABLE 17-11: 1°C BUS DATA REQUIREMENTS
P;a\lr;m Sym Characteristic Min Max Units Conditions
100 THIGH Clock High Time 100 kHz mode 4.0 — us
400 kHz mode 0.6 — us
SSP Module 0.5 Tey —
101 TLow Clock Low Time 100 kHz mode 4.7 — us
400 kHz mode 1.3 — us
SSP Module 0.5 Tey —
102 TR SDA and SCL Rise 100 kHz mode — 1000 ns
Time 400 kHz mode 20+0.1Cs| 300 ns |Cbis specified to be from 10 to
400 pF
103 TF SDA and SCL Fall 100 kHz mode — 300 ns
Time 400 kHz mode 20+0.1Cs| 300 ns |Csis specified to be from 10 to
400 pF
90 TSU:STA Start Condition Setup |100 kHz mode 4.7 — us Only relevant for Repeated Start
Time 400 kHz mode 0.6 _ 1S condition
91 THD:STA Start Condition Hold  |100 kHz mode 4.0 — us After this period, the first clock
Time 400 kHz mode 0.6 _ 1S pulse is generated
106 THD:DAT Data Input Hold Time |100 kHz mode 0 — ns
400 kHz mode 0 0.9 us
107 TSU:DAT Data Input Setup Time | 100 kHz mode 250 — ns (Note 2)
400 kHz mode 100 — ns
92 Tsu:sTo Stop Condition Setup |100 kHz mode 4.7 — us
Time 400 kHz mode 0.6 — us
109 TAA Output Valid from 100 kHz mode — 3500 ns (Note 1)
Clock 400 kHz mode — — ns
110 TBUF Bus Free Time 100 kHz mode 4.7 — us Time the bus must be free before
400 kHz mode 1.3 _ 1S a new transmission can start
Cs Bus Capacitive Loading — 400 pF
Note 1: As atransmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns)

of the falling edge of SCL to avoid unintended generation of Start or Stop conditions.

A fast mode (400 kHz) I2C bus device can be used in a standard mode (100 kHz) 1°C bus system, but the requirement
that, TSU:DAT > 250 ns, must then be met. This will automatically be the case if the device does not stretch the LOW
period of the SCL signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data bit
to the SDA line, TR MAX. + TSU:DAT = 1000 + 250 = 1250 ns (according to the standard mode 1°C bus specification),

before the SCL line is released.
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FIGURE 18-9: AVERAGE Fosc vs. VDb FOR VARIOUS VALUES OF R
(RC MODE, C = 300 pF, +25°C)
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FIGURE 18-10: IPD vs. VDD, -40°C TO +125°C (SLEEP MODE, ALL PERIPHERALS DISABLED)
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FIGURE 18-11: TYPICAL AND MAXIMUM AITMR1 vs. VDD OVER TEMPERATURE (-10°C TO +70°C,
TIMER1 WITH OSCILLATOR, XTAL =32 kHz, C1 AND C2 = 47 pF)
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FIGURE 18-12: TYPICAL AND MAXIMUM AIwDT vs. VDD OVER TEMPERATURE (WDT ENABLED)
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FIGURE 18-13:

AlBOR vs. VDD OVER TEMPERATURE
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FIGURE 18-14: TYPICAL, MINIMUM AND MAXIMUM WDT PERIOD vs. VDD (-40°C TO +125°C)
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40-Lead Plastic Dual In-line (P) — 600 mil (PDIP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located

at http://www.microchip.com/packaging

T

{ oo
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d B

d B D
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d B

d B

d B

d B

d B

ja B2 —-—

n { o1 Y
—— F ——— *
W A
ﬂ i T
T AL J L
[et—— B ——= B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 40 40
Pitch p .100 2.54
Top to Seating Plane A .160 .175 .190 4.06 4.45 4.83
Molded Package Thickness A2 .140 .150 .160 3.56 3.81 4.06
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Molded Package Width El .530 .545 .560 13.46 13.84 14.22
Overall Length D 2.045 2.058 2.065 51.94 52.26 52.45
Tip to Seating Plane L .120 .130 .135 3.05 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .030 .050 .070 0.76 1.27 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § eB .620 .650 .680 15.75 16.51 17.27
Mold Draft Angle Top [¢] 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic
Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010” (0.254mm) per side.
JEDEC Equivalent: MO-011
Drawing No. C04-016
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28-Lead Plastic Quad Flat No Lead Package (ML) 6x6 mm Body, Punch Singulated (QFN)

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

E——= EXPOSED
METAL

TOP VIEW BOTTOM VIEW

A2 A
A1

A3
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 28 28
Pitch p .026 BSC 0.65 BSC
Overall Height A .033 .039 0.85 1.00
Molded Package Thickness A2 .026 .031 0.65 0.80
Standoff A1 .000 .0004 .002 0.00 0.01 0.05
Base Thickness A3 .008 REF 0.20 REF
Overall Width E .236 BSC 6.00 BSC
Molded Package Width E1 .226 BSC 5.75 BSC
Exposed Pad Width E2 .140 146 152 3.55 3.70 3.85
Overall Length D .236 BSC 6.00 BSC
Molded Package Length D1 .226 BSC 5.75 BSC
Exposed Pad Length D2 140 146 152 3.55 3.70 3.85
Lead Width B .009 .011 .014 0.23 0.28 0.35
Lead Length L .020 .024 .030 0.50 0.60 0.75
Tie Bar Width R .005 .007 .010 0.13 0.17 0.23
Tie Bar Length Q .012 .016 .026 0.30 0.40 0.65
Chamfer CH .009 .017 .024 0.24 0.42 0.60
Mold Draft Angle Top o 12° 12°
*Controlling Parameter
Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed .010" (0.254mm) per side.
JEDEC equivalent: mMO-220

Drawing No. C04-114
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