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Chapter 10. Synchronous Serial Communication and Keyboard Connection
1. Synchronous Communication

As its name implies, synchronous communication takes place between a transmitter and a
receiver operating on synchronized clocks. In a synchronous system, the communication partners
have a short conversation before data exchange begins. In this conversation, they align their
clocks and agree upon the parameters of the data transfer, including the time interval between
bits of data. Any data that falls outside these parameters will be assumed to be either in error or a
placeholder used to maintain synchronization. (Synchronous lines must remain constantly active
in order to maintain synchronization, thus the need for placeholders between valid data.) Once
each side knows what to expect of the other, and knows how to indicate to the other whether
what was expected was received, then communication of any length can commence.

Even though 16F877's USART module provides hardware enabled synchronous master/slave
mode of serial communication, we opt to a software enabled approach. It's because the built-in
serial port will be connected to a host PC for hex code download. Of course, that same port can
be used for other serial device, it would be cumbersome to connect and disconnect a code.
Moreover, we will connect another serial device, like a keyboard or mouse, in the example of
this chapter, therefore, software approach will give us more freedom of adding additional serial
device.

An application of this chapter is to connect a keyboard (eventually two keyboards) and one LCD
to the 16F877 in order to let two persons of hearing or speaking disability communicate by
typing and reading. The keyboard we are going to connect is the most common type, IBM AT
or PS/2 keyboard. The keyboard communicates with PC in synchronous serial communication.

AT type keyboard has 5 pins while PS/2 type keyboard has 6 pins. As illustrated below, for both

types of keyboard, there are total 4 signals: +5V power signal, ground, and a CLOCK line, and a
DATA line.

P52 keyboard

(1) DATA @ +5V
CLOCK
{%}. % Female Socket @ NC &
e (3 GND ®) NC
AT keyboard  CLOCK o G
@ @ DATA @) +5Y

@@@ Female Socket 3 NC
Fig. 75 PS/2 and AT type keyboard
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2. IBM AT- or PS/2 — type Keyboard Protocol

The protocol between the keyboard and PC is the most important subject we have to understand
in our example application.

The PS/2 mouse and keyboard implement a bidirectional synchronous serial protocol. The bus is
"idle" when both lines are high (open-collector). This is the only state where the
keyboard/mouse is allowed begin transmitting data. The host has ultimate control over the bus
and may inhibit communication at any time by pulling the Clock line low.

The keyboard always generates the clock signal. This is done by a keyboard controlling
microcontroller inside the keyboard.

The Data and Clock lines are both open-collector with pull-up resistors to +5V. An "open-
collector” interface has two possible state: low, or high impedance. In the "low" state, a
transistor pulls the line to ground level. In the "high impedance™ state, the interface acts as an
open circuit and doesn't drive the line low or high.

The first thing we have to know is how the keyboard controller chip send data to a host (PC or
17F877 in our case). As mentioned above there are two signals from the keyboard: CLOCK and
DATA. DATA is sent only when synchronized with the CLOCK. When the keyboard is idle,
without any key pressed, both CLOCK and DATA are remained pulled up High. When a key is
pressed in the keyboard, both the CLOCK pulse and DATA pulse are transmitted from the
keyboard. Through the DATA, strings of byte data are generated. The clock pulses are
generated during the data transmission through the CLOCK line.

One thing we have to remember is that a single key stroke does not generate only a byte of data:
it generates usually 3 bytes of data and, but other keys generate 5 bytes of data. The list of byte
data generated by each individual key is called Keyboard Scan Codes. This discussion follows.

Let's continue our discussion on keyboard protocol. A byte data from the keyboard is sent in a
frame consisting of 11 bits. The frame consists, in the following order, of:

1 Start bit (Low),

8-bit data (LSB first, as usual),
1 Odd Parity bit, and

1 Stop bit (High).

The width of the data bit is about 70us. The frame is synchronized with 11 clock pulses of 70us
with about 40% duty cycle. Namely, the clock pulse's width is 70us and it's High is about 307s
and its Low for 40ps. As indicated below, a host can sample (or monitor) each bit of the frame
at the falling edge of the clock pulse. If we allow a short transition time of High-to-Low change,
it would be safe to sample after around 5 ps of the High-to-Low transition of the clock.

To read the frame using 16F877, we need two 1/O ports configured as inputs for CLOCK and
DATA lines. First we monitor the CLOCK line for transition from High to Low. When it
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changes to Low, after 5 ps, we read the DATA line for each bit. Once a bit is read, now we back
to the CLOCK monitoring. The CLOCK must go back to High and do the High-to-Low
transition for the next bit reading. This process goes for all 11 bits of a frame. Since the 8-bit
byte is sent LSB first, as soon as each bit of the byte is read, it must be rotate to the right by one
to make a regular byte format: MSB to LSB.
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B0 BY
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Before we further proceed to the Keyboard Scan Codes, let's have a 16F877 connection with a
standard AT or PS/2 keyboard. CLOCK line is connected to RB7 and DATA line to RB6 as
illustrated below.
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Fig. 76 PIC 16F877 connection to PS/2 Keyboard
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Then, let's build a subroutine to read the 11-bit frame: the basic building block of keyboard
reading. As explained above, reading each bit is based on the monitoring of the CLOCK line
(RB7) of the High-to-Low transition. Since there are chances that the monitoring would be in
the middle of the frame transmission, we may want to have a short High CLOCK before we
allow to receive a frame. The subroutine, RX11bit, is listed below with ample amount of
comments. In the subroutine, we keep the Parity bit for later use of transmission parity check.
Also, an unknown transmission error is recorded when the last bit (STOP) is not High. The 8-
bit data, after the subroutine, is stored in the file register of DATAr eg.

: SUBROUTI NE RX11bit ========================—=—=====—==—=—=—=—=—=——=——=—=——=—=—=—=—=—=——=—=========
; RX Routine for 11-bit frane read

;1 Start

;8 Data (LSB first)

;1 Parity (Odd)

;1 Stop (H GH)

; KSTAT Bit Info: KSTAT<O0> : parity KSTAT<2>: KBD Error

RX11bi t

clrf DATAr eg
banksel PORTB
;Let it have at |east 200us CLOCK hi gh period
bt fss PORTB, CLOCK
got o RX11bi t ;if CLOCK is LOW start again
cal | Del ay100us ; 200uS del ays
cal | DEl ay100us
; check again for CLOCK
bt fss PORTB, CLOCK
got o RX11bi t
; READY TO MONI TOR CLOCK of Hto-L TRANSI TI ON
Scheck
btfsc PORTB, CLOCK
goto Scheck
; CLOCK pul se is LOV
cal | del ay5us ;wait for 5S5us for data stabilization
bt fsc PORTB, KDATA
goto KERROR ;if START BIT is not Zero ERROR

: START Det ect ed
:8-bit Data Check

nmovIl w 0x08
novwf Bi t count ;Read 8 tinmes for 8-bit Data
RXNEXT
bcf STATUS, CARRY ;Clear the Carry Bit
rrf DATAr eg ;rotate to the right
CKHI GH
bt f ss PORTB, CLOCK ; Wit for CLOCK to back to High
goto CKHI GH
CKLOW bt f sc PORTB, CLOCK ;wait for CLOCK now to LOW
goto CKLOW
cal | del ay5us ; bus del ay
bt fsc PORTB, KDATA ; DATA line reading. 0 or 1
bsf DATAreg, MSB ; 1? Then set the MSB
decfsz Bi t count
goto RXNEXT

; Check for Parity Bit
;Wait for CLOCK back to High

Embedded Computing with PIC 16F877 — Assembly Language Approach. Charles Kim © 2006



Chapter 10. Synchronous Serial Communication and Keyboard Connection 264

CKHI GH2
btfss PORTB, CLOCK ; Wit for CLOCK to back to High
goto CKHI GH2
CKLOW2
btfsc PORTB, CLOCK ;wait for CLOCK now to LOW
goto CKLOW2
cal l del ay5us ; bus del ay
bt fsc PORTB, KDATA ;Parity Bit
goto OneP ; Phit=1
bcf Kst at, 0x00 ; Pbi t =0
goto St opcheck
Onep bsf Kstat, 0x00 ;Parity bit=1 flag
St opcheck
;wait for CLOCK back to High
CKHI GH3
bt fss PORTB, CLOCK ; Wit for CLOCK to back to High
goto CKHI GH3
CKLONB
bt fsc PORTB, CLOCK ;wait for CLOCK now to LOW
goto CKLOWB
cal del ay5us ; bus del ay
btfss PORTB, KDATA ; STOP bit
goto KERROR ;if STOP=0 , ERROR
return
KERROR
bsf KSTAT, 0x02 ; ERROR FLAG set
return

As you see from the subroutine, the code is not far from the one we developed for asynchronous
subroutine for data reception. Only difference is, here, we read the data bit by monitoring the
clock transition and this is the essence of the synchronous serial communication. Since we built
the basic building block of a frame read, now we have to look at the Scan Codes of keyboard to
know what codes are transmitted when a key is pressed and released. When a key is pressed, the
keyboard controller transmits one or two 1-byte "Make" code, and when the key is released it
transmits two or three 1-byte "Break™ codes.

Most of the keys in a keyboard (Category 1), thus, generate 1 Make code and 2 Break codes,
when they are pressed and released. The first Break code is always FOh, and the second Break
code is the same as the Make code. The Make code is separated from the Break codes only by
how long the key is being pressed. If that key is kept on being pressed, only the 1 Make code
would be continuously generated. However, the two Break codes are separated by about 2ms.

Break code is to know when a key is actually released especially for Shift keys. While a Shift
key is pressed, an ‘A" would generate 'A’, however, when the Shift key is released, an ‘A" would
be interpreted as 'a’, instead.

Some keys, like HOME, DEL, Page Up, Page Down, —,1,—, and | (Category 2), generate two
Make codes and three Break codes. For this group of keys, the first Make code is always EO.
The first two Break codes are EOh and FOh, and the last break code is the same as the second
Make code. Two Make codes are separated by about 700us. The second Break code comes
700us later after the first Break code. The last Break code arrives 2ms after the second Break
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code.
CATEGORY 1 ¥ : Key Specific Code
KEY PRESSED KEY RELEASED | 2ms |
et L T | |
¥ FO X
MAKE CODE BREAK CODES
CATEGORY 2
KEY PRESSED ’M{ KEY RELEASED | 700us | | 2ms I
L | I |
E0 ¥ E0 FO X
MAKE CODES BREAK CODES

The following illustration shows the key specific codes for a keyboard. Category 2 keys are
shaded. There are two keys which are not in either group: Print Screen/Sys Request and Pause
keys. Print Screen key has the following codes, all in hexadecimal numbers (note that key
released point is indicated by a vertical bar (|) ): EO, 12, EO, 7C, |, EO, FO, 7C, EQ, FO, 12. The
Pause key has only Make codes: E1, 14, 77, E1, FO, 14. More details on Keyboard Scan Code
can found in the Microsoft's Keyboard Scan Code Specification.

(&) LlLll_l “ l_JLJI_Jl_J

Fig. 77 Key Specmc Codes for a Keyboard

Therefore, according to the Scan Code illustration, the 'A" without Shift key would produce: 1C |
FO, 1C. On the other hand, if we press left Shift key and holding it until we type and release 'A',
and then release the left Shift key, it would generate the following codes:

12 (Left Shift Make), 1C ('A' Make), | FO (Break), 1C ('A' Break), | FO (Break), 12(Left Shift
Break).

Embedded Computing with PIC 16F877 — Assembly Language Approach. Charles Kim © 2006



Chapter 10. Synchronous Serial Communication and Keyboard Connection 266

If you keep press the Space bar for a few seconds followed by the release, it would generate the
following codes:
29 (Space Make), 29 (Space Make), 29(Space Make),|, FO (Break), 29 (Space Break).

On the other hand, if you press the Up Arrow (1) key and release it, it would generate:
EO, 75(1 Make), |, EO, FO (Break), 75 (1 Break).

3. First Code - Display of the Key Code Sequence

As we just examined the code generation by keys, there are two categories considered in
displaying the codes of the keys on a PC monitor. If the first code from the keyboard (the Make
code) is EO, it belongs to the Category2. In category 2, we have to read at least 5 Make and
Break codes. When the category key is held pressed, the Make code should be read continuously
until a Break is detected. If the first Make code is not EOQ, it belongs to the Category 1. In
Category, we have to read 3 Make and Break codes in addition to the Make codes when the key
is held pressed. In Category 1, there is one exception: Left and Right Shift Keys. Usually, the
Shift Make code is followed by another Make code of the Category 1 key. Therefore, we must
read 5 Make and Break codes in addition to the repeated Shift Make codes and/or the repeated
Make codes of the Category 1 code.

Before discussing the main part of the code, for key reading and displaying the Make and Break
codes of the key, we briefly study a few subroutines that we have not discussed so far. The 5 ps
delay to read a bit after the High-to-Low transition of the CLOCK pulse, comes simply by
having 10 nop (No Operation) instructions. Each instruction in 20 MHZ clock takes 0.2 ps.

; bus Del ay Subroutine
del ay5us
:need total 10 insturctions
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
return

The code display subroutine, Kdi spl ay, is to change 1-byte hex number into 2-digit ASCI|I
codes, and transmit the ASCII codes via the serial communication module of 16F877. This
subroutine is almost identical to previous Monitor display routine. Only a slight variation and
variable changes has been made caused by the keyboard reading accommodation.

; SUBROUTI NE Kdi spl ay
Kdi spl ay
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banksel Kr eg

novwf Kr eg

nov f Kreg, 0

novwf Kt enp

swapf Kt enp, O ; SWAP upper and | ower nibbles --->W
andl w OxOF ; Mask of f upper nibble
cal | HTCA ; HEX- - - - >ASCl |

novwf DATA1 ;First Digit

novf Kreg, 0

andl w OxOF ; mask of upper nibble
cal | HTQA ; HEX- - - - >ASCl |

novwf DATA2 ; Second Digit

: TX ROUTI NE FOR Di spl ay

novf DATA1, O

cal | Txcal | ;Serial Transm ssion to PC nonitor
novf DATA2, 0

cal | Txcal | ;Serial Transm ssion to PC nonitor
return

One more thing we have to know about keyboard reading is that when the keyboard is powered
up it automatically sends something called BAT (Basic Assurance Test) code which basically
informs the host of the status of itself. Part of the BAT is an initial set-up for the selection of
Brake only, Break/Make code, and Typematic. These pieces of information are generated about
1 second after the power on. So in the code we will examine, we may want to have at least 1
second delay after the power-on reset. The follow example code is to read a keyboard and then
display the key using a PC monitor, by running the hyper t er m nal at the PC side. No
subroutine is listed in the code.

;' kbdl. asm
MAI N FOCUS: DI SPLAYI NG THE KEYS PRESSED on A PC MONI TOR

; This programis to:
;1. Read At or PS/2 Type Keyboard
;2. Display the Make and Break codes, in HEX format, on PC nonitor

; Baud rate for this is set as 19200 for Mbonitor display

; Keyboard has bi-directional synchronous serial conmunication
;with clock of LOWperiod of 30us and Hi gh period of 40us
;Data comes with 11 bits:

;1 start bit of Low

;8 data bits (LSB first)

;1 Odd parity bit

;1 Stop bit of High
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; Data reading i s done when cl ock goes High-to-Low transition

268

; PIC can bl ock the data from Keyboard by pulling down the clock Low >100mns

; To leave CLOCK |ine Hi gh-Z, set the port Input
; To make the CLOCK Iine LOw, set the port as ouput and wite 0 to the port.

;AI gorithm

bR

START>8- bi t
Di splay the result

Check the CLOCK pin (RB7)
When CLOCK goes to LOW read the DATA |ine (RB6)
Dat a>1 Parity>Stop

: Mbke /Break formt

(1) (X | (FO) (X
; L-SHI FT fol | owed by a Key:
; R-SHI FT fol | owed by a key:

(2) (E0)(X) | (E0)(FO) (X)

;Terrri nal set up: 8N1 19200

; Asynchr onous node

list

STATUS

CARRY
ZERO
TRI SB
PORTB
TXSTA
RCSTA
SPBRG
TXREG
RCREG
Pl R1
RCl F
TXI F

TXMODE
RXMODE

BAUD
CARRY
ZERO
V5B
CLOCK
KDATA

" RAM AREA

CBLCOCK

P = 16F877
EQU 0xO03
EQU 0x00
EQU 0x02
EQU 0x86
EQU 0x06
EQU 0x98
EQU 0x18
EQU  0x99
EQU  0x19
EQU Ox1A
EQU 0xO0C
EQU 0x05
EQU 0x04
EQU 0x20
EQU 0x90
EQU OxOF
EQU 0x00
EQU 0x02
EQU  0x07
EQU  0x07
EQU 0x06

0x20
KSTAT
DATAr eg

—=========> CAT1
12 (X) | (FO)

59 (X) [(FO)
—=========> CAT2

: TX status and
: RX status and
; Baud Rate assi
; USART TX Regi s
; USART RX Regi s

(X) | (FO) 12
(X) [(FO) 59

contr ol
contr ol
gnnment
ter
ter

; USART RX/ TX buffer status (enpty or full)

; PIR1<5>; RX Bu
 PIR1<4>; TX Bu

; TXSTA=00100000 :
; RCSTA=10010000 :

- OXOF (19200),

; from Keyboard
; from Keyboard

ffer 1-Full O-Enpty
ffer 1-enmpty O-full
8-bit, Async

8-bit, enable port,
Ox1F (9600)

enabl e RX
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MAKETr eg

BREAKr egl
BREAKr eg2
BREAKr eg

Shi t

Kount 120us
Kount 100us
Kount 1ns
Kount 10ns
Kount 100ns
Kount 1s
Kount 10s
Kount 1m

Bi t count
Kount

DATAt enp

; Del ay count

(number of

;data bit count

; Del ay count

(nunber of

;for ASCI

conver si on

instr cycles for del ay)

instr cycles for del ay)

DATA1
DATA2
ASCl I reg
Kreg

Kt emp
ENDC

START

org 0x05
;start of the program from $0005
START

banksel TRI SB
; 1100 0000

B' 11000000
TRI SB
ASYNC node

cal del ayls
;KBD initial set-up by itself
; BAT(Basi ¢ Assurance Test) code
; typemati ¢/ nake/ break codi ng

nmov| w CLOCK and RB6 for
nmovwf

cal |

; RB7 for DATA as inputs

BEG N
banksel
clrf
banksel
clrf
clrf
clrf
clrf

TXREG
TXREG
DATAr eg
DATAr eg
Kreg
ASCl I reg

Kt emp

;the RX11bit result here

; ASClI | equi val ent here

; CHECK IF THE CLOCCK is HHGH at |east for 100 nS
;to make sure it does not read in the mddl e of data/clock stream

269

; G ve Keyboard to send STATUS to the host
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banksel PORTB
btfss PORTB, CLOCK
goto BEG N
cal | Del ay100ns

; check again for CLCOK
btfss PORTB, CLOCK
goto BEG N

; READY FOR CLOCK PULSES

; KSTAT

; KSTAT<0>: Parity Bit Val ue
: KSTAT<2>: Kbd error

Abor t

;if CLOCK is LOW start again
; 100nS del ays

;reading a frane

; Break Code?

It. Resune It

; L-SHI FT Key Detection

; R-SH FT key detection

clrf KSTAT
KEYI N
; X readi ng
cal | RX11bi t
clrf STATUS
novf DATAr eg, O
xor | w OxFO
btfss STATUS, ZERO
goto CAT
; BREAK, before MAKE code, detected.
goto BEG N
; Cat egory detection
CAT clrf STATUS
novf DATAr eg, 0
xorlw OXEO
btfsc STATUS, ZERO
goto CAT2
clrf STATUS
novf DATAr eg, 0
xorlw 0x12
btfsc STATUS, ZERO
goto LRSHI FT
clrf STATUS
novf DATAr eg, O
xorlw 0x59
btfsc STATUS, ZERO
goto LRSHI FT
;L Shift
; R Shi ft
; CAT1 has the format of (X)]| (F0)(X)
CAT1 novf DATAr eg, 0
novwf MAKETr eg
call Kdi spl ay i (X)
; (FO) detection
cal | RX11bi t
clrf STATUS
novf DATAr eg, 0
xorlw OxFO
btfss STATUS, ZERO
; Key is not broken. Still pressed,
goto CAT1

; Key is broken

;1 F No BREAK code,

>12 | FO 12
>59 | FO 59

Key is still

270

pressed.
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novf DATAr eg, 0
novwf BREAKr egl
cal | Kdi spl ay
; Last (X) reading
cal | RX11bi t
novf DATAr eg, 0
novwf BREAKr eg2
cal | Kdi spl ay
cal | CRLF
cal | CRLF
goto BEG N
; CAT2 format (EO) (X)| (EO) (FO) (X)
CAT2 novf DATAr eg, 0
call Kdi spl ay
cal | RX11bi t
novf DATAr eg, O
novwf MAKETr eg
cal Kdi spl ay
; KEY still PRESSED or BROKEN
cal | RX11bi t
novf DATAr eg, O
clrf STATUS
xor | w OxEO
btfss STATUS, ZERO
;  NOT BROKEN
goto CAT2
; BROKEN
novf DATAr eg, O
call Kdi spl ay
cal | RX11bi t
novf DATAr eg, O
cal | Kdi spl ay
cal | RX11bi t
novf DATAr eg, 0
novwf BREAKr eg
cal | Kdi spl ay
cal | CRLF
cal | CRLF
goto BEG N

;L-SHIT and R-SH FT has the form
; L-SHI FT and a character 12 X | FO
; RRSH FT and a character 59 X | FO

LRSH FT
novf
nmovwf
cal |

; (FO) detection
cal |
clrf
novf
xor | w

DATAr eg, O
MAKETr eg
Kdi spl ay

RX11bi t
STATUS
DATAr eg, O
OxFO0

; FO

(X

; Read next Key

: EO

; (X)

: EO

; FO

(X)

; Read next Key

X | FO 12
X | FO 59

;12 or 59
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bt fsc
goto

LRS novf
nmovwf
cal |

; (FO) detection

cal |
clrf
novf
xor |l w
bt fss
goto
novf
cal |

; Last (X) reading

cal |
novf
nmovwf
cal |

cal |
novf
cal |

cal |
novf
cal |
cal |
cal |
goto

. SUBROUTI NES

; HERE
END

; END OF THE CODE
Try several keys using a keyboard and see if you get the following or similar monitor display.

1. 'Space' Bar press and quick release.
2. 'Space’ Bar press and delayed release.

STATUS, ZERO
BEG N

DATAr eg, O
BREAKr egl
Kdi spl ay

RX11bi t
STATUS
DATAr eg, O
0xFO

STATUS, ZERO
LRS

DATAr eg, O
Kdi spl ay

RX11bi t
DATAr eg, O
BREAKr eg2
Kdi spl ay

RX11bi t
DATAr eg, O
Kdi spl ay

RX11bi t
DATAr eg, O
Kdi spl ay
CRLF
CRLF

BEG N

;1 F no BREAK, key is not

;. FO

; (X)

; (FO)

;12 or 59

: Read next

3. 'Shift' and 'L' followed by L release and Shift Release.

4. 'Home' key.

key

Br oken yet

272
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4 bext - HyperTemminal H =] E |

File Edit View Call Transfer Help

s NE R =N

29F079 Case 1 SPACE Bar with quick release
292929F929 <———{1— Case 2 SPACE Ba with delayed release
124BFO4BF02 <———— W ,c0 31 Shift followed by 'L* with quick

E06CEOF06C (\:é release and L-Shift release
N

|mmd S -mdmal Idﬁ = CESE 4 lHﬂmEl HE}" With []ui[:k rEIEaSE

4. Second Code - Display of Key Itself

The second version of the program is to display the key on the monitor, not the Make and Brake
codes of the key. To do this, we have to closely examine the code of a key and a combination of
keys.

Category 1 Keys (Keypad is ignored)

Without Shift or Caps Lock With Shift or Caps Lock
Key Make/Break Character to be ASCII Character to be ASCII
Code (hex) Displayed code Displayed code
~ OE " (Apostrophe) 60 ~ (Tilde) 7E
11 16 1 31 ! 21
@2 1E 2 32 @ 40
#3 26 3 33 # 23
$4 25 4 34 $ 24
%5 2E 5 35 % 25
) 36 6 36 N 5E
&7 3D 7 37 & 26
*8 3E 8 38 * 2A
9 46 9 39 ( 28
)0 45 0 30 ) 29
- 4E - 2D _ 5F
+= 55 = 3D + 2B
BS 66 BS 08 BS 08
A 1C a 61 A 41
B 32 b 62 B 42
C 21 c 63 C 43
D 23 d 64 D 44
E 24 e 65 E 45
F 2B f 66 F 46
G 34 g 67 G 47
H 33 h 68 H 48
| 43 i 69 [ 49
J 3B i 6A J 4A
K 42 k 6B K 4B
L 4B [ 6C L 4C
M 3A m 6D M 4D
N 31 n 6E N 4E
0 44 0 6F 0 4F
P 4D p 70 P 50
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Q 15 q 71 Q 51

R 2D r 72 R 52

S 1B S 73 S 53

T 2C t 74 T 54

U 3C u 75 U 55

\% 2A Y 76 \% 56

wW 1D w 77 w 57

X 22 X 78 X 58

Y 35 y 79 Y 59

Z 1A z TA z 5A
L-Shift 12
R-Shift 59

Enter 5A CR 0D CR 0D

Space 29 Space 20 Space 20
Cap 58

{] 54 [ 5B { 7B

11 5B ] 5D } 7D

|\ 5D \ 5C | 7C

o 4C ; 3B : 3A

52 ' 27 " 22

<, 41 , 2C < 3C

>, 49 . 2E > 3E

?1/ 4A / 2F ? 3F

As we see from the Category 1 key table, relating its Make/Brake code and matching ASCII
code of the corresponding character, it is apparent that the Make/Break codes of alphanumeric
keys doe not match with ASCII codes of the characters of the keys. When we type a key 'A’" with
or without pressing a Shift key, the Make/Break code the host would get is 1Ch. This code must
be changed to either 61h (ASCII cod for 'a") without Shift or 41h(ASCII code for 'A') with Shift
pressed. Since there is no pattern to easily convert a Make/Break code to ASCII code, we have
to reply on a look-up table approach.

The approach here is to use a Make/Break code as the address where its ASCII equivalent code
is stored. In other words, the Make/Break code will direct where to get the ASCII equivalent
code. This sounds very simple with one minor constraint. A key in the keyboard generate the
same Make/Break code, however, depending upon the Shift key or Cap Lock key, it has two
ASCII equivalent codes. Therefore, we have to have two look-up tables, one without Shift (or
Cap) key, and the other with Shift (or Cap) key.

The following table summarizes the two look-up tables, rearranged in the rising order of the
Make/Break codes, the above table of Category 1 key.

Make/Break | Without Shift or Caps Lock With Shift or Caps Lock
Code Character to be ASCII Character to be ASCII
(hex) Displayed code Displayed code
OE ) 60 ~ 7E
15 q 71 Q 51
16 1 31 ! 21
1A z 7A Y 5A
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1B ) 73 S 53
1C a 61 A 41
1D w 77 W 57
1E 2 32 @ 40
21 Cc 63 C 43
22 X 78 X 58
23 d 64 D 44
24 e 65 E 45
25 4 34 $ 24
26 3 33 # 23
29 Space 20 Space 20
2A v 76 \ 56
2B f 66 F 46
2C t 74 T 54
2D r 72 R 52
2E 5 35 % 25
31 n 6E N 4E
32 b 62 B 42
33 h 68 H 48
34 g 67 G 47
35 y 79 Y 59
36 6 36 n 5E
3A m 6D M 4D
3B j 6A J 4A
3C u 75 U 55
3D 7 37 & 26
3E 8 38 * 2A
41 , 2C < 3C
42 k 6B K 4B
43 i 69 I 49
44 0 6F ) 4F
45 0 30 ) 29
46 9 39 ( 28
49 . 2E > 3E
4A / 2F ? 3F
4B I 6C L 4C
4C ; 3B : 3A
4D p 70 P 50
4E - 2D _ 5F
52 27 " 22
54 [ 5B { 7B
55 = 3D + 2B
5A CR 0D CR 0D
5B ] 5D } 7D
5D \ 5C | 7C
66 BS 08 BS 0B

Then, how do we generate a table or two tables in 16F877 assembly language programming

275

environment? The easiest way of table building is to change the program counter (PC). As we
all know, PC indicates the next address to fetch a program code and execute. PC in 16F877 is a
13-bit register which has address access range of 2'*=8K words. The lower 8 bits of the PC is
can be controlled (i.e., read from and written to) by PCL (PC Lower Byte) register. The upper 5
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bits are not directly accessed by PCH (PC High Byte), instead it is controlled by PCLATH (PC
Latch) register.

Table formation is utilized by the PCL in a subroutine, along with an instruction (r et | w Kk,
return with k in W register) or a Microchip Assembler (MPASM) directive (DT, Define Table).
In other words, a table formation is a subroutine building with PCL, and lines of r et | wand/or
DT.

Let's have a simple program to illustrate how to form a table. In the previous example of serial
communication, we have had a key typed in the keyboard echoed on a PC monitor. Now we
want to change the program slightly so that the program receives only numbers (0 to 9) from the
keyboard and echoes corresponding characters determined by the following table:

Key 0 1 2 3 4 5 6 7 8 9

Echo A B C D E F G H | J

The pseudo-code of the revised program would go like this:

(a) Receive a number from keyboard by calling RXPCOLL subroutine

(b) The received key is converted from ASCII (30h for ‘0", for example) to a hex number (00h for
‘0", for example).

(c) Check the table and find the corresponding character ('A' for 00h for example).

(d) Transmit the matched character to PC monitor by calling TXPCOLL subroutine.

The following code lists the table subroutine, Keyt abl e:

Keyt abl e
addwf
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

)

CTIQTMMUQ®ERQ

: PC+0
;. PC+1
;. PC+2

; PC+9

When this subroutine is called, the return address is stored in the Stack, and the content of PC is
the starting address of this subroutine in other words, the PC is the address of the first instruction
line is the subroutine:

addwf PCL.

That's why when a subroutine is called, it's executed from the first line of the subroutine. When
the addwf PCL is executed (sum of the content of W and PCL), the PC changes by the amount

of W content. If the W is 0, then there is no change in PC so the next line
retlw O0x41

would be executed. (Remember PC always directs the next code to fetch and execute.)
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The instruction
retlw k

is combination of two instructions:

nmovlw Kk
return

Therefore,ret | w 0x41 returns to the next line after the caller with 41h in the W register. If
we place this content in the TXREG of USART module and call TXPOLL, the character ‘A’
would be displayed on the monitor.

What happens if number 5 is pressed in the keyboard? The hex-converted number 05h would be
placed in W register after RXPOLL subroutine, then when the Keyt abl e is called, PCL is
added by 5, therefore, the sixth line after the PCL instruction would be executed, which results in
the display of 'F' on the monitor. The following code lists the main part and the table of the
whole program.

org 0x0000
GOoro START
org 0x05
;start of the program from $0005
START
cal ASYNC node ;initialization of USART nodul e
BEG N
banksel TXREG
clrf TXREG
clrf RCREG
clrf Kt enp
AGAI N
cal | RXPOLL ;read a key
novwf Kt enp
novl w 0x30
subwf Kt enp, O ; Make it into a hex nunber (f-W-->d)
cal | Keyt abl e ; Call Keytable match
cal | TXPOLL ; mat ched char act er
cal | CRLF ; CR and LF
goto AGAI N ; Repeat
Keyt abl e
addwf PCL
retlw "A ; PC+0
retlw 'B ; PC+1
retlw 'C ; PC+2
retlw 'D
retlw 'E
retlw "F
retlw "G
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retlw "H
retlw e
retlw 'J'

The keytable can also be formed by using an assembler directive, DT. DT actually is a multiple
of r et | winstructions:

Keyt abl e
addwf PCL
DT " ABCDEFGHI J" ;PC+t0, 1, 2, 3, 4, 5 6, 7, 8, and 9

There is one important matter to remember when we use the PCL writing instruction, addwf
PCL. When a PCL is written, the lower 5 bits of PCLATH register is also written to PCH.
Since PC is PCH (PC[12:8])concatenated by PCL (PC[7:0]), if both the location of the caller line
and that of the keytable subroutine are located inside the 00h — FFh boundary, there is no
problem, since PCH for both parts is the same. Let's discuss this using the List file of the above
program.

MPASM 02. 61 Rel eased 19TABLEl. ASM  5-20-2004 14:58:05
LOC OBJECT CODE LI NE SOURCE TEXT
00036
0000 00037 ORG 0X0000
0000 2805 00038 GOro START
00039
0005 00040 ORG 0X05
00041 ;start of the program from $0005
0005 00042 START
0005 201E 00043 CALL ASYNC_MODE
00044
00045
0006 00046 BEG N
0006 1283 1303 00047 BANKSEL TXREG
0008 0199 00048 CLRF TXREG
0009 019A 00049 CLRF RCREG
000A 01A0 00050 CLRF KTEMP
000B 00051 AGAIN
000B 2033 00052 CALL RXPOLL
000C 00A0 00053 MOV KTEMP
000D 3030 00054 MOVLW  0X30
000E 0220 00055 SUBWF  KTEMP, 0
000F 2013 00056 CALL KEYTABLE
0010 202B 00057 CALL TXPOLL
0011  203B 00058 CALL CRLF
0012 280B 00059 GOrO AGAI N
00060
00061
0013 00062 KEYTABLE
0013 0782 00063 ADDW  PCL
0014 3441 00064 RETLW ' A : PC+0
0015 3442 00065 RETLW 'B' ; PC+1
0016 3443 00066 RETLW 'C ; PC+2
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0017 3444 00067 RETLW 'D
0018 3445 00068 RETLW 'FE
0019 3446 00069 RETLW ' F
001A 3447 00070 RETLW 'G
001B 3448 00071 RETLW 'H
001C 3449 00072 RETLW "1
001D  344A 00073 RETLW ' J'

The first column is the program memory address and the second and the thirds are for the op-
codes of the instruction. As we see from the List file, the caller (which calls the Keyt abl e
subroutine) is located at 000F. In other words, up until the Keyt abl e is called, the PC is, in
binary number, 0 0000 0000 1111 (or 000Fh). In other words, the upper byte of PC, PCH, is
00000 (or 00h). This would be the content of the lower 5 bits of PCLATH when the Keyt abl e
is called. When the PCL writing is done, 00h, the content of PCLATH will be filled to PCH,
making the upper byte of PC zero. This, however, does not cause any trouble, because the
Keyt abl e subroutine, from 0013h to 001D, is with only lower byte portion of PC, PCL. In
other words, the PC access to the subroutine instructions are inside the range with PCH=00h.

If the caller and the keyt abl e subroutine is apart more than FFh each other, and there is
uncertainty about this, we have to see the List file and decide what action should be made to
avoid possible PC related problem.

For example, consider that the caller is located in 000Fh (with the current PC) and the

keyt abl e subroutine is located in 0113h instead. When the subroutine is called, the content of
PC is 0000Fh. Therefore the PCH is 00000b. This binary value of 00000h would be written to
the PCH portion of the PC when PCL writing is performed. Therefore the final value of PC
would be 0013h, instead of the desired value of 0113h. Therefore, we have to have the

following instruction just above the PCL writing instruction:
bsf PCLATH, 0x00

Check with Microchip's 16F877 manual for detailed description of PC, PCH, PCL, PCLATH,
and PCL writing with relation to the four different pages of 8K word program memory structure.

Now, we are ready to explore the second version of the keyboard connection to a PC monitor.
The second example is to display the characters of the keys itself not the Make/Break codes of
the keys. We use the Make/Break code table for keytable formulation. Since we have to
consider the three following conditions; (a) when Shift key is not pressed, (b )when Shift key is
pressed, and (c) when Caps Lock key is pressed. When Caps Lock is pressed we change only
alphabets to upper cases and keep all other keys as if no Shift key is pressed.

The first table is for the keys without a Shift key, NoShi f t KeyTabl e. According to the
Make/Break code, the lowest hex number of the code is OE which, without a Shift Key, is for "
(Apostrophe), with its ASCII code 60. Then there are gaps until we have the next Make/Break
code, which are 15h for 'q' and 16h for '1'. The following code shows the table for no Shift key.
We will start the table 0100h. Since we assume that the caller is located before 0100h address,
before the call is made, the PCH would be 00h. At the first line of the subroutine, we configure
the PCH of PC by PCLATH instruction.
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The second table is for the keys with a Shfit key, Shi f t Key Tabl e, located just after the first
table. This table can be similarly formed.

The third table accommodates Caps Lock key, CapKey Tabl e, which starts from 0200h. This
address (also PC) requires additional PCL configuration. Details are commented in the code
section.

The pseudo-code of the main section of the program goes like this. It's rather complicated. So
we have to fully understand the Make/Break code pattern when a key is pressed and released.

(1)BEGIN: read the first frame and get the 8-bit key data
(2)Check if the key is 12h (Left Shift) or 59h (Right Shift). If it is, jump to LRSHIFT
(3) Check if the key is 58h(Caps Lock). If it is, jump to CAPS
(4)NOSHIFT:
(a) Call NoShiftkeyTable and display what W register holds
(b) read the next frame. If the key is FOh, then read one more frame then go to BEGIN
(c) If the key is not FOh, go to NOSHIFT
(5) LRSHIFT:
(a)Read the next frame. If the key is FOh, then read one more frame then go to BEGIN
(b)If the key is 12 or 59h (Shift key is not broken yet), go to LRSHIFT
(c) If the key is neither 12h nor 59h, call ShiftkeyTable and display what W register
holds.
(d)read the next frame. If the key is not FOh, call ShiftKeyTable and display
(e) if the key is FOh, go to LRS
(HLRS: read next frame, if the key is 12h, go to BEGIN. If the key is not12h, go to
LRSHIFT.
(6)CAPS:
(a)Read the next two frames.
(b) CAPNEXT: Read the next frame. If the key is 58h, then read two more frames, then
go to BEGIN
(b)If the key is not 58h, call CapKeyTable and display what W register holds.
(c)Read the next frame. If the key is FOh, read the next frame and go to CAPNEXT.
(d) If the key is 58h, then read two more frames, then go to BEGIN.

The next listing shows a complete code for displaying characters, numbers, and other symbols
while accommodating Shift (Left and Right) and Caps Lock keys. Follow each line and
comment closely to better understand the program.

; kbd3. asm

. SHIFT and CAPS LOCK are featured
; This programis to:

;1. Read At or PS/2 Type Keyboard

;2. Display them as characters, on PC nonitor

;3. Note that all Category 2 keys (EO keys) are ignored
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Baud rate for this is set as 19200 for Mnitor display

; Terminal set up: 8N1 19200

; Asynchr onous node

list P = 16F877

PCL EQU 0x02 ; For Key Table Calling (Lower PC)
PCLATH EQU OxO0A ; For upper part of PC
STATUS EQU  0x03
CARRY EQU  0x00
ZERO EQU  0x02
TRI SB EQU 0x86
PORTB EQU 0x06
TXSTA EQU 0x98 ; TX status and control
RCSTA EQU 0x18 ; RX status and control
SPBRG EQU 0x99 ; Baud Rat e assi gnnment
TXREG EQU 0x19 ; USART TX Regi ster
RCREG EQU Ox1A ; USART RX Regi ster
Pl R1 EQU 0xO0C ; USART RX/ TX buffer status (enpty or full)
RCl F EQU 0x05 ; PIR1<5>; RX Buffer 1-Full O-Enpty
TXI F EQU 0x04 ; PIR1<4>; TX Buffer 1-enmpty O-full
TXMODE EQU 0x20 ; TXSTA=00100000 : 8-bit, Async
RXMODE EQU 0x90 ; RCSTA=10010000 : 8-bit, enable port, enable RX
BAUD EQU OxOF ; OXOF (19200), Ox1F (9600)
CARRY EQU  0x00
ZERO EQU  0x02
VBB EQU  0x07
CLOCK EQU  0x07 ; from Keyboard
KDATA EQU 0x06 ; from Keyboard
; RAM AREA
CBLOCK 0x20
TXt enp
KSTAT
DATAr eg
Kount 100us
Kount 10ns
Kount 1s
Bi t count ;data bit count
ENDC
org 0x0000
Goro START
org 0x05
;start of the program from $0005
START
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banksel TRI SB
; 1100 0000
novl w B' 11000000' ; RB7 for CLOCK and RB6 for DATA as inputs
novwf TRI SB
cal l ASYNC node
cal | del ayls ; G ve Keyboard to send STATUS to the host
;KBD initial set-up by itself

; BAT(Basi ¢ Assurance Test) code
; typemati ¢/ nake/ break codi ng

BEG N

banksel
clrf
banksel
clrf

TXREG
TXREG
DATAr eg
DATAr eg

; CHECK | F THE CLOCK is HHGH at | east for 10nS

banksel
btfss
goto
cal |

PORTB

PORTB, CLOCK

BEG N ;if CLOCK is LOW start again
Del ay10ms ; 10nS del ays

; This short del ay speeds up the response
; check again for CLCOK

btfss PORTB, CLOCK
goto BEG N
; READY FOR CLOCK PULSES
; KSTAT
; KSTAT<0>: Parity Bit Val ue
; KSTAT<2>: Kbd error
clrf KSTAT
KEYI N
; X readi ng
cal | RX11bi t ;
clrf STATUS
novf DATAr eg, O ; Break Code?
xorlw OxFO
btfss STATUS, ZERO
goto CAT

: BREAK i s detected. Abort It. Resune It

CAT

goto BEG N
; Category detection (SH FT or CAPS LOCK)
clrf STATUS
novf DATAr eg, 0
xor | w OxEO
bt fsc STATUS, ZERO
got o Begi n ; EO keys (CAT2) are ignored
clrf STATUS
novf DATAr eg, 0
xor | w 0x12
bt fsc STATUS, ZERO
goto LRSHI FT
clrf STATUS
novf DATAr eg, 0
xor | w 0x59
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btfsc STATUS, ZERO

goto LRSHI FT

clrf STATUS

novf DATAr eg, O

xor | w 0x58 ; CAPS LOCK
btfsc STATUS, ZERO

goto CAPS

;L Shift ===>12 | FO 12
‘R Shift ===>59 | FO 59
; CAT1 wi thout Shift or Caps Lock Key

CAT1 novf DATAr eg, 0
cal NoShi f t KeyTabl e ; (X) display
cal | TXCALL
; (FO) detection
cal | RX11bi t
clrf STATUS
novf DATAr eg, O
xor | w OxFO0
btfss STATUS, ZERO
; Key is not broken. Still pressed,
goto CAT1

; Key is broken
; Last (X) reading

cal RX11bi t ;(X) after FO
goto BEG N
;L-SHIT and R-SHI FT has the form
; L-SHI FT and a character 12 X | FO X | FO 12
; RRSH FT and a character 59 X | FO X | FO 59
LRSHI FT ;12 or 59 entered
; (FO) detection
cal | RX11bi t
clrf STATUS
novf DATAr eg, O
xorlw OxFO
btfsc STATUS, ZERO
goto BEG N
i X
clrf STATUS ;if (12) do not display
novf DATAr eg, 0
xor | w 0x12
btfsc STATUS, ZERO
goto LRSHI FT
clrf STATUS ;i f (59) do not display
novf DATAr eg, 0
xorlw 0x59
btfsc STATUS, ZERO
goto LRSHI FT

;a Key (X) is entered

283
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novf DATAr eg, 0
cal l Shi ft KeyTabl e
cal | TXCALL
; (FO) detection
cal | RX11bi t
clrf STATUS
novf DATAr eg, O
xor | w OxFO0
btfss STATUS, ZERO
goto LRSHI FT
; Last (X) reading
cal RX11bi t
novf DATAr eg, O
clrf STATUS ;check if (X) or (12) entered after FO
xor | w 0x12
btfsc STATUS, ZERO
goto BEG N
goto LRSHI FT
CAPS ;caps lock (58) entered
; (FO) detection
call RX11lbit ;this must be FO
call RX11lbit ;this must be (58) again
CAPnext
cal | RX11bi t ; Check if (58) or other
clrf STATUS
novf DATAr eg, 0
xor | w 0x58
btfss STATUS, ZERO
got o CAPt wo ; End of CAP session
cal | RX11bi t ; FO
cal | RX11bi t ; (58)
goto BEG N
;a Key (X) is entered
CAPt wo
novf DATAr eg, O
cal l CAPKeyTabl e
cal | TXCALL
; (FO) detection
cal | RX11bi t ;
clrf STATUS
novf DATAr eg, 0
xor | w OxFO
btfss STATUS, ZERO
goto CAPt wo
; Last (X) reading ;FO is read
cal | RX11bi t ; (X) again and ignore
goto CAPnext
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: SUBROUTI NE RX11bi t
: RX Routine for

;1 Start

11-bit

read

;8 Data (LSB first)

;1 Parity (QOdd)

;1 Stop (H GH)
; KSTAT Bit Info
; KSTAT<O0> : parity
;. KSTAT<2>: kBD Error
RX11bi t
clrf DATAr eg
banksel PORTB
;Let it have at |east 500us CLOCK hi gh period
btfss PORTB, CLOCK
goto RX11bi t ;if CLOCK is LOW start again
cal Del ay100us ; 200uS del ays
cal l DEl ay100us
; check again for CLCOK
btfss PORTB, CLOCK
goto RX11bi t
; G ock Check
Scheck
btfsc PORTB, CLOCK
got o Scheck
call del ay5us ;wait for 5us for data stabilization
btfsc PORTB, KDATA
goto KERROR ;if START BIT is not Zero ERROR
; START Det ect ed
;8-bit Data Check
novl w 0x08
novwf Bi t count ;8 data bits
RXNEXT
bcf STATUS, CARRY ;Clear the Carry Bit
rrf DATAr eg ;rotate to the right
CKHI GH
bt fss PORTB, CLOCK ;Wait for CLOCK to back to High
goto CKHI GH
CKLOW bt fsc PORTB, CLOCK ;wait for CLOCK now to LOW
goto CKLOW
cal del ay5us ; bus del ay
btfsc PORTB, KDATA ;0 or 1
bsf DATAreg, MSB ; 1? Then set the MSB
decf sz Bi t count
goto RXNEXT
; Check for Parity Bit
; Wit for CLOCK back to High
CKHI GH2
bt f ss PORTB, CLOCK ; Wit for CLOCK to back to High
goto CKHI GH2
CKLOW2
btfsc PORTB, CLOCK ;wait for CLOCK now to LOW
goto CKLOW2
cal | del ay5us ; bus del ay
btfsc PORTB, KDATA ;Parity Bit
goto OneP ; Pbit=1
bcf Kstat, Ox00 ; Pbit=0
goto St opcheck
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Onep bsf Kstat, 0x00 ;Pbit=1
St opcheck
;wait for CLOCK back to High
CKHI GH3
bt fss PORTB, CLOCK ; Wit for CLOCK to back to High
goto CKHI GH3
CKLONB
bt fsc PORTB, CLOCK ;wait for CLOCK now to LOW
goto CKLOWB
cal l del ay5us ; bus del ay
btfss PORTB, KDATA ; STOP bit
goto KERROR ;i f STOP=0 , ERROR
return
KERROR
bsf KSTAT, 0x02
return

; RXTX Initialization with Asyc Mde
; Async_node Subroutine

Async_node
banksel SPBRG
novl w baud ; B 00001111 (19200)
nmovwf SPBRG
banksel TXSTA
novl w TXMODE ; B' 00100000" Async Mode
novwf TXSTA
banksel RCSTA
movl w RXMODE ; B'10010000' Enabl e Port
nmovwf RCSTA
return
TXCALL
;slight change so that CR nmake CR and LF toget her
banksel TXt enp
novwf TXt enp
clrf STATUS
novf TXt enp, O
xorlw 0x0D
btfsc STATUS, ZERO
goto CRNLF
Keynai n
banksel Pl R1
bt f ss PIRL, TXIF ; Check if TX buffer is enpty
got o Keynmai n
banksel TXREG
novf Txt enp, O
novwf TXREG ; Place the character to TX buffer
return
CRNLF cal | CRLF
return
CRLF
banksel Pl R1
btfss PIRL, TXIF
goto CRLF
banksel TXREG
novl w H od' ; CR
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nmovwf
LFkey

banksel
bt fss
goto
banksel
nmov!| w
nmovw
return

aelay5us

TXREG

Pl R1

PIRL, TXIF
LFkey

TXREG

H 0A ,LF
TXREG

;need total 10 insturctions

nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
return

Del ay100us
banksel
nmov| w
nmovw

R100us
decfsz
goto
return

;10ns del ay

; call 100 tines of 100 us del ay

Del ay10ms
banksel
nmov! w
nmovwf

R10ns cal
decfsz
goto
return

;1 sec del ay

Kount 100us
H A4'
Kount 100us

Kount 100us
R100us

Kount 10ns
H 64" ;100
Kount 10ns
del ay100us
Kount 10ns
R10ns

;call 100 tinmes of 10ns del ay

Del ayls
banksel
nmov! w
nmovw

Rls cal
decfsz
goto
return

Kount 1s
OXx6A
Kount 1s
Del ay10ms
Kount 1s
Rls

(with some tine discrepancy)

287
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;KEYTABLE STARTS HERE

:So that all the table

org

; Wt hout Shi

bsf
bcf
addwf

0x0100

PCLATH, 0x00
PCLATH, 0x01

PCL

;range has the sane bit=1

;for the bit8 of PC
ft (or CAPs Lock) Key Tabl e
Noshi ft KeyTabl e

288

;Note that witing to PCL also brings the content of |lower 5 bits of PCLATH

;to PC

:In this code,

this Table starts from 0100h

;While the nain part of programwhich calls this Table is sonewhere in

; 0045h.

; for 0045, the PCLATH part

retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
Apost rophe

retlw
retlw
retlw
retlw
retlw
retlw
DT

retlw
retlw
retlw
DT

retlw
retlw
DT

retlw
retlw
retlw
DT

retlw
retlw
DT

[eNeoleololoNoloNololNoloNoNoNeNe]

x
2]
o

[cNeoNoNoNoNe)

"l

[oNeoNe]

'zsawR"

OO

cxde43"

e

"vftr5"
0

0
"nbhgy6"

is 00
; Therefore we have to manually set the PCLATH part so that
;can point inside this table

it

PC+0 (return O neans di splay not hing)

PC+1
+2

+0D

+0E MAKE/ BREAK= OE ---->ASCl |

+OF

+13
+14
+15, 16
+17

+1A, 1B, 1C
+1F

+20

+21, 22, 23,
+27

+28

+29 Space
+2A, 2B, 2C
+2F

+30

+31, 32, 33,

1D, 1E

24, 25, 26

2D, 2E

34, 35, 36

= 0x60
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retlw
retlw
retlw
DT

retlw
retlw
DT

retlw
retlw
DT

retlw
retlw
retlw
retlw
retlw
DT

retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

oo +o0o0o0o
3.
c
\l
®

', ki 009"

oo
~
]
1

TOO0OO0O0O0O TO000O0
X — x
o 1 N
O SN

<
o -
@}

[cNeoNololoNoNoNoNeNe]

0x08

;end if NoShiftKet Tabl e

;Wth Shift Key Table

shi ft KeyTabl e
bsf
bcf
addwf

;Note that witing to PCL also brings the content of

;to PC
:In this code,

; 0045h.

+37
+38
; +39
; +3A,
; +3F
; +40
; +41,
o +47
; +48
; +49,
; +4F
; +50
;+51
i +52
; +53
; +54,
; +56
i +57
; +58
; +59
; +5A
; +5B
; +5C
; +5D
; +5E
; +OF
; +60
;+61
; +62
+63
+64
+65
; +66

PCLATH, 0x00
PCLATH, 0x01

PCL

3B, 3C, 3D, 3E

42,43, 44, 45, 46

4A, 4B, 4C, 4D, 4E

singl e quote

55

Ret urn

Backspace

this Table starts from 0134h
;While the main part of programwhich calls this Table is sonewhere in

; for 0045, the PCLATH part
; Therefore we have to nmanually set the PCLATH part so that
;can point inside this table

retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

[cNeoNoNoloNoNoNoNe]

is 00

: PC+0
;. PC+1
;2

| oner

289
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
DT

retlw
retlw
retlw
DT

retlw
retlw
DT

retlw
retlw
retlw
DT

retlw
retlw
DT

retlw
retlw
retlw
DT

retlw
retlw
DT

retlw
retlw
DT

retlw
retlw
retlw
retlw
retlw
DT

retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

[cNoNoloNoNoNoNololNoNoNo}

cooco =
Q

' ZSAW@

SO O

CXDES$#"

el

" VFTRYS
0

0

" NBHGY""
0

0

0

" VD U&H "
0

0
"<KI O ("
0

0
">?L:P_"

[cNeoNolNoNoNe)

+0D

+0E MAKE/ BREAK= OE ---->ASCl |

+OF

+13
+14
+15, 16
+17

+1A, 1B, 1C
+1F

+20

+21, 22, 23,
+27

+28

+29 Space
+2A, 2B, 2C
+2F

+30

+31, 32, 33,
+37

+38

+39

+3A, 3B, 3C
+3F

+40

1D,

24,

2D,

34,

3D,

1E

25, 26

2E

35, 36

3E

+41, 42,43, 44, 45, 46

+47
+48

+49, 4A, 4B, 4C, 4D, 4E

+4F
+50
+51

+52 doubl e quote

+53
+54, 55
+56

+57

+58

+59
+5A Return
+5B
+5C
+5D |
+5E
+5F

+60

+61

+62

+63

7E (~)

290
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retlw 0 ; +64
retlw 0 ; +65
retlw 0x08 ; +66 Backspace

; CAPs Lock Key Tabl e
org 0x0200 ; This starts from 0200h
;to well arrange the PCH of PC

CAPKeyTabl e

bsf PCLATH, 0x01

bcf PCLATH, 0x00 ;see here that PCH is 02h?

addwf PCL

retlw 0 ; PC+0

retlw 0 ; PC+1

retlw 0 i +2

retlw 0

retlw 0

retlw 0

retlw 0

retlw 0

retlw 0

retlw 0

retlw 0

retlw 0

retlw 0

retlw 0 ; +0D

retlw 0x60 ; +OE MAKE/ BREAK= OE ---->ASCI| = 0x60
Apost rophe

retlw 0 ; +0OF

retlw 0

retlw 0

retlw 0

retlw 0 ;+13

retlw 0 i +14

DT QL :+15, 16

retlw 0 D +17

retlw 0

retlw 0

DT " ZSAWR" :+1A, 1B, 1C, 1D, 1E

retlw 0 ;+1F

retlw 0 ;+20

DT " CXDE43" :+21, 22, 23, 24, 25, 26

retlw 0 D +27

retlw 0 ;+28

retlw b ; +29 Space

DT "VFTR5" ;+2A, 2B, 2C, 2D, 2E

retlw 0 ; +2F

retlw 0 ; +30

DT " NBHGY6" :+31, 32, 33, 34,35, 36

retlw 0 ; +37

retlw 0 ; +38

retlw 0 : +39

DT "MIU78" :+3A, 3B, 3C, 3D, 3E

retlw 0 ; +3F

retlw 0 ; +40

DT ", KI 009" i +41, 42,43, 44, 45, 46

retlw 0 ; +47
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retlw 0 ; +48

DT " ILP-" :+49, 4A, 4B, 4C, 4D, 4E

retlw 0 ; +4F

retlw 0 ; +50

retlw 0 ;+51

retlw 0x27 ; +52 single quote

retlw 0 ; +53

DT "=t :+54, 55

retlw 0 ; +56

retlw 0 ; +57

retlw 0 ; +58

retlw 0 ; +59

retlw 0x0D :+5A Return

retlw 1 ; +5B

retlw 0 ; +5C

retlw 0x5C ;+5D \

retlw 0 ; +5E

retlw 0 ; +5F

retlw 0 ; +60

retlw 0 ;+61

retlw 0 ; +62

retlw 0 ; +63

retlw 0 ; +64

retlw 0 ; +65

retlw 0x08 ; +66 Backspace
: END OF CODE

END

Compile and run the above example code, see how fast or slow the 16F988 responds and
displays the keys.
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5. Third Code - Display Key in LCD

The next, final version is to change the display medium from the PC monitor to the 20x4 LCD
module, we studied in the Serial Communication. As in the digital clock, we will apply the 4-bit
interface configuration to display characters.

4-hit Interface

EE? 401 [R=F
FEs | ) . DEE .
B EES . oES Backlight
& FE4 I DB Current limiting
- FES i) resistor = 5 ohm
B Fm i
E rel |2 b
3 FEOVINT Ex) g
B Vm 3 +5% BL2
Wan - +5 R
FDTPEET - oy Bk Nl—_l_
EDEDSTG = ved | = —
RDSTEPS C +a Vos
EL4/P5SP4 L ]
RCT/FMDT 26 0 L] ._18
ReSTICE |1 p |E —
K
RESSD0 # A
rovsoisoa R — | T T
ramere P2 A | 4 o o EEEEERERERENRERENEER
{5 - ) INERENEEEENNNEEREEEER
Male Connector l.l..l..l.l..l.l..l.

' (T DATA @ +5V
| @ NC 6 CLOCK
\ @ GND & NC

Fig. 78 Connection to display key in LCD

As shown in the schematic, PORTB is assigned to LCD control as we did before, and RD7 and
RD6 are assigned to the DATA and CLOCK signal lines of the keyboard. In this final version,
we will have two example codes. The first one is to display the keyboard on the LCD from the
first column of the line 1 to the last column of the line 4. The first one, for convenience and
simplicity, ignores Back Space (BS) and Carriage Return (CR) keys. The LCD controller inside
the module does not have the stored character for BS and CR, therefore, no output will be
displayed. The accommodation of these two keys is made in the second example code of this
application.

Since most of the subjects here are related to the LCD control and keyboard reading, the only
important thing is to remember the cursor location and its address and control them for display.
In most LCD module, all the characters in ASCII code table and some other special characters
are stored at the addresses which are the ASCII codes themselves. For example, the character ‘A’
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in dot matrix form is stored at 41h, and the ASCII code of 'A' is 41h. This means that we can use
the two key tables we used for PC monitor display without any change.

As we discussed in the LCD module in Chapter 6, there is somewhat weird address allocation of
20x4 positions of the LCD module. Here we show again the address of each display cell of 20x4
LCD module:

Position 1 1213|4567 |8[9]10)11]12(13|14]15| 16 [17]18]|19(20
First line | 00h |01h{02h|03h|04h|05h[06h|07h|08h|09h |0Ah{0Bh|OCh|ODh|OEh| OFh [10h|11h|12h|13h
Second line | 40h [41h|42h|43h[44h|45h|46h|47h[48h|49h|4Ah|4Bh[4Ch|4Dh|4Eh| 4Fh |50h|51h[52h|53h
Third line [ 14h |15h|16h[17h|18h|19h|1Ah{1Bh|1Ch|1Dh|1Eh|1Fh|{20h|21h|22h| 23h |24h|25h[26h|27h
Fourth Line | 54h |55h [56h|57h|58h|59h [5Ah|5Bh|5Ch|5Dh|5Eh|5Fh|60h|61h|62h| 63h [64h|65h|66h|67h

As you see the addresses are continuous from line 1 to line 3, and from line 2 and 4. Therefore,
displaying characters continuously from the first line to the last involves tracking the current

cursor position and its address. For example, if the current cursor position is the 20" position of
line 2 (address = 53h), the next cursor position must be the 1% position of line 3 (address = 14h).

Indeed, there is a way to read the current cursor address by reading the address from the LCD
module. However, actually, reading the address after every writing a data into LCD is not
necessary. In the reset, the LCD is usually configured to start from the first position of the first
line, and as a character is displayed the address incremented automatically. Therefore, if we
assign the cursor position, not the cursor address which must be read from LCD module, and
increase the cursor position every time we write a data to the LCD module, we can easily track
the current cursor position. So in the first example code for LCD display, we assign a file
register CURSOR to track the current cursor position. The CURSOR's value of the cursor
position, in the continuous order, is assigned as follows.

Position 1 1213|4567 |8[9]10])11]12(13]14]15]| 16 |17])18]|19(20
First line 01 102]03[04[05]06)|07|08[09|0A|0B[OC|[OD|OE|OF| 10 |11]12|13]14
Secondline| 15 |16 |17 |18 (19 |1A|1B|1C[1ID|1E|1F | 20|21 |22 |23 | 24 | 25|26 | 27 | 28
Third line | 29 |2A|2B|2C 2D |2E | 2F |30 |31 (32|33 |34 [35(36|37] 38 |39|3A[3B]3C
Fourth Line| 3D [3E [3F |40 |41 |42 |43 |44 | 45146 |47 |48 |49 |4A|4B| 4C [4D |4E | 4F | 50

So when it starts, the CURSOR=1 while the cursor address is 00h. Similarly, CURSOR=3B while
the cursor address in the LCD module is 26h. Also, if CURSOR=15, we change the cursor
address to 40h so that the LCD module actually moves the cursor to the first position of the
second line. The cursor is not changed accordingly unless the cursor address is changed
according to the address table: CURSOR itself cannot change the cursor position; it is only for our
convenience in cursor position tracking.

Since our LCD configuration automatically increases the cursor address by one whenever a
character is displayed, we increase the CURSOR by 1 every time we write a character to the LCD
module, and we check in which line the cursor is currently pointed. If the current cursor position
is, for example, at the last position of line 1, then, the next CURSOR value must be changed to
the first position of line 2. This seems quite trivial since CURSOR value is well ordered,
however, the cursor address is not so well ordered. Since we do not have the exact positional
information on the cursor, we rely only on CURSOR to properly change the cursor address for the
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correct next cursor address depending upon the current position.

The following code is the usual LCD initialization routine for 4-bit interfacing. Here the starting
cursor position is position 1 at line 1. The four-bit write routines, hni bbl e4, i nst w4, and
dat aw4, are those we already built and used in Chapter 6. Use them without any change here.

; SUBROUTI NE LCDAI NI T
; Function for 4-bit (only one wite nust be done)
;1 n other words, send only the high nibble

LCDAINI'T
; | MPORTANT PART
novl w 0x28
cal | hni bbl e4
; Fundtion for 4-bit, 2-line display, and 5x8 dot matrix
nmovl w 0x28
cal | i nstw4
;Display On, CUrsor On, No blinking
novl w OxOE ; OF woul d blink
cal | i nstw4
; DDRAM addr ess increment by one & cursor shift to right
novl w 0x06
cal | i nstw4
; DI SPLAY CLEAR
CLEAR
nmovl w 0x01
cal | i nstw4
cal | poslinell ;posl and line 1
; now CURSOR=1
return

The following subroutine, LCDi spl ay, is the main displaying routine monitoring and handling
the cursor positions and addresses.

; LCD DI SPLAYI NG SUBROUTI NE

LCDi spl ay
cal | dat aw4 ;Wwite a character
i ncf CURSOR ;every time of display, increase cursor

; CURSOR is automatically increnmented by 1 from LCDi spl ay
;if CURSOR is 20 (0x14), change to poslinel2
;if CURSOR is 40 (0x28), change to poslinel3
;if CURSOR is 60 (0x3C), change to poslineld
;if CURSOR is 80 (0x50), change to poslinell

clrf STATUS
novf CURSOR, 0 ;if the CURSOR i s supposed to be
;pos 1 and line 2, the Cursor Address
nust
; be changed al so
xor | w 0x15
btfsc STATUS, ZERO
goto Tol i ne2
clrf STATUS
novf CURSOR, 0
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xor | w 0x29
btfsc STATUS, ZERO
got o Tol i ne3
clrf STATUS
novf CURSOR, 0
xor | w 0x3D
btfsc STATUS, ZERO
got o Tol i ne4
clrf STATUS ;if the cursor is at the |last pos
;at the 4'" line, the next cursor
;position is the pos 1 at line 1
;after clearing the LCD
nov f CURSOR, 0
xor | w 0x51
btfsc STATUS, ZERO
cal | LCDCl ear hone ;delete all an move to (1,1)
return
Tol i ne2
call poslinel2
return
Tol i ne3
call poslinel3
return
Tol i ne4
call poslinel4d
return

Clearing the LCD and returning to position 1 at line is done by the following subroutine,
LCDcl r ear hone. The first two instruction write clears and move the cursor to the "home"
position. The next, third, writing is not necessary but used anyway to show the actual cursor
address and the variable CURSCOR we use throughout our example code.

; SUBROUTI NE
; DI SPLAY CLEAR and Cursor to Hone position (line 1, position 1)
LCDcl ear hone

nmovl w 0x01

cal | i nstw4
;Now | et's nove the cursor to the home position (position 1 of |ine #1)
;and set the DDRAM address to 0. This is done by the "return home"
i nstruction.

nmovIl w 0x02
cal | i nst w4
; hone position

nmov| w 0x80
cal | i nstw4
nmovl w 0x01
nmovwf CURSOR
return

296

The following four subroutines are for moving the cursor address to the first positions of the four

lines, respectively. Note and see the matching hex values for CURSOR and the actual cursor
address values that are written by i nst w4 subroutine.
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poslinell
; Position to pos 1 and line 1
novl w 0x80
cal l i nstw4 ; Cursor address for (1,1)
nmovl w 0x01
novwf CURSOR
return
poslinel2 ;pos 1 and line 2
nmovl w 0xCo0
cal | i nstw4
nmovl w 0x15 ;21
novwf CURSOR
return
poslinel3 ; posl and line3
nmovl w 0x94
cal | i nstw4
novl w 0x29 ;41
novwf CURSOR
return
poslineld pos 1 and line 4
novl w OxD4
cal | i nstw4
nmovl w 0x3D ; 61
novwf CURSOR
return

The full example code, without subroutine listings, follows below.

; KBD4. asm

; NOTE: I n this program
; BACK SPACE key is not honored
; CR key is not recogni zed

; This programis

;1. To read keys from AT or PS/2 keyboard

;2. to display the key on the 20x4 LCD nodule by Truly (HD44780 conpati bl e)
;3. Displays fromthe first dot matrix to the |last one

;4. 4. IF the last dot is reached, it is cleared and restart fromthe first
dot

; LCDis with 4-bit interfacing
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; CR key woul d change the line

Pi n Connection fromLCD to 16F877

; LCD (pin#) 16F877 (pi n#)
;DB7 (14) ----- RB7( 40)
; DB6 (13) ----RB6(39)
; DB5 (12) ----RB5(38)
;DB4 (11) ----RB4(37)
;E(6) ------ RB2( 35)
s RW(5)  ----- RB3( 36)
RS (4) ----- RB1(24)
;Vo (3) ----- GN\D
;vdd (2) ----45V
;Vss (1) ----- G\D
; KEYBOARD | nt er faci ng
; CLOCK ----- RD7 (i nput)
; DATA ------ RD6 (i nput)
list P = 16F877
STATUS EQU  0x03
PCL EQU 0x02 ; For Key Table Calling
PCLATH EQU OxO0A ;upper part of PC
CARRY EQU  0x00
ZERO EQU 0x02
PORTB EQU 0x06
TRI SB EQU 0x86
RS EQU 0x01 ; RB1
E EQU 0x02 ; RB2
RW EQU  0x03 ; RB3
TRI SD EQU 0x88
PORTD EQU  0x08
CARRY EQU  0x00
VBB EQU  0x07
CLOCK EQU  0x07 ; from Keyboard (RD7)
KDATA EQU 0x06 ; from Keyboard ( RD6)
; RAM
CBLOCK 0x20
CURSOR ;tracking the current display position
; CURSOR
;12 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 line 1
;21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 line 2
;41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 line 3
;61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 line 4
Daddr ; Di spl ay address (cursor pos)
Dkey ; Key character to be displayed
DATAr eg
Bi t count
Kst at
Kount 120us ; Del ay count (nunber of instr cycles for del ay)

298
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Kount 100us
Kount 1ns
Kount 10ns
Kount 1s
Kount 10s
Kount 1m

Tenp

ENDC

;tenp storage

; program shoul d start from 0005h
;0004h is allocated to interrupt handler

; RB7 for CLOCK and RB6 for DATA as inputs

; G ve Keyboard to send STATUS to the host

; ALl out put

:RWset LOWhere

;Current Display Location
; Home cursor position (1, 1)

:RWset LOW here

;give LCD nodul e to reset automatically

org 0x0000
goto START
org 0x05
Start
banksel TRI SD
; 1100 0000
novl w B' 11000000’
nmovwf TRI SD
call del ayls
BANKSEL TRI SB
movl w 0x00
novwf TRI SB
banksel PORTB
clrf PORTB
clrf CURSOR
i ncf CURSOR
;LCD routine starts
cal | del ay10ns
cal | del ay10ns
banksel PORTB
clrf PORTB
cal | LCD4i ni t
;KBD Moni tori ng
BEG N
banksel DATAr eg
clrf DATAr eg

; CHECK |F THE CLCOK is HHGH at | east for 10n5

banksel
bt fss

PORTD

PORTD, CLOCK
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goto
cal |

BEG N ;if CLOCK is LOW start again

Del ay10ms ; 10nS del ays

; check again for CLCOK

btfss PORTD, CLOCK
goto BEG N
; READY FOR CLOCK PULSES
clrf KSTAT
KEYI N
; X readi ng
cal | RX11bi t ;
clrf STATUS
novf DATAr eg, O ; Break Code?
xor | w OxFO
btfss STATUS, ZERO
goto CAT
; BREAK is detected. Abort It. Resume It
goto BEG N
; Cat egory detection
CAT clrf STATUS
novf DATAr eg, 0
xorlw OXEO
btfsc STATUS, ZERO
goto Begi n ; EO keys (CAT2) are ignored
clrf STATUS
novf DATAr eg, 0
xorlw 0x12
btfsc STATUS, ZERO
goto LRSHI FT
clrf STATUS
novf DATAr eg, 0
xorlw 0x59
btfsc STATUS, ZERO
goto LRSHI FT
clrf STATUS
novf DATAr eg, O
xorlw 0x58 ; CAPS LOCK
btfsc STATUS, ZERO
goto CAPS
novf DATAr eg, 0
clrf STATUS ; CR check
xorlw Ox5A
btfsc STATUS, ZERO
goto CRhandl e

L Shift ===>12 | FO 12
'R Shift ===>59 | FO 59

; CAT1 has the format of (X)]|(F0)(X)

CAT1 novf

DATAr eg, O

;check if the key inis CR
: Then we have to nove the next |ine

cal |
cal |

; (FO) detection

cal |
clrf

NoShi f t KeyTabl e
LCDi spl ay

; (X) display

RX11bi t
STATUS

300
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novf DATAr eg, 0
xor | w OxFO
btfss STATUS, ZERO
; Key is not broken. Still pressed,
goto CAT1
; Key is broken
; Last (X) reading
cal | RX11bi t ;(X) after FO
goto EG N
;L-SHIT and R-SHI FT has the form
; L-SHI FT and a character 12 X | FO X | FO 12
; RSH FT and a character 59 X | FO X | FO 59
LRSHI FT ;12 or 59 entered
; (FO) detection
cal | RX11bi t
clrf STATUS
novf DATAr eg, 0
xor | w OxFO
btfsc STATUS, ZERO
goto BEG N
; X
clrf STATUS ;if (12) do not display
novf DATAr eg, O
xor | w 0x12
btfsc STATUS, ZERO
goto LRSHI FT
clrf STATUS ;i f (59) do not display
novf DATAr eg, 0
xor | w 0x59
btfsc STATUS, ZERO
goto LRSHI FT
;a Key (X) is entered
novf DATAr eg, 0
cal Shi ft KeyTabl e
cal | LCDi spl ay
; (FO) detection
cal | RX11bi t
clrf STATUS
novf DATAr eg, O
xor | w OxFO
btfss STATUS, ZERO
goto LRSHI FT
; Last (X) reading
cal | RX11bi t
novf DATAr eg, 0
clrf STATUS ;check if (X) or (12) entered after FO
xor | w 0x12
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bt fsc
goto
got o

CAPS

; (FO) detection
cal |
cal l

CAPnext
cal |
clrf
novf
xor | w
bt fss
goto
cal |
cal |
goto

CAPt wo
novf
cal |
cal |

; (FO) detection
cal |
clrf
novf
xor | w
bt fss
goto

; Last (X) reading
cal |
got o

; CR handl i ng
CRhandl e

cal |

cal |
;have to npve the

; Routine Here

got o

STATUS, ZERO
BEG N
LRSHI FT

;caps lock (58) entered

RX11bi t ;this must be FO
RX11bi t ;this must be (58) again

RX11bi t ; Check if (58) or other
STATUS
DATAr eg, O
0x58
STATUS, ZERO
CAPt wo ; End of CAP session
RX11bi t ; FO
RX11bi t ; (58)
BEG N
;a Key (X) is entered

DATAr eg, O
CAPKeyTabl e
LCDi spl ay

RX11bi t ;this
STATUS

DATAr eg, O

OxFO

STATUS, ZERO

CAPt wo

;FO is read
RX11bi t ; (X) again and ignore
CAPnext

RX11bi t ; FO read
RX11bi t ; CR readi ng again
cursor to the next line at the first position

BEG N

; SUBROUTI NES and TABLES HERE

" HERE
END
- END of OODE
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6. A complete Keyboard-LCD Operation with Back Space and Carriage Return

The next version of Keyboard and LCD connection with a 16F877 is to accommodate the two
keys we did not: Back Space (BS) and Carriage Return (CR) keys. When BS key is detected
we have to move the cursor position to the left by 1 position. This, then, needs the current
cursor position address. When CR is detected, again, the cursor position address must bee
provided so that we move the cursor to the first position of the next line.

These new features require reading information from the LCD controller/interface inside the
LCD module, which we have not discussed at all. We only discussed about writing instructions
and data to the LCD controller. The reason we need reading information, especially the current
cursor address information, is that, as we mentioned before, we do not have direct knowledge on
the cursor position address unless we monitor the position every time we write a character on the
LCD. Of course there is an indirect way to fulfill this task: monitoring CURSOR value every
time we write a character to LCD and interpret the cursor position address from the CURSOR
value.

As discussed above, CURSOR is the variable assigned for convenience; it does not indicate the
cursor position inside the DD(Display Data) RAM of the LCD module. But reading the cursor
position address would be better because we need not this reading all the time as we have to do
in the CURSCOR tracing approach; we do this cursor position address reading only when CR or BS
key is detected. In conclusion, whether we use an arbitrary variable for cursor tracking or not,
reading the location address from the LCD interface/controller brings more convenience and
gives a good practice of more utilizing a LCD module.

As we studied in Chapter 6, there is a command in HD44780 or equivalent LCD
controller/interface of "Reading Busy Flag and DD RAM address" as shown below. On
additional command we include is the cursor address setting command. These two are most
relevant in the discussion of this version of keyboard - LCD connection.

Code
Ismwion BS BEW DBET DBEs DE: DBEi  DEX DE2 DEL  DE0 [hes ripetiom
St Setz DDEAM
DDEAM address DDEAM
address [l 0 i AbD  ADD  ADD  ADD  ADD  ADD ADD dada s centand
racEved afler s
setlin:
Ready bugy Feadsbugy Qag(BE)
flag & indicatyng il emal
address 0 1 BF A0 &0 &0 &C &0 & &0 opemionis heEng

performed and reads
address congrier
coqitenits
ADD: DOPAM address ( comresponds to corsor addeess)
AL Address courder ussd for DD R AN address

As the table shows, we read 7-bit DDRAM address of the current cursor position. We do not

care much on the flag bit, BF, if the LCD is ready to receive data or not, since our interest is the
7 bits returned to 16F877.
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By the way, cursor address read from the LCD module for 20x4 display format based on the
position and the line is as follows:

Position 1 1213|4567 ]|8[9]10]11[12|13)14]15] 16 |17]18|19]20
First line | 00h [01h|02h|03h |04h[05h|06h|07h|08h|09h|0Ah|0Bh|OCh[0ODh|OEh| OFh [10h|11h|12h|13h
Second line | 40h |41h|42h{43h|44h|45h|46h|47h[48h|49h|4Ah{4Bh{4Ch|4Dh|4Eh| 4Fh |50h[51h|52h|53h
Third line | 14h |15h|16h|17h|18h|19h|1Ah|1Bh|1Ch[1Dh|1Eh|1Fh|20h{21h|22h| 23h |24h|25h|26h|27h
Fourth Line| 54h [55h|56h|57h|58h [59h |5Ah|5Bh|5Ch|5Dh|5Eh|5Fh|60h[61h|62h| 63h [64h|65h|66h|67h

To read the cursor address, we have to clear the RS pin and set the RW bit.  Since we use 4-bit
interfacing, we need two consecutive commanding to the LCD to read the total 8-bit data
composed of the BF bit and the 7-bit cursor address. Care should be taken when we read cursor
address from LCD module. Usually we set all the pins of PORTB as outputs since the upper 4
data lines RB<7:4> and RW, E, RS are all outputs. However, when we read the data bits
RB<7:4> must be changed to input pins.

Another caution we have to use is that in both readings, even though there are only 4 data lines
involved, when we read data from PORTB as a byte oriented instruction we read the whole 8 bits
anyway. Since the first reading gets upper nibble and the second, the lower nibble, we have to
extract the nibbles properly to form a byte hex number. The following code illustrates the
DDRAM address reading subroutine, r eadad4, in 4-bit interfacing environment.

As you see at the bottom of the subroutine, once the reading is done, we move back to the usual
writing mode by setting the PORTB<7:4> as outputs and clearing the RW line.

; subroutine reading the cursor position

; RW Must be High

; RS Must be Low

;the 7th bit is BF flag (so ignore this one, or make NMSB 0)
; PORTB <7:4> as inputs

; Hhgh then Low ni bbl es of ADDRESS

; The content of DDADDR read from LCD nodul e (HEX Nunbers)

;Line 1: 00 01 02 ................ 13
;Line 2: 40 41 42 ... ... L. 53
;Line 3: 14 15 16 ........ ... ... 27
yLine 4: 54 55 56 ................ 67
readad4
banksel TRI SB ;set Rb7 - DR4 as inputs
novl w OxFO0 ;upper 4 bits as inputs
novwf TRI SB
banksel PORTB
bsf PORTB, RW ; READI NG MODE
cal | del aylms
bcf PORTB, RS
cal l del aylms
bsf PORTB, E
cal | del aylms
bcf PORTB, E ; Readi ng starts here now

;upper byte first
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; now PORTB<7: 4> has the DDRAM ADDRESS

;upper ni bbl e
nmovl w OxFO0
andwf PORTB, 0
novwf DDt enpl ; Ddt enpl = DDADDR<7: 4>| 0000
; Readi ng for the second ni bble
bcf PORTB, RS
cal | del aylms
bsf PORTB, E
cal del aylms
bcf PORTB, E
;readi ng starts now
;for lower byte
; PORTB<7: 4> has t he DDADDR<3: 0>
nov| w OxFO
andwf PORTB, 0
novwf DDt enp2 ; Ddt enp2 = DDADDR<3: 0>| 0000
swapf DDt enp2 ; Ddt enp2 = 0000| DDADDR<3: 0>

;add DDtenpl and DDt enp2 for DDADDR

novf DDt enpl, O

addwf DDt enp2, O

novwf DDADDR ; DDADDR=DDADDR<7: 4>| DDADDR<3: 0>
; END of Readi ng

banksel TRI SB ; Change to Wite Mde

nmovl w 0x00

novwf TRI SB ;all outputs again

banksel PORTB

bcf PORTB, RW ;back to witing node

return

The next subject is to include in the Category classification section of the code BS and CR key
detection part. This is done by simply adding a few lines of the entered key check. The addition
for these two keys is at the bottom of this category classification part of the code.

; Cat egory detection

CAT clrf STATUS
novf DATAr eg, 0
xor | w OxEOQ
bt fsc STATUS, ZERO
got o Begi n ; EO keys (CAT2) are ignored
; Shift Key Detection
clrf STATUS
novf DATAr eg, 0
xor | w 0x12
bt fsc STATUS, ZERO
goto LRSHI FT
clrf STATUS
novf DATAr eg, 0
xor | w 0x59
btfsc STATUS, ZERO
goto LRSHI FT

Embedded Computing with PIC 16F877 — Assembly Language Approach. Charles Kim © 2006



Chapter 10. Synchronous Serial Communication and Keyboard Connection 306

clrf STATUS

novf DATAr eg, O

xor | w 0x58 ; CAPS LOCK
btfsc STATUS, ZERO

goto CAPS

novf DATAr eg, O

clrf STATUS ; CR check
xor | w Ox5A

btfsc STATUS, ZERO

goto CRhandl e

novf DATAr eg, O

clrf STATUS

xor | w 0x66

btfsc STATUS, ZERO

got o BShandl e ; Back Space Handl i ng

So when the BS is entered we handle the case by executing the Bshandl| e part. CR would
jump to CRhandl e. Let's discuss about handling when CR key is entered. When CR key is
entered, we read the next two frames (i,e, FOk and 0Dh break codes) from the keyboard and
ignore them, then we change the new cursor position to the first position at the next line.

Therefore we have to know the current cursor position stored in the DDRAM address. Once the
cursor position is read, we have to figure out at which line the cursor is located. The cursor
position is read in 7-bit format, however, when we set the cursor position by writing an
instruction (See above code table), the DB7 pin must be High, so as soon as we read the cursor
position address, we set the 7™ bit (MSB) of the address, so that we directly write the address as
the new cursor position.

The CRhandl e routine listed below shows how to find at which line the current cursor is
located by the DDRAM address read and to change the new cursor address to the first position of
the next line. In the routine, we notice that we use Borrow flag (which is same as the Carry flag
used in add instruction) in sub instruction to find the current line position of the cursor, by
employing subl w k instruction. The subl w k instruction is to have the operation of (k - W
— W; subtract W from k and store the result to W) and check if k is bigger than W or not: if k is
bigger than W there is no Borrow so the Borrow flag in STATUS register is set. The Borrow
flag is kind of active low flag which clears when the condition is met. Conclusively, if the
Borrow bit is set, the Kk is bigger than W.

; CR handl i ng
CRhandl e

cal | RX11bi t ; FO read

cal | RX11bi t ; CR readi ng again
;read the current cursor position

cal | readad4

: DDADDR has t he content
:NOTE: MSB nust be 1 in the cursor conmmand
bsf DDADDR, MSB :set the 7" bit
;i f DDADDR<94, then new cursor position is CO
;i f DDADDR<E8, then 80
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;i f DDADDR<CO, then D4
;i f DDADDR<D4, then 94

clrf STATUS
novf DDADDR, 0
subl w 0x94 p k-W-->W
btfsc STATUS, Bor r ow ; No borrow nmeans that k>W
goto CR94 ;is less than 94 i.e.,cursor is at line 1
clrf STATUS
novf DDADDR, 0
subl w 0xC0
btfsc STATUS, Bor r ow
goto CRCO ;cursor in at line 3
clrf STATUS
novf DDADDR, 0
subl w OxD4
btfsc STATUS, Bor r ow
got o CRD4 ;cursor is at line 2
clrf STATUS
novf DDADDR, 0
subl w OxE8
btfsc STATUS, Bor r ow
got o CRE8 ;cursor is at line 4
goto BEG N ;cursor position out of range
CR94 call poslinel2 ;move the cursor to pos 1 line 2
got o begi n
CRCO call poslineld ;move the cursor to pos 1 line 4
goto BEG N
CRD4 call poslinel3 ;move the cursor to pos 1 line 3
goto BEG N
CRE8 call poslinell ;move the cursor to pos 1 line 1
goto BEG N

The BShandl e routine is not very different from CRhandl e part. Once BS is entered, the
next two frames must read but ignored. What it does is just to reduce the cursor address by 1
and write a cursor position instruction to LCD so that the cursor is 1 place left shifted.

One glitch in this simple procedure is that, when the current cursor is at the first position of a
line, the new cursor should be moved to the last position of the line one above. Except that if the
cursor is located at the first position of line 1, there is no change and keep the current position
evne though BS action. Therefore, here again is where the current position is also an important
part of the routine.

The majority of the routine is, therefore, dedicated to find if the current cursor is at the first
position in any of 4 lines. If the cursor is not at the first position, we simply decrease the cursor
address by 1 and write it back for the new DDRAM address. The following routine is for the BS
key handler.

; BS Handl i ng
BShandl e
novf DATAr eg, 0 ; Whol ds $66
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cal | RX11bi t ; FO read

cal | RX11bi t ; BS break code
;read the current cursor position

cal | readad4

; DDADDR has the content

; SO nove the current to the |eft

; NOTE: MSB nust be 1 for conmmandi ng of the cursor position
bsf DDADDR, MSB

;i f DDADDR = 94, then new cursor position is D3

;if DDADDR = C0, then new position is 93

;if DDADDR = D4, then new position is A7

;if DDADDR = 80, then new position is 80 (NO CHANGE)

; all other cases, new position is (DDADDR - 1)

clrf STATUS
novf DDADDR, 0
xor | w 0x94
btfsc STATUS, ZERO
got o DD94 ;cursor in pos 1 line 3
clrf STATUS
novf DDADDR, 0
xor | w 0xC0
btfsc STATUS, ZERO
got o DDCO ;cursor in pos 1 line 2
clrf STATUS
novf DDADDR, 0
xor | w 0xD4 ;cursor in pos 1 line 4
btfsc STATUS, ZERO
goto DDD4
clrf STATUS
novf DDADDR, 0
xor | w 0x80
btfsc STATUS, ZERO
got o DD80 ;cursor in pos 1 line 1
;all others
decf DDADDR
decf CURSOR
novf DDADDR, 0
cal | i nstw4
goto BEG N
DD94 novlw 0xD3 ;move cursor to pos 20 line 2
decf CURSOR
cal | i nstw4
goto BEG N
DDCO novlw 0x93 ;move cursor to pos 20 line 1
decf CURSOR
cal | i nstw4
goto BEG N
DDD4 novlw OxA7 ;move cursor to pos 20 line 3
decf CURSOR
cal | i nstw4
goto BEG N
DD80 novlw 0x80 ;move cursor to pos 1 line 1
cal | i nstw4
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goto BEG N

Except these new routines and subroutines, the code for this updated for CR and BS handling is
not different from the previous version. Make a full code and run the program to see if the CR
and BS keys are working as we intended them to work.
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