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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC16HV540
2.0 PIC16HV540 DEVICE 
VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and
production requirements, the proper device option can
be selected using the information in this section. When
placing orders, please use the PIC16HV540 Product
Identification System at the back of this data sheet to
specify the correct part number.

For the PIC16HV540 family of devices, there is one
device type, as indicated in the device number:

1. HV, as in PIC16HV540. These devices have
EPROM program memory and operate over the
standard voltage range of 3.5 to 15 volts.

2.1 UV Erasable Devices

The UV erasable versions, offered in CERDIP pack-
ages, are optimal for prototype development and pilot
programs. 

UV erasable devices can be programmed for any of the
four oscillator configurations. Microchip’s PICSTART

and PRO MATE programmers both support program-
ming of the PIC16HV540. Third party programmers
also are available; refer to Literature Number DS00104
for a list of sources.

2.2 One-Time-Programmable (OTP) 
Devices

The availability of OTP devices is especially useful for
customers expecting frequent code changes and
updates. 

The OTP devices, packaged in plastic packages, per-
mit the user to program them once. In addition to the
program memory, the configuration bits must be pro-
grammed.

2.3 Quick-Turnaround-Production (QTP) 
Devices

Microchip offers a QTP Programming Service for fac-
tory production orders. This service is made available
for users who choose not to program a medium to high
quantity of units and whose code patterns have stabi-
lized. The devices are identical to the OTP devices but
with all EPROM locations and configuration bit options
already programmed by the factory. Certain code and
prototype verification procedures apply before produc-
tion shipments are available. (Please contact your
Microchip Technology sales office for more details.)

2.4 Serialized Quick-Turnaround-
Production  (SQTP) Devices

Microchip offers the unique programming service
where a few user-defined locations in each device are
programmed with different serial numbers. The serial
numbers may be random, pseudo-random or sequen-
tial.

Serial programming allows each device to have a
unique number which can serve as an entry code,
password or ID number. (Please contact your Microchip
Technology sales office for more details.)
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3.0 ARCHITECTURAL OVERVIEW 
The high performance of the PIC16HV540 can be
attributed to a number of architectural features com-
monly found in RISC microprocessors. To begin with,
the PIC16HV540 uses a Harvard architecture in which
program and data are accessed on separate buses.
This improves bandwidth over traditional von Neumann
architecture where program and data are fetched on
the same bus. Separating program and data memory
further allows instructions to be sized differently than
the 8-bit wide data word. Instruction opcodes are 12-
bits wide making it possible to have all single word
instructions. A 12-bit wide program memory access
bus fetches a 12-bit instruction in a single cycle. A two-
stage pipeline overlaps fetch and execution of instruc-
tions. Consequently, all instructions (33) execute in a
single cycle (200ns @ 20MHz) except for program
branches. 

The PIC16HV540 address 512 x 12 of program mem-
ory.   All program memory is internal.

The PIC16HV540 can directly or indirectly address its
register files and data memory. All special function reg-
isters including the program counter are mapped in the
data memory. The PIC16HV540 has a highly orthogo-
nal (symmetrical) instruction set that makes it possible
to carry out any operation on any register using any
addressing mode. This symmetrical nature and lack of
‘special optimal situations’ make programming with the
PIC16HV540 simple yet efficient. In addition, the learn-
ing curve is reduced significantly.

The PIC16HV540 device contains an 8-bit ALU and
working register. The ALU is a general purpose arith-
metic unit. It performs arithmetic and Boolean functions
between data in the working register and any register
file.

The ALU is 8-bits wide and capable of addition, sub-
traction, shift and logical operations. Unless otherwise
mentioned, arithmetic operations are two's comple-
ment in nature. In two-operand instructions, typically
one operand is the W (working) register. The other
operand is either a file register or an immediate con-
stant. In single operand instructions, the operand is
either the W register or a file register.

The W register is an 8-bit working register used for ALU
operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC),
and Zero (Z) bits in the STATUS register. The C and
DC bits operate as a borrow and digit borrow out bit,
respectively, in subtraction. See the SUBWF and ADDWF
instructions for examples.

A simplified block diagram is shown in Figure 3-1, with
the corresponding device pins described in Table 3-1.
 2000 Microchip Technology Inc. Preliminary DS40197B-page 7



PIC16HV540
4.8 Indirect Data Addressing; INDF and 
FSR Registers

The INDF register is not a physical register. Addressing
INDF actually addresses the register whose address is
contained in the FSR register (FSR is a pointer). This is
indirect addressing.

EXAMPLE 4-3: INDIRECT ADDRESSING
• Register file 05 contains the value 10h

• Register file 06 contains the value 0Ah
• Load the value 05 into the FSR register
• A read of the INDF register will return the value 

of 10h
• Increment the value of the FSR register by one 

(FSR = 06)
• A read of the INDR register now will return the 

value of 0Ah.

Reading INDF itself indirectly (FSR = 0) will produce
00h. Writing to the INDF register indirectly results in a
no-operation (although STATUS bits may be affected).

A simple program to clear RAM locations 10h-1Fh
using indirect addressing is shown in Example 4-4.

EXAMPLE 4-4: HOW TO CLEAR RAM 
USING INDIRECT 
ADDRESSING 

movlw 0x10 ;initialize pointer
movwf FSR ; to RAM

NEXT clrf INDF ;clear INDF register
incf FSR,F ;inc pointer
btfsc FSR,4 ;all done?
goto NEXT ;NO, clear next

CONTINUE
: ;YES, continue

The FSR is a 5-bit (PIC16HV540) wide register. It is
used in conjunction with the INDF register to indirectly
address the data memory area. 

The FSR<4:0> bits are used to select data memory
addresses 00h to 1Fh. 

PIC16HV540: Do not use banking. FSR<6:5> are
unimplemented and read as '1's.

FIGURE 4-4: DIRECT/INDIRECT ADDRESSING

Note 1: Bits 5 and 6 are unimplemented and read as 1’s.

2: For register map detail, see Section 4.2.

location selectlocation select
(Note 1)

Indirect AddressingDirect Addressing

Data 
Memory(2)

0Fh
10h

Bank 0

0456 (FSR)

00h

1Fh

(opcode) 0456
(FSR)

(Note 1)
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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) 
• 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.

7.1 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

CP CP CP CP CP CP CP CP CP WDTEN FOSC1 FOSC0 Register:CONFIG
Address(1):0FFFhbit11 bit0

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

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

Note 1: Refer to the PIC16C5X Programming Specification (Literature number DS30190) to determine how to
access the configuration word.
 2000 Microchip Technology Inc. Preliminary DS40197B-page 31
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7.2 Oscillator Configurations

7.2.1  OSCILLATOR TYPES

The PIC16HV540 can be operated in four different
oscillator modes. The user can program two configura-
tion bits (FOSC1:FOSC0) to select one of these four
modes:

• LP: Low Power Crystal
• XT: Crystal/Resonator

• HS: High Speed Crystal/Resonator
• RC: Resistor/Capacitor

7.2.2 CRYSTAL OSCILLATOR / CERAMIC 
RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 7-1). The
PIC16HV540 oscillator design requires the use of a
parallel cut crystal. Use of a series cut crystal may give
a frequency out of the crystal manufacturers specifica-
tions. When in XT, LP or HS modes, the device can
have an external clock source drive the OSC1/CLKIN
pin (Figure 7-2).

FIGURE 7-1: CRYSTAL OPERATION
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION)

FIGURE 7-2: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 
OSC CONFIGURATION)

TABLE 7-1: CAPACITOR SELECTION
FOR CERAMIC RESONATORS 
- PIC16HV540 

TABLE 7-2: CAPACITOR SELECTION
FOR CRYSTAL OSCILLATOR 
- PIC16HV540 

Note: Not all oscillator selections available for all
parts. See Section 7.1.

Note 1: See Capacitor Selection tables for 
recommended values of C1 and C2.

2: A series resistor (RS) may be required for AT 
strip cut crystals.

3: RF varies with the crystal chosen (approx. 
value = 10 MΩ).

C1(1)

C2(1)

XTAL

OSC2

OSC1

RF(3)
SLEEP

To internal
logic

RS(2)

PIC16HV540

Osc
Type

Resonator 
Freq

Cap. Range
C1

Cap. Range
C2

XT 455 kHz
2.0 MHz
4.0 MHz

68-100 pF
15-33 pF
10-22 pF

68-100 pF
15-33 pF
10-22 pF

HS 8.0 MHz
16.0 MHz

10-22 pF
10 pF

10-22 pF
10 pF

Note: These values are for design guidance only.
Since each resonator has its own charac-
teristics, the user should consult the reso-
nator manufacturer for appropriate values
of external components. 

Osc
 Type

Resonator 
Freq

Cap.Range
C1 

Cap. Range
C2

LP 32 kHz(1) 15 pF 15 pF

XT 100 kHz
200 kHz
455 kHz
1 MHz
2 MHz
4 MHz

15-30 pF
15-30 pF
15-30 pF
15-30 pF

15 pF
15 pF

200-300 pF
100-200 pF
15-100 pF
15-30 pF

15 pF
15 pF

HS 4 MHz
8 MHz
20 MHz

15 pF
15 pF
15 pF

15 pF
15 pF
15 pF

Note 1: For VDD > 4.5V, C1 = C2 ≈ 30 pF is 
recommended.

2: These values are for design guidance only. 
Rs may be required in HS mode as well as 
XT mode to avoid overdriving crystals with 
low drive level specification. Since each 
crystal has its own characteristics, the user 
should consult the crystal manufacturer for 
appropriate values of external components.

Note: If you change from this device to another
device, please verify oscillator characteris-
tics in your application.

Clock from
ext. system

OSC1

OSC2

PIC16HV540
Open
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PIC16HV540
TABLE 7-3: RESET CONDITIONS FOR SPECIAL REGISTERS 

TABLE 7-4: RESET CONDITIONS FOR ALL REGISTERS 

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

Condition
PCL

Addr: 02h
STATUS

Addr: 03h

Power-on Reset 1111 1111 1001 1xxx

MCLR Reset (normal operation) 1111 1111 u00u uuuu(1)

MCLR Wake-up (from SLEEP) 1111 1111 1001 0uuu

WDT Reset (normal operation) 1111 1111 u000 1uuu(2)

WDT Wake-up (from SLEEP) 1111 1111 1000 0uuu

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.

Register Address Power-On Reset
MCLR or WDT 

Reset
Wake-up on Pin 

Change
Brown-out 

Reset

W N/A xxxx xxxx uuuu uuuu uuuu uuuu xxxx 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 xxxx xxxx

TMR0 01h xxxx xxxx uuuu uuuu uuuu uuuu xxxx xxxx

PCL(1) 02h 1111 1111 1111 1111 1111 1111 1111 1111

STATUS(1) 03h 1001 1xxx 100? ?uuu 000u uuuu x00x xxxx

FSR 04h 111x xxxx 111u uuuu 111u uuuu 111x xxxx

PORTA 05h ---- xxxx ---- uuuu ---- uuuu ---- xxxx

PORTB 06h xxxx xxxx uuuu uuuu uuuu uuuu xxxx xxxx

General Purpose Register Files 07-1Fh xxxx xxxx uuuu uuuu uuuu uuuu xxxx xxxx

Legend: u = unchanged, x = unknown, - = unimplemented, read as ’0’, q = 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.

8-bit Asynch
Ripple Counter
(Start-up Timer)

S Q

R Q

VDD

MCLR/VPP pin

Power-up
Detect

On-chip
RC OSC

POR (Power-on Reset)

WDT Time-out

RESET

CHIP RESET

WDT

BOR (Brown-out Reset)
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PIC16HV540
7.4 Power-On Reset (POR)

The PIC16HV540 incorporates on-chip Power-on
Reset (POR) circuitry which provides an internal chip
reset for most power-up situations. To use this feature,
the user merely ties the MCLR/VPP pin to VDD. A sim-
plified block diagram of the on-chip Power-on Reset cir-
cuit is shown in Figure 7-7. 

The Power-on Reset circuit and the Device Reset
Timer (Section 7.5) circuit are closely related. On
power-up, the reset latch is set and the DRT is reset.
The DRT timer begins counting once it detects MCLR
to be high. After the time-out period, which is typically
18 ms, it will reset the reset latch and thus end the on-
chip reset signal.

A power-up example where MCLR is not tied to VDD is
shown in Figure 7-8. VDD is allowed to rise and stabilize
before bringing MCLR high. The chip will actually come
out of reset TDRT msec after MCLR goes high.

In Figure 7-9, the on-chip Power-on Reset feature is
being used (MCLR and VDD are tied together). The VDD

is stable before the start-up timer times out and there is
no problem in getting a proper reset. However,
Figure 7-10 depicts a problem situation where VDD

rises too slowly. The time between when the DRT
senses a high on the MCLR/VPP pin, and when the
MCLR/VPP pin (and VDD) actually reach their full value,
is too long. In this situation, when the start-up timer
times out, VDD has not reached the VDD (min) value and
the chip is, therefore, not guaranteed to function cor-
rectly. For such situations, we recommend that external
RC circuits be used to achieve longer POR delay times
(Figure 7-7).

For more information on PIC16HV540 POR, see
Power-Up Considerations - AN522 in the Embedded
Control Handbook.

The POR circuit does not produce an internal reset
when VDD declines.

FIGURE 7-7: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR SLOW 
VDD POWER-UP)

Note: When the device starts normal operation
(exits the reset condition), device operating
parameters (voltage, frequency, tempera-
ture, etc.) must be met to ensure operation.
If these conditions are not met, the device
must be held in reset until the operating
conditions are met.

C

R1

RD

MCLR

PIC16HV540

VDDVDD

• External Power-On Reset circuit is required only if 
VDD power-up is too slow. The diode D helps dis-
charge the capacitor quickly when VDD powers 
down.

• R < 40 kΩ is recommended to make sure that volt-
age drop across R does not violate the device elec-
trical specification.

• R1 = 100Ω to 1 kΩ will limit any current flowing into 
MCLR from external capacitor C in the event of 
MCLR pin breakdown due to Electrostatic Dis-
charge (ESD) or Electrical Overstress (EOS).
DS40197B-page 36 Preliminary  2000 Microchip Technology Inc.
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FIGURE 7-11: BROWN-OUT SITUATIONS

7.7 Watchdog Timer (WDT)

The Watchdog Timer (WDT) is a free running on-chip
RC oscillator which does not require any external com-
ponents. This RC oscillator is separate from the RC
oscillator of the OSC1/CLKIN pin. That means that the
WDT will run even if the clock on the OSC1/CLKIN and
OSC2/CLKOUT pins have been stopped, for example,
by execution of a SLEEP instruction. During normal
operation or SLEEP, a WDT Reset or Wake-up Reset
generates a device RESET. 

The TO bit (STATUS<4>) will be cleared upon a Watch-
dog Timer Reset.

The Watchdog Timer is enabled/disabled by a device
configuration bit (see Figure 7-1). If the WDT is
enabled, software execution may not disable this func-
tion. When the WDTEN configuration bit is cleared, the
SWDTEN bit, OPTION2<4>, enables/disables the
operation of the WDT.

7.7.1 WDT PERIOD

The WDT has a nominal time-out period of 18 ms, (with
no prescaler). If a longer time-out period is desired, a
prescaler with a division ratio of up to 1:128 can be
assigned to the WDT (under software control) by writ-
ing to the OPTION register. Thus, time-out a period of
a nominal 2.3 seconds can be realized. These periods
vary with temperature, VDD and part-to-part process
variations (see DC specs).

Under worst case conditions (VDD = Min., Temperature
= Max., max. WDT prescaler), it may take several sec-
onds before a WDT time-out occurs.

7.7.2 WDT PROGRAMMING CONSIDERATIONS

The CLRWDT instruction clears the WDT and the
postscaler, if assigned to the WDT, and prevents it from
timing out and generating a device RESET. 

The SLEEP instruction resets the WDT and the
postscaler, if assigned to the WDT. This gives the max-
imum SLEEP time before a WDT Wake-up Reset.

7.8 Internal Voltage Regulators

The PIC16HV540 has 2 internal voltage regulators.
The PORTA I/O pads and OSC2 are powered by one
internal voltage regulator VIO, while the second internal
voltage regulator VREG, powers the PICmicro® device
core. Both regulated voltage levels can be synchro-
nously switched in the active modes between 3V and
5V through bit “RL” in the OPTION2 register. In addi-
tion, the “SL” bit in the OPTION2 register can be used
to control the core’s regulated voltage level during
SLEEP mode. VREG regulates the 15V power applied
to the VDD pin.

The on-chip Brown-out Detect circuitry monitors the
CPU regulated voltage VREG, for determining if a
brown-out reset is generated (see Section 7.6 for more
details on the BOD).

The regulator circuits are identical in functional nature
but only the VIO regulator voltage can be measured,
externally (See Section 10.1 for VIO parameters). The
operational voltage range and pin loading requirements
must be considered to ensure proper system operation.
For example, if 3V regulation is implemented during the
SLEEP mode and 40mA is being sourced from PORTA,
the VIO regulation voltage may approach the specified
minimum voltage. This may be an issue to consider for
connections to external circuitry. Likewise, if zero cur-
rent is sourced from the PORTA pins, the regulation

18 ms(2)

BVDD(1)VREG

Internal
Reset

VREG

Internal
Reset

VREG

Internal
Reset 18 ms(2)

18 ms(2)
18 ms(2)

BVDD(1)

BVDD(1)

Note 1: BVDD depends on selection of bit ‘RL’ in OPTION2 SFR.

2: DRT time depends on which oscillator mode is selected and which reset state the part is in.
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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.

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

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 I/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 T0CKI 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.

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)(1)

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.

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 1

Wake-up from SLEEP 
on Pin Change

0 u u

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.
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TABLE 8-2: INSTRUCTION SET SUMMARY

Mnemonic,
Operands

Description Cycles
12-Bit Opcode Status

Affected
Notes

MSb LSb

ADDWF
ANDWF
CLRF
CLRW
COMF
DECF
DECFSZ
INCF
INCFSZ
IORWF
MOVF
MOVWF
NOP
RLF
RRF
SUBWF
SWAPF
XORWF

f,d
f,d
f
–

f, d
f, d
f, d
f, d
f, d
f, d
f, d

f
–

f, d
f, d
f, d
f, d
f, d

Add W and f
AND W with f
Clear f
Clear W
Complement f
Decrement f
Decrement f, Skip if 0
Increment f
Increment f, Skip if 0
Inclusive OR W with f
Move f
Move W to f
No Operation
Rotate left f through Carry
Rotate right f through Carry
Subtract W from f
Swap f
Exclusive OR W with f

1
1
1
1
1
1

1(2)
1

1(2)
1
1
1
1
1
1
1
1
1

0001
0001
0000
0000
0010
0000
0010
0010
0011
0001
0010
0000
0000
0011
0011
0000
0011
0001

11df
01df
011f
0100
01df
11df
11df
10df
11df
00df
00df
001f
0000
01df
00df
10df
10df
10df

ffff
ffff
ffff
0000
ffff
ffff
ffff
ffff
ffff
ffff
ffff
ffff
0000
ffff
ffff
ffff
ffff
ffff

C,DC,Z
Z
Z
Z
Z
Z

None
Z

None
Z
Z

None
None

C
C

C,DC,Z
None

Z

1,2,4
2,4
4

2,4
2,4
2,4
2,4
2,4
2,4
1,4

2,4
2,4

1,2,4
2,4
2,4

BIT-ORIENTED FILE REGISTER OPERATIONS

BCF
BSF
BTFSC
BTFSS

f, b
f, b
f, b
f, b

Bit Clear f
Bit Set f
Bit Test f, Skip if Clear
Bit Test f, Skip if Set

1
1

1 (2)
1 (2)

0100
0101
0110
0111

bbbf
bbbf
bbbf
bbbf

ffff
ffff
ffff
ffff

None
None
None
None

2,4
2,4

LITERAL AND CONTROL OPERATIONS

ANDLW
CALL
CLRWDT
GOTO
IORLW
MOVLW
OPTION
RETLW
SLEEP
TRIS
XORLW

k
k
k
k
k
k
k
k
–
f
k

AND literal with W
Call subroutine
Clear Watchdog Timer
Unconditional branch
Inclusive OR Literal with W
Move Literal to W
Load OPTION register
Return, place Literal in W
Go into standby mode
Load TRIS register
Exclusive OR Literal to W

1
2
1
2
1
1
1
2
1
1
1

1110
1001
0000
101k
1101
1100
0000
1000
0000
0000
1111

kkkk
kkkk
0000
kkkk
kkkk
kkkk
0000
kkkk
0000
0000
kkkk

kkkk
kkkk
0100
kkkk
kkkk
kkkk
0010
kkkk
0011
0fff
kkkk

Z
None

TO, PD
None

Z
None
None
None

TO, PD,PCWUF
None

Z

1

3

Note 1: The 9th bit of the program counter will be forced to a '0' by any instruction that writes to the PC except for 
GOTO. (See individual device data sheets, Memory Section/Indirect Data Addressing, INDF and FSR Regis-
ters)

2: When an I/O register is modified as a function of itself (e.g. MOVF PORTB, 1), the value used will be that 
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and 
is driven low by an external device, the data will be written back with a '0'.

3: The instruction TRIS f, where f = 5 or 6 causes the contents of the W register to be written to the tristate 
latches of PORTA or B  respectively. A '1' forces the pin to a hi-impedance state and disables the output 
buffers.

4: If this instruction is executed on the TMR0 register (and, where applicable, d = 1), the prescaler will be 
cleared (if assigned to TMR0).
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CALL Subroutine Call

Syntax: [ label ]   CALL   k

Operands: 0 ≤ k ≤ 255

Operation: (PC) + 1→ Top of Stack;
k → PC<7:0>;
(STATUS<6:5>) → PC<10:9>;
0 → PC<8>

Status Affected: None

Encoding: 1001 kkkk kkkk

Description: Subroutine call. First, return address 
(PC+1) is pushed onto the stack. The 
eight bit immediate address is loaded 
into PC bits <7:0>. The upper bits 
PC<10:9> are loaded from STA-
TUS<6:5>, PC<8> is cleared. CALL is 
a two cycle instruction.

Words: 1

Cycles: 2

Example: HERE CALL THERE

Before Instruction
PC = address (HERE)

After Instruction
PC = address (THERE)
TOS = address (HERE + 1)

CLRF Clear f

Syntax: [ label ]  CLRF    f

Operands: 0 ≤ f ≤ 31

Operation: 00h → (f);
1 → Z

Status Affected: Z

Encoding: 0000 011f ffff

Description: The contents of register ’f’ are cleared 
and the Z bit is set.

Words: 1

Cycles: 1

Example: CLRF FLAG_REG

Before Instruction
FLAG_REG = 0x5A

After Instruction
FLAG_REG = 0x00
Z = 1

CLRW Clear W

Syntax: [ label ]   CLRW

Operands: None

Operation: 00h → (W);
1 → Z

Status Affected: Z

Encoding: 0000 0100 0000

Description: The W register is cleared. Zero bit (Z) 
is set.

Words: 1

Cycles: 1

Example: CLRW

Before Instruction
W = 0x5A

After Instruction
W = 0x00
Z = 1

CLRWDT Clear Watchdog Timer

Syntax: [ label ]   CLRWDT

Operands: None

Operation: 00h → WDT;
0 → WDT prescaler (if assigned);
1 → TO;
1 → PD

Status Affected: TO, PD

Encoding: 0000 0000 0100

Description: The CLRWDT instruction resets the 
WDT. It also resets the prescaler, if the 
prescaler is assigned to the WDT and 
not Timer0. Status bits TO and PD are 
set.

Words: 1

Cycles: 1

Example: CLRWDT

Before Instruction
WDT counter = ?

After Instruction
WDT counter = 0x00
WDT prescale = 0
TO = 1
PD = 1
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9.16 PICDEM-17

The PICDEM-17 is an evaluation board that demon-
strates the capabilities of several Microchip microcon-
trollers, including PIC17C752, PIC17C756,
PIC17C762, and PIC17C766. All necessary hardware
is included to run basic demo programs, which are sup-
plied on a 3.5-inch disk. A programmed sample is
included, and the user may erase it and program it with
the other sample programs using the PRO MATE II or
PICSTART Plus device programmers and easily debug
and test the sample code. In addition, PICDEM-17 sup-
ports down-loading of programs to and executing out of
external FLASH memory on board. The PICDEM-17 is
also usable with the MPLAB-ICE or PICMASTER emu-
lator, and all of the sample programs can be run and
modified using either emulator. Additionally, a gener-
ous prototype area is available for user hardware.

9.17 SEEVAL Evaluation and Programming 
System

The SEEVAL SEEPROM Designer’s Kit supports all
Microchip 2-wire and 3-wire Serial EEPROMs. The kit
includes everything necessary to read, write, erase or
program special features of any Microchip SEEPROM
product including Smart Serials and secure serials.
The Total Endurance Disk is included to aid in trade-
off analysis and reliability calculations. The total kit can
significantly reduce time-to-market and result in an
optimized system.

9.18 KEELOQ Evaluation and 
Programming Tools

KEELOQ evaluation and programming tools support
Microchips HCS Secure Data Products. The HCS eval-
uation kit includes an LCD display to show changing
codes, a decoder to decode transmissions, and a pro-
gramming interface to program test transmitters.
DS40197B-page 58 Preliminary  2000 Microchip Technology Inc.



PIC16HV540
NOTES:
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10.1 DC Characteristics: PIC16HV540-04, 20 (Commercial)
PIC16HV540-04I, 20I (Industrial)

DC Characteristics
Power Supply Pins

Standard Operating Conditions (unless otherwise specified)
Operating Temperature 0°C ≤ TA ≤ +70°C (commercial)

–40°C ≤ TA ≤ +85°C (industrial)

Characteristic Sym. Min. Typ.(1) Max. Units Conditions

Supply Voltage VDD 3.5
4.5 —

15
15

V
V

LP, XT and RC modes
HS mode

RAM Data Retention Voltage(2) VDR — 1.5* — V Device in SLEEP mode

VDD start voltage to ensure
Power-on Reset

VPOR — VSS — V See section on Power-on Reset for details.

VDD rise rate to ensure 
Power-on Reset

SVDD 0.05
VDD

V/ms See Section 7.4 for details on 
Power-on Reset

Supply Current(3)

HS option
XT and RC(4) options
LP option

IDD

—
—
—

5
1.8
300

20
3.3
500

mA
mA
µA

FOSC = 20 MHz, VDD = 15V, VREG = 5V
FOSC = 4 MHz, VDD = 15V, VREG = 5V
FOSC = 32 kHz, VDD = 15V, VREG = 5V,
WDT disabled

Power-down Current(5)(6) IPD

—

—

—

—

4.5

0.25

1.8

1.4

20

14

10

5

µA

µA

µA

µA

VDD = 15V, VREG = 5V sleep timer enable, 
BOD disabled
VDD = 15V, VREG = 3V sleep timer enable, 
BOD disabled
VDD = 15V, VREG = 5V sleep timer disabled, 
BOD disabled
VDD = 15V, VREG = 3V sleep timer disabled, 
BOD disabled

Brown-out Current — 0.5 — µA VDD = 15V, VREG = 5V, BOD enabled

Brown-out Detector Threshold BVDD 2.7
1.8

3.1
2.2

4.2
2.8

V
V

VDD = 15V, VREG = 5V* (7)

VDD = 15V, VREG = 3V* (7)

Regulation Voltage VIO 2

4

3

5

4.5

6

V

V

VDD = 15V, VREG = 3V, Unloaded outputs, 
SLEEP
VDD = 15V, VREG = 5V, Unloaded outputs, 
SLEEP

* These parameters are characterized but not tested.

Note 1: Data in the Typical (“Typ”) column is based on characterization results at 25°C. This data is for design guid-
ance only and is not tested.

2: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.
3: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 

loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on 
the current consumption.

a) The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all I/O pins tristated, pulled to 
Vss, T0CKI = VDD, MCLR = VDD; WDT enabled/disabled as specified. 

b) For standby current measurements, the conditions are the same, except that 
the device is in SLEEP mode.

4: Does not include current through REXT. The current through the resistor can be estimated by the 
formula: IR = VDD/2REXT (mA) with REXT in kΩ.

5: The power down current in SLEEP mode does not depend on the oscillator type. Power-down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and VSS.

6: The oscillator start-up time can be as much as 8 seconds for XT and LP oscillator selection, if the SLEEP 
mode is exited or during initial power-up.

7: See Section 7.6.1 for additional information.
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10.2 DC Characteristics: PIC16HV540-04, 20 (Commercial)
PIC16HV540-04I, 20I (Industrial)

DC Characteristics
All Pins Except 
Power Supply Pins

Standard Operating Conditions (unless otherwise specified)
Operating Temperature 0°C ≤ TA ≤ +70°C (commercial)

–40°C ≤ TA ≤ +85°C (industrial)

Characteristic Sym. Min. Typ.(1) Max. Units Conditions

Input Low Voltage
I/O Ports PORTA
MCLR (Schmitt Trigger)
T0CKI (Schmitt Trigger)
OSC1 (Schmitt Trigger)
OSC1
I/O Ports PORTB

VIL
VSS
VSS
VSS
VSS
VSS
VSS

—
—
—
—
—
—

0.10 VREG

0.10 VREG

0.10 VREG

0.10 VREG

0.3 VREG

0.10 VREG

V
V
V
V
V
V

Pin at Hi-impedance

RC option only(4)

HS, XT, and LP options

Input High Voltage
I/O Ports PORTA
MCLR (Schmitt Trigger)
T0CKI (Schmitt Trigger)
OSC1 (Schmitt Trigger)
OSC1
I/O Ports PORTB

VIH
0.25 VREG+0.8V

0.85 VREG

0.85 VREG

4.5V
4.5V

0.25 VREG+0.8V

—
—
—
—
—
—

VREG

VDD

VDD

VDD

VDD

VDD

V
V
V
V
V
V

For all VREG

RC option only (VDD = 15V)(4)

HS, XT, and LP options (VDD = 15V)

Hysteresis of Schmitt 
Trigger inputs

VHYS 0.15 VREG* — — V

Input Leakage Current(3)

I/O Ports PORTA
I/O Ports PORTB

MCLR

T0CKI
OSC1

IIL
-1.0
-1.0

-5.0

-3.0
-3.0

0.5
0.5

0.5
0.5
0.5

+1.0
+1.0

+5.0
+3.0
+3.0
+3.0

µA
µA

µA
µA
µA
µA

VSS ≤ VPIN ≤ VIO, Pin at Hi-impedance
VSS ≤ VPIN ≤ VDD

VPIN = VSS +0.25V(2)

VPIN = VDD(2)

VSS ≤ VPIN ≤ VDD

VSS ≤ VPIN ≤ VDD,
HS, XT, and LP options

Output Low Voltage
I/O Ports PORTA

OSC2/CLKOUT

I/O Ports PORTB

VOL

—

—

—

—

—

—

0.6

0.6

0.6

V

V

V

VDD = 15V, VREG = 5V, IOL = 8.7 mA
VDD = 15V, VREG = 3V, IOL = 5.0 mA
VDD = 15V, VREG = 5V, IOL = 1.2 mA,
(RC option only)
VDD = 15V, VREG = 3V, IOL = 1.0 mA,
(RC option only)
VDD = 15V, VREG = 5V, IOL = 3.0 mA
VDD = 10V, VREG = 3V, IOL = 3.0 mA

Output High Voltage
I/O ports(3) PORTA

OSC2/CLKOUT

I/O Ports PORTB

VOH

VREG-0.7

VREG-0.7

VDD-0.7

—

—

—

—

—

—

V

V

V

VDD = 15V, VIO = 3V, IOH = -2.0 mA
VDD = 15V, VIO = 5V, IOH = -3.0 mA
VDD = 15V, VIO = 3V, IOH = -0.5 mA
(RC option only)
VDD = 15V, VIO = 5V, IOH = -1.0 mA
(RC option only)
VDD = 15V, VIO = 5V, IOH = -5.4 mA

Threshold Voltage
I/O Ports PORTB [7] VLEV VDD-1.5 VDD-1.0 VDD-0.5 V VDD = 15V

* These parameters are characterized but not tested.
Note 1: Data in the Typical (“Typ”) column is based on characterization results at 25°C. This data is for design guidance only and 

is not tested.
2: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified levels repre-

sent normal operating conditions. Higher leakage current may be measured at different input voltage.
3: Negative current is defined as coming out of the pin.
4: For the RC option, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the PIC16HV540 be driven 

with external clock in RC mode.
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11.0 DC AND AC CHARACTERISTICS - PIC16HV540
The graphs and tables provided in this section are for design guidance and are not tested or guaranteed. In some graphs
or tables the data presented are outside specified operating range (e.g., outside specified VDD range). This is for infor-
mation only and devices will operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period of
time. “Typical” represents the mean of the distribution while “max” or “min” represents (mean + 3σ) and (mean – 3σ)
respectively, where σ is standard deviation.

FIGURE 11-1: TYPICAL RC OSCILLATOR 
FREQUENCY vs. 
TEMPERATURE

TABLE 11-1: RC OSCILLATOR 
FREQUENCIES

Note 1: This combination of R, C and VDD draws too
much current and prohibits oscillator operation.

FIGURE 11-2: TYPICAL RC OSCILLATOR 
FREQUENCY vs. VDD 
(CEXT = 20pF)

FIGURE 11-3: TYPICAL RC OSCILLATOR 
FREQUENCY vs. VDD 
(CEXT = 100pF)

CEXT REXT
Average FOSC, VIO = 5V

25°C, VDD = 6V 25°C, VDD = 15V

20 pF 3.3k 4986.7 kHz (1)

5k 4233.3 kHz (1)

10k 2656.7 kHz 5150.0 kHz

24k 1223.3 kHz 3286.7 kHz

100k 325.7 kHz 955.7 kHz

390k 79.0 kHz 250.7 kHz

100 pF 3.3k 1916.7 kHz (1)

5k 1593.3 kHz (1)

10k 995.7 kHz 2086.7 kHz

24k 448.3 kHz 1210.0 kHz

100k 116.0 kHz 355.7 kHz

390k 28.3 kHz 89.7 kHz

300 pF 3.3k 744 kHz (1)

5k 620.3 kHz (1)

10k 382.0 kHz 817.3 kHz

24k 169.7 kHz 483.0 kHz

100k 44.1 kHz 135.7 kHz

390k 10.6 kHz 34.4 kHz
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FIGURE 11-15: IOH vs. VOH ON PORTA, 
VDD = 15V (VIO = 5V)

Note: Current being applied is being applied
simultaneously to all 4 PORTA pins.

FIGURE 11-16: IOH vs. VOH ON PORTA, 
VDD = 5V (VIO = 5V)

Note: Current being applied is being applied
simultaneously to all 4 PORTA pins.
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12.2 18-Lead Plastic Small Outline (SO) – Wide, 300 mil (SOIC)

Foot Angle φ 0 4 8 0 4 8

1512015120βMold Draft Angle Bottom
1512015120αMold Draft Angle Top

0.510.420.36.020.017.014BLead Width
0.300.270.23.012.011.009cLead Thickness

1.270.840.41.050.033.016LFoot Length
0.740.500.25.029.020.010hChamfer Distance

11.7311.5311.33.462.454.446DOverall Length
7.597.497.39.299.295.291E1Molded Package Width

10.6710.3410.01.420.407.394EOverall Width
0.300.200.10.012.008.004A1Standoff §
2.392.312.24.094.091.088A2Molded Package Thickness
2.642.502.36.104.099.093AOverall Height

1.27.050pPitch
1818nNumber of Pins

MAXNOMMINMAXNOMMINDimension Limits
MILLIMETERSINCHES*Units

Lβ

c

φ

h

45°

1

2

D

p

nB

E1

E

α

A2

A1

A

* 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:  MS-013
Drawing No. C04-051

§ Significant Characteristic
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ON-LINE SUPPORT
Microchip provides on-line support on the Microchip
World Wide Web (WWW) site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape or Microsoft
Explorer. Files are also available for FTP download
from our FTP site.

Connecting to the Microchip Internet Web Site      

The Microchip web site is available by using your
favorite Internet browser to attach to: 

www.microchip.com

The file transfer site is available by using an FTP ser-
vice to connect to: 

ftp://ftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User’s Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

• Latest Microchip Press Releases
• Technical Support Section with Frequently Asked 

Questions 
• Design Tips
• Device Errata

• Job Postings
• Microchip Consultant Program Member Listing
• Links to other useful web sites related to 

Microchip Products
• Conferences for products, Development Systems, 

technical information and more
• Listing of seminars and events

Systems Information and Upgrade Hot Line 

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip's development systems software products.
Plus, this line provides information on how customers
can receive any currently available upgrade kits.The
Hot Line Numbers are: 

1-800-755-2345 for U.S. and most of Canada, and 

1-480-786-7302 for the rest of the world.

Trademarks: The Microchip name, logo, PIC, PICmi-
cro, PICSTART, PICMASTER, PRO MATE and 
MPLAB are registered trademarks of Microchip 
Technology Incorporated in the U.S.A. and other 
countries.  FlexROM and fuzzyLAB are trademarks 
and SQTP is a service mark of Microchip in the 
U.S.A. 
All other trademarks mentioned herein are the prop-
erty of their respective companies.

991103
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PIC16HV540 PRODUCT IDENTIFICATION SYSTEM
To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Sales and Support

Pattern: QTP,SQTP, Code or Special Requirements

Package:

JW = Windowed CERDIP
SO = SOIC

P = PDIP
SS = SSOP

Temperature - = –0°C to +70°C
Range: I = –40°C to +85°C

Frequency 04 = 200 kHz (PICHV540-04)
Range 04 = 4 MHz

20 = 20 MHz

Device: PIC16HV540 :VDD range 3.5V to 15V
PIC16HV540T :VDD range 3.5V to 15V (Tape/Reel)

PIC16HV540 -XX X /XX XXX

Data Sheets
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office
2. The Microchip Corporate Literature Center U.S. FAX: (480) 786-7277.

3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.


