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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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PIC16C71X
4.2.2.1 STATUS REGISTER

The STATUS register, shown in Figure 4-7, contains
the arithmetic status of the ALU, the RESET status and
the bank select bits for data memory.

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. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended. 

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit.   This leaves the STATUS register
as 000u u1uu (where u = unchanged).
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It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions, not affecting any status bits, see the
"Instruction Set Summary." 

Note 1: For those devices that do not use bits IRP
and RP1 (STATUS<7:6>), maintain these
bits clear to ensure  upward compatibility
with future products.

Note 2: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF
instructions for examples.
FIGURE 4-7: STATUS REGISTER (ADDRESS 03h, 83h)

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 RP0 TO PD Z DC C R = Readable bit

W = Writable bit
U = Unimplemented bit, 
       read as ‘0’
- n = Value at POR reset

bit7 bit0

bit 7: IRP: Register Bank Select bit (used for indirect addressing)
1 = Bank 2, 3 (100h - 1FFh)
0 = Bank 0, 1 (00h - FFh)

bit  6-5: RP1:RP0: Register Bank Select bits (used for direct addressing)
11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes

bit  4: TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = A WDT time-out occurred

bit  3: PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit  2: Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit  1: DC: Digit carry/borrow bit (ADDWF, ADDLW,SUBLW,SUBWF instructions)(for borrow the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit  0: C: Carry/borrow bit (ADDWF, ADDLW,SUBLW,SUBWF instructions)
1 = A carry-out from the most significant bit of the result occurred
0 = No carry-out from the most significant bit of the result occurred
Note: For borrow the polarity is reversed. A subtraction is executed by adding the two’s complement of
the second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low order
bit of the source register.
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PIC16C71X
TABLE 5-1: PORTA FUNCTIONS

TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit# Buffer Function

RA0/AN0 bit0 TTL Input/output or analog input
RA1/AN1 bit1 TTL Input/output or analog input
RA2/AN2 bit2 TTL Input/output or analog input
RA3/AN3/VREF bit3 TTL Input/output or analog input/VREF

RA4/T0CKI bit4 ST Input/output or external clock input for Timer0
Output is open drain type

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

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on: 

POR,
BOR

Value on all 
other resets

05h PORTA — — — RA4 RA3 RA2 RA1 RA0 ---x 0000 ---u 0000

85h TRISA — — — PORTA Data Direction Register ---1 1111 ---1 1111

9Fh ADCON1 — — — — — — PCFG1 PCFG0 ---- --00 ---- --00

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by PORTA.
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6.3 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer, respectively (Figure 6-6). For simplicity, this
counter is being referred to as “prescaler” throughout
this data sheet. Note that there is only one prescaler
available which is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. Thus, a
prescaler assignment for the Timer0 module means
that there is no prescaler for the Watchdog Timer, and
vice-versa.

The PSA and PS2:PS0 bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.
DS30272A-page 34
When assigned to the Timer0 module, all instructions
writing to the TMR0 register (e.g. CLRF 1, MOVWF 1,
BSF 1,x....etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer. The pres-
caler is not readable or writable. 

Note: Writing to TMR0 when the prescaler is
assigned to Timer0 will clear the prescaler
count, but will not change the prescaler
assignment.
FIGURE 6-6: BLOCK DIAGRAM OF THE TIMER0/WDT PRESCALER     
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PIC16C71X
7.0 ANALOG-TO-DIGITAL 
CONVERTER (A/D) MODULE 

The analog-to-digital (A/D) converter module has four
analog inputs.

The A/D allows conversion of an analog input signal to
a corresponding 8-bit digital number (refer to Applica-
tion Note AN546 for use of A/D Converter). The output
of the sample and hold is the input into the converter,
which generates the result via successive approxima-
tion. The analog reference voltage is software select-
able to either the device’s positive supply voltage (VDD)
or the voltage level on the RA3/AN3/VREF pin. 
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The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in sleep, the A/D conversion clock must be derived
from the A/D’s internal RC oscillator.

The A/D module has three registers. These registers
are:

• A/D Result Register (ADRES)
• A/D Control Register 0 (ADCON0)
• A/D Control Register 1 (ADCON1)

The ADCON0 register, shown in Figure 7-1 and
Figure 7-2, controls the operation of the A/D module.
The ADCON1 register, shown in Figure 7-3 configures
the functions of the port pins. The port pins can be con-
figured as analog inputs (RA3 can also be a voltage ref-
erence) or as digital I/O.
FIGURE 7-1: ADCON0 REGISTER (ADDRESS 08h), PIC16C710/71/711

R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADCS1 ADCS0 — (1) CHS1 CHS0 GO/DONE ADIF ADON R  =Readable bit

W = Writable bit
U  =Unimplemented 

bit, read as ‘0’
- n =Value at POR reset

bit7 bit0

bit 7-6: ADCS1:ADCS0: A/D Conversion Clock Select bits
00 = FOSC/2
01 = FOSC/8
10 = FOSC/32
11 = FRC (clock derived from an RC oscillation)

bit  5: Unimplemented: Read as '0'.

bit 4-3: CHS1:CHS0: Analog Channel Select bits
00 = channel 0, (RA0/AN0)
01 = channel 1, (RA1/AN1)
10 = channel 2, (RA2/AN2)
11 = channel 3, (RA3/AN3)

bit 2: GO/DONE: A/D Conversion Status bit

If ADON = 1:
1 = A/D conversion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (This bit is automatically cleared by hardware when the A/D conver-
sion is complete)

bit 1: ADIF: A/D Conversion Complete Interrupt Flag bit
1 = conversion is complete (must be cleared in software)
0 = conversion is not complete 

bit 0: ADON: A/D On bit
1 = A/D converter module is operating
0 = A/D converter module is shutoff and consumes no operating current

Note 1: Bit5 of ADCON0 is a General Purpose R/W bit for the PIC16C710/711 only. For the PIC16C71, this bit is
unimplemented, read as '0'.
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7.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 7-5. The source
impedance (RS) and the internal sampling switch (RSS)
impedance directly affect the time required to charge
the capacitor CHOLD. The sampling switch (RSS)
impedance varies over the device voltage (VDD),
Figure 7-5. The source impedance affects the offset
voltage at the analog input (due to pin leakage current).
The maximum recommended impedance for ana-
log sources is 10 kΩ. After the analog input channel is
selected (changed) this acquisition must be done
before the conversion can be started.

To calculate the minimum acquisition time, Equation 7-
1 may be used. This equation calculates the acquisition
time to within 1/2 LSb error is used (512 steps for the
A/D). The 1/2 LSb error is the maximum error allowed
for the A/D to meet its specified accuracy.

EQUATION 7-1: A/D MINIMUM CHARGING 
TIME

VHOLD = (VREF - (VREF/512)) • (1 - e(-TCAP/CHOLD(RIC + RSS + RS)))

Given: VHOLD = (VREF/512), for 1/2 LSb resolution

The above equation reduces to:

TCAP =  -(51.2 pF)(1 kΩ + RSS + RS) ln(1/511)

Example 7-1 shows the calculation of the minimum
required acquisition time TACQ. This calculation is
based on the following system assumptions.

CHOLD = 51.2 pF

Rs = 10 kΩ

1/2 LSb error

VDD = 5V → Rss = 7 kΩ

Temp (application system max.) = 50°C

VHOLD = 0 @ t = 0
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EXAMPLE 7-1: CALCULATING THE 
MINIMUM REQUIRED 
AQUISITION TIME

TACQ = Amplifier Settling Time +

Holding Capacitor Charging Time +

Temperature Coefficient

TACQ = 5 µs + TCAP + [(Temp - 25°C)(0.05 µs/°C)]

TCAP = -CHOLD (RIC + RSS + RS) ln(1/511)

-51.2 pF (1 kΩ + 7 kΩ + 10 kΩ) ln(0.0020)

-51.2 pF (18 kΩ) ln(0.0020)

-0.921 µs (-6.2364)

5.747 µs

TACQ = 5 µs + 5.747 µs + [(50°C - 25°C)(0.05 µs/°C)]

10.747 µs + 1.25 µs

11.997 µs

Note 1: The reference voltage (VREF) has no
effect on the equation, since it cancels
itself out.

Note 2: The charge holding capacitor (CHOLD) is
not discharged after each conversion.

Note 3: The maximum recommended impedance
for analog sources is 10 kΩ. This is
required to meet the pin leakage specifi-
cation.

Note 4: After a conversion has completed, a
2.0TAD delay must complete before acqui-
sition can begin again. During this time the
holding capacitor is not connected to the
selected A/D input channel.
FIGURE 7-5: ANALOG INPUT MODEL
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PIC16C71X
TABLE 8-3: CERAMIC RESONATORS, 
PIC16C710/711/715 

Ranges Tested:

Mode Freq OSC1 OSC2

XT 455 kHz
2.0 MHz
4.0 MHz

68 - 100 pF
15 - 68 pF
15 - 68 pF

68 - 100 pF
15 - 68 pF
15 - 68 pF

HS 8.0 MHz
16.0 MHz

10 - 68 pF
10 - 22 pF

10 - 68 pF
10 - 22 pF

These values are for design guidance only. See 
notes at bottom of page.

Resonators Used:

455 kHz Panasonic EFO-A455K04B ± 0.3%
2.0 MHz Murata Erie CSA2.00MG ± 0.5%
4.0 MHz Murata Erie CSA4.00MG ± 0.5%
8.0 MHz Murata Erie CSA8.00MT ± 0.5%
16.0 MHz Murata Erie CSA16.00MX ± 0.5%

All resonators used did not have built-in capacitors.
DS30272A-page 50
TABLE 8-4: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR, 
PIC16C710/711/715

Osc Type
Crystal 

Freq
Cap. Range 

C1
Cap. Range 

C2

LP 32 kHz 33 pF 33 pF

200 kHz 15 pF 15 pF

XT 200 kHz 47-68 pF 47-68 pF

1 MHz 15 pF 15 pF

4 MHz 15 pF 15 pF

HS 4 MHz 15 pF 15 pF

8 MHz 15-33 pF 15-33 pF

20 MHz 15-33 pF 15-33 pF

These values are for design guidance only. See 
notes at bottom of page.

Crystals Used

32 kHz Epson C-001R32.768K-A ± 20 PPM

200 kHz STD XTL 200.000KHz ± 20 PPM

1 MHz ECS ECS-10-13-1 ± 50 PPM

4 MHz ECS ECS-40-20-1 ± 50 PPM

8 MHz EPSON CA-301 8.000M-C ± 30 PPM

20 MHz EPSON CA-301 20.000M-C ± 30 PPM
Note 1: Recommended values of C1 and C2 are identical to the ranges tested table.
2: Higher capacitance increases the stability of oscillator but also increases the start-up time. 
3: Since each resonator/crystal has its own characteristics, the user should consult the resonator/crystal man-

ufacturer for appropriate values of external components. 
4: Rs may be required in HS mode as well as XT mode to avoid overdriving crystals with low drive level speci-

fication.
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TABLE 8-7: STATUS BITS AND THEIR SIGNIFICANCE, PIC16C71 

TABLE 8-8: STATUS BITS AND THEIR SIGNIFICANCE, PIC16C710/711 

TABLE 8-9: STATUS BITS AND THEIR SIGNIFICANCE, PIC16C715

TO PD

1 1 Power-on Reset
0 x Illegal, TO is set on POR
x 0 Illegal, PD is set on POR
0 1 WDT Reset 
0 0 WDT Wake-up
u u MCLR Reset during normal operation
1 0 MCLR Reset during SLEEP or interrupt wake-up from SLEEP

POR BOR TO PD

0 x 1 1 Power-on Reset
0 x 0 x Illegal, TO is set on POR
0 x x 0 Illegal, PD is set on POR
1 0 x x Brown-out Reset
1 1 0 1 WDT Reset 
1 1 0 0 WDT Wake-up
1 1 u u MCLR Reset during normal operation
1 1 1 0 MCLR Reset during SLEEP or interrupt wake-up from SLEEP

PER POR BOR TO PD

1 0 x 1 1 Power-on Reset
x 0 x 0 x Illegal, TO is set on POR
x 0 x x 0 Illegal, PD is set on POR
1 1 0 x x Brown-out Reset
1 1 1 0 1 WDT Reset 
1 1 1 0 0 WDT Wake-up
1 1 1 u u MCLR Reset during normal operation
1 1 1 1 0 MCLR Reset during SLEEP or interrupt wake-up from SLEEP
0 1 1 1 1 Parity Error Reset
0 0 x x x Illegal, PER is set on POR
0 x 0 x x Illegal, PER is set on BOR
  1997 Microchip Technology Inc. DS30272A-page 55



PIC16C71X
TABLE 8-10: RESET CONDITION FOR SPECIAL REGISTERS, PIC16C710/71/711

TABLE 8-11: RESET CONDITION FOR SPECIAL REGISTERS, PIC16C715

Condition
Program
Counter

STATUS
Register

PCON
Register

PIC16C710/711

Power-on Reset 000h 0001 1xxx ---- --0x

MCLR Reset during normal operation 000h 000u uuuu ---- --uu

MCLR Reset during SLEEP 000h 0001 0uuu ---- --uu

WDT Reset 000h 0000 1uuu ---- --uu

WDT Wake-up PC + 1 uuu0 0uuu ---- --uu

Brown-out Reset (PIC16C710/711) 000h 0001 1uuu ---- --u0

Interrupt wake-up from SLEEP PC + 1(1) uuu1 0uuu ---- --uu

Legend: u = unchanged, x = unknown, - = unimplemented bit read as '0'.
Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded 

with the interrupt vector (0004h).

Condition Program
Counter

STATUS
Register

PCON
Register

Power-on Reset 000h 0001 1xxx u--- -10x

MCLR Reset during normal operation 000h 000u uuuu u--- -uuu

MCLR Reset during SLEEP 000h 0001 0uuu u--- -uuu

WDT Reset 000h 0000 1uuu u--- -uuu

WDT Wake-up PC + 1 uuu0 0uuu u--- -uuu

Brown-out Reset 000h 0001 1uuu u--- -uu0

Parity Error Reset 000h uuu1 0uuu u--- -0uu

Interrupt wake-up from SLEEP PC + 1(1) uuu1 0uuu u--- -uuu

Legend: u = unchanged, x = unknown, - = unimplemented bit read as '0'.
Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector 

(0004h).
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TABLE 8-13: INITIALIZATION CONDITIONS FOR ALL REGISTERS, PIC16C715

Register Power-on Reset,
Brown-out Reset
Parity Error Reset

MCLR Resets
WDT Reset

Wake-up via
WDT or 

Interrupt

W xxxx xxxx uuuu uuuu uuuu uuuu

INDF N/A N/A N/A

TMR0 xxxx xxxx uuuu uuuu uuuu uuuu

PCL 0000 0000 0000 0000  PC + 1(2)

STATUS 0001 1xxx 000q quuu(3) uuuq quuu(3)

FSR xxxx xxxx uuuu uuuu uuuu uuuu

PORTA ---x 0000 ---u 0000 ---u uuuu

PORTB xxxx xxxx uuuu uuuu uuuu uuuu

PCLATH ---0 0000 ---0 0000 ---u uuuu

INTCON 0000 000x 0000 000u uuuu uuuu(1)

PIR1 -0-- ---- -0-- ---- -u-- ----(1)

ADCON0 0000 00-0 0000 00-0 uuuu uu-u

OPTION 1111 1111 1111 1111 uuuu uuuu

TRISA ---1 1111 ---1 1111 ---u uuuu

TRISB 1111 1111 1111 1111 uuuu uuuu

PIE1 -0-- ---- -0-- ---- -u-- ----

PCON ---- -qqq ---- -1uu ---- -1uu

ADCON1 ---- --00 ---- --00 ---- --uu

Legend: u   = unchanged,     x   =   unknown,    - =   unimplemented bit, read as '0', q = value depends on condition
Note 1: One or more bits in INTCON and PIR1 will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector 
(0004h).

3: See Table 8-11 for reset value for specific condition.
DS30272A-page 58   1997 Microchip Technology Inc.



PIC16C71X
FIGURE 8-14: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR SLOW 
VDD POWER-UP)

Note 1: External Power-on Reset circuit is 
required only if VDD power-up slope is too 
slow. The diode D helps discharge the 
capacitor quickly when VDD powers down.

2: R < 40 kΩ is recommended to make sure 
that voltage drop across R does not violate 
the device’s electrical specification.

3: R1 = 100Ω to 1 kΩ will limit any current 
flowing into MCLR from external capacitor 
C in the event of MCLR/VPP pin break-
down due to Electrostatic Discharge 
(ESD) or Electrical Overstress (EOS).

C

R1
RD

VDD
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FIGURE 8-15: EXTERNAL BROWN-OUT 
PROTECTION CIRCUIT 1

FIGURE 8-16: EXTERNAL BROWN-OUT 
PROTECTION CIRCUIT 2

Note 1: This circuit will activate reset when VDD 
goes below (Vz + 0.7V) where Vz = Zener 
voltage.

2: Internal brown-out detection on the 
PIC16C710/711/715 should be disabled 
when using this circuit.

3: Resistors should be adjusted for the char-
acteristics of the transistor.

VDD

33k

10k

40k

VDD

MCLR

PIC16CXX

Note 1: This brown-out circuit is less expensive, 
albeit less accurate. Transistor Q1 turns 
off when VDD is below a certain level 
such that:

2: Internal brown-out detection on the 
PIC16C710/711/715 should be disabled 
when using this circuit.

3: Resistors should be adjusted for the 
characteristics of the transistor.

VDD •
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VDD
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Applicable Devices 710 71 711 715
FIGURE 12-8: TYPICAL IPD vs. VDD BROWN-
OUT DETECT ENABLED (RC 
MODE)   

FIGURE 12-9: MAXIMUM IPD vs. VDD 
BROWN-OUT DETECT 
ENABLED 
(85°C TO -40°C, RC MODE)   

The shaded region represents the built-in hysteresis of the
brown-out reset circuitry.
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FIGURE 12-10: TYPICAL IPD vs. TIMER1 
ENABLED (32 kHz, RC0/RC1 = 
33 pF/33 pF, RC MODE)  

FIGURE 12-11: MAXIMUM IPD vs. TIMER1 
ENABLED 
(32 kHz, RC0/RC1 = 33 pF/33 
pF, 85°C TO -40°C, RC MODE)  
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Applicable Devices 710 71 711 715
FIGURE 12-22: TYPICAL XTAL STARTUP 
TIME vs. VDD (LP MODE, 25°C)

FIGURE 12-23: TYPICAL XTAL STARTUP 
TIME vs. VDD (HS MODE, 
25°C)   
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FIGURE 12-24: TYPICAL XTAL STARTUP 
TIME vs. VDD (XT MODE, 25°C)

TABLE 12-2: CAPACITOR SELECTION 
FOR CRYSTAL 
OSCILLATORS  

Osc Type
Crystal 

Freq
Cap. Range 

C1
Cap. Range 

C2

LP 32 kHz 33 pF 33 pF

200 kHz 15 pF 15 pF

XT 200 kHz 47-68 pF 47-68 pF

1 MHz 15 pF 15 pF

4 MHz 15 pF 15 pF

HS 4 MHz 15 pF 15 pF

8 MHz 15-33 pF 15-33 pF

20 MHz 15-33 pF 15-33 pF

Crystals 
Used

32 kHz Epson C-001R32.768K-A ± 20 PPM

200 kHz STD XTL 200.000KHz ± 20 PPM

1 MHz ECS ECS-10-13-1 ± 50 PPM

4 MHz ECS ECS-40-20-1 ± 50 PPM

8 MHz EPSON CA-301 8.000M-C ± 30 PPM

20 MHz EPSON CA-301 20.000M-C ± 30 PPM
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13.0 ELECTRICAL CHARACTERISTICS FOR PIC16C715
Absolute Maximum Ratings † 

Ambient temperature under bias................................................................................................................ .-55 to +125˚C

Storage temperature ..............................................................................................................................  -65˚C to +150˚C

Voltage on any pin with respect to VSS (except VDD and MCLR).................................................... -0.3V to (VDD + 0.3V)

Voltage on VDD with respect to VSS ................................................................................................................ 0 to +7.5V

Voltage on MCLR with respect to VSS................................................................................................................0 to +14V

Voltage on RA4 with respect to Vss ...................................................................................................................0 to +14V

Total power dissipation (Note 1)................................................................................................................................1.0W

Maximum current out of VSS pin ...........................................................................................................................300 mA

Maximum current into VDD pin ..............................................................................................................................250 mA

Input clamp current, IIK (VI < 0 or VI > VDD).....................................................................................................................± 20 mA

Output clamp current, IOK (VO < 0 or VO > VDD) .............................................................................................................± 20 mA

Maximum output current sunk by any I/O pin..........................................................................................................25 mA

Maximum output current sourced by any I/O pin ....................................................................................................25 mA

Maximum current sunk by PORTA ........................................................................................................................200 mA

Maximum current sourced by PORTA...................................................................................................................200 mA

Maximum current sunk by PORTB........................................................................................................................200 mA

Maximum current sourced by PORTB...................................................................................................................200 mA

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - ∑ IOH} + ∑ {(VDD - VOH) x IOH} + ∑(VOl x IOL).

† NOTICE: Stresses above those listed under “Absolute 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 
indicated 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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13.2  DC Characteristics: PIC16LC715-04 (Commercial, Industrial)

DC CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Operating temperature 0˚C ≤ TA ≤ +70˚C (commercial)

-40˚C ≤ TA ≤ +85˚C (industrial) 

Param
No.

Characteristic Sym Min Typ† Max Units Conditions

D001 Supply Voltage VDD 2.5 - 5.5 V LP, XT, RC osc configuration (DC - 4 MHz)

D002* RAM Data Retention 
Voltage (Note 1)

VDR - 1.5 - V Device in SLEEP mode

D003 VDD start voltage to 
ensure internal 
Power-on Reset
signal

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

D004* VDD rise rate to 
ensure internal 
Power-on Reset
signal

SVDD 0.05 - - V/ms See section on Power-on Reset for details

D005 Brown-out Reset 
Voltage

BVDD 3.7 4.0 4.3 V BODEN configuration bit is enabled

D010

D010A

Supply Current 
(Note 2)

IDD -

-

2.0

22.5

3.8

48

mA

µA

XT, RC osc configuration
FOSC = 4 MHz, VDD = 3.0V (Note 4)

LP osc configuration
FOSC = 32 kHz, VDD = 3.0V, WDT disabled

D015 Brown-out Reset
Current (Note 5)

∆IBOR - 300* 500 µA BOR enabled VDD = 5.0V

D020
D021
D021A

Power-down Current 
(Note 3)

IPD -
-
-

7.5
0.9
0.9

30
5
5

µA
µA
µA

VDD = 3.0V, WDT enabled, -40°C to +85°C
VDD = 3.0V, WDT disabled, 0°C to +70°C
VDD = 3.0V, WDT disabled, -40°C to +85°C

D023 Brown-out Reset 
Current (Note 5)

∆IBOR - 300* 500 µA BOR enabled VDD = 5.0V

* These parameters are characterized but not tested.
†  Data in "Typ" column is at 5V, 25˚C unless otherwise stated. These parameters are for design guidance only 

and are not tested.
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin 
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an 
impact on the current consumption.
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 VDD 
MCLR = VDD; WDT enabled/disabled as specified. 

3:  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. 

4:  For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.

5: The ∆ current is the additional current consumed when this peripheral is enabled. This current should be 
added to the base IDD or IPD measurement.
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Output High Voltage
D090 I/O ports (Note 3) VOH VDD - 0.7 - - V IOH = -3.0 mA, VDD = 4.5V, 

-40°C to +85°C
D090A VDD - 0.7 - - V IOH = -2.5 mA, VDD = 4.5V,

 -40°C to +125°C
D092 OSC2/CLKOUT (RC osc config) VDD - 0.7 - - V IOH = -1.3 mA, VDD = 4.5V, 

-40°C to +85°C
D092A VDD - 0.7 - - V IOH = -1.0 mA, VDD = 4.5V, 

-40°C to +125°C
Capacitive Loading Specs on
Output Pins

D100 OSC2 pin COSC2 - - 15 pF In XT, HS and LP modes when 
external clock is used to drive 
OSC1.

D101 All I/O pins and OSC2 (in RC mode) CIO - - 50 pF

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature 0˚C ≤ TA ≤ +70˚C (commercial)

-40˚C ≤ TA ≤ +85˚C (industrial) 
-40˚C ≤ TA ≤ +125˚C (extended)

Operating voltage VDD range as described in DC spec Section 13.1 
and Section 13.2.

Param
No.

Characteristic Sym Min Typ
†

Max Units Conditions

† Data in “Typ” column is at 5V, 25°C unless otherwise stated.  These parameters are for design guidance only 
and are not tested.

Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 
PIC16C7X be driven with external clock in RC mode.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level.  The specified levels 
represent normal operating conditions.  Higher leakage current may be measured at different input voltages.

3: Negative current is defined as coming out of the pin.
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FIGURE 14-3: TYPICAL IPD vs. VDD @ 25°C 
(WDT ENABLED, RC MODE)   

FIGURE 14-4: MAXIMUM IPD vs. VDD (WDT 
ENABLED, RC MODE)   
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FIGURE 14-5: TYPICAL RC OSCILLATOR 
FREQUENCY vs. VDD    

FIGURE 14-6: TYPICAL RC OSCILLATOR 
FREQUENCY vs. VDD   

FIGURE 14-7: TYPICAL RC OSCILLATOR 
FREQUENCY vs. VDD   
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FIGURE 14-29: TYPICAL IDD vs. FREQUENCY 
(HS MODE, 25°C) 
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FIGURE 14-30: MAXIMUM IDD vs. 
FREQUENCY
(HS MODE, -40°C TO 85°C) 
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FIGURE 16-21: IOL VS. VOL, VDD = 3V
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FIGURE 16-22: IOL VS. VOL, VDD = 5V
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PIC16C71X
PIC16C71X  PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery refer to the factory or the listed sales office.

* JW Devices are UV erasable and can be programmed to any device  configuration. JW Devices meet the electrical requirement of
each oscillator type (including LC devices).

PART NO. -XX X /XX XXX

Pattern: QTP, SQTP, Code or Special Requirements

Package: JW = Windowed CERDIP
SO = SOIC
SP = Skinny plastic dip
P = PDIP 
SS = SSOP

Temperature 
Range:

- = 0°C to +70°C 
I = -40°C to +85°C 
E = -40°C to +125°C

Frequency 
Range:

04 = 200 kHz (PIC16C7X-04)
04 = 4 MHz
10 = 10 MHz
20 = 20 MHz

Device PIC16C7X :VDD range 4.0V to 6.0V
PIC16C7XT :VDD range 4.0V to 6.0V (Tape/Reel)
PIC16LC7X :VDD range 2.5V to 6.0V
PIC16LC7XT :VDD range 2.5V to 6.0V (Tape/Reel)

Examples

a) PIC16C71 - 04/P 301 
Commercial Temp., 
PDIP Package, 4 MHz, 
normal VDD limits, QTP 
pattern #301

b)

Sales and Support

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

Your local Microchip sales office (see below)
The Microchip Corporate Literature Center  U.S. FAX: (602) 786-7277
The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required).

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302.

1.
2.
3.
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Microchip received QS-9000 quality system 
certification for its worldwide headquarters, 
design and wafer fabrication facilities in 
Chandler and Tempe, Arizona in July 1999. The 
Company’s quality system processes and 
procedures are QS-9000 compliant for its 
PICmicro® 8-bit MCUs, KEELOQ® code hopping 
devices, Serial EEPROMs and microperipheral 
products. In addition, Microchip’s quality 
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Note the following details of the code protection feature on PICmicro® MCUs.

• The PICmicro family meets the specifications contained in the Microchip Data Sheet.
• Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today, 

when used in the intended manner and under normal conditions.
• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-

edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet. 
The person doing so may be engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.
• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 

mean that we are guaranteeing the product as “unbreakable”.
• Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of 

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.


