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PIC16(L)F1764/5/8/9

TABLE 3-16: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
. . . . . . . . Value on Value on
Addr Name Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR All Other
Resets
Bank 12
60Ch
to — Unimplemented — —
616h
617h |PWM3DCL DC<1:0> — — — — — — XR== —=== uu-- —---
618h |PWM3DCH DC<9:2> XXXX XXXX |Uuuu uuuu
619h |PWM3CON EN | — out POL — — — — 0-00 ----|0-00 ----
61Ah |PWM4DCL® DC<1:0> — — — — — — 00-- —--- uu-- ----
61Bh |PWM4DCH® DC<9:2> 0000 0000 |uuuu uuuu
61Ch |PWMACON®@ N [ — out POL — — — — 0-00 ---- | 0-00 ----
61Dh
— — Unimplemented — —
61Fh
Bank 13
68Ch — Unimplemented — —
68Dh |COG1PHR — — COG Rising Edge Phase Delay Count Register --00 0000 [--00 0000
68Eh | COG1PHF — — COG Falling Edge Phase Delay Count Register --00 0000 [--00 0000
68Fh |COG1BLKR — — COG Rising Edge Blanking Count Register --00 0000 [--00 0000
690h | COG1BLKF — — COG Falling Edge Blanking Count Register --00 0000 [--00 0000
691h |COG1DBR — — COG Rising Edge Dead-band Count Register --00 0000 |--00 0000
692h |COG1DBF — — COG Falling Edge Dead-band Count Register --00 0000 |--00 0000
693h |COG1CONO EN LD — CS<1:0> MD<2:0> 00-0 0000 {00-0 0000
694h | COG1CON1 RDBS FDBS — — POLD POLC POLB POLA 00-- 0000 | 00-- 0000
695h |COG1RISO RIS<7:0> 0000 0000 | 0000 0000
696h |COG1RIS1 RIS15@) | RIS<14:8> 0000 0000 | 0000 0000
697h | COG1RSIMO RSIM<7:0> 0000 0000 | 0000 0000
698h | COG1RSIM1 RSIM152 | RSIM<14:8> 0000 0000 | 0000 0000
699%h |COG1FISO FIS<7:0> 0000 0000 {0000 0000
69Ah |COG1FIS1 FIS15@ | FIS<14:8> 0000 0000 {0000 0000
69Bh | COG1FSIMO FSIM<7:0> 0000 0000 | 0000 0000
69Ch | COG1FSIM1 FSIM15@) FSIM<14:8> 0000 0000 | 0000 0000
69Dh | COG1ASDO ASE ARSEN ASDBD<1:0> ASDAC<1:0> — — 0001 01-- | 0001 01--
69Eh |COG1ASD1 ASTE AS6E AS5E ASAE AS3E AS2E AS1E ASOE 0000 0000 | 0000 0000
69Fh |COG1STR SDATD SDATC SDATB SDATA STRD STRC STRB STRA 0000 0000 | 0000 0000
Legend: x = unknown; u = unchanged; g = value depends on condition; - = unimplemented, read as ‘0’; r = reserved.

Shaded locations are unimplemented, read as ‘0’.

Note 1: Unimplemented, read as ‘1.
2: PIC16(L)F1768/9 only.
3:  PIC16(L)F1764/5 only.
4:  Unimplemented on PIC16LF1764/5/8/9.
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4.3 Code Protection

Code protection allows the device to be protected from
unauthorized access. Program memory protection is
controlled independently. Internal access to the
program memory is unaffected by any code protection
setting.

4.3.1 PROGRAM MEMORY PROTECTION

The entire program memory space is protected from
external reads and writes by the CP bit in the
Configuration Words. When CP = 0, external reads and
writes of program memory are inhibited and a read will
return all ‘0’s. The CPU can continue to read program
memory, regardless of the protection bit settings.
Writing the program memory is dependent upon the
write protection setting. See Section 4.4 “Write
Protection” for more information.

4.4 Write Protection

Write protection allows the device to be protected from
unintended self-writes. Applications, such as boot
loader software, can be protected while allowing other
regions of the program memory to be modified.

The WRT<1:0> bits in the Configuration Words define
the size of the program memory block that is protected.

4.5 User ID

Four memory locations (8000h-8003h) are designated
as ID locations where the user can store checksum or
other code identification numbers. These locations are
readable and writable during normal execution. See
Section 10.4 “User ID, Device ID and Configuration
Word Access” for more information on accessing
these memory locations. For more information on
checksum calculation, see the “PIC16(L)F170X
Memory Programming Specification” (DS40001683).

© 2014-2017 Microchip Technology Inc.

DS40001775C-page 67



PIC16(L)F1764/5/8/9

REGISTER 13-3: IOCAF: INTERRUPT-ON-CHANGE PORTA FLAG REGISTER

uU-0 uU-0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0
— — IOCAF<5:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared HS = Hardware Settable bit
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAF<5:0>: Interrupt-On-Change PORTA Flag bits

1 = An enabled change was detected on the associated pin
Set when IOCAPx = 1 and a rising edge was detected on RAx, or when IOCANx = 1 and a falling
edge was detected on RAXx.

0 = No change was detected or the user cleared the detected change

REGISTER 13-4: I0CBP: INTERRUPT-ON-CHANGE PORTB POSITIVE EDGE REGISTER!")

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 U-0 U-0 U-0
I0CBP<7:4> — — — —

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit
u = Bit is unchanged X = Bit is unknown U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets
bit 7-4 IOCBP<7:4>: Interrupt-On-Change PORTB Positive Edge Enable bits

1 = Interrupt-On-Change is enabled on the pin for a positive going edge; IOCBFx bit and IOCIF flag
will be set upon edge detection
0 = Interrupt-On-Change is disabled for the associated pin

bit 3-0 Unimplemented: Read as ‘0’

Note 1: PIC16(L)F1768/9 only.
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16.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Analog-to-Digital Converter (ADC) allows
conversion of an analog input signal to a 10-bit binary
representation of that signal. This device uses analog
inputs, which are multiplexed into a single
Sample-and-Hold (S&H) circuit. The output of the
Sample-and-Hold is connected to the input of the con-
verter. The converter generates a 10-bit binary result via
successive approximation and stores the conversion
result into the ADC Result registers (ADRESH:ADRESL
register pair). Figure 16-1 shows the block diagram of
the ADC.

FIGURE 16-1: ADC BLOCK DIAGRAM

The ADC voltage reference is software-selectable to be
either internally generated or externally supplied.

The ADC can generate an interrupt upon completion of
a conversion. This interrupt can be used to wake-up the
device from Sleep.

VDD

[ ADPREF<1:0>=00_

o ADPREF<1:0>=11

I

VREF+ ADPREF<1:0>= 10o

FVR_buffer1

ANO [ 00000
VReF+/ANT [X] 00001| Vss

AN2 XF——— 00010
AN3 XF——— 00011
AN4 XF——— 00100
AN5 X}———— 00101
ANG X}——— 00110
AN7 XF——— 00111
ANS?) &7 01000
ANO(2) @7 01001

VREF- ADNREF =1 o

\ ADNREF = 0

T~

Ref- Ref+

AN10@ [X}———— 01010
AN11@ X}———Ho01011

DAC4_output®) ———— 11010
DAC3_output —— 11011
DAC2_output®) ——————11100
Temp Indicator ———— 11101
DAC1_output ————— 11110
FVR_buffer{ —————— 11111
T

CHS<4:0>

2: PIC16(L)F1768/9 only

ADC
GO/DONE =+ 10

ADON(M —| 16

Note 1: When ADON = 0, all multiplexer inputs are disconnected.

0 = Left Justify

ADFM — . Right Justify

Vss [ ADRESH | ADRESL |
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TABLE 16-1: ADC CLOCK PERIOD (TAD) vs. DEVICE OPERATING FREQUENCIES

ADC Clock Period (TAD) Device Frequency (Fosc)

Azglﬁ::‘:’k ADCS<2:0>| 32 MHz 20 MHz 16 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 000 62.5ns(?) 100 ns(? 125 ns(?) 250 ns(? 500 ns(? 2.0 us
Foscl4 100 125 ns® 200 ns@ 250 ns(@ 500 ns(2) 1.0 us 4.0 us
Fosc/8 001 0.5 ps@ 400 ns(® 0.5 us® 1.0 ps 2.0 us 8.0 us®
Fosc/16 101 800 ns 800 ns 1.0 us 2.0 us 4.0 pus 16.0 us(?
Fosc/32 010 1.0 ps 1.6 us 2.0 us 4.0 us 8.0 us® 32.0 ps@
Fosc/64 110 2.0 us 3.2 s 4.0 ps 8.0 us® 16.0 us@ 64.0 us®
FRC x11 1.0-6.0 us(t*[1.0-6.0 ps"4{1.0-6.0 us('*|1.0-6.0 us*¥ [1.0-6.0 ps*4{1.0-6.0 us(*4
Legend: Shaded cells are outside of the recommended range.

Note 1: See the TAD parameter for FRC source typical TAD value.

2: These values violate the required TAD time.

3: Outside the recommended TAD time.

4: The ADC clock period (TAD) and total ADC conversion time can be minimized when the ADC clock is
derived from the system clock, Fosc. However, the FRC oscillator source must be used when conversions
are to be performed with the device in Sleep mode.

FIGURE 16-2: ANALOG-TO-DIGITAL CONVERSION Tap CYCLES

Rev. 10-000035A
7/3012013

Taca | Holding capacitor disconnected

‘ TAD1 ‘ TAD2 ‘ TAD3 ‘ TAD4 ‘ TAD5 ‘ TADB TAD7 | TAD8 ‘ TAD9 | TAD10 ‘ TAD11 ‘
i ; | T T i T T i T T |
b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
THCD
Conversion Starts

On the following cycle:

from analog input (THCD).

Set GO bit

ADRESH:ADRESL is loaded,
GO bit is cleared,
ADIF bit is set,

and

Enable ADC (ADON bit)

Select channel (ACS bits)

holding capacitor is reconnected to analog input.
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18.0 10-BIT DIGITAL-TO-ANALOG
CONVERTER (DAC) MODULE

The 10-bit Digital-to-Analog Converter (DAC) supplies
a variable voltage reference, ratiometric with the input
source, with 1024 selectable output levels.

The input of the DAC can be connected to:
» External VREF pins

» VDD supply voltage
* FVR (Fixed Voltage Reference)

The output of the DAC can be configured to supply a
reference voltage to the following:

» Comparator positive input

* ADC input channel

* DACxOUT1 pin

* Op Amp

The Digital-to-Analog Converter is enabled by setting
the EN bit of the DACxCONO register.

EQUATION 18-1: DAC OUTPUT VOLTAGE

TABLE 18-1: AVAILABLE 10-BIT DACs

Device D1 D2
PIC16(L)F1764 °
PIC16(L)F1765 °
PIC16(L)F1768 ° °
PIC16(L)F1769 ° °

18.1 Output Voltage Level Selection

The DAC has 1024 voltage levels that are set by the
10-bit reference selection word contained in the
DACxREFH and DACXREFL registers. This 10-bit
word can be left or right justified. See Section 18.4
“DAC Reference Selection Justification” for more
details.

The DAC output voltage can be determined with
Equation 18-1.

IfEN = I:

VSOURCE- = VSS OR VREF-

DACx_output = (( VSOURCE+ — VSOURCE-) x

VSOURCE+ = VDD, VREF+, or FVR_buffer2

DACxR[9:0] CXR[9:0]) + VSOURCE-
10

2

18.2 Ratiometric Output Voltage

The DAC output voltage is derived using a resistor
ladder with each end of the ladder tied to a positive and
negative voltage source. If the voltage of either input
source fluctuates, a similar fluctuation will result in the
DAC output value.

The value of the individual resistors within the ladder
can be found in Table 36-20.

18.3 DAC Output

The DAC voltage is always available to the internal
peripherals that use it. The DAC voltage can be output
to the DACxOUT1 pin by setting the OE1 bit of the
DACxCONO register. Selecting the DAC voltage for
output on the DACxOUT1 pin automatically overrides
the digital output buffer and digital input threshold
detector functions of that pin. Reading the DACXOUT1
pin when it has been configured for DAC voltage output
will always return a ‘0’.

Due to the limited current drive capability, a buffer must
be used on the DAC voltage output for external
connections to either DACXOUT1 pin. Figure 18-3
shows a buffering technique example.

18.4 DAC Reference Selection
Justification

The DAC reference selection can be configured to be left
or right justified. When the FM bit of the DACxCONO
register is set, the 10-bit word is left justified, such that
the eight Most Significant bits fill the DACXREFH register
and the two Least Significant bits are left justified in the
DACXREFL register. When the FM bit is cleared, the
10-bit word is right justified, such that the eight Least
Significant bits fill the DACXREFL register and the two
Most Significant bits are right justified in the DACXREFH
register. Refer to Figure 18-1.

The DACxXREFL and DACXREFH registers are
double-buffered. Writing to either register does not take
effect immediately. Writing a ‘1’ to the DACXLD bit of
the DACLD register transfers the contents of the
DACxXxREFH and DACXREFL registers to the buffers,
thereby changing all 10 bits of the DAC reference
selection simultaneously.

DS40001775C-page 190
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REGISTER 18-2: DACxREFH: DACx REFERENCE VOLTAGE SELECT HIGH REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
REF<9:x> (x Depends on FM bit)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit
u = Bit is unchanged x = Bit is unknown U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets

When FM = 1 (left justified):

bit 7-0 REF<9:2>: DAC Reference Voltage Output Select bits
DACxOUT1 = f(REF<9:0>) (see Equation 18-1).

When FM = 0 (right justified):

bit 7-2 Unimplemented: Read as ‘0’

bit 1-0 REF<9:8>: DAC Reference Voltage Output Select bits
DACxOUT1 = f(REF<9:0>) (see Equation 18-1).

REGISTER 18-3: DACXREFL: DACx REFERENCE VOLTAGE SELECT LOW REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
REF<x-1:0> (x Depends on FM bit)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit
u = Bit is unchanged x = Bit is unknown U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets

When FM = 1 (left justified):

bit 7-6 REF<1:0>: DAC Reference Voltage Output Select bits
DACxOUT1 = f(REF<9:0>) (see Equation 18-1).

bit 5-0 Unimplemented: Read as ‘0’

When FM = 0 (right justified):

bit 7-0 REF<7:0>: DAC Reference Voltage Output Select bits

DACxOUT1 = f(REF<9:0>) (see Equation 18-1).

DS40001775C-page 194 © 2014-2017 Microchip Technology Inc.
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22.7 Timer1 Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timer1 rolls
over, the Timer1 interrupt flag bit of the PIR1 register is
set. To enable the interrupt-on-rollover, you must set
these bits:

* ON bit of the TICON register

* TMR1IE bit of the PIE1 register

» PEIE bit of the INTCON register

» GIE bit of the INTCON register

The interrupt is cleared by clearing the TMR1IF bit in
the Interrupt Service Routine.

Note:  The TMR1H:TMRI1L register pair and the
TMR1IF bit should be cleared before
enabling interrupts.

22.8 Timer1 Operation During Sleep

Timer1 can only operate during Sleep when setup in

Asynchronous Counter mode. In this mode, an external

crystal or clock source can be used to increment the

counter. To set up the timer to wake the device:

* ON bit of the TICON register must be set

* TMR1IE bit of the PIE1 register must be set

* PEIE bit of the INTCON register must be set

» SYNC bit of the T1CON register must be set

* CS<1:0> bits of the T1ICON register must be
configured

* OSCEN bit of the T1CON register must be
configured

The device will wake-up on an overflow and execute

the next instructions. If the GIE bit of the INTCON

register is set, the device will call the Interrupt Service

Routine.

The secondary oscillator will continue to operate in
Sleep regardless of the SYNC bit setting.

FIGURE 22-2:

TIMER1 INCREMENTING EDGE

229 CCP Capture/Compare Time Base

The CCP modules use the TMR1H:TMR1L register
pair as the time base when operating in Capture or
Compare mode.

In Capture mode, the value in the TMR1H:TMR1L
register pair is copied into the CCPR1H:CCPR1L
register pair on a configured event.

In Compare mode, an event is triggered when the value
CCPR1H:CCPRA1L register pair matches the value in
the TMR1H:TMR1L register pair. This event can be an
Auto-conversion Trigger.

For more information, see Section 24.0

“Capture/Compare/PWM Modules”.

22.10 CCP Auto-Conversion Trigger

When any of the CCPs are configured to trigger an
auto-conversion, the trigger will clear the
TMR1H:TMR1L register pair. This auto-conversion
does not cause a Timer1 interrupt. The CCP module
may still be configured to generate a CCP interrupt.

In this mode of operation, the CCPR1H:CCPR1L
register pair becomes the period register for Timer1.

Timer1 should be synchronized and Fosc/4 should be
selected as the clock source in order to utilize the
Auto-conversion Trigger. Asynchronous operation of
Timer1 can cause an Auto-conversion Trigger to be
missed.

In the event that a write to TMR1H or TMR1L coincides
with an Auto-conversion Trigger from the CCP, the
write will take precedence.

For more information, see Section 24.2.1
“Auto-Conversion Trigger”.

TI1CKI =1
when TMR1

Enabled *

T1CKI= 0

when TMR1
Enabled

}

Note 1: Arrows indicate counter increments.

of the clock.

2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge

} } }

© 2014-2017 Microchip Technology Inc.
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26.0 16-BIT PULSE-WIDTH
MODULATION (PWM) MODULE

The Pulse-Width Modulation (PWM) module generates
a Pulse-Width Modulated signal determined by the
phase, duty cycle, period and offset event counts that
are contained in the following registers:

* PWMxPH registers

+ PWMxDC registers

* PWMXxPR registers

* PWMXxOF registers

Figure 26-1 shows a simplified block diagram of the
PWM operation.

Each PWM module has four modes of operation:
+ Standard

+ Set On Match

» Toggle On Match

» Center-Aligned

For a more detailed description of each PWM mode,
refer to Section 26.2 “PWM Modes”.

Each PWM module has four Offset modes:

* Independent Run
 Slave Run with Synchronous Start
» One-Shot Slave with Synchronous Start

+ Continuous Run Slave with Synchronous Start
and Timer Reset

Using the Offset modes, each PWM module can offset
its waveform relative to any other PWM module in the
same device. For a more detailed description of the
Offset modes, refer to Section 26.3 “Offset Modes”.

Every PWM module has a configurable reload
operation to ensure all event count buffers change at
the end of a period, thereby avoiding signal glitches.
Figure 26-2 shows a simplified block diagram of the
reload operation. For a more detailed description of
the reload operation, refer to Section 26.4 “Reload
Operation”.

FIGURE 26-1: 16-BIT PWMx BLOCK DIAGRAM
MODII:<1 :0> Re 00 520
EN
PHx_match PWM Control
DCx_match Unit D aof— PWMxOUT
A
Q4 —pCK
PWMxPOL
OF6_match OF match o M outputy, 1 Peripherals
set
OF5_match" PRx_match Control
OFSs OFM|<1 :0> PPS PWMx
E R UD
PWM_clock—>  pyWMxTMR RxyPPS TRIS Control

PRx_match
set PRIF

PHx_match
set PHIF

16-bt Latch {LDX_1rI9ger | 46 pt | atch | LDX trigger

OFx_match
set OFIF

DCx_match
set DCIF

16-bt Latch | LDX_1I9ger | 46 pt  atch J LDx_trigger

17 17

PWMxOF

Note 1: A PWM module cannot trigger from its own offset match event.

The input corresponding to a PWM module’s own offset match is reserved.

© 2014-2017 Microchip Technology Inc.
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REGISTER 26-2:

PWMXxINTE: PWMx INTERRUPT ENABLE REGISTER

U-0 U-0 U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — OFIE PHIE DCIE PRIE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit

u = Bit is unchanged

x = Bit is unknown

U = Unimplemented bit, read as ‘0’

‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets
bit 7-4 Unimplemented: Read as ‘0’
bit 3 OFIE: Offset Interrupt Enable bit

1 = Interrupts CPU on offset match

0 = Does not interrupt CPU on offset match
bit 2 PHIE: Phase Interrupt Enable bit

1 = Interrupts CPU on phase match

0 = Does not interrupt CPU on phase match
bit 1 DCIE: Duty Cycle Interrupt Enable bit

1 = Interrupts CPU on duty cycle match

0 = Does not interrupt CPU on duty cycle match
bit 0 PRIE: Period Interrupt Enable bit

1 = Interrupts CPU on period match
0 = Does not interrupt CPU on period match

© 2014-2017 Microchip Technology Inc.
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27.7.1 ASYNCHRONOUS DELAY CHAIN
DEAD-BAND DELAY

Asynchronous dead-band delay is determined by the
time it takes the input to propagate through a series of
delay elements. Each delay element is a nominal five
nanoseconds.

For rising event asynchronous dead-band delay, set
the RDBS bit of the COGxCONO register and set the
COGxDBR register (Register 27-14) value to the
desired number of delay elements in the rising event
dead-band time.

For falling event asynchronous dead-band delay, set
the FDBS bit of the COGxCONO register and set the
COGxDBF register (Register 27-15) value to the
desired number of delay elements in the falling event
dead-band time.

Setting the value to zero disables dead-band delay.

27.7.2 SYNCHRONOUS COUNTER
DEAD-BAND DELAY

Synchronous counter dead-band is timed by counting
COG_clock periods from zero, up to the value in the
Dead-Band Count register. Use Equation 27-1 to
calculate dead-band times.

For rising event synchronous dead-band delay, clear
the RDBS bit of the COGxCONO register and set the
COGxDBR register value to the number of COG_clock
periods in the rising event dead-band time.

For falling event synchronous dead-band delay, clear
the FDBS bit of the COGxCONO register and set the
COGxDBF register value to the number of COG_clock
periods in the falling event dead-band time.

When the value is zero, dead-band delay is disabled.

27.7.3 SYNCHRONOUS COUNTER
DEAD-BAND TIME UNCERTAINTY

When the rising and falling events that trigger the
dead-band counters come from asynchronous inputs,
it creates uncertainty in the synchronous counter
dead-band time. The maximum uncertainty is equal to
one COG_clock period. Refer to Example 27-1 for
more detail.

When event input sources are asynchronous with no
phase delay, use the Asynchronous Delay Chain
Dead-Band mode to avoid the dead-band time
uncertainty.

27.7.4 RISING EVENT DEAD-BAND

Rising event dead-band delays the turn-on of the
primary outputs from when complementary outputs are
turned off. The rising event dead-band time starts
when the rising_ event output goes true.

See Section 27.7.1 “Asynchronous Delay Chain
Dead-Band Delay” and Section 27.7.2 “Synchronous
Counter Dead-Band Delay” for more information on
setting the rising edge dead-band time.

27.7.5 FALLING EVENT DEAD-BAND

Falling event dead-band delays the turn-on of
complementary outputs from when the primary outputs
are turned off. The falling event dead-band time starts
when the falling_event output goes true.

See Section 27.7.1 “Asynchronous Delay Chain
Dead-Band Delay” and Section 27.7.2 “Synchronous
Counter Dead-Band Delay” for more information on
setting the rising edge dead-band time.

27.7.6 DEAD-BAND OVERLAP
There are two cases of potential dead-band overlap:

* Rising-to-falling
 Falling-to-rising

27.7.6.1 Rising-to-Falling Overlap

In this case, the falling event occurs while the rising
event dead-band counter is still counting. When this
happens, the primary drives are suppressed and the
dead-band extends by the falling event dead-band
time. At the termination of the extended dead-band
time, the complementary drive goes true.

27.7.6.2 Falling-to-Rising Overlap

In this case, the rising event occurs while the falling
event dead-band counter is still counting. When this
happens, the complementary drive is suppressed and
the dead-band extends by the rising event dead-band
time. At the termination of the extended dead-band
time, the primary drive goes true.

27.8 Blanking Control

Input blanking is a function whereby the event inputs
can be masked or blanked for a short period of time.
This is to prevent electrical transients caused by the
turn-on/off of power components from generating a
false input event.

The COG contains two blanking counters: one
triggered by the rising event and the other triggered by
the falling_event. The counters are cross coupled with
the events they are blanking. The falling event
blanking counter is used to blank rising input events
and the rising event blanking counter is used to blank
falling input events. Once started, blanking extends for
the time specified by the corresponding blanking
counter.

Blanking is timed by counting COG_clock periods from
zero, up to the value in the Blanking Count register. Use
Equation 27-1 to calculate blanking times.
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28.1 CLCx Setup TABLE 28-1: CLCx DATA INPUT SELECTION

Programming the CLCx module is performed by config- Data Input dy CLCx

uring the four stages in the logic signal flow. The four DxS<5:0>

stages are: LCx_in[38] | 100110 |[MD1_out™ or MD2_out® or
Reserved®

= Data selection

» Data gating

 Logic function selection
» Output polarity

LCx_in[37] 100101 |Fosc

LCx_in[36] 100100 |HFINTOSC
LCx_in[35] 100011 |LFINTOSC
LCx_in[34] 100010 |FRC (ADC RC clock)
LCx_in[33] | 100001 [IOCIF Set
LCx_in[32] 100000 |Timer6_postscaled

Each stage is set up at run time by writing to the corre-
sponding CLCx Special Function Registers. This has
the added advantage of permitting logic reconfiguration

on-the-fly during program execution. LCx_in[31] 011111 |Timer4_postscaled
LCx_in[30] 011110 |Timer2_postscaled

28.1.1 DATA SELECTION LCx_in[29] | 011101 |Timer5 Overflow

There are 32 signals available as inputs to the configu- LCx_in[28] | 011100 |Timer3 Overflow

rable logic. Four 32-input multiplexers are used to LCx_in[27] | 011011 |Timer1 Overflow

select the inputs to pass on to the next stage. LCx_in[26] 011010 |Timer0O Overflow

Data selection is through four multiplexers, as indicated LCx_in[25] | 011001 |EUSART RX

on the left side of Figure 28-2. Data inputs in the figure LCx_in[24] | 011000 |EUSART TX

are identified by a generic numbered input name. LCx_in[23] 010111 |ZCD1_output

Table 28-1 correlates the generic input name to the LCx_in[22] 010110 [MSSP1 SDO/SDA

actual signal for each CLC module. The column labeled, LCx_in[21] | 010101 |MSSP1 SCL/SCK

dy, indicates the MUX selection code for the selected LCx_in[20] | 010100 |PWMS6_out

data input. DxS is an abbreviation for the MUX select LCx_in[19] 010011 PWMS_out

input codes: D1S<5:0> through D4S<5:0>. LCx_in[18] | 010010 |PWM4 out

Data inputs are selected with the CLCxSELO through LCx_in[17] | 010001 |PWM3_out

CLCxSEL3 registers  (Register 28-3  through

LCx_in[16 010000 |CCP2_out
Register 28-6). X_in[16] ' ou

LCx_in[15] 001111 |[CCP1_out
Note: Data selections are undefined at power-up. I LCx_in[14] 001110 |COG2B
LCx_in[13] 001101 |COG2A
LCx_in[12] 001100 [COG1B
LCx_in[11] 001011 |COG1A
LCx_in[10] 001010 ([sync_C40UT
LCx_in[9] 001001 |[sync_C30UT
LCx_in[8] 001000 |[sync_C20UT
LCx_in[7] 000111 |[sync_C10UT
LCx_in[6] 000110 (LC3_out from the CLC3
LCx_in[5] 000101 (LC2_out from the CLC2
LCx_in[4] 000100 [LC1_out from the CLC1
LCx_in[3] 000011 |[CLCIN3 Pin Input Selected in
CLCIN3PPS Register
LCx_in[2] 000010 |[CLCIN2 Pin Input Selected in
CLCIN2PPS Register
LCx_in[1] 000001 |CLCIN1 Pin Input Selected in
CLCIN1PPS Register
LCx_in[0] 000000 |CLCINO Pin Input Selected in
CLCINOPPS Register
Note 1: CLCxSELO only.

2: PIC16(L)F1768/9 CLCXSEL1 only.

3: CLCxSEL2, CLCxSEL3 and

PIC16(L)F1764/5 CLCxSEL1 only.
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32.8

REGISTER 32-1:

Register Definitions: MSSP Control

SSP1STAT: MSSP STATUS REGISTER

u = Bit is unchanged
‘1’ = Bit is set

x = Bit is unknown
‘0’ = Bit is cleared

R/W-0/0 R/W-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
SMP CKE D/A P S R/W UA BF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

SMP: SPI Data Input Sample bit

SPI Master mode:

1 = Input data sampled at end of data output time

0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in Slave mode.

In 1°C Master or Slave mode:

1 = Slew rate control is disabled for Standard Speed mode (100 kHz and 1 MHz)

0 = Slew rate control is enabled for High-Speed mode (400 kHz)

CKE: SPI Clock Edge Select bit (SPI mode only)

In SPI Master or Slave mode:

1 = Transmit occurs on transition from active to Idle clock state

0 = Transmit occurs on transition from Idle to active clock state

In 1°C mode only:

1 = Enables input logic so that thresholds are compliant with SMBus specification

0 = Disables SMBus specific inputs

D/A: Data/Address bit (1°C mode only)

1 = Indicates that the last byte received or transmitted was data

0 = Indicates that the last byte received or transmitted was address

P: Stop bit (I°C mode only; this bit is cleared when the MSSP module is disabled, SSPEN is cleared)
1 = Indicates that a Stop bit has been detected last (this bit is ‘0’ on Reset)

0 = Stop bit was not detected last

S: Start bit (I2C mode only; this bit is cleared when the MSSP module is disabled, SSPEN is cleared)
1 = Indicates that a Start bit has been detected last (this bit is ‘0’ on Reset)

0 = Start bit was not detected last

R/W: Read/Write bit information (1°C mode only)

This bit holds the R/W bit information following the last address match. This bit is only valid from the
address match to the next Start bit, Stop bit or not ACK bit.

In I°C Slave mode:

1 = Read

0 = Write

In 1°C Master mode:

1 = Transmit is in progress

0 = Transmit is not in progress

ORing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is in Idle mode.
UA: Update Address bit (10-bit I°C mode only)

1 = Indicates that the user needs to update the address in the SSPxADD register
0 = Address does not need to be updated
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33.1 EUSART Asynchronous Mode

The EUSART transmits and receives data using the
standard Non-Return-to-Zero (NRZ) format. NRZ is
implemented with two levels: a VOH Mark state which
represents a ‘1’ data bit, and a VoL Space state which
represents a ‘0’ data bit. NRZ refers to the fact that
consecutively transmitted data bits of the same value
stay at the output level of that bit without returning to a
neutral level between each bit transmission. An NRZ
transmission port Idles in the Mark state. Each character
transmission consists of one Start bit, followed by eight
or nine data bits and is always terminated by one or
more Stop bits. The Start bit is always a space and the
Stop bits are always marks. The most common data
format is eight bits. Each transmitted bit persists for a
period of 1/(Baud Rate). An on-chip dedicated
8-bit/16-bit Baud Rate Generator is used to derive
standard baud rate frequencies from the system
oscillator. See Table 33-5 for examples of baud rate
configurations.

The EUSART transmits and receives the LSb first. The
EUSART'’s transmitter and receiver are functionally
independent, but share the same data format and baud
rate. Parity is not supported by the hardware, but can
be implemented in software and stored as the ninth
data bit.

33.1.1 EUSART ASYNCHRONOUS
TRANSMITTER

The EUSART transmitter block diagram is shown in
Figure 33-1. The heart of the transmitter is the serial
Transmit Shift Register (TSR), which is not directly
accessible by software. The TSR obtains its data from
the transmit buffer, which is the TXXREG register.

33.1.1.1 Enabling the Transmitter

The EUSART transmitter is enabled for asynchronous
operations by configuring the following three control
bits:

« TXEN=1
« SYNC=0
« SPEN=1

All other EUSART control bits are assumed to be in
their default state.

Setting the TXEN bit of the TXxSTA register enables the
transmitter circuitry of the EUSART. Clearing the SYNC
bit of the TXXSTA register configures the EUSART for
asynchronous operation. Setting the SPEN bit of the
RCxSTA register enables the EUSART and
automatically configures the TX/CK I/O pin as an output.
If the TX/CK pin is shared with an analog peripheral, the
analog /O function must be disabled by clearing the
corresponding ANSELX bit.

Note: The TXIF transmitter interrupt flag is set
when the TXEN enable bit is set.

33.1.1.2

A transmission is initiated by writing a character to the
TXXREG register. If this is the first character, or the
previous character has been completely flushed from
the TSR, the data in the TXxREG is immediately
transferred to the TSR register. If the TSR still contains
all or part of a previous character, the new character
data is held in the TXxREG until the Stop bit of the
previous character has been transmitted. The pending
character in the TXXREG is then transferred to the TSR
in one Tcy immediately following the Stop bit
transmission. The transmission of the Start bit, data bits
and Stop bit sequence commences immediately
following the transfer of the data to the TSR from the
TXXREG.

Transmitting Data

33.1.1.3

The polarity of the transmit data can be controlled with
the SCKP bit of the BAUDXCON register. The default
state of this bit is ‘0’ which selects high true transmit Idle
and data bits. Setting the SCKP bit to ‘1’ will invert the
transmit data resulting in low true Idle and data bits. The
SCKP bit controls transmit data polarity in
Asynchronous mode only. In Synchronous mode, the
SCKP bit has a different function. See Section 33.5.1.2
“Clock Polarity”.

Transmit Data Polarity

33.1.14 Transmit Interrupt Flag

The TXIF interrupt flag bit of the PIR1 register is set
whenever the EUSART transmitter is enabled and no
character is being held for transmission in the TXxREG.
In other words, the TXIF bit is only clear when the TSR
is busy with a character and a new character has been
queued for transmission in the TXxREG. The TXIF flag
bit is not cleared immediately upon writing TXXREG.
TXIF becomes valid in the second instruction cycle
following the write execution. Polling TXIF immediately
following the TXxREG write will return invalid results.
The TXIF bit is read-only, it cannot be set or cleared by
software.

The TXIF interrupt can be enabled by setting the TXIE
interrupt enable bit of the PIE1 register. However, the
TXIF flag bit will be set whenever the TXXREG is
empty, regardless of the state of TXIE enable bit.

To use interrupts when transmitting data, set the TXIE
bit only when there is more data to send. Clear the
TXIE interrupt enable bit upon writing the last character
of the transmission to the TXxREG.

© 2014-2017 Microchip Technology Inc.
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TABLE 33-5: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH=1,BRG16 =1 or SYNC=1,BRG16=1
BAUD Fosc = 32.000 MHz Fosc =20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE
Actual % S'\ZEIZG Actual % SS:EZG Actual % SI\’,:EI:G Actual % SI",:EI:G
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 26666 300.0 0.00 16665 300.0 0.00 15359 300.0 0.00 9215
1200 1200 0.00 6666 1200 -0.01 4166 1200 0.00 3839 1200 0.00 2303
2400 2400 0.01 3332 2400 0.02 2082 2400 0.00 1919 2400 0.00 1151
9600 9604 0.04 832 9597 -0.03 520 9600 0.00 479 9600 0.00 287
10417 10417 0.00 767 10417 0.00 479 10425 0.08 441 10433 0.16 264
19.2k 19.18k  -0.08 416 19.23k  0.16 259 19.20k 0.00 239 19.20k 0.00 143
57.6k 57.55k  -0.08 138 5747k  -0.22 86 57.60k  0.00 79 57.60k 0.00 47
115.2k | 115.9k 0.64 68 116.3k 0.94 42 115.2k 0.00 39 115.2k 0.00 23
SYNC =0, BRGH=1,BRG16 =1 or SYNC =1, BRG16 =1
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc =1.000 MHz
RATE
Actual % s::ﬁ::G Actual % S'ZEZG Actual % SSZE::G Actual % SI\’I:EEG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 6666 300.0 0.01 3332 300.0 0.00 3071 300.1 0.04 832
1200 1200 -0.02 1666 1200 0.04 832 1200 0.00 767 1202 0.16 207
2400 2401 0.04 832 2398 0.08 416 2400 0.00 383 2404 0.16 103
9600 9615 0.16 207 9615 0.16 103 9600 0.00 95 9615 0.16 25
10417 10417 0 191 10417 0.00 95 10473 0.53 87 10417 0.00 23
19.2k 19.23k 0.16 103 19.23k  0.16 51 19.20k  0.00 47 19.23k 0.16 12
57.6k | 57.14k -0.79 34 58.82k 2.12 16 57.60k  0.00 15 — — —
115.2k | 117.6k 2.12 16 1111k -3.55 8 115.2k 0.00 7 — — —

© 2014-2017 Microchip Technology Inc.
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33.5.1.5 Synchronous Master Reception

Data is received at the RX/DT pin. The RX/DT pin
output driver is automatically disabled when the
EUSART is configured for synchronous master receive
operation.

In Synchronous mode, reception is enabled by setting
either the Single Receive Enable bit (SREN of the
RCxSTA register) or the Continuous Receive Enable
bit (CREN of the RCxSTA register).

When SREN is set and CREN is clear, only as many
clock cycles are generated as there are data bits in a
single character. The SREN bit is automatically cleared
at the completion of one character. When CREN is set,
clocks are continuously generated untii CREN is
cleared. If CREN is cleared in the middle of a character,
the CK clock stops immediately and the partial charac-
ter is discarded. If SREN and CREN are both set, then
SREN is cleared at the completion of the first character
and CREN takes precedence.

To initiate reception, set either SREN or CREN. Data is
sampled at the RX/DT pin on the trailing edge of the
TX/CK clock pin and is shifted into the Receive Shift
Register (RSR). When a complete character is
received into the RSR, the RCIF bit is set and the char-
acter is automatically transferred to the two-character
receive FIFO. The Least Significant eight bits of the top
character in the receive FIFO are available in RCxREG.
The RCIF bit remains set as long as there are unread
characters in the receive FIFO.

Note: If the RX/DT function is on an analog pin,
the corresponding ANSELX bit must be
cleared for the receiver to function.

33.5.1.6 Slave Clock

Synchronous data transfers use a separate clock line,
which is synchronous with the data. A device configured
as a slave receives the clock on the TX/CK line. The
TX/CK pin output driver is automatically disabled when
the device is configured for synchronous slave transmit
or receive operation. Serial data bits change on the
leading edge to ensure they are valid at the trailing edge
of each clock. One data bit is transferred for each clock
cycle. Only as many clock cycles should be received as
there are data bits.

Note: If the device is configured as a slave and
the TX/CK function is on an analog pin, the
corresponding ANSELx bit must be
cleared.

33.5.1.7

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received before RCxREG is read to access
the FIFO. When this happens, the OERR bit of the
RCxSTA register is set. Previous data in the FIFO will
not be overwritten. The two characters in the FIFO
buffer can be read, however, no additional characters
will be received until the error is cleared. The OERR bit
can only be cleared by clearing the overrun condition.
If the overrun error occurred when the SREN bit is set
and CREN is clear, then the error is cleared by reading
RCXREG. If the overrun occurred when the CREN bit is
set, then the error condition is cleared by either clearing
the CREN bit of the RCxSTA register or by clearing the
SPEN bit which resets the EUSART.

Receive Overrun Error

33.5.1.8 Receiving 9-Bit Characters

The EUSART supports 9-bit character reception. When
the RX9 bit of the RCxSTA register is set the EUSART
will shift nine bits into the RSR for each character
received. The RX9D bit of the RCxSTA register is the
ninth, and Most Significant, data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the RX9D data bit must
be read before reading the eight Least Significant bits
from the RCxREG.

33.5.1.9  Synchronous Master Reception

Setup

1. Initialize the SPxBRGH, SPxBRGL register pair
for the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

2. Clear the ANSELX bit for the RX pin (if applicable).

3. Enable the synchronous master serial port by
setting bits, SYNC, SPEN and CSRC.

4. Ensure bits, CREN and SREN, are clear.

5. |If interrupts are desired, set the RCIE bit of the
PIE1 register, and the GIE and PEIE bits of the
INTCON register.

6. If 9-bit reception is desired, set bit, RX9.

7. Start reception by setting the SREN bit, or for
continuous reception, set the CREN bit.

8. Interrupt flag bit, RCIF, will be set when recep-
tion of a character is complete. An interrupt will
be generated if the enable bit, RCIE, was set.

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

10. Read the 8-bit received data by reading the
RCxREG register.

11. If an overrun error occurs, clear the error by
either clearing the CREN bit of the RCxSTA
register or by clearing the SPEN bit which resets
the EUSART.

© 2014-2017 Microchip Technology Inc.
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FIGURE 33-12: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

RXDT X ito X bit1 X bit2 bita > bita > bits bite > bit 7

TX/CK Pin
(SCKP = 0) | | | I | I [ | [ I [ I [ I [ I

(gé/r?PK:PiB L L [ [ 7 LI 1]

Write to
SREN bit

CRENbit _0’

SRENbit __ | .

RCIF bit
(Interrupt)

Read
RCxREG

Note:  Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TABLE 33-8: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER

RECEPTION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':ﬁgpi:t;
ANSELA — — — ANSA4 — ANSA<2:0> 137
ANSELB™ ANSB<7:4> = === 143
ANSELC ANSC<7:6>(1) — — ANSC<3:0> 148
BAUD1CON | ABDOVF RCIDL — SCKP BRG16 — | WUE | ABDEN 442
CKPPS — — — CKPPS<4:0> 154, 156
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 101
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE | CCP1IE | TMR2IE | TMR1IE 102
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF | CCP1IF | TMR2IF | TMR1IF 105
RC1REG EUSART Receive Data Register 436*
RC1STA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 441
RXPPS — — — RXPPS<4:0> 154, 156
RxyPPS — — — RxyPPS<4:0> 154
SP1BRGL BRG<7:0> 443*
SP1BRGH BRG<15:8> 443*
TRISA == TRISA<5:4> — TRISA<2:0> 136
TRISB™ TRISB<7:4> — — [ = 1 = 142
TRISC TRISC<7:6>(" TRISC<5:0> 147
TX1STA CSRC | X9 TXEN SYNC SENDB BRGH | TRMT | TX9D 440
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for synchronous master reception.

*

Page provides register information.
Note 1: PIC16(L)F1768/9 only.
2: Unimplemented, read as ‘1.
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CALL Call Subroutine CLRWDT Clear Watchdog Timer

Syntax: [label] CALL k Syntax: [label] CLRWDT

Operands: 0 <k <2047 Operands: None

Operation: (PC)+ 1> TOS, Operation: 00h —» WDT
k — PC<10:0>, 0 — WDT prescaler,
(PCLATH<6:3>) - PC<14:11> 1->TO

Status Affected: None 1—>PD

Description: Call Subroutine. First, return address Status Affected: TO, PD
(PC + 1) is pushed onto the stack. Description: CLRWDT instruction resets the Watch-
The 11-bit immediate address is dog Timer. It also resets the prescaler
loaded into PC bits<10:0>. The upper of the WDT. Status bits TO and PD
bits of the PC are loaded from are set.
PCLATH. CALL is a 2-cycle
instruction.

CALLW Subroutine Call With W COMF Complement f

Syntax: [ label ] CALLW Syntax: [ label] COMF fd

Operands: None Operands: 0<f<127

Operation: (PC) +1 — TOS, d_e [0,1]
(W) > PC<7:0>, Operation: (f) > (destination)
(PCLATH<6:0>) —» PC<14:8> Status Affected: 7z

Status Affected: None Description: The contents of register ‘f’ are

Description: Subroutine call with W. First, the complemented. If ‘d’ is ‘0’, the result is
return address (PC + 1) is pushed stored in W. If ‘'d’ is ‘1’, the result is
onto the return stack. Then, the stored back in register ‘f’.
contents of W are loaded into
PC<7:0>, and the contents of
PCLATH into PC<14:8>. CALLWIis a
2-cycle instruction.

CLRF Clear f DECF Decrement f

Syntax: [ label] CLRF f Syntax: [ label] DECF f,d

Operands: 0<f<127 Operands: 0<f<127

Operation: 00h — (f) de0.1]
1-5Z Operation: (f) - 1 — (destination)

Status Affected: Z Status Affected: 4

Description: The contents of register ‘f’ are cleared Description: Decrement register f'. If ‘d’ is ‘0", the
and the Z bit is set. result is stored in the W register. If ‘d’

is ‘1, the result is stored back in
register ‘f.

CLRW Clear W

Syntax: [ label] CLRW

Operands: None

Operation: 00h — (W)
1->Z

Status Affected: 4

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

set.
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39.2 Package Details
The following sections give the technical details of the packages.

14-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

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

okl ke Wl Ml

NN :,‘j z

\\‘:2\' 51
m
—

NOTE 1
x

/]

\\\

NN

N8

~ o]

LEAL;AHJJHH'MJ'MJ

D

$

$
[ |
Ay B 7< N
L . c

A1— }
—— b1

b — & |- I eB
Units INCHES
Dimension Limits MIN NOM MAX
Number of Pins N 14
Pitch e .100 BSC
Top to Seating Plane A - - 210
Molded Package Thickness A2 115 .130 .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length D .735 .750 775
Tip to Seating Plane L 115 .130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located with the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
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