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PIC16C5X

40 OSCILLATOR
CONFIGURATIONS

4.1 Oscillator Types

PIC16C5Xs can be operated in four different oscillator
modes. The user can program two configuration bits
(FOSC1:FOSCO) to select one of these four modes:

1. LP: Low Power Crystal

2. XT: Crystal/Resonator
3. HS: High Speed Crystal/Resonator
4. RC: Resistor/Capacitor
Note:  Not all oscillator selections available for all

FIGURE 4-2: EXTERNAL CLOCK INPUT
OPERATION (HS, XT OR
LP OSC
CONFIGURATION)
Clock from

ext. system

4% 0sC1

Open «——| 0OSC2

PIC16C5X

parts. See Section 9.1.

4.2 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 4-1). The
PIC16C5X oscillator design requires the use of a paral-
lel cut crystal. Use of a series cut crystal may give a fre-
guency out of the crystal manufacturers specifications.
When in XT, LP or HS modes, the device can have an
external clock source drive the OSC1/CLKIN pin
(Figure 4-2).
FIGURE 4-1: CRYSTAL/CERAMIC
RESONATOROPERATION
(HS, XT OR LP OSC
CONFIGURATION)
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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 Oscillator mode cho-

sen (approx. value = 10 MQ).

TABLE 4-1: CAPACITOR SELECTION FOR
CERAMIC RESONATORS -
PIC16C5X, PIC16CR5X
Osc Resonator | Cap. Range | Cap. Range
Type Freq C1 Cc2
XT 455 kHz 68-100 pF 68-100 pF
2.0 MHz 15-33 pF 15-33 pF
4.0 MHz 10-22 pF 10-22 pF
HS 8.0 MHz 10-22 pF 10-22 pF
16.0 MHz 10 pF 10 pF

These values are for design guidance only. Since
each resonator has its own characteristics, the user
should consult the resonator manufacturer for
appropriate values of external components.

TABLE 4-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR -
PIC16C5X, PIC16CR5X
Osc Crystal Cap.Range | Cap. Range
Type Freq C1 Cc2
LP 32 kHzD 15 pF 15 pF
XT 100 kHz 15-30 pF 200-300 pF
200 kHz 15-30 pF 100-200 pF
455 kHz 15-30 pF 15-100 pF
1 MHz 15-30 pF 15-30 pF
2 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF
8 MHz 15 pF 15 pF
20 MHz 15 pF 15 pF

Note 1: For VDD > 4.5V, C1=C2~ 30 pFis

recommended.

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.
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5.0 RESET

PIC16C5X devices may be RESET in one of the follow-
ing ways:

» Power-On Reset (POR)

« MCLR Reset (normal operation)

« MCLR Wake-up Reset (from SLEEP)

* WDT Reset (normal operation)

* WDT Wake-up Reset (from SLEEP)

Table 5-1 shows these RESET conditions for the PCL
and STATUS registers.

Some registers are not affected in any RESET condi-
tion. Their status is unknown on POR and unchanged
in any other RESET. Most other registers are reset to a
“RESET state” on Power-On Reset (POR), MCLR or
WDT Reset. A MCLR or WDT wake-up from SLEEP
also results in a device RESET, and not a continuation
of operation before SLEEP.

The TO and PD bits (STATUS <4:3>) are set or cleared
depending on the different RESET conditions (Table 5-
1). These bits may be used to determine the nature of
the RESET.

Table 5-3 lists a full description of RESET states of all
registers. Figure 5-1 shows a simplified block diagram
of the On-chip Reset circuit.

TABLE 5-1: STATUS BITS AND THEIR SIGNIFICANCE
Condition TO PD
Power-On Reset 1 1
MCLR Reset (normal operation) u u
MCLR Wake-up (from SLEEP) 1 0
WDT Reset (normal operation) 0 1
WDT Wake-up (from SLEEP) 0 0
Legend: u =unchanged, x = unknown, — = unimplemented read as '0'".
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH RESET
. . . . . . . . Value on Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR MCLR and
WDT Reset
03h | STATUS | PA2 PAL PAO T0 PD z DC (o} 0001 1xxx | 000g quuu
Legend: u =unchanged, x = unknown, g = see Table 5-1 for possible values.

© 1997-2013 Microchip Technology Inc.
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TABLE 5-3: RESET CONDITIONS FOR ALL REGISTERS
Register Address Power-On Reset MCLR or WDT Reset
W N/A XXXX XXXX uuuu uuuu
TRIS N/A 1111 1111 1111 1111
OPTION N/A --11 1111 --11 1111
INDF 00h XXXX XXXX uuuu uuuu
TMRO 01lh XXXX XXXX uuuu uuuu
PCL 02h 1111 1111 1111 1111
STATUS 03h 0001 1xxx 000g quuu
FSR® 04h IXXX XXXX luuu uuuu
PORTA 05h - - - XXXX ---- uuuu
PORTB 06h XXXX XXXX uuuu uuuu
PORTC® 07h XXXX XXXX uuuu uuuu
General Purpose Register Files 07-7Fh XXXX XXXX uuuu uuuu

Legend: x =unknown

u = unchanged

g = see tables in Table 5-1 for possible values.

Note 1: These values are valid for PIC16C57/CR57/C58/CR58. For the PIC16C54/CR54/C55/C56/CR56, the
value on RESET is 111x xxxx and for MCLR and WDT Reset, the value is 111u uuuu.
2: General purpose register file on PIC16C54/CR54/C56/CR56/C58/CR58.

- = unimplemented, read as '0'

FIGURE 5-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
Power-Up
Detect
VDD POR (Power-On Reset)
>
MCLR/VPP pin WDT Time-out
RESET s Q
O\rll\{g-rl;ip 8-bit Asynch
RC OSC Ripple Counter _
(Device Reset R Q [~ >
Timer)
CHIP RESET
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8.0 TIMERO MODULE AND TMRO

REGISTER

The TimerO module has the following features:

 8-bit timer/counter register, TMRO

- Readable and writable
« 8-bit software programmable prescaler
« Internal or external clock select

- Edge select for external clock

Figure 8-1 is a simplified block diagram of the Timer0
module, while Figure 8-2 shows the electrical structure
of the TimerO0 input.

Timer mode is selected by clearing the TOCS bit
(OPTION<5>). In Timer mode, the Timer0 module will
increment every instruction cycle (without prescaler). If
TMRO register is written, the increment is inhibited for
the following two cycles (Figure 8-3 and Figure 8-4).
The user can work around this by writing an adjusted
value to the TMRO register.

Counter mode is selected by setting the TOCS bit
(OPTION<5>). In this mode, TimerO will increment
either on every rising or falling edge of pin TOCKI. The
incrementing edge is determined by the source edge
select bit TOSE (OPTION<4>). Clearing the TOSE bit
selects the rising edge. Restrictions on the external
clock input are discussed in detail in Section 8.1.

Note: The prescaler may be used by either the

Timer0 module or the Watchdog Timer, but

not both.

The prescaler assignment is controlled in software by
the control bit PSA (OPTION<3>). Clearing the PSA bit
will assign the prescaler to TimerO. The prescaler is not
readable or writable. When the prescaler is assigned to
the TimerO0 module, prescale values of 1:2, 1:4,..,
1:256 are selectable. Section 8.2 details the operation
of the prescaler.

A summary of registers associated with the TimerQ
module is found in Table 8-1.

FIGURE 8-1: TIMERO BLOCK DIAGRAM
Data Bus
Fosc/4 0 PSout 8
* 1
Sync with

ﬁ] 11 —— Internal TMRO reg

TOCKI ‘ 7 Programmab)le ) Clocks PSout

pin Prescaler Svn
TosE® (2 cycle delay) =YNC
b
Ps2, Ps1, Pso®  psA®)
Tocs®

(Section 6.4).

Note 1: Bits TOCS, TOSE, PSA, PS2, PS1 and PSO are located in the OPTION register

2: The prescaler is shared with the Watchdog Timer (Figure 8-6).

FIGURE 8-2: ELECTRICAL STRUCTURE OF TOCKI PIN
RIN
. W\ {bc
TOCKI 1) Schmitt Trigger
pin (1) N Input Buffer
Vss Vss

Note 1: ESD protection circuits.

© 1997-2013 Microchip Technology Inc.
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FIGURE 8-3: TIMERO TIMING: INTERNAL CLOCK/NO PRESCALER
?PC 1Q1] Q2| Q3] Q4, Q1] Q2| Q3] Q4,Q1| Q2| Q3| Q4 Q1| Q2] Q3] Q4,Q1| Q2] Q3| Q4 ,Q1]| Q2| Q3] @4, Q1] Q2]Q3| @4, Q1| Q2| Q3| Q4,
rogram ' ' | ' | ' ' ! '
Counter) ( PC-1 X PC X PC+L X PC+2 X PC+3 X PC+4 ¥ PC+5 X PC+6 )
Eest‘éﬂmion X ! MOVWF TMRO ! MOVF TMRO,W ! MOVF TMRO,W ! MOVF TMROW ' MOVF TMRO,W ! MOVF TMRO.W ! '
Timer0 10 X Torl Y. Tow2 X, N0 Y NT0 X_._NT0 X NTori X Ntz X,
nstucton | : A A A S . 4 :
Executed X ' Write TMRO ' Read TMRO ' Read TMRO ' Read TMRO ' Read TMRO ' Read TMRO '
executed reads NTO reads NTO reads NTO reads NTO+1  reads NTO + 2
FIGURE 8-4. TIMERO TIMING: INTERNAL CLOCK/PRESCALER 1:2
(ppc 1Q1] Q2] Q3] Q41 Q1| Q2]Q3]Q4,Q1|Q2]Q3| Q4 1Q1] Q2] Q3] @4, Q1| Q2] Q3] Q41Q1| Q2] Q3] Q4 Q1| Q2]Q3| Q4 1 Q1] Q2| Q3] Q4
rogram | ' ' ' ' ' ! ! !
Counter) ( PC1 X PC X PC+l X PCi2 ¥ PCi3 X PC+d___§ PC+5 X PCi6 )
Instruction ' ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' '
Fetch l I I Z Z Z l l l
Timero 10 X To L N : NTO . : SO NTo )
Instruction : : : * : * : * : f : * : * :
Execute . . ' Write TMRO . Read TMRO | Read TMRO ' Read TMRO | Read TMRO | Read TMRO |
executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1
TABLE 8-1: REGISTERS ASSOCIATED WITH TIMERO
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on MCLR and
Reset WDT Reset
01h TMRO TimerO0 - 8-bit real-time clock/counter XXXX XXXX | uuuu uuuu
N/A optioN | — [ — [ tocs [ TosE | psa | ps2 | ps1 | pso |--11 1111 [--11 1111
Legend: x =unknown, u = unchanged, - = unimplemented. Shaded cells not used by Timer0.
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COMF Complement f
Syntax: [label] COMF fd
Operands: 0<f<31
d € [0,1]
Operation: (f) —> (dest)
Status Affected: Z
Encoding: |0010 |o1df |ffff |
Description: The contents of register 'f' are
complemented. If 'd" is O 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: COVF REGL, O
Before Instruction
REG1 = 0x13
After Instruction
REG1 = 0x13
W = OxEC
DECF Decrement f
Syntax: [label] DECF fd
Operands: 0<f<31
d € [0,1]
Operation: (f)— 1 —> (dest)
Status Affected: Z
Encoding: |0000 |11df |ffff |
Description: Decrement register 'f'. If 'd" is O 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: DECF CNT, 1
Before Instruction
CNT = 0x01
z = 0
After Instruction
CNT = 0x00
z = 1

DECFSZ Decrement f, Skip if O
Syntax: [label] DECFSZ f,d
Operands: 0<f<31
d e [0,1]
Operation: (H-1—>d; skipifresult=0
Status Affected: None
Encoding: |0010 |11df |ffff |
Description: The contents of register 'f' are dec-
remented. If 'd' is O the result is
placed in the W register. If 'd"is 1
the result is placed back in
register 'f'.
If the result is 0, the next instruc-
tion, which is already fetched, is
discarded and a NOP is executed
instead making it a two-cycle
instruction.
Words: 1
Cycles: 1(2)
Example: HERE DECFSZ CNT, 1
[ce))e LOOP
CONTI NUE »
Before Instruction
PC = address (HERE)
After Instruction
CNT = CNT-1;
if CNT = 0,
PC = address (CONTINUE);
if CNT z 0,
PC = address (HERE+1)

DS30453E-page 54

Preliminary

© 1997-2013 Microchip Technology Inc.



PIC16C5X

12.4 DC Characteristics: PIC16C54/55/56/57-RC, XT, 10, HS, LP (Commercial)
PIC16C54/55/56/57-RCl, XTI, 101, HSI, LPI (Industrial)

DC CHARACTERISTICS

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

Operating Temperature

Pilrsm Symbol | Characteristic/Device Min Typt Max Units Conditions
D030 ViL  |Input Low Voltage
I/O ports Vss — 0.2 VbD V  |Pin at hi-impedance
MCLR (Schmitt Trigger) Vss — 0.15VpD \%
TOCKI (Schmitt Trigger) Vss — 0.15VDpD \%
OSC1 (Schmitt Trigger) Vss — |015Vbp | V |PIC16C5X-RC only®
OSC1 (Schmitt Trigger) Vss — 0.3 VDD \% PIC16C5X-XT, 10, HS, LP
D040 VIH |Input High Voltage
1/0 ports 045VDD | — VDD vV |For all voo®
/0 ports 2.0 — VDD V 4.0V < VDD <55vV@
1/0O ports 0.36 VDD — VDD V |VDbD >5.5V
MCLR (Schmitt Trigger) 0.85 VDD — VDD \%
TOCKI (Schmitt Trigger) 0.85 VDD — VDD \%
OSC1 (Schmitt Trigger) 085VoD | — VDD V  |PIC16C5X-RC only®)
OSC1 (Schmitt Trigger) 0.7 VbD — VDD V  |PIC16C5X-XT, 10, HS, LP
D050 VHYS [Hysteresis of Schmitt 0.15 VDbD* — — \%
Trigger inputs
D060 L |Input Leakage Current®:2) For VDD < 5.5V:
I/O ports -1 0.5 +1 pA  |Vss < VPIN < VDD,
pin at hi-impedance
MCLR -5 — — pA  [VPIN = Vss + 0.25V
MCLR — 0.5 +5 pA  |VPIN = VDD
TOCKI -3 0.5 +3 pA  [VSsS < VPIN VDD
0OSC1 -3 0.5 +3 pA  |Vss < VPIN < VDD,
PIC16C5X-XT, 10, HS, LP
D080 VoL |Output Low Voltage
I/O ports — — 0.6 \Y loL = 8.7 mA, VDbD = 4.5V
OSC2/CLKOUT — — 0.6 \% loL =1.6 mA, VDD = 4.5V,
PIC16C5X-RC
D090 | VoW |Output High Voltage®
I/O ports VoD - 0.7 — — \Y loH =-5.4 mA, VDD = 4.5V
OSC2/CLKOUT VbD - 0.7 — — \Y loH =-1.0 mA, VDD = 4.5V,
PIC16C5X-RC
* These parameters are characterized but not tested.
Tt 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.

Note 1: The leakage current on the MCLR/VPP 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
voltage.

2: Negative current is defined as coming out of the pin.

3: For PIC16C5X-RC devices, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16C5X be driven with external clock in RC mode.

4: The user may use the better of the two specifications.

© 1997-2013 Microchip Technology Inc.
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FIGURE 13-3: CLKOUT AND I/O TIMING - PIC16CR54A
Q4 X Q1 X Q2 : Q3
0scC1 . V4 .
CLKOUT y"\K Lo l - /. :
Lo '13- - o ! _.'12.__ !
- , - 119 ' +18—» . . \
L . s :
I/O Pin Y ' b . ' \
(input) N\ ! ¢ o \ : : |
:1—17 ——: : - : 15 ! ! !
(o) Old Value X New Value |
20, 21 :
Note: Please refer to Figure 13.1 for load conditions.
TABLE 13-2: CLKOUT AND I/O TIMING REQUIREMENTS - PIC16CR54A
Standard Operating Conditions (unless otherwise specified)
o Operating Temperature 0°C < Ta < +70°C for commercial
AC Characteristics —40°C < TA < +85°C for industrial
—40°C < TA < +125°C for extended
Pilrgm Symbol Characteristic Min Typt Max Units
10 TosH2ckL  [OSC1T to CLKOUTI(M — 15 30* ns
11 TosH2ckH |0SC17T to CLKOUTT® — 15 30 ns
12 TckR CLKOUT rise time(® — 5.0 15% ns
13 TckF CLKOUT fall time® — 5.0 15% ns
14 TckL2ioV  |CLKOUTY to Port out valid® — — 40%* ns
15 TioV2ckH  |Port in valid before CLKOUTTY) 0.25 TCY+30*| — — ns
16 TckH2iol Port in hold after CLKOUTT() o* — — ns
17 TosH2ioV  |0SC1T (Q1 cycle) to Port out valid@ — — 100* ns
18 TosHZ2iol 0OSC1T (Q2 cycle) to Port input invalid TBD — — ns
(I/O in hold time)
19 TioV2osH Port input valid to 0SC171 TBD — — ns
(I/O in setup time)
20 TioR Port output rise time® — 10 25* ns
21 TioF Port output fall time(® — 10 25 ns

* These parameters are characterized but not tested.
**  These parameters are design targets and are not tested. No characterization data available at this time.

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

Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc.
2. Please refer to Figure 13.1 for load conditions.
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15.1 DC Characteristics: PIC16C54A-04, 10, 20 (Commercial)
PIC16C54A-041, 10I, 201 (Industrial)
PIC16LC54A-04 (Commercial)
PIC16LC54A-04I (Industrial)
PIC16LC54A-04 Standard Operating Conditions (unless otherwise specified)
PIC16LC54A-04I Operating Temperature 0°C < TA < +70°C for commercial
(Commercial, Industrial) —40°C < TA < +85°C for industrial
PIC16C54A-04, 10, 20 Standard Operating Conditions (unless otherwise specified)
PIC16C54A-041, 10I, 20l Operating Temperature 0°C < TA < +70°C for commercial
(Commerecial, Industrial) —40°C < TA < +85°C for industrial
Pilr;m Symbol Characteristic/Device Min | Typt | Max | Units Conditions
IPp | Power-down Current®
D006 PIC1I6LCSX | — 25 | 12 | pA |VDD = 2.5V, WDT enabled, Commercial
— 0.25 | 40 | pA |VDD= 2.5V, WDT disabled, Commercial
— 25 14 | pA | VDD = 2.5V, WDT enabled, Industrial
— 0.25 | 5.0 | pA |VDD =25V, WDT disabled, Industrial
DO06A PIC16C5X| — 4.0 12 pA | VDD = 3.0V, WDT enabled, Commercial
— 0.25 | 40| pA |VDD = 3.0V, WDT disabled, Commercial
— 5.0 14 | pA | VDD = 3.0V, WDT enabled, Industrial
— 0.3 | 50| pA |VDD=3.0V, WDT disabled, Industrial
Legend: Rows with standard voltage device data only are shaded for improved readability.

*  These parameters are characterized but not tested.

T Datain “Typ” column is based on characterization results at 25°C. This data is for design guidance only and
is 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 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, TOCKI = Vbb, MCLR = VbD; WDT enabled/
disabled as specified.

b) For standby current measurements, the conditions are the same, except that the device is in SLEEP
mode. The power-down current in SLEEP mode does not depend on the oscillator type.

3: Does not include current through REXT. The current through the resistor can be estimated by the formula:

IR = VDD/2REXT (mA) with REXT in kQ.
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15.5 Timing Parameter Symbology and Load Conditions

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

1. TppS2ppS

2. TppS

T

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

pp _
2 to mc MCLR
ck CLKOUT osc oscillator
cy cycletime os OSC1
drt device reset timer t0 TOCKI

io 1/O port

wdt watchdog timer

Uppercase letters and their meanings:

S

F Fall P  Period
H High R Rise
I Invalid (Hi-impedance) V  Valid
L Low Z Hi-impedance
FIGURE 15-1: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS - PIC16C54A

CL

Pin @j
I

Vss

CL= 50 pF for all pins and OSC2 for RC modes

0-15pF for OSC2 in XT, HS or LP modes when
external clock is used to drive OSC1
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FIGURE 16-4: TYPICAL RC OSCILLATOR FREQUENCY vs. VDD, CEXT = 300 PF, 25°C
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
700
e
\
I R=3.3K
\
600
\ \
500
—— Bk |
\
—~ 400
N
g \
?
|.O|. 300
| R=10K
— ]
200
100
R=100K
0
2.5 3.0 35 4.0 4.5 5.0 5.5 6.0
VDD (Volts)
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FIGURE 16-9: VIH, VIL OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs. VDD
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
45
4.0 °C)
+39
35 (A >
. Mo
N 500
& 3.0 \‘\\,\ Wp 850(;\
S _a0°
2 25 / W ain &
=
Z 20
I
~ 5°C)
15 ViL max (-40°C 1o +8 ]
1.0 | Vil typ +25°C
—— I
[ —
L o
0.5 ———— VL min (~40°C to +85°C) —
—
N
0.0 | |
2.5 3.0 4.0 4.5 5.0 5.5 6.0
VDD (Volts)
Note: These input pins have Schmitt Trigger input buffers.
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17.1 DC Characteristics:PIC16C54C/C55A/C56A/C57C/C58B-04, 20 (Commercial, Industrial)
PIC16LC54C/LC55A/LC56A/LC57C/LC58B-04 (Commercial, Industrial)
PIC16CR54C/CR56A/CR57C/CR58B-04, 20 (Commercial, Industrial)
PIC16LCR54C/LCR56A/LCR57C/LCR58B-04 (Commercial, Industrial)

PIC16LC5X Standard Operating Conditions (unless otherwise specified)

PIC16LCR5X Operating Temperature 0°C < TA < +70°C for commercial

(Commercial, Industrial)

—40°C < TA < +85°C for industrial

PIC16C5X Standard Operating Conditions (unless otherwise specified)
PIC16CR5X Operating Temperature 0°C < TA < +70°C for commercial
(CommerciaL |ndustria|) —40°C < TA < +85°C for industrial
Param - . . . .
NoO Symbol Characteristic/Device Min | Typt | Max | Units Conditions
IPo | Power-down Current®
D020 PIC16LCS5X| — 0.25 2 pA | VDD = 2.5V, WDT disabled, Commercial
— 0.25 3 pA | VDD = 2.5V, WDT disabled, Industrial
— 1 5 pA | VDD = 2.5V, WDT enabled, Commercial
— 1.25 8 pA | VDD = 2.5V, WDT enabled, Industrial
D020A PIC16C5X | — 0.25 | 4.0 pA | VDD = 3.0V, WDT disabled, Commercial
— 0.25 | 5.0 pA | VDD = 3.0V, WDT disabled, Industrial
— 18 |7.00| pA |VDD=5.5V, WDT disabled, Commercial
— 20 |[8.0*| pA |VDD=5.5V, WDT disabled, Industrial
— 4 12* pA | VDD = 3.0V, WDT enabled, Commercial
— 4 14* pA | VDD = 3.0V, WDT enabled, Industrial
— 9.8 27* pA | VDD = 5.5V, WDT enabled, Commercial
— 12 30* pA | VDD = 5.5V, WDT enabled, Industrial
Legend: Rows with standard voltage device data only are shaded for improved readability.

*  These parameters are characterized but not tested.

T Datain “Typ” columnis 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 bus loading,
oscillator type, bus rate, internal code execution pattern and temperature also have an impact on the current con-
sumption.

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, TOCKI = 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.
The power-down current in SLEEP mode does not depend on the oscillator type.

3: Does not include current through REXT. The current through the resistor can be estimated by the formula:

IR = VDD/2REXT (MA) with REXT in kQ.
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17.5 Timing Diagrams and Specifications

FIGURE 17-6: EXTERNAL CLOCK TIMING - PIC16C5X, PIC16CR5X

Q4 i Q1 i Q2 i Q3 X Q4 i Q1

0scC1

CLKOUT

TABLE 17-1: EXTERNAL CLOCK TIMING REQUIREMENTS - PIC16C5X, PIC16CR5X

Standard Operating Conditions (unless otherwise specified)

Operating Temperature 0°C < TA < +70°C for commercial
—40°C < TA < +85°C for industrial
—40°C < TA < +125°C for extended

AC Characteristics

Pa’\rlsm Symbol Characteristic Min | Typt | Max |Units Conditions
Fosc External CLKIN Frequency(l) DC — 4.0 | MHz | XT osc mode
DC — 4.0 | MHz |HS osc mode (04)
DC — 20 | MHz |HS osc mode (20)
DC — 200 | kHz |LP osc mode
Oscillator Frequency(? DC | — 4.0 | MHz |RC osc mode
0.45 — 4.0 | MHz |XT osc mode
4.0 — 4.0 | MHz |HS osc mode (04)
4.0 — 20 | MHz |HS osc mode (20)
5.0 — 200 | kHz |LP osc mode
1 Tosc  |External CLKIN Period® 250 | — — | ns |XT osc mode
250 — — ns [HS osc mode (04)
50 — — ns [HS osc mode (20)
5.0 — — us |LP osc mode
Oscillator Period™® 250 | — — | ns [RC osc mode
250 — 2,200| ns |XT osc mode
250 — 250 ns [HS osc mode (04)
50 — 250 | ns |HS osc mode (20)
5.0 — 200 | ps |LP osc mode

* These parameters are characterized but not tested.

1t Data in the Typical (“Typ”) column is at 5V, 25°C unless otherwise stated. These parameters are for design
guidance only and are not tested.

Note 1: All specified values are based on characterization data for that particular oscillator type under standard oper-
ating conditions with the device executing code. Exceeding these specified limits may result in an unstable
oscillator operation and/or higher than expected current consumption.

When an external clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.
2: Instruction cycle period (Tcy) equals four times the input oscillator time base period.
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FIGURE 18-8: VTH (INPUT THRESHOLD TRIP POINT VOLTAGE) OF I/O PINS vs. VDD
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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FIGURE 18-9: VIH, VIL OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs. VDD
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
45
4.0 °C)
.G 1O +85
35 x (A
25°C
¥ - OC\
—~ 3.0 Y @5
2 A
S W0 (0
> 2.5 / W o
=
Z 20
I
> °C)
15 viL max (-40°C 1o +85°C) —
1.0 | ViL typ +2500
——— I
[ —
| o
0.5 — ViL min (—40°C to +85°C) —
R
—
0.0 | |
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
VDD (Volts)
Note: These input pins have Schmitt Trigger input buffers.
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TYPICAL Ipbp vs. FREQUENCY (WDT DISABLED, RC MODE @ 100 pF, 25°C)

FIGURE 18-12:
TYPICAL Ipb vs FREQ(RC MODE @ 100 pF/25C) Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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FIGURE 18-13: TYPICAL IpD vs. FREQUENCY (WDT DISABLED, RC MODE @ 300 pPF, 25°C)
TYPICAL IpD vs FREQ (RC MODE @ 300 pF/25C) Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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19.3 Timing Parameter Symbology and Load Conditions

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

1. TppS2ppS
2. TppS
T
F  Frequency T Time
Lowercase letters (pp) and their meanings:
pp _
2 to mc MCLR
ck CLKOUT osc oscillator
cy cycletime os 0OSC1
drt device reset timer t0  TOCKI
io 1/O port wdt watchdog timer
Uppercase letters and their meanings:
S
F Fall P  Period
H High R Rise
| Invalid (Hi-impedance) V  Valid
L Low Z Hi-impedance
FIGURE 19-2: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS -

PIC16C54C/C55A/C56A/C57C/C58B-40

CL .
operation between
20 MHz to 40 MHz

Pin CL = 50 pF for all pins except OSC2
% 0 pF for OSC2 in HS mode for

Vss
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18-Lead Ceramic Dual In-line with Window (JW) — 300 mil (CERDIP)

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

[eett—— £ ] ——
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w2 o]
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n | 1
N
—— \\/]  |—-——
feat——— | ——— +
A L= | A2
c L
L— eB ——] Al B1 }
B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 18 18
Pitch p .100 2.54
Top to Seating Plane A .170 .183 .195 4.32 4.64 4.95
Ceramic Package Height A2 .155 .160 .165 3.94 4.06 4.19
Standoff Al .015 .023 .030 0.38 0.57 0.76
Shoulder to Shoulder Width E .300 .313 .325 7.62 7.94 8.26
Ceramic Pkg. Width E1l .285 .290 .295 7.24 7.37 7.49
Overall Length D .880 .900 .920 22.35 22.86 23.37
Tip to Seating Plane L 125 .138 .150 3.18 3.49 3.81
Lead Thickness c .008 .010 .012 0.20 0.25 0.30
Upper Lead Width B1 .050 .055 .060 1.27 1.40 1.52
Lower Lead Width B .016 .019 .021 0.41 0.47 0.53
Overall Row Spacing 8 eB .345 .385 425 8.76 9.78 10.80
Window Width w1 .130 .140 .150 3.30 3.56 3.81
Window Length w2 .190 .200 .210 4.83 5.08 5.33

* Controlling Parameter

§ Significant Characteristic
JEDEC Equivalent: MO-036
Drawing No. C04-010

DS30453E-page 180 Preliminary © 1997-2013 Microchip Technology Inc.



PIC16C5X

28-Lead Ceramic Dual In-line with Window (JW) — 600 mil (CERDIP)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging
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eB Al
B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 28 28
Pitch p .100 2.54
Top to Seating Plane A .195 .210 .225 4.95 5.33 5.72
Ceramic Package Height A2 .155 .160 .165 3.94 4.06 4.19
Standoff Al .015 .038 .060 0.38 0.95 1.52
Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Ceramic Pkg. Width E1l .514 .520 .526 13.06 13.21 13.36
Overall Length D 1.430 1.460 1.490 36.32 37.08 37.85
Tip to Seating Plane L .125 .138 .150 3.18 3.49 3.81
Lead Thickness c .008 .010 .012 0.20 0.25 0.30
Upper Lead Width B1 .050 .058 .065 1.27 1.46 1.65
Lower Lead Width B .016 .020 .023 0.41 0.51 0.58
Overall Row Spacing § eB .610 .660 710 15.49 16.76 18.03
Window Diameter w .270 .280 .290 6.86 7.11 7.37

* Controlling Parameter

§ Significant Characteristic
JEDEC Equivalent: MO-103
Drawing No. C04-013
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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.

Connectingtothe 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
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