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Buffers: Latch and Tri-state Buffer

Latch (Flip-flop) —p o}

@ Basic storage element in sequential
logic that stores one bit of data

@ Two stable states: 0 and 1 E/C|D Q Q
@ Signal at D is stored in output Q if 0 | X | Qold | Qold
input E is 1 1 0 0 1
Tri-state Buffer L L L 0
@ Output port assumes high impedance X ﬂ -, B .
if input Bis 0 | =
— Multiple circuits can share the A|B C
same output line X | 0 | Z (high impedance)
@ Output port C has value of input Aif | 0 | 1 0
input B is 1 111 1
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Overview: Peripherals
Port A 1/O Ports
@ General purpose 5-bit bi-directional port ‘ TMARO
@ Separation of pins ]
o pin RAO-RA3 u [X] rmsrocia
e pin RA4 L
@ Additional functionality at pin RA4: Timer0
Port B aji’ 1O Ports
@ General purpose 8-bit bi-directional port | ) ASAD
@ Separation of pins Data || ' .
o pin RBO-RB3 Bus RETRE
e pin RB4-RB7 <+ reoNT
@ Additional functionality at pin RBO: Interrupt
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Port B: Pin RBO to RB3
Description Voo
RBPL
@ Data Latch holds data value
o Write data: trigger WR Port Data Bus e
e Read data: trigger RD Port WA Por
@ Direction in TRISB register P
. TRIS Latch
e Value 1: input o af
e Value 0: output WR TRIS K\
@ Write TRIS: trigger WR TRIS
@ Read TRIS: trigger RD TRIS B0 TRIS
@ Latch for input data Latches ":F
I I ;r:rpmcli?ntae: AD Port EN
@ Schmitt trigger for RBO e o ¥ K
@ Weak pull-up resistors for input RBO/INT ﬁ] |
operation gmrlﬁ Trigger RD Paort
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Port B: RBO to RB3 — Input Operation

Description for Pin RBi
@ Pin RBi as input

RBi

Voo

BEBRLM
REPy | B Weak
Pull-up
t:

. . Data Latch
o TRISB register bit iis 1 Data Bus ool
e Output of TRIS latch is 1 b ok o
= Tri-state buffer at output . | B
is disabled c o ™
WR TRIS nput '\ /
. . Buffer
@ Input value is latched during i
) TRISB[i
data read (RD Port is 1) PORTEI]
@ Use weak pull-up: clear bit — Fiyes
) ) s
RBPU in the OPTION register :ﬁmﬂeﬂﬁﬂ___’ o
port is read K
BBOINT A
Schmitt Trigger RD Port
Bufter
PORTB(data) [ [ [ [ [ | [ [ ]
bit 0 i 3 7
TRISB(conf) [ TA] T [ [ [ T ]
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Port B: Schmitt-Trigger at RBO/INT

Operation

@ Special logic gate input that "cleans up” a corrupted logic signal

@ When output signal is logic 0, the input signal has to pass the
positive going threshold to obtain logic 1

@ When the output signal is logic 1, the input signal has to pass the
negative going threshold to obtain logic 0
= small fluctuations in the input signal do not change the logic level
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Port B: RBO to RB3 — Output Operation

Description for Pin RBi

@ Pin RBi as output

e TRISB register bit iis 0
e Output of TRIS latch is 0

= Tri-state buffer at output

is enabled

= Weak pull-up is disabled

@ Direct transfer of data latch
value to output pin

RBi

sy PORTBI L

P Pull-up

o |:.|inﬂ:I

TRIS Laich
D Q e

pCK Y _

WR TRIS

RD TRIS

Latches
input data
| e EN
portis read
&{J}INT 1 K
T
Schmitt Trigger | RAD Port
Butter
PORTB(data) [ | | [ [ [ [ [ ]
bit 0 i 3 7
TRISB(conf) [ JO] [ T [ [ [ ]
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Port B: RB4 to RBY
Description for Pin RBi . Voo
GERVA Weak
. . P
@ Same functionality as Port 2] Data Latch — Pulbee
Data Bus
RBO_RB3 . @ ¥ pi i)
pin
WR Port
- . . - CK
@ Additional functionality: Data el
. TRIS Latch
value from previous read D o
operation is stored in second WRTRIS | | "'\?mt
[y
latch ! Butfer
. Compare “—ﬁj_]
Com:
= An mte_rrupt can be revious oths | -
generated if the data value e <Ij H 0 g0 | previous
1 ~ Port
Cc h an geS Set RBIE AD Port _E EM value
L a <D
il I previons
PORTB (data) [ ] ] | T 111 En port
bit 0 i value
TRISB(conf) [ [ [ | [ Ta] T ] AD Port
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Port B: Programming

Configuration: TRISB register Explanation
@ TRISB on memory bank 1

status equ 03
bsf status,5

@ Write configuration to TRISB

movlw B’00000101°
movwf trisb

Data Value PORTB
@ PORTB on memory bank 0

bct status,5

@ Write value to Port B

movlw B’10100010’
movwf portb
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Port B: Electrical Input Connections

Single-Pole Double-Throw (SPDT)  Schematic
@ One terminal connected to ground
@ One terminal connected to supply

@ Switch selects one of the terminals

Single-Pole Single-Throw (SPST)

@ Pull-up resistor connected to one
terminal

@ One terminal connected to ground
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Port B: Electrical Output Connections

LED with Sourcing Current Schematic

@ Positive LED pin is connected to
gate via resistor

@ Negative LED pin at ground
@ Current flows out of the gate

@ Compute resistor value depending
on LED current requirements

LED with Sinking Current

@ Positive LED pin is connected to
supply via resistor

@ Negative LED pin at gate

@ Current flows into the gate
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Port B: Application Examples

Example
@ Use one Port B pin as input pin and one Port B pin as output pin
@ Connect one push-button to the input pin
@ Connect one LED to the output pin
@ Turn on the LED if the push-button is pressed

Circuit
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Port B: Application Examples

Program
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Port B: Application Examples

Example
@ Use one Port B pin as input pin and two Port B pins as output pin
@ Connect one push-button to the input pin
@ Connect one LED to each output pin

@ Turn on one LED if the push-button is pressed and the other LED if
the push button is not pressed

Circuit
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Port B: Application Examples

Program
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Port A: RAQO to RA3 — General

Description Data Tristate
us D Q uffer
@ Data Latch holds data value - E"'"“"':,;'
e Write data: trigger WR Port Pol i pokafe ‘D ;
e Read data: trigger RD Port Data Latch s+ X
@ Direction in TRISA register ) :D_‘ Hinas
e Value 1: input WR B
e Value 0: output L TR
e Write TRIS: trigger WR TRIS TAIS Laen L _7
Input
e Read TRIS: trigger RD TRIS % Sufer
@ Latch for input data | RO TR
@ Tri-state buffer for "open drain” Q ’
output EN T
RD Port | D
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Port A: RAO to RA3 — Input Configuration

Description for Pin RAI

@ Pin RAI as input
e TRISA register bit iis 1
e Output of TRIS latch is 1
e Negated TRIS latch is 0
= Tri-state buffer is disabled

@ Input value is latched during data read

(RD Port is 1)

L _J
L]
-
L]
-

Port A

sesansansane
VD

Pin

Data
Bus D Q
WH

WR

TRIS Latch

Data Latch E 1 D
m

Q
I —
TAIS| N 5

L
’__ﬂﬂ;ms
|

floats

11O pin

0

Q D -

RD Port

-

>

PORTA (data) |:|:|:|:|;|
A e e

TRISA (conf) 1
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Port A: RAO to RA3 — Output
gata
Description for Pin RAi e
WR
@ Pin RAI as output PP ok T
o TRISA register bit i is 0 peta Lateh ;QE
. in
e Output of TRIS latch is 0 R ’
o Negated TRIS latch is 1 WR i
TRISL » k5
= Tri-state buffer provides data value at T
output L
) ? ; Buffer
RD TRIS
| Q Des
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RD Port

]

>

PORTA (data) L T T T T |

bit 0 | 4
TRISA (conf) [ JOT T T |
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Port A: RA4

Description
@ Pin RA4 as output
e TRISA register bit 4is 0
e Output of TRIS latch is 0
e Negated TRIS latch is 1
= "Open drain” output is undefined
for data value 1
= Connect pull-up resistor to supply
voltage
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Data
Bus D a
WR _|Z
_LD o RA4 pin
Data Latch
+— D Q Vss
WR
TRIS | ol |4
TRIS Latch Schmitt
Trigger ?7
Input
1 Buffer
RD TRIS
//1 Q D
EMN
RD Port D" —‘
TMRO Clock Input

-
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Port A: Programming

Configuration: TRISA register
@ TRISA on memory bank 1

status
bsf

equ 03
status,5

@ Write configuration to TRISA
movlw B’00000101°

movwf trisa
Data Value PORTA
@ PORTA on memory bank 0

bct status,b5

® Write value to Port A

movlw B’10100010’
movwf porta
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Explanation
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Port A: Application Examples

Example
@ Connect one push-button to an input pin at Port A
@ Turn on a LED at a Port A pin if the push-button is pressed
@ Turn on a LED at a Port B pin if the push-button is not pressed

Circuit
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Port A: Application Examples

Program
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Port A: Application Examples

Program
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