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To Our Valued Customers
Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please check 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 may exist for current devices, describing minor operational differences (from the data sheet) and recommended
workarounds. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revi-
sion 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) 786-7277

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.

Corrections to this Data Sheet

We constantly strive to improve the quality of all our products and documentation. We have spent a great deal of time to ensure
that this document is correct. However, we realize that we may have missed a few things. If you find any information that is missing
or appears in error, please:

¢ Fill out and mail in the reader response form in the back of this data sheet.

¢ E-mail us at webmaster@ microchip.com.

We appreciate your assistance in making this a better document.
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PIC16HV540

1.0 GENERAL DESCRIPTION

The PIC16HV540 from Microchip Technology is a low-
cost, high-performance, 8-bit, fully-static, EPROM-
based CMOS microcontroller. It is pin and software
compatible with the PIC16C5X family of devices. It
employs a RISC architecture with only 33 single word/
single cycle instructions. All instructions are single
cycle except for program branches, which take two
cycles. The PIC16HV540 delivers performance an
order of magnitude higher than its competitors in the
same price category. The 12-bit wide instructions are
highly orthogonal resulting in 2:1 code compression
over other 8-bit microcontrollers in its class. The easy-
to-use and easy-to-remember instruction set reduces
development time significantly.

The PIC16HV540 is the first One-Time-Programmable
(OTP) microcontroller with an on-chip 3 volt and 5 volt
regulator. This eliminates the need for an external reg-
ulator in many applications powered from 9 Volt or 12
Volt batteries or unregulated 6 volt, 9 volt or 12 volt
mains adapters. The PIC16HV540 is ideally suited for
applications that require very low standby current at
high voltages. These typically require expensive low
current regulators.

The PIC16HV540 is equipped with special features that
reduce system cost and power requirements. The Power-
On Reset (POR) and Device Reset Timer (DRT) eliminate
the need for external reset circuitry. There are four oscilla-
tor configurations to choose from, including the power-
saving LP (Low Power) oscillator, cost saving RC oscilla-
tor, and XT and HS for crystal oscillators. Power saving
SLEEP mode, Watchdog Timer and code protection fea-
tures improve system cost, power and reliability.

The UV erasable CERDIP packaged versions are ideal
for code development, while the cost-effective OTP ver-
sions are suitable for production in any volume. The
customer can take full advantage of Microchip’s price
leadership in OTP microcontrollers, while benefiting
from the OTP’s flexibility.

The PIC16HV540 is supported by a full-featured macro
assembler, a software simulator, an in-circuit emulator,
a low-cost development programmer, and a full fea-
tured programmer. All the tools are supported on IBM®
PC and compatible machines.

1.1 Applications

The PIC16HV540 fits in low-power battery applications
such as CO and smoke detection, toys, games, secu-
rity systems and automobile modules. The EPROM
technology makes customizing of application programs
(transmitter codes, receiver frequencies, etc.)
extremely fast and convenient. The small footprint
package, for through hole or surface mounting, make
this microcontroller suitable for applications with space
limitations. Low-cost, low-power, high-performance,
ease of use and I/O flexibility make the PIC16HV540
very versatile even in areas where no microcontroller

use has been considered before (e.g., timer functions,
replacement of “glue” logic in larger systems, copro-
cessor applications).

1.2 Enhanced Features

1.21 REGULATED I/O PORTA INDEPENDENT
OF CORE REGULATOR

PORTA I/O pads and OSC2 output are powered by the
regulated internal voltage Vio. A maximum of 10mA per
output is allowed, or a total of 40mA. The core itself is
powered from the independently regulated supply
VREG.

1.22 HIGH VOLTAGE I/O PORTB

All eight PORTB 1/Os are high voltage 1/0O. The inputs
will tolerate input voltages as high as the VDD and out-
puts will swing from Vss to the VDD. The input threshold
voltages vary with supply voltage. (See Electrical
Characteristics.)

1.2.3  WAKE-UP ON PIN CHANGE ON PORTB
[0:3]

Four of the PORTB inputs latch the status of the pin at
the onset of sleep mode. A level change on the inputs
resets the device, implementing wake up on pin change
(via warm reset). The PCWUF bit in the status register
is reset to indicate that a pin change caused the reset
condition. Any pin change (glitch insensitive) of the
opposite level of the initial value wakes up the device.
This option can be enabled/disabled in OPTION2 reg-
ister. (See OPTION2 Register, Register 4-3.)

1.2.4  WAKE-UP ON PIN CHANGE WITH A
SLOWLY-RISING VOLTAGE ON PORTB [7]

PORTB [7] also implements wake up from sleep, how-
ever this input is specifically adapted so that a slowly
rising voltage does not cause excessive power con-
sumption. This input can be used with external RC cir-
cuits for long sleep periods without using the internal
timer and prescaler. This option is also enabled/dis-
abled in OPTION2 register. (The enable/disable bit is
shared with the other 4 wake-up inputs.) The PCWUF
bit in the status register is also shared with the other
four wake-up inputs.

1.25 LOW-VOLTAGE (BROWN-OUT)
DETECTION

A low voltage (Brown-out) detect circuit optionally
resets the device at a voltage level higher than that at
which the PICmicro® device stops operating. The nom-
inal trip voltages are 3.1 volts (for 5 volt operation) and
2.2 volt (for 3 volt operation), respectively. The core
remains in the reset state as long as this condition
holds (as if a MCLR external reset was given). The
Brown-out trip level is user selectable, with built-in inter-
locks. The Brown-out detector is disabled at power-up
and is activated by clearing the appropriate bit
(BODEN) in OPTION2 register.

© 2000 Microchip Technology Inc.
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PIC16HV540

1.2.6 INCREASED STACK DEPTH

The stack depth is 4 levels to allow modular program
implementation by using functions and subroutines.

1.2.7 ENHANCED WATCHDOG TIMER (WDT)
OPERATION

The WDT is enabled by setting FUSE 2 in the configuration
word. The WDT setting is latched and the fuse disabled
during SLEEP mode to reduce current consumption.

If the WDT is disabled by FUSE 2, it can be enabled/dis-
abled under program control using bit 4 in OPTION2 Reg-
ister (SWDTEN). The software WDT control is disabled at
power-up.

The current consumption of the on-chip oscillator (used
for the watchdog, oscillator startup timer and sleep
timer) is less than 1pA (typical) at 3 Volt operation.

1.2.8 REDUCED EXTERNAL RC OSCILLATOR
STARTUP TIME

If the RC oscillator option is selected in the Configura-
tion word (FOSC1=1 and FOSCO=1), the oscillator
startup time is 1.0 ms nominal instead of 18 ms nomi-
nal. This is applicable after power-up (POR), either
WDT interrupt or wake-up, external reset on MCLR,
PCWU (wake on pin change) and Brown-out.

1.29 LOW-VOLTAGE OPERATION OF THE
ENTIRE CPU DURING SLEEP

The voltage regulator can automatically lower the volt-
age to the core from 5 Volt to 3 Volt during sleep, result-
ing in reduced current consumption. This is an option
bit (SL) in the OPTIONZ register.

1.2.10 GLITCH FILTERS ON WAKE-UP PINS AND
MCLR

Glitch sensitive inputs for wake-up on pin change are
filtered to reduce susceptibility to interference. A similar
filter reduces false reset on MCLR.

1.2.11 PROGRAMMABLE CLOCK GENERATOR

When used in RC mode, the CLKOUT pin can be used
as a programmable clock output. The output is con-
nected to TMRO, bit 0 and by setting the prescaler,
clock out frequencies of CLKIN/8 to CLKIN/1024 can
be generated. The CLKOUT pin can also be used as a
general purpose output by modifying TMRO, bit 0.

TABLE 1-1:

PIC16HV540 DEVICE

Peripherals

Packages

PIC16HV540

Maximum Frequency (MHz) 20
EPROM Program Memory 512
RAM Data Memory (bytes) 25
Timer Module(s) TMRO
I/O Pins 12
Voltage Range (Volts) 3.5V-15V
Number of Instructions 33
Packages 18-pin DIP
SOIC
20-pin SSOP

All PICmicro® devices have Power-on Reset, selectable
WDT, selectable code protect and high 1/O current capability.

DS40197B-page 4 Preliminary
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TABLE 3-1: PINOUT DESCRIPTION - PIC16HV540
Name DIP, SOIC | SSOP | I/O/P | Input Description
No. No. |Type | Levels
RAO 17 19 I/0 TTL |Independently regulated Bi-directional I/O port — Vio
RA1 18 20 I/O TTL
RA2 1 1 I/O TTL
RA3 2 2 IO TTL
RBO 6 7 I/O TTL |High-voltage Bi-directional I/O port. Wake-up on pin
RB1 7 8 I/0 TTL |Sourced from VDD. change
RB2 8 9 IO TTL
RB3 9 10 I/0 TTL
RB4 10 11 IO TTL
RB5 11 12 IO TTL
RB6 12 13 I/0 TTL
RB7 13 14 I/O TTL Wake-up on SLOW
rising pin change.
TOCKI 3 3 | ST | Clock input to Timer 0. Must be tied to Vss or VDD, if not in
use, to reduce current consumption.
MCLR/VPP 4 4 | ST | Master clear (reset) input/programming voltage input. This
pin is an active low reset to the device. Voltage on the MCLR/
VPP pin must not exceed Vop{" to avoid unintended entering
of programming mode.
OSC1/CLKIN 16 18 I ST | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 15 17 0] — Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, OSC2/CLKOUT output
is connected to TMRO, bit 0. Frequencies of CLKIN/8 to
CLKIN/1024 can be generated on this pin.
VDD 14 15,16 | P — Positive supply.
Vss 5 5,6 P — Ground reference.

Legend: | =input, O = output, I/O = input/output, P = power, — = Not Used, TTL = TTL input, ST = Schmitt Trigger input.

Note 1: VDD during programming mode can not exceed parameter PD1 called out in the PIC16C5X Programming
Specification (Literature number DS30190).

© 2000 Microchip Technology Inc.
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4.3 STATUS Register

This register contains the arithmetic status of the ALU,
the RESET status, and the page preselect bits for pro-
gram memories larger than 512 words.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable while the PCWUF bit is a read/write bit. There-
fore, the result of an instruction with the STATUS regis-
ter as destination may be different than intended.

REGISTER 4-1:

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF and
MOVWF instructions be used to alter the STATUS regis-
ter because these instructions do not affect the Z, DC
or C bits from the STATUS register. For other instruc-
tions, which do affect STATUS bits, see Section 8.0,
Instruction Set Summary.

STATUS REGISTER (ADDRESS:03h)

R/W-0 R/W-0 R/W-0 R-1 R-1

R/W-x R/W-x R/W-x

PA1 PAO TO PD

| PCWUF |

Z DC C R = Readable bit

bit7

bit 7: PCWUF: Pin Change Reset bit

1 = After Power-up Reset (POR) or SLEEP com
0 = After a wake-up on pin change event

bit 6-5:
bit 4:

Not Applicable
TO: Time-out bit

0 = A WDT time-out occurred

PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

Z: Zero bit

bit 3:

bit 2:

bit 1:
ADDWF

SUBWF

C: Carry/borrow bit (for ADDWF, SUBWF and RRF,
ADDWF SUBWF
1 = A carry occurred
0 = A carry did not occur

bit 0:

1 = After power-up, CLRWDT instruction, or SLEEP instruction

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

DC: Digit carry/borrow bit (for ADDWF and SUBWF instructions)

1 = A carry from the 4th low order bit of the result occurred
0 = A carry from the 4th low order bit of the result did not occur

1 = A borrow from the 4th low order bit of the result did not occur
0 = A borrow from the 4th low order bit of the result occurred

1 = A borrow did not occur
0 = A borrow occurred

W = Writable bit
- n = Value at POR reset

bit0

mand

RLF instructions)
RRF or RLF
Load bit with LSb or MSb, respectively

© 2000 Microchip Technology Inc.
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4.4 OPTION Register

The OPTION register is a 6-bit wide, write-only register
which contains various control bits to configure the
TimerO/WDT prescaler and TimerO.

EXAMPLE 4-1:

movliw ‘0000 0111'b ;

OPTION ;

REGISTER 4-2: OPTION REGISTER

By executing the OPTION instruction, the contents of
the W register will be transferred to the OPTION regis-
ter. A RESET sets the OPTION<5:0> bits.

Example 4-1 illustrates how to initialize the OPTION
register.

INSTRUCTIONS FOR INITIALIZING OPTION REGISTER
load OPTION setup value into W

initialize OPTION register

U-0 U-0 W-1 W-1 W-1 W-1 W-1 W-1
| — | — [ tocs | tose | psa | ps2 PS1 PSO W = Writable bit
bit7 0 | U =Unimplemented bit
- n = Value at POR reset
bit 7-6:  Unimplemented
bit 5: TOCS: Timer0 Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4: TOSE: Timer0 Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3: PSA: Prescaler Assignment bit
1 = Prescaler assigned to the WDT
0 = Prescaler assigned to Timer0
bit 2-0: PS<2:0>: Prescaler Rate Select bits
Bit Value  TimerO Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

DS40197B-page 14
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TABLE 5-1: SUMMARY OF PORT REGISTERS
Value on Value on Value on Value on
Power-On MCLR and Wake-up on Brown-Out
Address Name Bit7 Bit 6 Bit 5 Bit4 Bit3 | Bit2 Bit 1 Bit 0 Reset WDT Reset Pin Change Reset
N/A TRIS 1/0 control registers (TRISA, TRISB) 1111 1111 | 1111 1111 1111 1111 1111 1111
05h PORTA — — — — RA3 RA2 RA1 RAO ---- xXxxX | ---- uuuu ---- uuuu -- - - XXXX
06h PORTB RB7 RB6 RB5 RB4 RB3 | RB2 | RB1 RBO XXXX XXXX | UUUU UUUU | UUUU UUUU | XXXX XKXXX
03h STATUS PCWUF | PA1 PAO TO PD Z DC © 100x xxxx | 100g quuu 000U uuuu x00X XXXX
N/A OPTION2 — — PCWU | SWDTEN RL SL BODL | BODEN --11 1111 --uu uuuu --uu uuuu - -XX XXXX
Legend: Shaded boxes = unimplemented, read as ‘0’, —= unimplemented, read as '0', x = unknown, u = unchanged.
5.5 /0O Programming Considerations EXAMPLE 5-1: READ-MODIFY-WRITE
INSTRUCTIONS ON AN
5.5.1 BI-DIRECTIONAL I/O PORTS I/O PORT

Some instructions operate internally as read followed
by write operations. The BCF and BSF instructions, for
example, read the entire port into the CPU, execute the
bit operation and re-write the result. Caution must be
used when these instructions are applied to a port
where one or more pins are used as input/outputs. For
example, a BSF operation on bit5 of PORTB will cause
all eight bits of PORTB to be read into the CPU, bit5 to
be set and the PORTB value to be written to the output
latches. If another bit of PORTB is used as a bi-direc-
tional I/O pin (say bit0) and it is defined as an input at
this time, the input signal present on the pin itself would
be read into the CPU and rewritten to the data latch of
this particular pin, overwriting the previous content. As
long as the pin stays in the input mode, no problem
occurs. However, if bit0 is switched into output mode
later on, the content of the data latch may now be
unknown.

Example 5-1 shows the effect of two sequential read-
modify-write instructions (e.g., BCF, BSF, etc.)onan |/
O port.

A pin actively outputting a high or a low should not be
driven from external devices at the same time in order
to change the level on this pin (“wired-or”, “wired-and”).
The resulting high output currents may damage the

chip.

;Initial PORT Settings

7

7

PORTB<7:4> Inputs
PORTB<3:0> Outputs

;PORTB<7:6> have external pull-ups and are
;not connected to other circuitry

7

; PORT latch PORT pins
BCF PORTB, 7 i 01lpp pPppp 1lpp pppp
BCF PORTB, 6 i 10pp pppp 11lpp pppp
MOVLW O03Fh ;

TRIS PORTB ;10pp pPPPP 10pp pppPP

;Note that the user may have expected the pin
;jvalues to be 00pp pppp. The 2nd BCF caused
;RB7 to be latched as the pin value (High).

SUCCESSIVE OPERATIONS ON I/O
PORTS

55.2

The actual write to an I/O port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle
(Figure 5-5). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same 1/O port. The sequence of instructions should
allow the pin voltage to stabilize (load dependent)
before the next instruction, which causes that file to be
read into the CPU, is executed. Otherwise, the previous
state of that pin may be read into the CPU rather than
the new state. When in doubt, it is better to separate
these instructions with a NOP or another instruction not
accessing this 1/O port.

DS40197B-page 22
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NOTES:
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7.0 SPECIAL FEATURES OF THE
CPU

What sets a microcontroller apart from other proces-
sors are special circuits that deal with the needs of real-
time applications. The PIC16HV540 family of micro-
controllers has a host of such features intended to max-
imize system reliability, minimize cost through
elimination of external components, provide power sav-
ing operating modes and offer code protection. These
features are:

¢ Oscillator selection

* Reset

¢ Power-On Reset (POR)

¢ Brown-out Detect

¢ Device Reset Timer (DRT)

* Wake-up from SLEEP on Pin Change

* Enhanced Watchdog Timer (WDT)

e SLEEP

* Code protection

The PIC16HV540 Family has a Watchdog Timer which
can be shut off only through configuration bit WDTEN.
It runs off of its own RC oscillator for added reliability.
There is an 18 ms delay provided by the Device Reset
Timer (DRT), intended to keep the chip in reset until the

crystal oscillator is stable. With this timer on-chip, most
applications need no external reset circuitry.

The SLEEP mode is designed to offer a very low cur-
rent power-down mode. The user can wake up from
SLEEP through external reset or through a Watchdog
Timer time-out. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

71 Configuration Bits

Configuration bits can be programmed to select various
device configurations. Two bits are for the selection of
the oscillator type and one bit is the Watchdog Timer
enable bit. Nine bits are code protection bits (Figure 7-
1) for the PIC16HV540 devices.

REGISTER 7-1: CONFIGURATION WORD FOR PIC16HV540

lcP|cp|cPp|cP|[cP|cP|cP| CP| CP |WDTEN| Fosct | Fosco | | Register:CONFIG

bit11

bit 11-3: CP: Code Protection bits
1 = Code protection off
0 = Code protection on

bit 2: WDTEN: Watchdog Timer Enable bit
1 =WDT enabled

bit 1-0: Fosc<1:0>: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

access the configuration word.

bito | Address(:0FFFh

0 = WDT disabled (control is placed on the SWDTEN bit)

Note 1: Refer to the PIC16C5X Programming Specification (Literature number DS30190) to determine how to

© 2000 Microchip Technology Inc.
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TABLE 7-3: RESET CONDITIONS FOR SPECIAL REGISTERS

Condition PCL STATUS

Addr: 02h Addr: 03h
Power-on Reset 1111 1111 1001 1xxx
MCLR Reset (normal operation) 1111 1111 woou uuuu (P
MWake-up (from SLEEP) 1111 1111 1001 Ouuu
WDT Reset (normal operation) 1111 1111 1000 luuu?
WDT Wake-up (from SLEEP) 1111 1111 1000 Ouuu
Wake-up from SLEEP on Pin Change 1111 1111 000u uuuu
Brown-out Reset 1111 1111 x00X XXXX
Legend: u = unchanged, x = unknown, - = unimplemented read as '0’.

Note 1: TO and PD bits retain their last value until one of the other reset conditions occur.
2: The CLRWDT instruction will set the TO and PD bits.

TABLE 7-4: RESET CONDITIONS FOR ALL REGISTERS

Register Address | Power-On Reset MCLR or WDT Wake-up on Pin Brown-out

Reset Change Reset
W N/A XXXX XXXX uuuu uuuu uuuu uuuu XXKX XXXX
TRIS N/A 1111 1111 1111 1111 1111 1111 1111 1111
OPTION N/A --11 1111 --11 1111 --11 1111 --11 1111
OPTION2 N/A --11 1111 --uu uuuu --uu uuuu - -XX XXXX
INDF 00h XXXX XXXX uuuu uuuu uuuu uuuu XXKX XXXX
TMRO 01h XXXX XXXX uuuu uuuu uuuu uuuu XXKX XXXX
pcLM 02h 1111 1111 1111 1111 1111 1111 1111 1111
sTATUS(™) 03h 1001 1xxx 100? ?2uuu 000u uuuu x00xX XXXX
FSR 04h 111X XXXX 111lu uuuu 111lu uuuu 111x XXXX
PORTA 05h ---- XXXX ---- uuuu ---- uuuu ---- XXXX
PORTB 06h XXXX XXXX uuuu uuuu uuuu uuuu XXKX XXXX
General Purpose Register Files 07-1Fh XXXKX XXXX uuuu uuuu uuuu uuuu XXKX XXXX

Legend: u =unchanged, x = unknown, - = unimplemented, read as '0’, g = see tables in Section 7.10 for possible values.

? = value depends on condition.
Note 1: See Table 7-3 for reset value for specific conditions.

FIGURE 7-6: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

Power-up
Detect
VbD POR (Power-on Reset)
BOR (Brown-out Reset)
MCLR/VPP pin WDT Time-out
RESET s Q
O¥1V-I(::)r-l1—ip 8-bit Asynch
RC OSC Ripple Counter -
(Start-up Timer) R Q——»»
CHIP RESET
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7.9 Time-out Sequence and Power-down
Status Bits (TO/PD/PCWUF)

The TO, PD and PCWUF bits in the STATUS register
can be tested to determine if a RESET condition has
been caused by a power-up condition, a MCLR, Watch-
dog Timer (WDT) Reset, WDT Wake-up Reset, or
Wake-up from SLEEP on Pin Change.

TABLE 7-7: TO/PD/PCWUF STATUS
AFTER RESET

PCWUF| TO PD RESET was caused by
1 1 1 Power-up (POR)
u u u | MCLR Reset (normal operation)("
u 1 0 | MCLR Wake-up Reset (from SLEEP)
u 0 1 WDT Reset (normal operation)
u 0 0 WDT Wake-up Reset (from SLEEP)
0 u u Wake-up from SLEEP on Pin Change
X X X Brown-out Reset

Legend:  u=unchanged, x = unknown

Note 1:  The TO and PD and PCWUF bits maintain their status (u)
until a reset occurs. A low-pulse on the MCLR input does
not change the TO and PD and PCWUF status bits.

These STATUS bits are only affected by events listed in
Table 7-8.

TABLE 7-8: EVENTS AFFECTING TO/PD
STATUS BITS
Event PCWUF | TO PD Remarks
Power-up 1 1 1
WDT Time-out u 0 u No effect on
PD
SLEEP instruction 1 1 0
CLRWDT instruction u 1
Wake-up from SLEEP 0 u u
on Pin Change

Legend: u=unchanged

Note: A WDT time-out will occur regardless of the status of the TO
bit. A SLEEP instruction will be executed, regardless of the
status of the PD bit. Table 7-7 reflects the status of TO and PD
after the corresponding event.

Table 7-3 lists the reset conditions for the special func-
tion registers, while Table 7-4 lists the reset conditions
for all the registers.

7.10 Power-down Mode (SLEEP)

A device may be powered down (SLEEP) and later
powered up (Wake-up from SLEEP).

7.10.1 SLEEP

The Power-down mode is entered by executing a
SLEEP instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the TO bit (STATUS<4>) is set, the PD
bit (STATUS<3>) is cleared, the PCWUF bit
(STATUS<7>) is set and the oscillator driver is turned
off. The 1/O ports maintain the status they had before
the SLEEP instruction was executed (driving high, driv-
ing low, or hi-impedance).

It should be noted that a RESET generated by a WDT
time-out does not drive the MCLR/VPP pin low.

For lowest current consumption while powered down,
the TOCKI input should be at VDD or Vss and the MCLR/
VPP pin must be at a logic high level (ViH MCLR).

7.10.2 WAKE-UP FROM SLEEP

The device can wake up from SLEEP through one of

the following events:

1. An external reset input on MCLR/VPP pin.

2. A Watchdog Timer Time-out Reset (if WDT was
enabled).

3. A change on input pins PORTB:<0-3,7> when
Wake-up on Pin Change is enabled.

4. Brown-out Reset.

These events cause a device RESET. The TO and PD

and PCWUF bits can be used to determine the cause

of device RESET. The TO bit is cleared if a WDT time-

out occurred (and caused wake-up). The PD bit, which
is set on power-up, is cleared when SLEEP is invoked.

The PCWUF bit indicates a change in state while in
SLEEP at pins PORTB:<0-3,7> (since the SLEEP state
was entered).

The WDT is cleared when the device wakes from
SLEEP, regardless of the wake-up source.
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7.11 Program Verification/Code Protection

If the code protection bit(s) have not been pro-
grammed, the on-chip program memory can be read
out for verification purposes.

Note: Microchip does not recommend code pro-

tecting windowed devices.

7.12 ID Locations

Four memory locations are designated as ID locations
where the user can store checksum or other code-iden-
tification numbers. These locations are not accessible
during normal execution but are readable and writable
during program/verify.

Use only the lower 4 bits of the ID locations and always
program the upper 8 bits as ‘1’s.

Note: Microchip will assign a unique pattern
number for QTP and SQTP requests and
for ROM devices. This pattern number will
be unique and traceable to the submitted

code.
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SLEEP Enter SLEEP Mode
Syntax: [label] SLEEP
Operands: None
Operation: 00h — WDT;
0 — WDT prescaler,;
1-710;
0—-PD
1—- PCWUF
Status Affected: TO, PD, PCWUF
Encoding: ‘0000 ‘0000 ‘0011 ‘
Description: Time-out status bit (TO) is set. The
power down status bit (PD) is cleared.
The WDT and its prescaler are
cleared.
The processor is put into SLEEP mode
with the oscillator stopped. See sec-
tion on SLEEP for more details.
Words: 1
Cycles: 1
Example: SLEEP

SUBWF Subtract W from f
Syntax: [label] SUBWF f,d
Operands: 0<f<31
de [0,1]
Operation: (f) = (W) — (dest)
Status Affected: C, DC, Z
Encoding: ‘ 0000 ‘ 10df ‘ fEEE ‘
Description: Subtract (2's complement method) the
W register from 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'.
Words: 1
Cycles: 1
Example 1: SUBWF  REG1, 1
Before Instruction
REG1 = 3
W = 2
o] = ?
After Instruction
REG1 = 1
W = 2
C = 1 ; result is positive
Example 2:
Before Instruction
REG1 = 2
W = 2
C = ?
After Instruction
REG1 0
W = 2
C = 1 ; result is zero
Example 3:
Before Instruction
REG1 = 1
W = 2
o] = ?
After Instruction
REG1 = FF
W = 2
C = 0 ; result is negative
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9.0 DEVELOPMENT SUPPORT

The PICmicro® microcontrollers are supported with a
full range of hardware and software development tools:
¢ Integrated Development Environment

- MPLAB® IDE Software
¢ Assemblers/Compilers/Linkers

- MPASM Assembler

- MPLAB-C17 and MPLAB-C18 C Compilers

- MPLINK/MPLIB Linker/Librarian
¢ Simulators

- MPLAB-SIM Software Simulator
e Emulators

- MPLAB-ICE Real-Time In-Circuit Emulator

- PICMASTER®/PICMASTER-CE In-Circuit
Emulator

- ICEPIC™
* In-Circuit Debugger
- MPLAB-ICD for PIC16F877
¢ Device Programmers
- PRO MATE® Il Universal Programmer

- PICSTART® Plus Entry-Level Prototype
Programmer

¢ | ow-Cost Demonstration Boards
- SIMICE
- PICDEM-1
- PICDEM-2
- PICDEM-3
- PICDEM-17
- SEEVAL®
- KeeLoQ®

9.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. MPLAB is a Windows®-based applica-
tion which contains:
e Multiple functionality
- editor
- simulator
- programmer (sold separately)
- emulator (sold separately)
¢ A full featured editor
¢ A project manager
* Customizable tool bar and key mapping
¢ A status bar
* On-line help

MPLAB allows you to:

» Edit your source files (either assembly or ‘C’)

¢ One touch assemble (or compile) and download
to PICmicro tools (automatically updates all
project information)

e Debug using:

- source files

- absolute listing file

- object code
The ability to use MPLAB with Microchip’s simulator,
MPLAB-SIM, allows a consistent platform and the abil-

ity to easily switch from the cost-effective simulator to
the full featured emulator with minimal retraining.

9.2 MPASM Assembler

MPASM is a full featured universal macro assembler for
all PICmicro MCU’s. It can produce absolute code
directly in the form of HEX files for device program-
mers, or it can generate relocatable objects for
MPLINK.

MPASM has a command line interface and a Windows
shell and can be used as a standalone application on a
Windows 3.x or greater system. MPASM generates
relocatable object files, Intel standard HEX files, MAP
files to detail memory usage and symbol reference, an
absolute LST file which contains source lines and gen-
erated machine code, and a COD file for MPLAB
debugging.
MPASM features include:
* MPASM and MPLINK are integrated into MPLAB
projects.

¢ MPASM allows user defined macros to be created
for streamlined assembly.

* MPASM allows conditional assembly for multi pur-
pose source files.

* MPASM directives allow complete control over the
assembly process.

9.3  MPLAB-C17 and MPLAB-C18
C Compilers

The MPLAB-C17 and MPLAB-C18 Code Development
Systems are complete ANSI ‘C’ compilers and inte-
grated development environments for Microchip’s
PIC17CXXX and PIC18CXXX family of microcontrol-
lers, respectively. These compilers provide powerful
integration capabilities and ease of use not found with
other compilers.

For easier source level debugging, the compilers pro-
vide symbol information that is compatible with the
MPLAB IDE memory display.

© 2000 Microchip Technology Inc.

Preliminary

DS40197B-page 55



PIC16HV540

10.0 ELECTRICAL CHARACTERISTICS - PIC16HV540

Absolute Maximum Ratingst

Ambient temperature UNAEr DIS.........coooiiiiiiieiiieee et —20°C to +85°C
STOrage tEMPEIATUIE ........cocuiiiieie e e s e st n e s —65°C to +150°C
Voltage on VDD With reSPECT 10 VSS ...cciiiiiiiiii et e e ene e s 0to +16V
Voltage on MCLR With reSPECt 10 VSS......couiiiiiiiiit e e 0to +14V
Voltage on all other pins With reSPect t0 VSS ........iiiiiiiiiiie e —0.6V to (VDD + 0.6V)
Total power dissipationm ..................................................................................................................................... 800 mW
MaX. CUITENT OUT OF WSS PN ..t e s e e s r e e e an et e s e e e enn e e e nne e e nnneees 150 mA
MaX. CUITENT INTO VDD PN ...ttt ettt et a e e et e e e e e e b bt e e e e e e e e be e e saneeeeabeeesnneeesaneeean 100 mA
Max. current into an iNPut PiN (TOCKIT ONIY) ..ottt ettt ettt bttt ees +500 pA

Max. output current SUNK DY @ny 1/O PN ......cooiiieiiiiie et e rne e et sn e e e e eae 25 mA
Max. output current sourced by any 1/0 PN .........ioiieiiiiiee e e 10 mA
Max. output current sourced by a Single 1/O POrt A OF B .......eiiiiiiiiie et 40 mA
Max. output current sourced by a single 1/O POrt A OF B ......oooiiiiiiie e 50 mA

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - ¥ IOH} + ¥ {(VDD-VOH) x IOH} + (VoL x loL)

2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus,
a series resistor of 50-100€2 should be used when applying a “low” level to the MCLR pin rather than pulling
this pin directly to Vss.

T NOTICE: Stresses above those listed under "Maximum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at those or any other conditions above those indi-
cated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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10.3 Timing Parameter Symbology and Load Conditions

The timing parameter symbols have been created following one of the following formats:

1. TppS2ppS

2. TppS

T

F Frequency T Time
Lowercase subscripts (pp) and their meanings:

pp L

2 to mc  MCLR

ck  CLKOUT osc oscillator

cy cycletime os 0OSC1

drt  device reset timer t0  TOCKI

io I/O port wdt watchdog timer
Uppercase letters and their meanings:

S

F Fall P Period

H High R Rise

I Invalid (Hi-impedance) \Y Valid

L Low Z Hi-impedance

FIGURE 10-1: LOAD CONDITIONS - PIC16HV540

Pin Ez CL= 50pF for all pins except OSC2
—CL 15 pF for OSC2 in XT, HS or LP
% options when external
clock is used to drive OSC1

Vss
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FIGURE 10-3: CLKOUT AND I/O TIMING - PIC16HV540

Q4 . Q1 . Q2 . Q3 .
0sCt —\—/—\—/—\—/—\—
: : 10 . : : X "1 :
— :/‘____:._:__:____._!_r _____
CLKOUT————___l_:_/: L : L4
Tad g mela :
Co 14 19 =18 | | !
1/0 Pin N ! : ! \ ) \:
(input) A\ : L . . . .
T — 15 : I ;
1/O Pin ' X/ | ,
(output) Old Value : X : : New Value
20, 21

Note: All tests must be done with specified capacitive loads of 50 pF on I/O pins and CLKOUT.

TABLE 10-2: CLKOUT AND I/O TIMING REQUIREMENTS - PIC16HV540

Standard Operating Conditions (unless otherwise specified)
AC Characteristics Operating Temperature 0°C < TA £ +70°C (commercial)
—40°C < TA < +85°C (industrial)

Parameter Sym Characteristic Min Typ() Max Units

No.

10 TosH2ckL | OSC17T to CLKOUTL(? — 15 30* ns

11 TosH2ckH | OSC17 to CLKOUTT( — 15 30* ns

12 TckR CLKOUT rise time® — 5.0 15% ns

13 TokF CLKOUT fall time® — 5.0 15** ns

14 TckL2ioV | CLKOUT! to Port out valid® — - 40* ns

17 TosH2ioV  [OSC1T (Q1 cycle) to Port out valid® — — 100* ns

18 TosH2iol 0SC1T (Q2 cycle) to Port input invalid TBD — — ns
(/0 in hold time)

19 TioV2osH Port input valid to OSC17T TBD — — ns
(I/0 in setup time)

20 TioR Port output rise time(® — 10 25* ns

21 TioF Port output fall time(®) — 10 25** ns

** These parameters are design targets and are not tested. No characterization data available at this time.
Note 1: Data in the Typical (“Typ”) column is at VREG = 5V, VDD = 9V, 25°C unless otherwise stated. These parame-
ters are for design guidance only and are not tested.
2: Measurements are taken in RC Mode where CLKOUT output is 8 x TOScC.
3: See Figure 10-1 for loading conditions.
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TABLE 10-3: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER - PIC16HV540

AC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature 0°C < TA £ +70°C (commercial)
—40°C < TA < +85°C (industrial)

Parameter
No. Sym Characteristic Min. Typ.(1) Max. | Units Conditions
30 TmcL |MCLR Pulse Width (low) 2 — — us | VDD =15V, VREG = 5V
31 Twdt | Watchdog Timer Time-out Period | 9.0* 18~ 40* ms | VDD = 15V, VREG = 5V
32 TDRT | Device Reset Timer Period 9.0* 18* 30* ms | VDD = 15V, VREG = 5V,
0.55* | 1.1* | 2.5* RC mode
34 Tioz |1/O Hi-impedance from MCLR Low | — — | 100* | ns
— Tpc |Pin Change Pulse Width 2 — — ps
35 TBoD |Brown-out Detect Pulse Width — 2 — ps | VREG < BvDD

* These parameters are characterized but not tested.
Note 1: Data in the Typical (“Typ”) column is at VREG = 5V, VDD = 15V, 25°C unless otherwise stated. These param-
eters are for design guidance only and are not tested.

FIGURE 10-6: TIMERO CLOCK TIMINGS - PIC16HV540

40 L 41

42

TABLE 10-4: TIMERO CLOCK REQUIREMENTS - PIC16HV540

AC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature 0°C < TA £ +70°C (commercial)
—40°C < TA < +85°C (industrial)

Parameter | Sym Characteristic Min Typ" | Max | Units Conditions
No.
40 TtOH | TOCKI High Pulse Width - No Prescaler 0.5 Tey + 20" — — ns
- With Prescaler 10* — — ns
41 TtOL | TOCKI Low Pulse Width - No Prescaler 0.5Tcy + 20" — — ns
- With Prescaler 10* — — ns
42 TtOP | TOCKI Period 20 orToy +40* | — — ns | Whichever is greater.
N N = Prescale Value
(1,2, 4,..., 256)

* These parameters are characterized but not tested.
Note 1: Data in the Typical (“Typ”) column is at 3.8V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
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FIGURE 11-10: MAXIMUM IPD vs. VDD,
WATCHDOG TIMER
DISABLED (Vio = 3V)

IPD (UA)
©
w o
\
(&1
S

3‘.5 6 9 12 15
VDD (V)

FIGURE 11-13: MAXIMUM IpD vs.
FREQUENCY, WATCHDOG
TIMER DISABLED, RC MODE
(Vbb = 15V, Vio = 5V,
-40°C TO +85°C)

FIGURE 11-11: TYPICAL IprD vs. VDD,
WATCHDOG TIMER ENABLED
(Vio = 3V)
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FIGURE 11-14: MAXIMUM IpD vs.
FREQUENCY, WATCHDOG
TIMER ENABLED, RC MODE
(VDD = 15V, Vio = 5V)

FIGURE 11-12: MAXIMUM IpD vs. VDD,
WATCHDOG TIMER ENABLED
(Vio = 3V)

1000

900
800
700
600

< 500 /

g 400
300

/
200

100

0 I T T T T T T
05 1 15 2 25 3 35 4

Frequency (MHz)

6.00
5.50 -
5.00 -
4.50 -
4.00
3.50
3.00 -
2.50
2.00
1.50
1.00 . ‘ 85°C ‘

IPD (UA)

© 2000 Microchip Technology Inc.

Preliminary

DS40197B-page 71



PIC16HV540

INDEX
A
Absolute Maximum Ratings ........coeveeeeeeriiiiiiniiieieneeeeees 61
ALU o 7
APPHICAIONS .evveiiieie e 3
Architectural OVEIVIEW .......ccccuiveiuiiiiieeiie e e 7
Assembler
MPASM AsSEMDIEr ....cccuviiiiiiiiiiiie e eeeanas 55
B
Block Diagram
On-Chip Reset CirCUIt ......uveeeeeeeieieieeeeirerereiieeee 35
PICTBCS5X SEIES ..uuiiiiiiiieiieiieaeeeeie e ee et e e 8
T80T (O 25
TMRO/WDT Prescaler ......cccoceeeeeeeeeiiiieeeeeniieeeeenne. 29
Watchdog Timer .....ocoeeieiiiiieieieeeeeer e e 40
Brown-out DETECt ....cceuivvniiiiieii e eaans 31
(o]
Carry bit ..o

Clocking Scheme .
Code Protection

Configuration Bits ..........cooviiiiiiiiiiii
Configuration Word .
PIC16CR54C
D
DC and AC Characteristics - PIC16CR54C ................... 69
DC CharacteriStiCs .......ccccecvermrrererierereraeeeeeeeeeesseeenenes 62
Development SUPPOIt .......ueeeriiriieieeceenree e e 55
Device Varieties
Digit Carry bit .....ooovviiiiii
E
Electrical Characteristics
PICTBCR54C ...coieeeiiiee e 61
Enhanced Watchdog Timer (WDT) ...coeeveveeeererereniennnenes 31
= L PP PPPPPPTPPTN 2
External Power-On Reset Circuit ...........cceeviiiiiiniiiinnnnnn. 36
F
Family of Devices
PICTBCSEX .oiiiiii ettt ettt e e e 4
FEAMUMNES .eeiiiiieiiieee ettt et 1
F O R e 35
FSR RegISter ..coovviiiiiiiiiiiirererer e 17
|
I/O Interfacing
/O POMS et
I/O Programming Considerations ..............cccccueereeneenes 22
INDF e e
INDF Register .......covuuiiiiiiiiiiiiiiiiiccc v
Indirect Data Addressing
Instruction CyCle ........coovveiiiiiiiiiieire e
Instruction FIow/Pipelining .........ccoevviiiiiiiiiiiiiininniineeees 10
Instruction Set SUMMANY ......cceeeiiiiiiieieeerie e 43
K
KeeLoq® Evaluation and Programming Tools ............... 58
L
Load ConditionS ......ccevvuerumiiiireiieeereeeeeiiree e eeeeeees 64
Loading of PC .....cooviiiiiriririerere e 16
M
L SR
Memory Map .......ccviiiiiiiiii
PIC16C54s/CR54s/C55s
Memory Organization ..........ccooovivviiiiiiiiiiinin e,
Data Memory .....ccooeviiieniiiiniii e
Program MemoOry .......ccouiiiuiiiiiiiieeee e

MPLAB Integrated Development Environment Software .. 55

(o}
One-Time-Programmable (OTP) Devices ....
OPTION Register ........oovevviiiiiiinnniiiinnnnn.
OSC selection .......ccvveiiiiiiiiiiiee
Oscillator Configurations ..........ccccevvrivviiiiiiininnenienens
Oscillator Types
P
Package Marking Information ..........cccooeeuiieiiiiiiiiiennnnees
Packaging Information ...........ccooiiiiiiiiiiie
P e ————————
PICDEM-1 Low-Cost PICmicro Demo Board ....
PICDEM-2 Low-Cost PIC16CXX Demo Board ............... 57
PICDEM-3 Low-Cost PIC16CXXX Demo Board ............. 57
PICSTART® Plus Entry Level Development System ...... 57
o)1 [F=To | =11 T 1
POR
Device Reset Timer (DRT) ....eevverereerereeeeeeennn. 31, 38
[T TR 34, #1
Power-On Reset (POR) ... ... 31, 35, 36
O TR 34, #1
PORTA ..iiiiieieenieees 19, 35
PORTB ..ocoovevvveereeenens 19, 35
PoWer-DOWNn MOGE .....cccuuveeereeiiiieeeeeiieee e e s ee e 41
Prescaler .....cccccceveiieriiieieeeee e ....28
PRO MATE® Il Universal Programmer . Y4
Program COUNEr .......ceeieieieiiiiinieie e e 16
Q
QU CYCIES ittt 10
Quick-Turnaround-Production (QTP) Devices .................. 5
R
(O @ 171 =1 (o ) RSP 33
Read-Modify-WIte .........ccceeccerrnrnierrnenrrereeeeaeeeeeeeeeans 22
Register File Map ........cooeeeieciinieieeieiee e eee e e e e e e 11
Registers
Special FUNCHON ...cocvvviiiiiiiiee e 11
LT Y =] SN 31, 34
S
SEEVAL® Evaluation and Programming System ........... 58
Serialized Quick-Turnaround-Production (SQTP) Devices .5
SLEEP ittt 31, 41
Software Simulator (MPLAB-SIM) .......ccovvvriiuiiniieeeenenees 56
Special Features of the CPU .....cccoevviiiiiiiiiiiiiiiiiieee 31
Special Function Registers
SHACK uietiiii e e
STATUS i
STATUS Register ........covviiiveminiiiniiiincrcceven
T
Timer0
Switching Prescaler Assignment ..........cccceevveeeeeenees 28
Timer0 (TMRO) Module ............. ....25
TMRO with External Clock ......... . 27
Timing Diagrams and Specifications ...............c...... ....65
Timing Parameter Symbology and Load Conditions ........ 64
TRIS REGISIEIS ooiiieiieii i e 19
u
UV Erasable DEVICES .....ccevuvrieuiiiiiiiiieeiiieeiie e e eeanns 5
w
Vet a e e e e e e e e e e e e 35
Wake-up from SLEEP ........ccccceeeveeees .4
Wake-up from SLEEP on Pin Change CH
Watchdog Timer (WDT) ...uveeeeeeeiereieeieieeee e e e eeeeeeeenens 39

© 2000 Microchip Technology Inc.

Preliminary

DS40197B-page 79



