EA 7123-12C

1°C-BUS LCD MIT
3x12 ZEICHEN, SUPERFLACH

Abmessungen:
46x33x2,65mm

TECHNISCHE DATEN

* 3x12 ZEICHEN I2C BUS INTERFACE: 100kHz

* CHIP-ON-GLAS TECHNIK: NUR 2,65mm FLACH

* 5x7 MATRIX, 6°° BLICKRICHTUNG

* DURCH GEDREHTEN ZEICHENSATZ AUCH FUR 12°° BLICKRICHTUNG
* VERSORUNG +2,5V/-4,5V BIS +6V/-1V @ 500pA

* PCF 2116 ON BOARD

* TRANSFLEKTIV: KANN VON HINTEN BELEUCHTET WERDEN (LED/EL-FOLIE)
* ZEICHENHOHE 4,7mm

* SICHTFENSTER 32 x 17mm

* AUSSENABMESSUNGEN 46 x 33 mm

* BETRIEBSTEMPERATUR -20... +70°C

* LAGERTEMPERATUR -25... +80°C

BESTELLBEZEICHNUNG
3x12st. DOTMATRIX LCD MIT I?C-BUS EINGANG EA 7123-12C
LED- BELEUCHTUNGSKORPER FUR 5V / 30mA EA LED500-36

ELECTRONIC

ASSEMBLY ¢ LOCHHAMER SCHLAG 17-D-82166 GRAFELFING
F TEL089/8541991-FAX089/8541721-http:/mww.lcd-module.de
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Programming of mux 1 : 32 displays with PCF2114X

To drive a 2-line by 24 characters mux 1 : 32 display, use
instruction Function SetM, N to 0, 1. Note that the right half
of the display needs mirrored column connection
compared to a display driven by a PCF2116X.

To drive a 4-line by 12 characters mux 1 : 32 display the
PCF2116 operating instructions apply. There is no
functional difference between the two chips in this mode.
For such an application set M, N to 1,1 with the Function
Set instruction.

Reset function

The PCF2116 automatically initializes (resets) when
power is turned on. After reset the chip has the following
state.

Table 2 State after reset.

STEP DESCRIPTION

1 Display clear.

2 Function set. DL=1 8-bit interface
M, N =0 | 1-line display
G=0 voltage
generator;
Vico = Vo
3 Display on/off D=0 display off
control. C=0 cursor off
B=0 blink off
4 Entry mode set. | /D =1 +1 (increment)
S=0 no shift

5 Default address pointer to DDRAM. The busy
flag (BF) indicates the busy state (BF = logic 1)
until initialization ends. The busy state lasts

2 ms. The chip may also be initialized by
software. See Figs 28 and 29.

I12C-bus interface reset.
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INSTRUCTIONS

Only two PCF2116 registers, the instruction register (IR)
and the data register (DR) can be directly controlied by the
MPU. Before intemal operation, control information is
stored temporarily in these registers to allow interface to
various types of MPUs which operate at different speeds
or to allow interface to peripheral control ICs. The
PCF2116 operation is controlled by the instructions shown
in Table 3 together with their execution time. Details are
explained in subsequent sections.

Instructions are of 4 categories, those that:

1. Designate PCF2116 functions such as display format,
data length, etc.

2. Setintemal RAM addresses.
3. Perform data transfer with internal RAM.
4. Others.

In normal use, category 3 instructions are used most
frequently. However, automatic incrementing by 1 (or
decrementing by 1) of internal RAM addresses after each
data write lessens the MPU program load. The display shift
in particular can be performed concurrently with display
data write, enabling the designer to develop systems in
minimum time with maximum programming efficiency.

During internal operation, no instruction other than the
busy flag/address read instruction will be executed.

Because the busy flag is set to logic 1 while an instruction
is being executed, check to make sure it is on logic 0
before sending the next instruction or wait for the
maximum instruction execution time, as given in Table 3.
An instruction sent while the busy flag is HIGH will not be
executed. :
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1. Inthe I2C-bus mode the DL bit is don't care. 8-bit mode is assumed.
In the 12C-bus mode a control byte is required when RS or R/W is changed; control byte: Co, RS, RW, 0, 0, 0, 0, 0; command byte DB7 to DBO.

Table 3 Instructions (note 1).
. REQUIRED
INSTRUCTION | RS | RY'W [ DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBt | DBO DESCRIPTION CLOCK
CYCLES
NOP 0 0 0 0 0 0 0 0 0 0 | no operation 0
Clear display 0 0 0 0 0 0 0 0 0 1 | Clears entire display and sets DDRAM 165
address 0 in address counter.
Return Home 0 0 0 0 0 0 0 0 1 0 | Sets DDRAM address 0 in address counter. 3
Also returns shifted display to original position.
DDRAM contents remain unchanged.
Entry mode set 0 0 0 0 0 0 0 1 D | S |Sels cursor move direction and specifies shift 3
of display. These operations are performed
during data write and read.
Display control 0 0 0 0 0 0 1 D C B | Sets entire display on/off (D), cursor on/off (C) 3
and blink of cursor position character (B).
Cursor/display 0 0 0 0 0 1 |SIC|{RL] O 0 | Moves cursor and shifts display wnhoul 3
shift changing DDRAM contents.
Function set 0 0 0 0 1 DL| N M G 0 | Sets interface data length (DL), number of 3
display lines (N, M) and voltage generator
control (G).
Set CGRAM 0 0 |0 1 Acg Sets CGRAM address 3
address
Set DDRAM 0 0 1 App Sets DDRAM address 3
address
ReadBusy Flag | 0 1 BF Ac Reads busy flag (BF) indicating internal (1]
.| and Address operation is being performed and reads
Counter address counter contents.
Read data 1 1 read data Reads data from CGRAM or DDRAM. 3
Write data 1 0 write data Wirites data to CGRAM or DDRAM. 3
Notes

2. Example: fosc = 150 kHz, ’l‘cy = TL = 6.67 us; 3 cycles = 20 ps, 165 cycles = 1.1 ms.

osc

Table 4 Command bit identities.

BIT 0 1
/0 decrement increment
S display freeze display shift
D display off display on
C cursor off cursor on
8 character at cursor position does not blink character at cursor position blinks
S/C cursor move display shift
R left shift right shift
DL 4 bits 8 bits
G voltage generator: Vi cp = Vo voltage generator; Vi cp = Vo - 0.8Vpp
N, (M=0)
PCF2116 1 line x 24 characters; mux 1 : 16 2 lines x 24 characters; mux 1 : 32
PCF2114 2 line x 12 characters; mux 1 : 16 2 lines x 24 characters; mux 1 : 32
N, (M=1) reserved 4 lines x 12 characters; mux 1 : 32
BF end of intemal operation internal operation in progress
Co last control byte, only data bytes to follow | next two bytes are a data byte and another
control byte
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inlemal operation

internal

instruction ‘

busy flag
write

check

oxr 77X Y o XD > XU v 28 X%

busy flag

Fig.20 Example of busy flag check timing sequence.

busy flag instruction
check ) check write MGAS06

Clear display

Clear Display writes space code 20 (hexadecimal) into all
DDRAM addresses (The character pattern for character
code 20 must be blank pattem). Sets the DDRAM address
counter to logic 0. Returns display to its original position if
it was shifted. Thus, the display disappears and the cursor
or blink position goes to the left edge of the display (the
first line if 2 or 4 lines are displayed). Sets entry mode
I/D = logic 1 (increment mode). S of entry mode does not
change.

The instruction Clear Display requires extra execution
time. This may be allowed for by checking the busy-flag
(BF) or by waiting until 2 ms has elapsed. The latter must
be applied where no read-back options are foreseen, asin
some chip-on-glass (COG) applications.

Return Home

Return Home sets the DDRAM address counter to logic 0.
Returns display to its original position if it was shifted.
DDRAM contents do not change. The cursor or blink
position goes to the left of the display (the first line if 2 or

4 lines are displayed). I/D and S of entry mode do not
change.

Entry mode set
1D
When I/D = logic 1 (0) the DDRAM or CGRAM address

increments (decrements) by 1 when data is written into or

read from the DDRAM or CGRAM. The cursor or blink
position moves to the right when incremented and to the
left when decremented. The cursor and blink are inhibited
when the CGRAM is accessed.

S

When S = logic 1, the entire display shifts either to the right
(/D = logic 0) or to the left (/D = logic 1) during a DDRAM
write. Thus it looks as if the cursor stands still and the
display moves. The display does not shift when reading
from the DDRAM, or when writing into or reading out of the
CGRAM. When S = logic 0 the display does not shift.

Display on/off control
D

The display is on when D = logic 1 and off when
D = logic 0. Display data in the DDRAM are not affected
and can be displayed immediately by setting D to logic 1.

C

The cursor is displayed when C = logic 1 and inhibited
when C = logic 0. Even if the cursor disappears, the
display functions I/D, etc. remain in operation during
display data write. The cursor is displayed using 5 dots in
the 8% line (see Fig.12).
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The character indicated by the cursor blinks when

B = logic 1. The blink is displayed by switching between
display characters and all dots on with a period of

1 second when fos. = 150 kHz (Fig.12). At other clock
frequencies the blink period is equal to 150 kH2/feec. The
cursor and the blink can be set to display simultaneously.

Cursor or display shift

Cursor or Display Shift moves the cursor position or the
display to the right or left without writing or reading display
data. This function is used to correct a character or move
the cursor through the display. In 2 or 4-line displays, the
cursor moves to the next line when it passes the last
position (40 or 20 decimal) of the line. When the displayed
data is shifted repeatedly all lines shift at the same time;
displayed characters do not shift into the next line. The
address counter (AC) content does not change if the only
action performed is shift display, but increments or
decrements with the cursor shift.

Function set

DL (PARALLEL MODE ONLY)

Sets interface data width. Data is sent or received in bytes

(OB7 to DBO) when DL = logic 1 or in two nibbles
(DB7 to DB4) when DL = logic 0. When 4-bit width is
selected, data is transmitted in two cycles using the
paralle! bus(").

Function set from 12C-interface: DL bit can not bet setto 0

trom the 12C-interface. If bit DL has been set to 0 via the
parallel bus, programming via the 12C-interface is
complicated.

N, M
Sets number of display lines.

G

Controls the V| ¢p voltage generator characteristic.

Set CGRAM address

Set CGRAM Address sets bit 0 to 5 of the CGRAM
address ACG into the address counter (binary

(1) Ina 4-bit application DB3 to DBO are left open (intema!l
puil-ups). Hence in the first function set instruction after
power-on G and H are set 10 1. A second function set must
then be sent (2 nibbles) to set G and H to their required

values.
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AsAA3AAAp). Data can then be written to or read from
the CGRAM.

Only bits 0 to 5 of the CGRAM address are set by the set
CGRAM address command. Bit 6 can be set using the set
DDRAM address command or by using the auto-increment
feature during CGRAM write. All bits 0 to 6 can be read
using the read BF and address command.

Set DDRAM address

Set DDRAM Address sets the DDRAM address into the
address counter (binary AgAsA4A3 ApAAp). Data can then
be written to or read from the DDRAM.

Hexadecimal address ranges.

ADDRESS FUNCTION
00 to 4F 1-line by 24; 2116
00 to 0B and 0C to 4F 2-line by 12; 2114
00 to 27 and 40 to 67 2-line by 24; 2114/2116
00to 13,2010 33,40t0 53 | 4-line by 12; 2114/2116
and60to 73

Read busy flag and address

Read Busy Flag and Address reads the busy flag (BF).
BF = logic 1 indicates that an internal operation is in
progress. The next instruction will not be executed if
BF = 1. Check the BF status before sending the next
instruction.

At the same time, the value of the address counter
expressed in binary Ag 1o Ag is read out. The address
counter is used by both CGRAM and DDRAM, and its
value is determined by the previous instruction.

Write data to CGRAM or DDRAM

Writes binary 8-bit data D7 to Dg to the CGRAM or the
DDRAM.

Whether the CGRAM or DDRAM is to be written into is
determined by the previous specification of CGRAM or
DDRAM address setting. After writing, the address
automatically increments or decrements by 1, in
accordance with the entry mode. Only bits DO to D4 of
CGRAM data are valid, bits DS to D7 are ‘don't care’.
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acknowledgement
from PCF2116
Fririyls Trrri1ril LB B L rrrrriri rityrrrat
sjfo1 1101 3 0|A}1 CONTROLBYTE |A DATA A| 0 CONTROLBYTE |A DATA AlpP
I ] I T O O | | I I I | | S I I | S T A |
- — ‘gd' J t N v N ~ N ~ /t
ve address 2n2 O bytes 1 byte nz0
- co co by‘ . m" wt.

dala pointer

+ | ¢

IR

01110 1]Alo
[}

N MGAROS - 1

PCF2116 1_
slave address R/W

Master transmits to slave receiver; WRITE mode.

acknowledgement
from PCF2116
TTTTT[s TT T T 1T TT T T T V11 LI I I O TT VT T T T1 -
slo 1t 110 1|alo|a|1 contROLBYTE |A DATA alo 1 1 contROL |A paTA™" Al ===
I O T O | S T | I O I O T | _/’
\ J A\ I\ J
Yo Y Y
slave address 2n 2 0 bytes 2 bytes
RW Co Co
acknowledgement
from PCF2116 no acknowledgement
from masler
o T Ts L I O T T 1T 1T
¢--- Is| AoDRESS 3 1{A DATA A DATA 1|P
- | I I | | I I T Y Y B N O T |
. n bytes last byte
(1) Last data byte is a dummy byte (may be omitted). RW on byt
update MGAS09 -
data pointer !
acknowledgement acknowledgement no acknowledgement
-from PCF2116 from master from master
T ‘SL;Vé TTs TT T T I
Alt]A DATA A DATA 1
S| aooress - |g P
L1 11 i | | | I T O
1_ n bytes last byte
RW
. updale _ |
data pointer MGAS10 - 1

Master reads slave immediately after first byte; READ mode (RS previously defined).
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FONT TABELLE CHARACTERSET -C

upper
lower 4 bits | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 { 1100 | 1101 | 1110 | 1111
4 bits 2
[ L] a L] e L] L] []
0000 CG E . E E =" E-.E H E-n- . ]
%000 RAM 1| . HE- HYTH N - S
. . s . ene . . see |
- [ a . L] ase
- - L] an - . . a
- - - a - LR ] - mes e
xxxx 0001 2 HY ae (1] : . :-ll: : n: ---: .--::
an .. a8 L] - s |® L a -
LN} a8 &8 L anm a L) as e asss .
ase sesa asse L]
ase L LR ] - -
see . ois - e B8 a se
xoxx 0010 3 . e il e R
as se . sle L] . -
- s =0 ames - - LA ] .
xXxx 0011 4 * s :: : ane l-.. I...
. - H HEEE
L a® =8 ass seee [ XX ] sssa
. . P - NI
- e.a . L] L] LN | sses
xxxx 0100 | § . e e o s Ja "3l e
H - H HI -
. asses : :
- . . . sasuw - [
xoxx 0101 6 H " |a S |ssees|s &
: :ll.. .I... .l'. -..-:
- 'II. .l. :..Il : : .II.
. ® s alssenn|s @ . . o » .
oox 0110 | 7 : A I PO U e I L
ssess . es|a es| s e | . ale K] . )
s . e so | ao s |0 es| se n| sse |u - . .
[ . ® e s o8 Csesn | ane [e .
. . s e as} " S R - PR PR
oxx 0111 8 essna| @ H e . e . - - PRI -
- L L d e 98 . - L L L . » = L] s a =
L L) . .e oW ans L - sess L N ] aasns L
L1 - anses - se L . L - .
. P H A HEH I N R
X0 1000 9 II:I‘ : : ..ll. :.l.: - :l : .l
: .: 'l '.ll.: : . : : : L .l
sesne |na * H H H
xoxx 1001 10 M M - eese :
: as e .’ wese
w |
oox 1010 | 11 . *2%a| oe :
. H . s "t
oox 1011 | 12 HE edel 00 lEn
L] aes . L L]
LA ens L] L] . L]
0] [ s |
. L L] a
. . . .
wox 1100 13 H . as '- .
H e " R HTT
e . s
. .. s o
ass aa amsae L )
uxx 1101 14 sasamn :: . . ssses sness :.:
H GH : i
ass | & a a L] - . a s LI
. ess |a " . . . »
LLJ L] . - aspese - - LL] »le - s a9 a -
ox 1110 | 15 |"350% [ S2%| eve |o "en|s 5| eses R T -
L] L] L] LR LR - asesn as L] L L LI L] L] - L] .8
esea L] ® jssess saan ae L) L ] L] L) eae - L] as @
. ase e LR} as *
ass - - . . . - L L]
ssene | ss . . . el o/ o8 ass asw
00X 1111 | 16 lasees |®i2 - " PR RN B - NPT
.:. * .I.I. .- L] .III. ... .II.. .llll
MLB8gs

Character set 'C’ in CGROM; PCF2116C;
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KONTRASTEINSTELLUNG

VDD +2,5V..+6V

. —]

VLCD

10k Q

ca. 6,5V

NG SkQ

Function set: Bit G=0 (\.,=V,)
-1V..-8V Bit M=1 (3-4 lines)

Bit N=1 (3-4 lines)
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