Microchip Technology - PIC16LF873-041/SO Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

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

PIC

8-Bit

4MHz

12C, SPI, UART/USART

Brown-out Detect/Reset, POR, PWM, WDT
22

7KB (4K x 14)

FLASH

128 x 8

192 x 8

2V ~ 5.5V

A/D 5x10b

External

-40°C ~ 85°C (TA)

Surface Mount

28-SOIC (0.295", 7.50mm Width)
28-S0IC

https://www.e-xfl.com/product-detail/microchip-technology/pic161f873-04i-so

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic16lf873-04i-so-4392128
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

PIC16F87X

Pin Diagrams

PDIP, SOIC
MCLRVPp— [|°1 - 28[ ] =— RB7/PGD
RAO/ANO=*—>L] 2 27[] =— RB6/PGC
RAVANL =[] 3 - 26[ ] = RB5
RA2/AN2/VRer- <[] 4 ~ 25[ ] = RB4
RA3/AN3/VRer+ =[] 5 @ 24[ ] = RB3/PGM
RaaiTockl <[] 6 © 23[] = RB2
RAS/AN4/SS [ 7 ® 22[] == RB1
vss—>[] 8 © 21[] = RBO/INT
oscl/cLKIN—=[] 9 8 20[] =— vop
osc2/icLKouT -—[]10 o 19[] =—Vss
RCO/T10SO/T1CKI < []11 18[ ] =— RC7/RX/DT
RCL/T10SI/CCP2<—= |12 17[7] =— RCB/TX/CK
Rc2/ccP1<—>[]13 16[ ] =— RC5/SDO
RC3/sck/scL=—[]14 15[] <— RC4/SDI/SDA
+
W uw
w w
o o
=2 2
mN—Ho& 00
Z2zZzZz=2 00
IIIYe oo
pLCC 2222‘005%50
receY=Szeecce z2
o i o o
RA4/TOCKI «—» [ o 39[] =< RB3/PGM
RAS/AN4/SS <« o []g 38[0 < RB2
REO/RD/AN5 <—» [] 9 370 <—= RB1
REL/WR/ANG «— [ 10 360 <—= RBO/INT
RE2/CS/IAN7 «—» 11  PIC16F877 350 <— VoD
Ve —zH12  piciers7a R v
Vss 013 330 RD7/PSP7
OSC1/CLKIN — [ 74 32[] <— RD6/PSP6
0SC2/CLKOUT - [15 310 <— RD5/PSP5
RCO/TIOSO/TICKL < » [ 7p 300 < RD4/PSP4
NC 17 0 0 v vt 16y 0 1o 29 == RC7IRXIDT
= AN AN AN AN
I
N
3 PN
< d (8] N 1O ANM
< OXO0
x 9 Doz Ao0aAanadAl0S
Oo2f8a8gxad 882999220 %
XOQONnnunnooag 22XX¥S5S53s00kE
| Ny Ny R O 0332023088
COHITNNIOONA OplroerarsTO
SRS RS NaNaNaNaRSsRORSNS) S E® S @
QFP FEFCCXCEERZ E O Q
— o
O
INIRRERERS! «
TOHONTHODOMNOLWS
O<l’ T TOOON N M
RC7/RX/DT =<—LCI0 1 33— NC
RD4/PSP4 <—»[CIT] 2 3213 <— RCO/T10SO/T1CKI
RD5/PSP5 <[ 3 31IT0— 0SC2/CLKOUT
RD6/PSP6 >[I 4 302 <— OSC1/CLKIN
RD7/PSP7 <—=[CIH5 PIC16F877 29T ~— Vss
vss —~CM6  pICI6F874 . w2 wvics
Voo —= I 7 27/ <— RE2/AN7/CS
RBO/INT <—=LCIL8 26T =<—= RE1/AN6/WR
RB1 <—> I 9 25T <— REO/AN5/RD
RB2 <—[11]10 2411 <— RA5/AN4/SS
RB3PGM ==L 1l | .\ | 0o o o o o 23+ RA4/TOCKI
e A A+ NNN
oosTwonaeod . i
m o QO zZzzWw
zz3g% g g >%% &Jg
o |y < 25
o m O o =
“EETTES
N ™
<z

DS30292D-page 2

© 1998-2013 Microchip Technology Inc.



PIC16F87X

Table of Contents

O B o Tod I @ YL 1= PR
2.0 Memory Organization .11
3.0 1O POIS .ot . 29
4.0 Data EEPROM and FLASH Program Memory.................... .41
5.0 TIMEIO IMOGUIE ...ttt ettt ettt eh et h et b e e bt e b et e h e e s et eb et e et ekt e ebe e e nb b s an e e ne e e 47
6.0 TIMEIL IMOGUIE ...ttt ettt eh et h et e b e bt e b et e bt e st ee et e et ekt e ebe e e st b s nneene e e 51
O I 0 1=T w220 1 oo 11 1= TR PEPTSRTPPRRRN 55
8.0  Capture/Compare/PWM MOUUIES ........c..uuiiiiiieiiie ettt ettt e e s e e s sr e e e e e s nneeeanneeenaes 57
9.0 Master Synchronous Serial Port (MSSP) MOUUIE ........ccoiiiiiiiiii it e s 65
10.0 Addressable Universal Synchronous Asynchronous Receiver Transmitter (USART) ....oovviviiiiievieeiccieeeee e 95
11.0 Analog-to-Digital Converter (A/D) MOUUIE...........ooiiiiiiieee e e e e e e e e e e s ste e e e e s srte e e e e s aannes 111
12.0 Special FEatures OF tNE CPU.......coiiiiii ittt ettt ettt e sttt e et bt e e an b e e e sbte et be e s anbe e e snbeeeanteeeeas 119
13.0 INSIUCHION SEE SUMMIBIY ... .eeiiiiiie ettt ettt ettt e e s bt e e et et e es b et e e s e s e aat et e sane e e b n e e nannee e nnnneeaaneeenn 135
14.0 DEVEIOPMENT SUPPOIT ....eiiiiieiiieee ettt ettt e e e e e e s st e e e ab et e e be e e e as s et e e s e e e ame e e b neennnee e nnnneeannreeenas 143
BN O =T on (ot |l O P T = Tod 1= ) Ao USRI 149
16.0 DC and AC Characteristics Graphs and TabIEs..........couuiiiiiiiiiie e 177
O - Tox = To 1T I 1010 ] 4 44 T= Ui o] o PR PTPPPTPR
APPENIX A REVISION HISTOTY ....eiiiiiiiiiiiie ittt sttt ettt ettt et s et e e et e e e se e e sateeeehbeesbeeeenbbeeessbeeeantneesnnes
AppendixX B: DEVICE DIffEIENCES ........oiiiiieiiiie ettt e e e e et e e et e enr e e e b e e nn e s nnes
Appendix C: ConVversion CONSIAEIALIONS .......ccccuuiiiieieiiiee et e s e s e e e s sr e e e ebe e e eane e e et e e ennneennnes
INOEX et

On-Line Support......
Reader Response
PIC16F87X Product Identification System

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.
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TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
. DIP PLCC QFP | l/OIP Buffer o
Pin Name Pint Pint Pin# | Type Type Description
OSC1/CLKIN 13 14 30 | STICMOS® | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 14 15 31 O — Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.
MCLR/VPP 1 2 18 P ST Master Clear (Reset) input or programming voltage input.
This pin is an active low RESET to the device.
PORTA is a bi-directional 1/0 port.
RAO/ANO 3 19 1/0 TTL RAO can also be analog inputO.
RA1/AN1 20 /0 TTL RA1 can also be analog inputl.
RA2/AN2/VREF- 5 21 110 TTL RAZ2 can also be analog input2 or negative
analog reference voltage.
RA3/AN3/VREF+ 5 6 22 110 TTL RA3 can also be analog input3 or positive
analog reference voltage.
RA4/TOCKI 6 7 23 I/0 ST RA4 can also be the clock input to the TimerO timer/
counter. Output is open drain type.
RA5/SS/AN4 7 8 24 110 TTL RAS can also be analog input4 or the slave select for
the synchronous serial port.
PORTB is a bi-directional I/O port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 110 TTLSTD RBO can also be the external interrupt pin.
RB1 34 37 110 TTL
RB2 35 38 10 110 TTL
RB3/PGM 36 39 11 1/0 TTL RB3 can also be the low voltage programming input.
RB4 37 41 14 I/0 TTL Interrupt-on-change pin.
RB5 38 42 15 I/0 TTL Interrupt-on-change pin.
RB6/PGC 39 43 16 110 TTL/ST® Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock.
RB7/PGD 40 44 17 110 TTLST® Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.
Legend: |=input O = output 1/0 = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose 1/0 and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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2.3 PCL and PCLATH

The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any RESET, the upper bits of the
PC will be cleared. Figure 2-5 shows the two situations
for the loading of the PC. The upper example in the fig-
ure shows how the PC is loaded on a write to PCL
(PCLATH<4:0> — PCH). The lower example in the fig-
ure shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> — PCH).

FIGURE 2-5: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
12 8 _ 7 0 Instruction with
PC | | PCLas
Destination
PCLATH<4:0> 8
5% ALU
LTI I
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | i | coro,carL
PCLATH<4:3> 11
2 Opcode <10:0>
LITTITTT]
PCLATH

23.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256 byte block). Refer to the
application note, “Implementing a Table Read"
(AN556).

23.2 STACK

The PIC16F87X family has an 8-level deep x 13-bit wide
hardware stack. The stack space is not part of either pro-
gram or data space and the stack pointer is not readable
or writable. The PC is PUSHed onto the stack when a
CALL instruction is executed, or an interrupt causes a
branch. The stack is POPed in the event of a
RETURN,RETLW Or a RETFIE instruction execution.
PCLATH is not affected by a PUSH or POP operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
S0 on).

Note 1: There are no status bits to indicate stack
overflow or stack underflow conditions.

2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFIE
instructions, or the vectoring to an inter-

rupt address.

2.4 Program Memory Paging

All PIC16F87X devices are capable of addressing a
continuous 8K word block of program memory. The
CALL and GOTO instructions provide only 11 bits of
address to allow branching within any 2K program
memory page. When doing a CALL or GOTO instruction,
the upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or GOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(or interrupt) is executed, the entire 13-bit PC is popped
off the stack. Therefore, manipulation of the
PCLATH<4:3> bits is not required for the return instruc-
tions (which POPs the address from the stack).

Note: The contents of the PCLATH register are
unchanged after a RETURN or RETFIE
instruction is executed. The user must
rewrite the contents of the PCLATH regis-
ter for any subsequent subroutine calls or
GOTO instructions.

Example 2-1 shows the calling of a subroutine in
page 1 of the program memory. This example assumes
that PCLATH is saved and restored by the Interrupt
Service Routine (if interrupts are used).

EXAMPLE 2-1: CALL OF A SUBROUTINE
IN PAGE 1 FROM PAGE O

ORG 0x500

BCF PCLATH, 4

BSF PCLATH, 3 ;Select page 1
; (800h-FFFh)

CALL SUB1 P1 ;Call subroutine in
;page 1 (800h-FFFh)

ORG 0x900 ;page 1 (800h-FFFh)

SUB1_P1
;called subroutine
;jpage 1 (800h-FFFh)

RETURN ;return to
;Call subroutine
;in page 0
; (000h-7FFh)

DS30292D-page 26
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25 Indirect Addressing, INDF and A simple program to clear RAM locations 20h-2Fh
FSR Registers using indirect addressing is shown in Example 2-2.
The INDF register is not a physical register. Addressing EXAMPLE 2-2: INDIRECT ADDRESSING
the INDF register will cause indirect addressing. MOVLH 0%20 ;initialize pointer
Indirect addressing is possible by using the INDF reg- MOVWF FSR ;to RAM
ister. Any instruction using the INDF register actually NEXT CLRF  INDF jclear INDF register
accesses the register pointed to by the File Select Reg- INCF FSR,F  ;inc pointer
ister, FSR. Reading the INDF register itself, indirectly BTFSS FSR,4  jall done?
(FSR ="'0") will read 00h. Writing to the INDF register CONTINUE GOTO NEXT  ;no clear next
indirectly results in a no operation (although status bits .yes continue
may be affected). An effective 9-bit address is obtained '
by concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 2-6.
FIGURE 2-6: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 From Opcode 0 IRP 7 FSR register 0
- v J N N v J
Bank Select Location Select Bank Select Location Select
N </

» 00 01 10 11
00h 80h 100h 180h

Data
Memory®

7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

Note 1: For register file map detail, see Figure 2-3.

© 1998-2013 Microchip Technology Inc. DS30292D-page 27
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NOTES:
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4.2 Reading the EEPROM Data
Memory

Reading EEPROM data memory only requires that the
desired address to access be written to the EEADR
register and clear the EEPGD bit. After the RD bit is set,
data will be available in the EEDATA register on the
very next instruction cycle. EEDATA will hold this value
until another read operation is initiated or until it is writ-
ten by firmware.

The steps to reading the EEPROM data memory are:

1. Write the address to EEDATA. Make sure that
the address is not larger than the memory size
of the PIC16F87X device.

2. Clear the EEPGD bit to point to EEPROM data
memory.

3. Setthe RD bit to start the read operation.
4. Read the data from the EEDATA register.

EXAMPLE 4-1: EEPROM DATA READ
BSF STATUS, RP1 ;
BCF STATUS, RPO ;Bank 2

MOVF ADDR, W
MOVWF EEADR

;Write address
;to read from

BSF STATUS, RPO ;Bank 3
BCF EECON1, EEPGD ;Point to Data memory
BSF EECON1, RD ;Start read operation
BCF STATUS, RPO ;Bank 2

MOVF EEDATA, W ;W = EEDATA

4.3 Writing to the EEPROM Data
Memory

There are many steps in writing to the EEPROM data
memory. Both address and data values must be written
to the SFRs. The EEPGD bit must be cleared, and the
WREN bit must be set, to enable writes. The WREN bit
should be kept clear at all times, except when writing to
the EEPROM data. The WR bit can only be set if the
WREN bit was set in a previous operation, i.e., they
both cannot be set in the same operation. The WREN
bit should then be cleared by firmware after the write.
Clearing the WREN bit before the write actually com-
pletes will not terminate the write in progress.

Writes to EEPROM data memory must also be pref-
aced with a special sequence of instructions, that pre-
vent inadvertent write operations. This is a sequence of
five instructions that must be executed without interrup-
tions. The firmware should verify that a write is not in
progress, before starting another cycle.

The steps to write to EEPROM data memory are:

1. |If step 10 is not implemented, check the WR bit
to see if a write is in progress.

2. Write the address to EEADR. Make sure that the
address is not larger than the memory size of
the PIC16F87X device.

3. Write the 8-bit data value to be programmed in
the EEDATA register.

4. Clear the EEPGD bit to point to EEPROM data
memory.

5. Setthe WREN bit to enable program operations.

Disable interrupts (if enabled).

7. Execute the special five instruction sequence:

« Write 55h to EECONZ2 in two steps (first to W,
then to EECON2)

* Write AAh to EECON2 in two steps (first to
W, then to EECON2)

» Set the WR bit

8. Enable interrupts (if using interrupts).

9. Clear the WREN bit to disable program opera-
tions.

10. At the completion of the write cycle, the WR bit
is cleared and the EEIF interrupt flag bit is set.
(EEIF must be cleared by firmware.) If step 1 is
not implemented, then firmware should check
for EEIF to be set, or WR to clear, to indicate the
end of the program cycle.

o

EXAMPLE 4-2: EEPROM DATA WRITE
BSF STATUS, RP1 ;

BSF STATUS, RPO ;Bank 3

BTFSC EECON1, WR ;Wait for

GOTO $-1 ;write to finish
BCF STATUS, RPO ;Bank 2

MOVF ADDR, W ;Address to

MOVWF EEADR ;write to
MOVF VALUE, W ;Data to
MOVWF EEDATA ;write
BSF STATUS, RPO ;Bank 3
BCF EECON1, EEPGD ;Point to Data memory
BSF EECON1, WREN ;Enable writes
;0nly disable interrupts
BCF INTCON, GIE ;if already enabled,

;otherwise discard

MOVLW 0x55 ;jWrite 55h to

MOVWF EECON2 ; EECON2

MOVLW OxAA ;Write AAh to

MOVWF EECON2 ; EECON2

BSF EECON1, WR ;Start write operation
;0nly enable interrupts

BSF INTCON, GIE ;if using interrupts,
jotherwise discard

BCF EECON1, WREN ;Disable writes

© 1998-2013 Microchip Technology Inc.
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6.0 TIMER1 MODULE

The Timerl module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L), which are
readable and writable. The TMR1 Register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMR1 Interrupt, if enabled,
is generated on overflow, which is latched in interrupt
flag bit TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit TMR1IE (PIE1<0>).

Timerl can operate in one of two modes:

* As atimer
¢ As a counter

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, Timerl increments every instruction
cycle. In Counter mode, it increments on every rising
edge of the external clock input.

Timerl can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>).

Timerl also has an internal “RESET input’. This
RESET can be generated by either of the two CCP
modules (Section 8.0). Register 6-1 shows the Timerl
control register.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RC1/T10SI/CCP2 and RCO/T10SO/T1CKI
pins become inputs. That is, the TRISC<1:0> value is
ignored, and these pins read as ‘0'.

Additional information on timer modules is available in
the PIC® MCU Mid-Range Family Reference Manual
(DS33023).

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)
u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — | T1cKPS1]T1CKPSO| T10SCEN |TISYNC|TMRLCS |TMRLON
bit 7 bit 0
bit 7-6 Unimplemented: Read as 'O’
bit 5-4 T1CKPS1:T1CKPSO0: Timerl Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 3 T1OSCEN: Timerl Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate power drain)
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit

When TMR1CS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMRICS =0:

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.

bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from pin RCO/T1OSO/T1CKI (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

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

© 1998-2013 Microchip Technology Inc.
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6.1

Timer mode is selected by clearing the TMR1CS
(TLCON<1>) bit. In this mode, the input clock to the
timer is Fosc/4. The synchronize control bit TLSYNC
(TLCON<2>) has no effect, since the internal clock is
always in sync.

Timerl Operation in Timer Mode

FIGURE 6-1:

TIMER1 INCREMENTING EDGE

6.2

Timerl may operate in either a Synchronous, or an
Asynchronous mode, depending on the setting of the
TMRI1CS hit.

When Timerl is being incremented via an external
source, increments occur on arising edge. After Timerl
is enabled in Counter mode, the module must first have
a falling edge before the counter begins to increment.

Timerl Counter Operation

T1CKI
(Default High)

T1CKI

(Default Low)

Note: Arrows indicate counter increments.

6.3 Timerl Operation in Synchronized

Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RC1/T10SI/CCP2, when bit
T1OSCEN is set, or on pin RCO/TLOSO/T1CKI, when
bit TLOSCEN is cleared.

FIGURE 6-2: TIMER1 BLOCK DIAGRAM

If TLISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple-counter.

In this configuration, during SLEEP mode, Timerl will
not increment even if the external clock is present,
since the synchronization circuit is shut-off. The
prescaler, however, will continue to increment.

Set Flag bit
TMR1IF on

TMR1

Overflow 1—‘

TMR1H | TMR1L

Synchronized
Clock Input

04

1|-—

TMR1ON

........ Oon/Off T1SYNC

' T10sC !
RCO/T10SO/T1CKI @ L ® |,> 1 S hroni

: : | Prescaler ynchronize

- TI0SCEN Fosc/a 1,2,4,8 A det

: . Enable Internal 0 A

; 1) [

RC1/T10Sl/ccP2® + Oscillator( ¥ o

' ' Q Clock

________ T1CKPS1:T1CKPSO

Note 1: When the TLOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.

TMRI1CS
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6.4 Timerl Operation in
Asynchronous Counter Mode

If control bit TLSYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during SLEEP and can
generate an interrupt-on-overflow, which will wake-up
the processor. However, special precautions in soft-
ware are needed to read/write the timer (Section 6.4.1).

In Asynchronous Counter mode, Timerl cannot be
used as a time-base for capture or compare opera-
tions.

6.4.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock, will guarantee a
valid read (taken care of in hardware). However, the
user should keep in mind that reading the 16-bit timer
in two 8-bit values itself, poses certain problems, since
the timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may occur by writing to the timer registers, while
the register is incrementing. This may produce an
unpredictable value in the timer register.

Reading the 16-bit value requires some care. Exam-
ples 12-2 and 12-3in the PIC® MCU Mid-Range Family
Reference Manual (DS33023) show how to read and
write Timerl when it is running in Asynchronous mode.

6.5 Timerl Oscillator

A crystal oscillator circuit is built-in between pins T1OSI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TLOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator, rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for use with a 32 kHz crystal. Table 6-1 shows the
capacitor selection for the Timer1 oscillator.

The Timerl oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 6-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq. C1 Cc2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF

These values are for design guidance only.

Crystals Tested:

32.768 kHz | Epson C-001R32.768K-A | + 20 PPM

100 kHz Epson C-2 100.00 KC-P | +20 PPM

200 kHz STD XTL 200.000 kHz | + 20 PPM

Note 1: Higher capacitance increases the stability
of oscillator, but also increases the start-up
time.

2: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appro-

priate values of external components.

6.6 Resetting Timerl using a CCP
Trigger Output

If the CCP1 or CCP2 module is configured in Compare
mode to generate a “special event trigger”
(CCP1M3:CCP1MO = 1011), this signal will reset
Timerl.

Note:  The special event triggers from the CCP1
and CCP2 modules will not set interrupt
flag bit TMR1IF (PIR1<0>).

Timerl must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timerl is running in Asynchronous Counter mode,
this RESET operation may not work.

In the event that a write to Timerl coincides with a spe-
cial event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRXxL regis-
ter pair effectively becomes the period register for
Timerl.
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10.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In Asynchronous
mode, bit BRGH (TXSTA<2>) also controls the baud
rate. In Synchronous mode, bit BRGH is ignored.
Table 10-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in Master mode (internal clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 10-1. From this, the error in
baud rate can be determined.

TABLE 10-1: BAUD RATE FORMULA

It may be advantageous to use the high baud rate
(BRGH = 1), even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared). This ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rate.

10.1.1 SAMPLING

The data on the RC7/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

SYNC BRGH =0 (Low Speed) BRGH =1 (High Speed)
0 (Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate = Fosc/(16(X+1))
1 (Synchronous) Baud Rate = Fosc/(4(X+1)) N/A
X =value in SPBRG (0 to 255)
TABLE 10-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010 | 0000 -010
18h RCSTA SPEN RX9 SREN | CREN | ADDEN FERR | OERR | RX9D | 0000 000x | 0000 000x
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - =unimplemented, read as '0'. Shaded cells are not used by the BRG.
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FIGURE 10-5: ASYNCHRONOUS RECEPTION
RX (pin) START _ . START START
bit -bl’[O -bl'[l g Xbit7/8/STOP\ bit A bit0 X 5 bit7/8 /STOP\ bit A Sg Xbit7/8/ STOP
‘ l bit \ I /( : 9( l bit I ¢ bit
Rcv Shift I
. CC 1 C I C .
Eeg Buffer R JJ . p) ) .
cvBulier Reg .T Word 1 Word 2 T |
Read Rcv C . RCREG C RCREG : N
Buffer Reg D) T D) D) T
RCREG ' : ')
: C C '
RCIF CC T |
(Interrupt Flag) pD) I ) )) !
i CC Q C
OERR bit D) D) S 1
CREN 1 (¢ cC )
J)J ) ) [
Note:  This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,

causing the OERR (overrun) bit to be set.

When setting up an Asynchronous Reception, follow
these steps:

1. Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH (Section 10.1).
2. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

3. If interrupts are desired, then set enable bit

RCIE.

4. If 9-bit reception is desired, then set bit RX9.

5. Enable the reception by setting bit CREN.

6. Flag bit RCIF will be set when reception is com-
plete and an interrupt will be generated if enable
bit RCIE is set.

7. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the
RCREG register.

9. If any error occurred, clear the error by clearing
enable bit CREN.

10. If using interrupts, ensure that GIE and PEIE
(bits 7 and 6) of the INTCON register are set.

TABLE 10-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
Value on: Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh, 8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF ROIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PsSPIFD|  ADIF RCIF TXIF | SSPIF| CCP1IF | TMR2IF | TMR1IF| 9000 0000 | 0000 0000
18h RCSTA SPEN RX9 SREN | CREN — FERR OERR RX9D | 0000 -00x | 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE®| ADIE RCIE TXIE | SSPIE| CCP1lIE| TMR2IE| TMR1IE| 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for asynchronous reception.

Note 1: Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.
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NOTES:
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DEVELOPMENT TOOLS FROM MICROCHIP
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15.5 Timing Parameter Symbology

The timing parameter symbols have been created fol-

lowing one of the following formats:

1. TppS2ppS 3. TccisT (12C specifications only)
2. TppS 4.Ts (1°C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc 0OSC1
ck CLKOUT rd RD
cs [ w RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in t0 TOCKI
io 1/0 port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
I Invalid (Hi-impedance) \% Valid
L Low z Hi-impedance
12C only
AA output access High High
BUF Bus free Low Low
Tcc:sT (IZC specifications only)
cC
HD Hold SU Setup
ST
DAT DATA input hold STO STOP condition
STA START condition
FIGURE 15-5: LOAD CONDITIONS
Load Condition 1 Load Condition 2
\/DD/2
RL
L
Pin CL Pin CL
s
Vss Vss
RL = 464Q
CL = 50 pF for all pins except OSC2, but including PORTD and PORTE outputs as ports,
15 pF for OSC2 output
Note: PORTD and PORTE are not implemented on PIC16F873/876 devices.
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FIGURE 16-15: AVERAGE WDT PERIOD vs. Vbb OVER TEMPERATURE (-40°C TO 125°C)
50
45 . et ]
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
40 | Minimum: mean — 3s (-40°C to 125°C)
125C
* \
85C
- 30
E
g %
g 25¢C \\
& \ —_—
= 20 - —
\ 40C -\\
15
\
10
5 p
0 T T T
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
VDD (V)
FIGURE 16-16: TYPICAL, MINIMUM AND MAXIMUM VoH vs. loH (VDD=5V, -40°C TO 125°C)
5.0 +
\ Max (-40C)
4.5 | \
\
Typ (25C)
4.0
S
I 35
S \
Min (125C)
3.0
Typical: statistical mean @ 25°C
2.5 11 Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
2.0 T T
0 5 10 15 20 25
I0H (-mA)
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NOTES:
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44-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

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

E— =

|————— F] —————— =

j— #leads=n1l —==
OOO0O000000

E:
3
1=
. 5 OA
UHUUHUHUUHH

gutouiutout

=N

CH x 45°

F'A #
r_HIHZHIHIHIHIHIH:HIHIHI

o
17 I 5

— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 44 44

Pitch p .031 0.80

Pins per Side nl 11 11

Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .004 .006 0.05 0.10 0.15
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00

Foot Angle [0 0 3.5 7 0 3.5 7
Overall Width E 463 AT2 482 11.75 12.00 12.25
Overall Length D 463 472 482 11.75 12.00 12.25
Molded Package Width E1l .390 .394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10
Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width B .012 .015 .017 0.30 0.38 0.44
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
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 D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-026

Drawing No. C04-076
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APPENDIX C: CONVERSION
CONSIDERATIONS

Considerations for converting from previous versions
of devices to the ones listed in this data sheet are listed

in Table C-1.

TABLE C-1: CONVERSION
CONSIDERATIONS

Characteristic PIC16C7X PIC16F87X
Pins 28/40 28/40
Timers 3 3
Interrupts 11 or 12 13 o0r14
Communication PSP, USART, PSP, USART,
SSP(SPI,12C | SSP (SPI, I°C
Slave) Master/Slave)
Frequency 20 MHz 20 MHz
Voltage 2.5V -5.5V 2.0V -5.5V
A/D 8-bit 10-bit
CCP 2 2
Program 4K, 8K 4K, 8K
Memory EPROM FLASH
RAM 192, 368 192, 368
bytes bytes
EEPROM data None 128, 256
bytes
Other — In-Circuit
Debugger,
Low Voltage

Programming
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Bus Collision During a Repeated

START Condition (Case 1) ........ccocevevueenen. 92
Bus Collision During a Repeated

START Condition (Case2) .........cccceevueenee. 92
Bus Collision During a START

Condition (SCL = 0) eeveevieeeriieee e 91
Bus Collision During a STOP Condition ..................... 93
Bus Collision for Transmit and Acknowledge ............. 89
Capture/Compare/PWM .........cccoviiiinieiiiieeeiieees 166
CLKOUT @and l/O .....cocvviiiiiiiiiiciiieieeeee e 163
12C BUS DALA ...ceooeeveeeieeeeiseeeeeeeeie i 171
12C Bus START/STOP bitS ....cevveeverrereececreriee e, 170
12C Master Mode First START Bit Timing .................. 80
1°C Master Mode Reception Timing ........ ....85
12C Master Mode Transmission Timing ... ....83
Master Mode Transmit Clock Arbitration .................... 88
Power-up TIMEer .....ccccoioiiiiiiiieie e 164
Repeat START Condition .........cccceevvveeriieeniniieeenineen. 81
RESET oottt 164
SPIMaster Mode ........ccccecvieiiieiiieiienieecee e 70
SPI Slave Mode (CKE = 1) ........... e 71
SPI Slave Mode Timing (CKE = 0) ....cccoeviiieeiiiieennes 71
Start-up TIMET ....oooiiiiiiiiie e 164
STOP Condition Receive or Transmit ...............ce..e.. 87
Time-out Sequence on POWEr-up .................... 127,128
TIMEIO oo 165
TIMErL Lo 165
USART Asynchronous Master Transmission ........... 100
USART Asynchronous Reception
USART Synchronous Receive ......
USART Synchronous Reception ......
USART Synchronous Transmission ................ 106, 173
USART, Asynchronous Reception ..........cccccceveenen. 104
Wake-up from SLEEP via Interrupt ..........c.ccccovenen. 133
Watchdog TIMer ......ccocviiiiiiiiiii e 164

TMRO .o

TMRO Register .
TMRI1CS bit ...

TIMRIL oottt
TMRL1L Register
TMRION Bt oo
TIMRZ e
TMR2 Register .
TMR20ON Bt oo
TOUTPSO0 DIt ..ot
TOUTPSL DIt .o
TOUTPS2 DIt ..
TOUTPS3 DIt .o
TRISA Register
TRISB Register ...
TRISC Register ...
TRISD Register ...
TRISE REQISIEr ...eviiiiiiieeitieee e
IBF Bt oot s
IBOV Bt oo
OBF Bt oo
PSPMODE Bit ...

TXSTA REQISIET ..ottt e 95
BRGH Bit ..oieiiiicciicicic e 95
CSRC Bt oot 95
SYNC Bit ... .. 95

TRMT Bit ..
TX9 Bit ... ... 95
TXOD Bt oo 95
TXEN Bt oot 95
U
UA 66

Universal Synchronous Asynchronous Receiver
Transmitter. See USART

Update Address, UA ...t 66
USART ot s 95
Address Detect Enable (ADDEN Bit) ........cccccvverinene 96
ASYNChronous MOAE ..........ccevvieeiniieiiiiee e 99

Asynchronous Receive ....

Associated Registers ... .. 102
Block Diagram ..........ccceevcvveennn. .. 101
Asynchronous Receive (9-bit Mode) ..........ccccoeveeenee 103
Associated Registers ..........cccuvvervieniieiienieens 104
Block Diagram .........cccccevvvveiniiieeiniiecnniee e 103
Timing Diagram ........ccoccveeiiiieeniiieesee e 104

Asynchronous Receive with Address Detect.
SeeAsynchronous Receive (9-bit Mode).

Asynchronous ReCeption .........ccoccveerieeeeriieennneeenns 102

Asynchronous TransSmitter ..........ccccecvevvieeiiiniinnnens 99

Baud Rate Generator (BRG) .......ccccccvvvviviniiiieniieenn 97
Baud Rate Formula .............cccoccooviiiiiiiiinin, 97
Baud Rates, Asynchronous Mode (BRGH=0) ... 98
High Baud Rate Select (BRGH Bit) ................... 95
SAMPIING e

Clock Source Select (CSRC Bit) ............
Continuous Receive Enable (CREN Bit)
Framing Error (FERR Bit) .......cccccevvneenn.
Mode Select (SYNC Bit) ....coocevvvieiiieiiecieciieeeee e
Overrun Error (OERR Bit) .....cooeviieiiiiiiiiieecceec e,
RCB/TX/CK PiN e
RCT7/RX/DT PiN oottt
RCSTA Register .......ccoceevvveiiineeens
Receive Data, 9th bit (RX9D Bit)
Receive Enable, 9-bit (RX9 Bit)
Serial Port Enable (SPEN Bit) ........cccceeviiiiniieene
Single Receive Enable (SREN Bit) .......c.ccovevviveeennn.
Synchronous Master Mode ..........cccocceeveviiiicnieennen.
Synchronous Master Reception ...........cccccveevvveenns
Associated RegiSters ........cocccvvevivieeniieeniieeene
Synchronous Master Transmission ............ccccccee.ne.
Associated Registers ..................
Synchronous Slave Mode ....
Synchronous Slave Reception .
Associated RegiSters ........coccovevivieeniieeniieeee
Synchronous Slave Transmit .........cccceeevvvveniieennns
Associated Registers ..........cccuvveiiveniiciiennennns
Transmit Block Diagram .........c.ccceceervieniiiniieniecnene
Transmit Data, 9th Bit (TX9D)
Transmit Enable (TXEN Bit) ...............
Transmit Enable, Nine-bit (TX9 Bit) ..........
Transmit Shift Register Status (TRMT Bit) ................ 95
TXSTA REQISIET ...ttt 95

© 1998-2013 Microchip Technology Inc.

DS30292D-page 205



