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1. General description

The PCF2119x is a low power CMOS?! LCD controller and driver, designed to drive a dot
matrix LCD display of 2-lines by 16 characters or 1-line by 32 characters with 5 x 8 dot
format. All necessary functions for the display are provided in a single chip, including
on-chip generation of LCD bias voltages, resulting in a minimum of external components
and lower system current consumption. The PCF2119x interfaces to most
microcontrollers via a 4-bit or 8-bit bus or via the 2-wire 12C-bus. The chip contains a
character generator and displays alphanumeric and kana (Japanese) characters.

The letter ‘X’ in PCF2119x characterizes the built-in character set. Various character sets
can be manufactured on request. In addition 16 user defined symbols (5 x 8 dot format)
are available.

2. Features and benefits

Single-chip LCD controller and driver

2-line display of up to 16 characters plus 160 icons or 1-line display of up to
32 characters plus 160 icons

5 x 7 character format plus cursor; 5 x 8 for kana (Japanese) and user defined
symbols

Reduced current consumption while displaying icons only

Icon blink function

On-chip:

@ Configurable 4, 3, or 2 times voltage multiplier generating LCD supply voltage,
independent of Vpp, programmable by instruction (external supply also possible)

€ Temperature compensation of on-chip generated V| cpout: —0.16 %/K to
—0.24 %/K (programmable by instruction)

@ Generation of intermediate LCD bias voltages

@ Oscillator requires no external components (external clock also possible)
Display Data RAM (DDRAM): 80 characters

Character Generator ROM (CGROM): 240 characters (5 x 8)

Character Generator RAM (CGRAM): 16 characters (5 x 8); 4 characters used to drive
160 icons, 8 characters used if icon blink feature is used in application

4-bit or 8-bit parallel bus and 2-wire 12C-bus interface

Manufactured in silicon gate CMOS process

18 row and 80 column outputs

Multiplex rates 1:18 (2-line display or 1-line display), 1:9 (for 1-line display of up to
16 characters and 80 icons) and 1:2 (for icon only mode)

1.

The definition of the abbreviations and acronyms used in this data sheet can be found in Section 20.
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3. Applications

LCD controllers/drivers

Uses common 11 code instruction set (extended)
Logic supply voltage: Vpp1 — Vss1 = 1.5 V to 5.5 V (chip may be driven with two
battery cells)

LCD supply voltage: V| cpout — Vss2 =2.2Vt0 6.5V

V| cp generator supply voltage: Vpp, — Vss2 =2.2 Vto 4V and
Vpop3z — Vss2 =2.2Vto4V

Direct mode to save current consumption for icon mode and multiplex drive mode 1:9
(depending on Vppy, value and LCD liquid properties)

Very low current consumption (20 pA to 200 pA):
@ Icon mode: < 25 pA
@ Power-down mode: < 2 pA

Icon mode is used to save current. When only icons are displayed, a much lower LCD
operating voltage can be used and the switching frequency of the LCD outputs is
reduced; in most applications it is possible to use Vpp as LCD supply voltage

PCF2119X

Telecom equipment
Portable instruments
Point-of-sale terminals

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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4. Ordering information

LCD controllers/drivers

Table 1.

Ordering information

Type number Package
Name Description Version
PCF2119AU bare die 168 bumps PCF2119x
PCF2119DU bare die 168 bumps PCF2119x
PCF2119FU bare die 168 bumps PCF2119x
PCF2119I1U bare die 168 bumps PCF2119x
PCF2119RU bare die 168 bumps PCF2119x
PCF2119SU bare die 168 bumps PCF2119x
4.1 Ordering options
Table 2. Ordering options
Product type number |IC Sales item (12NC) |Delivery form
revision
PCF2119AU/2DA/2 2 935273369033 chips in tray
PCF2119DU/2/2 2 935272743033 chips in tray
PCF2119FU/2/F2 2 935267829033 chips in tray
PCF21191U/2DA/2 2 935294878033 chips in tray
PCF2119RU/2/F2 2 935263699033 chips in tray
PCF2119RU/2DB/2 2 935293133033 chips in tray
PCF2119SU/2/F2 2 935263700033 chips in tray
5. Marking
Table 3.  Marking codes
Product type number Marking code
PCF2119AU PC2119-2
PCF2119DU PC2119-2
PCF2119FU PC2119-2
PCF21191U PC2119-2
PCF2119RU PC2119-2
PCF2119SU PC2119-2
PCF2119X All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
Product data sheet Rev. 11 — 15 July 2013 3 of 86
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LCD controllers/drivers

6. Block diagram

C1to C80 R17DUP R1 to R18
60 to 99, 100 51 to 59,
4 101to0 140 4 14110 149
80 18
COLUMN DRIVERS | —>—| ROW DRIVERS |
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Fig 1. Block diagram of PCF2119x

PCF2119X All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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7. Pinning information

LCD controllers/drivers

PCF2119X

7.1 Pinning
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Viewed from active side. For mechanical details, see Figure 49.

Fig 2.

Pinning diagram of PCF2119x (bare die)
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LCD controllers/drivers

7.2 Pin description

Table 4. Pin description

Symbol Pin Description

Vpp1 1to6 supply voltage 1 (logic)

Vpp2 7t014 01 supply voltage 2 (for high voltage generator)
Vpp3 15t0 18 (1 supply voltage 3 (for high voltage generator)
E 19 [21 data bus clock input

* set HIGH to signal the start of a read or write operation

¢ data is clocked in or out of the chip on the negative edge
of the clock

Tland T2 20 and 21 test pins

®* must be connected to Vss;
Vss1 22t0 29 Bl ground supply voltage 1

e for all circuits, except of high voltage generator
Vss2 30to 35 Bl ground supply voltage 2

e for high voltage generator

VL CDSENSE 36 input for voltage multiplier regulation circuitry and for the bias
level generation

® if V_ ¢p is generated internally then this pin must be
connected to VicpouT and Vicpin

® if V_ ¢p is generated externally then this pin must be
connected to V cpin only

VicpouT 37 to 43 Vi cp output

® if V_ ¢p is generated internally then this pin must be
connected to Vicoin and to VL CDSENSE

® if V_ ¢p is generated externally then this pin must be left
open-circuit
VLcoin 44 to 49 input for LCD bias level generator

* if V_ cp is generated internally then this pin must be
connected to VicpouT and to VLcDSENSE

® if V_ ¢p is generated externally then this pin must be
connected to V| cpsense and to the external V| cp power

supply

dummy 50 [ -
R8 to R1, 51to 58, LCD row driver output
R17, 59,  R17 has two pins: R17 and R17DUP
Ei;!:)UP, 12(1) * R17 and R18 drive the icons
R9 to R16 142 to 149
C80to C41, 60to 99, LCD column driver output
C40to C1 101 to 140
dummy 150 M -
SCL 151 and 152 Bl 12C-bus serial clock input
T3 153 test pin

® open-circuit

® not user accessible
POR 154 external Power-On Reset (POR) input

PCF2119X All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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PCF2119X

LCD controllers/drivers

Table 4. Pin description ...continued

Symbol Pin Description
PD 155 power-down mode select
¢ for normal operation, pin PD must be LOW
SDA 156 and 157 18 12C-bus serial data input/output
R/W 158 read/write input

RS

® pin R/W = HIGH selects the read operation
® pin R/W = LOW selects the write operation
® this pin has an internal pull-up resistor

159 register select pin
¢ this pin has an internal pull-up resistor

DBOto DB2, 160to 162, [€71 8 bit bidirectional data bus (bit O to bit 7)

DB3/SAO, 163,
DB4to DB7 164 to 167

¢ the 8-bit bidirectional data bus (3-state) transfers data
between the microcontroller and the PCF2119x

® pin DB7 may be used as the busy flag, signalling that
internal operations are not yet completed

® 4-bit operations the 4 higher order lines DB7 to DB4 are
used, DB3 to DBO must be left open-circuit

® data bus line DB3 has an alternative function (SAQ) as the
I2C-bus address pin

® each data line has its own internal pull-up resistor

OSsC 168 oscillator or external clock input

(1]
(2]
(3]
(4]
(5]

(6]

(7]

* when the on-chip oscillator is used this pin must be
connected to Vpp1

Always put Vppz = Vpps.

When the 12C-bus is used, the parallel interface pin E must be LOW.

The substrate (rear side of the die) is wired to Vss but should not be electrically connected.
On the device connected to Vss;.

When the parallel bus is used, the pins SCL and SDA must be connected to Vss; or Vpps1; they must not be
left open-circuit.

In the 12C-bus read mode, ports DB7 to DB4 and DB2 to DBO should be connected to Vpp; or left
open-circuit.

When the 4-bit interface is used without reading out from the PCF2119x (bit R/W is set permanently to
logic 0), the unused ports DB4 to DBO can either be set to Vss; or Vpp; instead of leaving them
open-circuit.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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LCD controllers/drivers

8. Functional description

8.1

8.1.1

8.1.2

8.1.3

8.2

PCF2119X

Oscillator and timing generator

The internal logic and the LCD drive signals of the PCF2119x are timed by the frequency
foik which equals either the built in oscillator frequency fosc Or an external clock frequency
feik(ext)-

Timing generator

The timing generator produces the various signals required to drive the internal circuitry.
Internal chip operation is not disturbed by operations on the data buses.

Internal clock

To use the on-chip oscillator, pin OSC must be connected to Vpp;. The on-chip oscillator
provides the clock signal for the display system. No external components are required.

External clock

If an external clock will be used, the input is at pin OSC. The resulting display frame
frequency is given by:

_ fOSC
ffr - 3072 (1)
Remark: Only in the power-down mode the clock is allowed to be stopped (pin OSC

connected to Vgs), otherwise the LCD is frozen in a DC state, which is not suitable for the
liquid crystals.

Reset function and Power-On Reset (POR)

The PCF2119x must be reset externally when power is turned on. If no external reset is
performed, the chip might start-up in an unwanted state.

For the external reset, pin POR has to be active HIGH. The reset has to be active for at
least 3 oscillator periods in order for the reset to be executed. If the internal oscillator is
used, the minimum reset activity time follows from the lowest possible oscillator frequency
(fosc = 140 kHz, Toge ~ 71 us, 3 x Toge ~ 215 us). The internal oscillator start-up time is
200 us (typ) up to 300 ps (max) after power-on. In case that an external oscillator is used,
Tosc is dependent from fosc(exy)-

Afterwards the chip executes the Clear_display instruction, which requires 165 oscillator
cycles. After the reset the chip has the state shown in Table 5 and is then ready for use.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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Table 5.

Step

10
11

State after reset

Function

Clear_display
Entry_mode_set

Display_ctl

Function_set

default address pointer to DDRAMI
Icon_ctl

Screen_conf
Disp_conf

Temp_ctl
VLCD_set

I2C-bus interface reset
HV_gen

Control bit and
register state

bitl D=1
bitS=0
bitD=0
bitC=0
bitB=0
bitDL =1
bitM=0
bitSL=0
bitH=0
bitIM=0
bitIB=0
bitL=0
bit P = 0;
bitQ=0
bit TC1 = 0;
bit TC2=0

register Va = 0;
register Vg =0

bit S1 =1;
bit SO=0

LCD controllers/drivers

Description

incremental cursor move direction
no display shift

display off

cursor off

cursor character blink off
8-bit interface

1-line display

1:18 multiplex drive mode
normal instruction set
character mode, full display
icon blink disabled

default configuration
default configurations

default temperature coefficient

V| cp generator off

V.cp generator set to 3 internal stages

(4 voltage multipliers)

Reference

Table 17
Table 19

Table 20

Table 13

Table 23
Table 26

Table 24
Table 25

Table 29

Table 33

Table 31

[1] The Busy Flag (BF) indicates the busy state (bit BF = 1) until initialization ends. The busy state lasts 2 ms. The chip may also be
initialized by software (see Table 45 and Table 46).

PCF2119X

8.3 Power-down mode

The chip can be put into power-down mode by applying a HIGH-level to pin PD. In
power-down mode all static currents are switched off (no internal oscillator, no bias level
generation and all LCD outputs are internally connected to Vss).

During power-down, information in the RAM and the chip state are preserved. Instruction
execution during power-down is possible when pin OSC is externally clocked.

All information provided in this document is subject to legal disclaimers.
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8.

8.4 LCD supply voltage generator

LCD controllers/drivers

The LCD supply voltage may be generated on-chip. The V| cp generator is controlled by
two internal 6-bit registers: V5 and V. Register V, is programmed with the voltage for
character mode and register Vg with the voltage for icon mode.

The nominal LCD operating voltage at room temperature is given by Equation 2:

Vicomom) = Vi x 0.08 +1.82

Where V, is the integer value of the register V or Vp.

Vicp is sometimes referred as the LCD operating voltage (Voper)-

4.1 Programming ranges

Possible values for V4 and Vg are between 0 to 63.

Table 6.  Values of V and Vg and the corresponding V|, cp values
All values at T, = 27 <C; allowed values are highlighted.

Integer values
of Vp and Vg

© 0O N o o0~ WN PP O

NN P B R R R R R R R
B O © W N O U0 M W N PP O

Corresponding
value of Vi cpin V

V| cp switched off
1.90
1.98
2.06
2.14
2.22
2.30
2.38
2.46
2.54
2.62
2.70
2.78
2.86
2.94
3.02
3.10
3.18
3.26
3.34
3.42
3.50

Integer values
of Vp and Vg

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Corresponding
value of Vi cpin V

3.58
3.66
3.74
3.82
3.90
3.98
4.06
4.14
4.22
4.30
4.38
4.46
4.54
4.62
4.70
478
4.86
4.94
5.02
5.10
5.18
5.26

Integer values
of V5 and Vg

44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

)

Corresponding
value of V cpin V

5.34
5.42
5.50
5.58
5.66
5.74
5.82
5.90
5.98
6.06
6.14
6.22
6.30
6.38
6.46
6.54
6.62
6.70
6.78
6.86

PCF2119X
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PCF2119X

8.5

LCD controllers/drivers

Remarks:

¢ Values producing more than 6.5 V at operating temperature are not allowed.
Operation above this voltage may damage the device. When programming the
operating voltage, the temperature coefficient of V| cpout must be taken into account.

* Values below 2.2 V are below the specified operating range of the chip and are
therefore not allowed.

When the LCD supply voltage is generated on-chip, the V| ¢p pins should be decoupled to
Vgs with a suitable capacitor. The generated V| cpourt is independent of Vpp and is
temperature compensated.

In Equation 2 the internal charge pump is not considered. However, if the supplied voltage
to Vpp2 and Vpps is below the required V| cp, it is necessary to use the internal charge
pump. The multiplication factor indicates the number of stages used to increase the
voltage. At multiplication factor 2 one, at multiplication factor 3 two and at multiplication
factor 4, tree stages are used. A multiplication factor of for example, 4 does not mean that
a voltage of 4 x Vppy 3 is generated in the internal high-voltage generator. The charge
pump is part of a control loop. This means that the control loop aims to regulate V| cp at
the programmed value.

The ITO track resistance limit the speed by which the capacitors can be charged. The
multiplication factor exceeds the required V| cp under all circumstances (that is, at low
temperatures and along with the temperature compensation, see Section 10.2.2.4). If still
a higher multiplication factor is chosen, V| cp will remain as set by Equation 2 but the
ripple will increase. The increase in ripple can be counteracted by increasing the external
decoupling capacitor at V| cp. A higher multiplication factor will also result in a higher
current consumption (see Section 16.6). However the current that can be delivered will be
higher, for example, for larger display area.

When the V| ¢p generator and the direct mode are switched off, an external voltage may
be supplied at connected pins V| cpiny and Vi cpout- Vieoin @nd Vi ecpout may be higher or
lower than Vppy.

In direct mode (see Icon_ctl instruction, Section 10.2.3.3) the internal V| cp generator is
turned off and the V| _cpoyt output voltage is directly connected to Vppo. This reduces the
current consumption depending on Vpp, value and LCD liquid properties.

The V| cp generator ensures that, as long as Vpp, and Vpps are in the valid range (2.2 V
to 4 V), the required peak voltage V| cp = 6.5 V can be generated at any time.

LCD bias voltage generator

The intermediate bias voltages for the LCD display are also generated on-chip. This
removes the need for an external resistive bias chain and significantly reduces the system
current consumption. The optimum value of V| cp depends on the multiplex rate, the LCD
threshold voltage (Vi) and the number of bias levels. Using a 5-level bias scheme for the
1:18 multiplex rate allows V| cp < 5 V for most LCD liquids.

The intermediate bias levels for the different multiplex rates are shown in Table 7. These
bias levels are automatically set to the given values when switching to the corresponding
multiplex rate.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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LCD controllers/drivers

Table 7.  Bias levels as a function of multiplex rate

Multiplex Number of Bias voltages

rate bias levels A A Vs Vs Vs Ve

1:18 5 Vico 3 1 1 1 Vss
Z(VLCD = Vss) E(VLCD = Vss) E(VLCD = Vss) Z(VLCD = Vss)

1:9 5 Vico 3 1 1 1 Vss
Z(VLCD = Vss) Q(VLCD = Vss) Q(VLCD = Vss) Z(VLCD = Vss)

1:2 4 Vicp Vss

2 2 1 1
é(VLCD_VSS) é(VLCD_VSS) é(VLCD_VSS) é(VLCD_VSS)

8.5.1

PCF2119X

The RMS on-state voltage (Vonrms)) for the LCD is calculated with Equation 3 and the
RMS off-state voltage (Vofirms)) With Equation 4:

_ aZ+2a+n

Vonrms) = LCD/—Z 3
nx(l+a)

v _ aZ—2a+n 4

offRMS) = Vieo|— 3 (4)
nx(1l+a)

where the values of a are

a = 2 for ¥, bias
a = 3 for ¥ bias

and the values for n are

n = 2 for 1:2 multiplex rate
n =9 for 1:9 multiplex rate
n = 18 for 1:18 multiplex rate.

Discrimination (D) is the ratio of Vonrms) 10 Voffrms) @nd is determined from Equation 5.

Discrimination is a term which is defined as the ratio of the on and off RMS voltage across
a segment. It can be thought of as a measurement of contrast.

5 < Vonrus) _ A/(a+ 1)%+(n-1) -

VotiRMS) (a—1)2+(n—1)

Electro-optical performance

Suitable values for Vonrms) and Vosrrvs) are dependant on the LCD liquid used. The
RMS voltage, at which a pixel will be switched on or off, determine the transmissibility of
the pixel.

For any given liquid, there are two threshold values defined. One point is at 10 % relative
transmission (at Vioy) and the other at 90 % relative transmission (at Vpign), see Figure 3.
For a good contrast performance, the following rules should be followed:

(6)

Von®rms) 2 Vhigh

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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Vottrms) < Viow (7)

VonrMs) and Vsrrvs) are properties of the display driver and are affected by the selection
of a, n (see Equation 3 to Equation 5) and the V| ¢p voltage.

Viow and Vygn are properties of the LCD liquid and can be provided by the module
manufacturer.

It is important to match the module properties to those of the driver in order to achieve
optimum performance.

100 %
90 %

Relative Transmission

10 %

Viow Vhigh Vrms [V]

OFF GREY ON
SEGMENT SEGMENT SEGMENT

001laam358

Fig 3. Electro-optical characteristic: relative transmission curve of the liquid

8.6 LCDrow and column drivers

The PCF2119x contains 18 row and 80 column drivers, which drive the appropriate LCD
bias voltages in sequence to the display in accordance with the data to be displayed. R17
and R18 drive the icon rows. Unused outputs should be left open.

The bias voltages and the timing are selected automatically when the number of lines in
the display is selected. Figure 4 to Figure 6 show typical waveforms.

The waveforms used to drive LC displays inherently produce a DC voltage across the
display cell. The PCF2119x compensates for the DC voltage by inverting the waveforms
on alternate frames (called frame inversion mode or driving scheme A).

PCF2119X All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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Vieo frame n framen+l ———» state 1 (on) state 2 (off)
_ e
V2 — — ®—0—0—0—0—R1
ROW 17 V3/V4— b
Vo IS 8B
Vss S
Vi I
ROW 18 v§,/v4 . 1] OO R
Vs — e—e—0—0—0— R6
Vgg — L
oO—e—0—0—0— R7
Vicp — L
V2 O—e—0—0—0— RS8
ROW 1 V3/V4 ‘ ‘ ‘ ‘ ‘
Vs — —>0—8—0—0—0— R9
Vss — — L0
—*0—0—0—0—0— R10
Vicp — ]
Vo i
ROW 9 V3/Vg4—
Vs ——
Vss — —
Vicp — —
V2
oWz ] Tl
e —
Vss — - ST RS
Vicp — C1 C2 C3 C4 C5
Va2
ROW 10 V3/V, -
Vg —
Vss —
Vicp —
v [ [Tl [L
COL1 V3/Vg—
v U U LU
Vss —

Vicp —
ivm L
COL2 V3/V4

state 1

state 2

Fig 4.

Vs ——
Vss —

Viep

0.5Vicp —
0.25Vcp —

0 [T U U
—0.25V| cp

-0.5Vicp

-Vico
VieD

0.5Vicp —
025Viep 1] |_'—| Annin —ianm |_L
oasvie O oo |_|_| oooTg

-0.5VLcp —

“VLCD
123 18123 18 013aaal40

state(n) marks intersection(row(x),col(n)) of pixel(x,n)
Vstate(n)(t) = VCOL(n)(t) - VROW(x)(t)-

Vstate1(t) = VeoL1(t) = Vrows (D)

Vstate2(t) = VeoL2(t) = Vrows (D)

Waveforms for the 1:18 multiplex drive mode with 5 bias levels; character mode

PCF2119X
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v frame n framen+l ——— state 1 (off) state 2 (on)
LCD —
2 — — o—e—0—0—o0— R1
ROW 17 V3/V4 (‘37.‘,(‘3,(‘3,(‘3, R2
V5 — Lo
oo mo- R
v TR
V2 ] 0—0—0—0—0— R5
ROW1 Va/Vq .‘ <‘3 <‘3 <‘3 <‘3 R6
v — (| = — ! ]| e—0—0—0—0—
L
Ves | S
Vicp — ] 0—0—0—0—0— R8
Vo i
ROW 2 V3/V4 —
Vg ——
Vss — —
Vicp —
Vo
ROW 3  V3/Vg4 —
Vg ——
ves — — g R
Viep — Cl1C2C3C4C5
Va2
ROW 4  V3/V4 —
Vg —
Vss —
Vicp —
v [ ] [ [ ]
COL1 V3/Vgq—
v L L
Vss —

Vicp —

Vo —— | | |
COL2 V3/Vyu

v L

Vss —

Vico |

0.5Vicp
state1  0.25V_cp

o ] I

-0.25V| cp
-0.5Vicp —

-
[

-Vico

Vicp —|

0.5VLcp
state 2 0.25V cp — _|_I 1 |_
0 | |
-0.25V| cp |_|
-0.5VLcp —

-Vicp

1 2 3 9 1 2 3 9 013aaaldl

state(n) marks intersection(row(x),col(n)) of pixel(x,n)
Vstate(n)(t) = VeoLn)(®) — VrRow(x()-

Vstate1(t) = VeoL1(t) — Vrowa (D)

Vstate2(t) = VcoLa(t) — Vrowa(t)-

Fig 5. Waveforms for the 1:9 multiplex drive mode with 5 bias levels; character mode, R9 to R16 and R18 open

PCF2119X All information provided in this document is subject to legal disclai © NXP B.V. 2013. Al rights reserved.
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ROW 17

ROW 18

ROW 1to 16

COL 1 on/oFF

COL 2 on/oFF

COL 3 on/oFF

COL 4 onjoFF

state 1

state 2

state 3

Vicp

2/3 —
1/3 — |
Vss —

Vicp

2/3 —
1/3 — | l

Vss —

frame n

framen+1 ———

[ —

.

-

Vicp
0.66V| cp

0.33VLcp

0
-0.33VLcp
—-0.66V. cp

-Vicp
Vicp
0.66V|cp
0.33VLcp

0
-0.33V.cp
—-0.66Vcp

-Vicp
Vicp
0.66V|cp
0.33Vicp

-0.33Vcp
-0.66V_cp

-Vicp

o1

state(n) marks intersection(row(x),col(n)) of pixel(x,n)

Vstate(n)(t) = VeoLm(®) — Vrowx(1)-
Vstate1(t) = Veora(t) = Vrowr7(1)-
Vstate2(t) = Veora(t) - Vrow17(1)-
Vstatea(t) = Veora(t) — Vrowa to 16(1)-

Fig 6.

only icons are
driven (MUX 1: 2)

Waveforms for the 1:2 multiplex drive mode with 4 bias levels; icon mode

state 1 (ON)
state 2 (OFF)

013aaal42

PCF2119X
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LCD controllers/drivers

9. Display data RAM and ROM

9.1 DDRAM

The Display Data RAM (DDRAM) stores up to 80 characters of display data represented
by 8-bit character codes. RAM locations which are not used for storing display data can
be used as general purpose RAM.

The basic RAM to display addressing scheme is shown in Figure 7, Figure 8 and Figure 9.
With no display shift the characters represented by the codes in the first 32 RAM locations
starting at address 00h are displayed in line 1.

display __non-displayed DDRAM addresses
position 123 45 30 31 32| =
-rTtT— - e -,
DDRAM |OO|01|02|03|04| -_——— |1D|1E|1F 20]:211 ——————— ]4C|4DEE 4F|
address - —————— == -
1-line display
non-displayed DDRAM address
123 45 14 15 16‘ ‘
- e e -,
|OO|01|02|03|O4| -_——— |0D|OE|0F|10]ZLJ;|: -_——— 24|25]:26 27| linel
DDRAM - - -
address 1 2 3 45 14 15 16
- e e -
|40|4l|42|43|44| -_——— |4D|4E|4F|50]E')l -_——— :[64|65]:66 671 line2
-_— —_—— — — —_— -
2-line display/MUX 1 : 9 mode mgk892

All addresses are shown in hex.

Fig 7. DDRAM to display mapping: no shift

1 2 3 45 14 15 16
|27|00|01|02|03| —_———— |OC|0D|0E| line 1
DDRAM 1
address
|67|40|41|42|43| - — = |4C|4D|4E| line 2
2-line display/MUX 1 : 9 mode mg|536

All addresses are shown in hex.

Fig 8. DDRAM to display mapping: right shift

PCF2119X All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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9.2

LCD controllers/drivers

display
position 1 2 3
DDRAM |01|02| 03|04| 05| _——— |1E|1F| 20|
address
1-line display
4 15 16
|01|02|03|04| 05| - |OE|0F| 10| line 1
DDRAM
address 2 3 4 5 14 15 16
|41|42|43|44| 45| -_——— |4E|4F| 50| line 2
2-line display/MUX 1 : 9 mode mgk894

All addresses are shown in hex.

Fig 9. DDRAM to display mapping: left shift

When data is written to or read from the DDRAM, wrap-around occurs from the end of one
line to the start of the next line. When the display is shifted each line wraps around within
itself, independently of the others. Thus all lines are shifted and wrapped around together.
The address ranges and wrap-around operations for the various modes are shown in

Table 8.
Table 8.  Address space and wrap-around operation
Mode 1x32 2x16
Address space 00h to 4Fh 00h to 27h;
40h to 67h
Read/write wrap-around 4Fh to 00h 27h to 40h;
(moves to next line) 67h to 00h
Display shift wrap-around 4Fh to 00h 27h to 00h;
(stays within line) 67h to 40h

1x16
00h to 27h

27h to 00h

27h to 00h

CGROM

The Character Generator ROM (CGROM) contains 240 character patterns in a 5 x 8 dot
format from 8-bit character codes. Figure 10 to Figure 15 show the character sets that are
currently implemented.

All information provided in this document is subject to legal disclaimers.
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upper
lower 4 bits | 000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
4 bits
Xxxxx 0000 1
L L}
-m
-
xxxx 0001 2 -
L L}
"
xxxx 0010 3 -
xxxx 0011 4
xxxx 0100 5
L]
L]
L]
xxxx 0101 6 H
H
L1} L L] Ll L] L]
L] - - Ll L] L]
xxxx 0110 7 :': . E'“. E'“ .: :.
EEEEEm .II n .III. = =
-m -m EEEEE L L1} Ll L]
m n LN} L} L]
am L} n n L] n
xxxx 0111 8 |am - 5 am|m 2 E
Ll - EE EE
EEEEE - HEEE (® -
L L} - L L1} L] L L] L]
L L) n L] L} L L} n
L) L] n LN} n n
XXxx 1000 9 H H e -
L] - - LR L L] L]
EEEEE - L L1} - L -
-m - L L1} L L1} Ll
-m - L] L] L] -
-m Ll - L] L] - .
xxxx 1001 10 HH HE - H H H
L] - - L] Ll Ll
EEEEE - L1} L L1} - -
L] H EEEEN Ll
L] L] L L} L] - Ll
L] L] L1} L] - Ll
ok 1010 | 11 " a2 | wm Hi's H H
L] n L L] L} L} L]
LLLL]] L L1 EEEER L1} EEEER |® EEEER L LI |
L] | | LL1] L] -
n L) n L} L] n n L]
L] L1} LI Ll L] - - Ll
XXXX 1011 12 ..=.. -m =.I = =I. .I = I. .l .I =
- - L] - Ll - . - Ll - - L] L]
- - - L1 1] - - - - EEEEE EEEER L1l LLLl] L LB |
- L] -m L] - . -
- L] L] L] - - .
L] - L] L] L] L]
X0 1100 | 13 - L H . | 5| HEHIRH
n n n n n n n n
- - EEEER - L1 1] - L1 1] L1 1]
n H (EEE L} L} n
uE =N L] L] - -
EEEER | BN L] L] LI} - - -
xox 1101 | 14 e L B |t
L] L] L] L] L] - L] L]
n H (EEE n n L} n L L1
L] n n L] n n
n n n LI | LI " Em
- -m L] " Em - -m L]
xox 1110 | 15 o |5 o i
L] L1l - L] L] L] L] L] " Em
EEEEE L L] - - - - - L1l -
L L} L1 1] L1 1] mEEE - . L L] - .
L L} - L] L] -m L] - .
L L} - LR L] L1} - . - L1l - . L] L]
XXXX llll 16 == I. I. = = = = . .I I. = = .I b .llll
- - - - - L] - - L] L] -
EEEEE | ® - L1 1] EEEEN L1} " EEEEN L1 1] L1l - Em L1l L1 1]
mcel90
The first column (0000) is the CGRAM, the other 15 columns (0001 to 1111) are the CGROM.
Fig 10. Character set ‘A’ in CGROM
PCF2119X All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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upper
lower 4 bits | 0opo | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
4 bits
L] mEER [1LT] LL1] L] L] L] LL1] EEEEE (EEEEE
- . L] - n
L] - . L] L] L] L] L} - L] L] L]
xxxx 0000 1 aa (2" H'H H'H HHETT R H'H H'H H'H
L] - . L] L] LR .. L] L] - . LER] LB L]
LI n n LI LN | n n LR} LN | LB n
L L1} LL L} - . L] L L1} - . L] L]
L] L] L L)
n n n n n L} n n
xxxx 0001 | 2 e a| mmn | mem [«"e"| 1 EnE | mmm | Eem | Zam
LER] - L] L] L] - . L] L] L]
L] LL B N LI L] L L} .|, LN LN L]
L]
L] -
xxxx 0010 3 - H
L] L] L] -
EEEEN -
L L1 LI |
L] L] L] L] - L]
LLLLL N L] - L]
xxxx 0011 4 m= - - -
L L] - L]
L L1 EEER LL1]]
EEEEE - - . L]
- - - . L]
- - L} L] L]
xxxx 0100 5 il = b
L} L} L} EE =R
L} L} n n
L] L] L] L] L}
n n n n L]
L] L] L] L] -
xxxx 0101 6 H HE— HE-
L] L] L] L] -
L] LL L} L}
LLL] L] L L] EEEEE (® L] L] L] L1} L] -
L | n L} L] L] L] L] L}
L] LN | L] L] n n n n L L1 L L1} L]
xxxx 0110 7 (2™ |a"a @ [@a""a 2" |"a " "l 2[5 = H
L] L] L] - L) - . LI L] " . L] -
L L1} L LI ] L} - L] L] L] LL L} -
L1} L] EEEEE L} L] L] L] L] LI o mEm LI LL L} L}
- L] L) L] L] L] L] - L] L] L]
- L] - L] L] L] L] LL L} - L L1} LL L} L] LL I} am
xox 0111 | 8 |™E S HHE HHH I HEEH S S
L] n L} N (NN EE EE =R L} n L LIl n
L L1} L] L} L] L] L] L] LL L} L L1} LL L} LL L} L}
L] n [ 1 1] L] LR} L L] LR} n [ 1 1] [ L1} [ L1} [ L1} n L]
L] n L] L) Ll LI LR} n L]
- L] - L) L] - . L] L] LLLL]
xox 1000 | 9 A e o R e
- L] - L) LEL] L) L] -
- L] L} - L] L] L] -
LL L) L] L} EEEEE N EEEEE LI LLL L] LLLL]
- L] - - L] L] L] L] - L] L]
- L] - L] - - . L] L] - L] - L] L]
ooo 1001 | 10 | gR| B fTemsdlo@o AR EHEHEN
- L] L] - L] L] L] - L] - L] L]
L] L] L L] EEEEE L] EEEEE - L]
L L1} n N EEEEER n [ 11} LL1]
n n L] n n
L] L L} L] - L] L] L1}
xxxx 1010 | 11 - Hi's H T
L] - . L] L] L]
L L1} L] LL L} EEEEE L] L -
L] - L L] L] L] L]
L] L] L] L] - L] LI
L] LI} L] L] L] L]
XXXx 1011 12 Ha HEH L
L] L] L] L] L] - L]
L] L] - am L] L] -
L L1} L] L] L] n
L] L] L} n n
- L] - L] L] L]
xxxx 1100 | 13 - aH HEH H
- L] - - - L] L]
L L] L] L] EEEEE - EEEEE L]
- L] L L] L] L] L] L] LL L} L] L L1} LL L} L L1} L L1}
E =N L] N EN L] L] L] - .
L ) L] " En n L] n L L1} LB B ) SEEEEN NENEEN EEEEE EEEER
XXXX 1101 14 EEEEN mumen = = = = = I. = - = L L] = I. I. I. l.
LLLLLIEE} L] L] L] L] L] H EEE | L] L] L] L] L] L]
- L] L L] L] L] L] L] LL L} L] EEEEN EEEEN SEEEN EEEEE
LL] - L] L] [ BLLLLL] L] EEEEE
L] - L] L] L] L] L]
L] L] L] L] L] L] L] L] - L]
XXXX 1110 15 L1} L} L ) L L1 LI ) n L 1) LLL N EEEEN EEEEE
: R H i Pl | Tl
am L] L] - L] L] L] L] L] L] -
n mEER [ 1 1] [ L1} n 11} n
L] L] L] L] L] L] L]
L] L) L] L] L] L] - . L]
XxXxx 1111 16 H N H H H H ann|"s s a""u
L] - L] L] L] - . L] L] -
n L} L 11} EEEEEm L L1} n L L1 L1}
mcel73
The first column (0000) is the CGRAM, the other 15 columns (0001 to 1111) are the CGROM.
Fig 11. Character set ‘D’ in CGROM
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upper
lower 4bits | 0ooo | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
4 bits
- -
I: L] | | L1 1]]
xxxx 0000 1 -+ EEmEm " H - -
- L] L] ..
- - L L1} -
xxxx 0001 2
xxxx 0010 3
I:I
L]
-m
Xxxx 0011 4 H
-
L 1]
L]
L]
xxxx 0100 5 H
un
n
L]
Ll
xxxx 0101 6 H
H
L]
- .
Ll
xxxx 0110 7 -
- Enm
(11}
n L] L] L]
Ll L] L] L]
Eaf I P H
xxxx 0111 8 " " EE| mEEE (N EE
HE EE L B B | | | | |
- - - . L1l - .
L] L] LEL]
= .l I. = am | | | |
xxxx 1000 9 H Hal- B
.I.I: = = I. .I
L] L]
- | |
- .
xxxx 1001 | 10 H
H
xxxx 1010 11
[ 111]]
- L] L] L]
- . L] L L} L]
EEEEE L] L1} L]
xxxx 1011 | 12 e H B
L] HEEEE L] | | L]
EEEEE L1} EEEER EEEE | ® - -
n L] L] - L] n L] L]
L] L] - - . n L1l - L] L]
EEEEE (EEN am - L] L]
xxxx 1100 | 13 L - " H HH " H H
- L] L1l - L] L]
- EEEER =IIII L L] - EEEEE L1l L1l L1}
L] L] LL]] L1l
EEEEE = = L] o Ew " Em
xxxx 1101 14 mmmm= EEEEE (® " =.I= =I= :I :
L] LRl LL e LRl L]
- L} L} L} -
[] ] ] L] " n
.. = = L] " E Em L] L]
xxxx 1110 | 15 w" |2 "am(z m(a" =2 =
H (5 B |"em" |3 B ["m"E
L1 1] L1 1] -m
L} LRl L]
xxxx 1111 | 16 . CR IS R P
- | | L] L] am L] L]
| | | | - | | | |
- L1 1] L L] L1l

The first column (0000) is the CGRAM, the other 15 columns (0001 to 1111) are the CGROM.
Fig 12. Character set ‘F' in CGROM
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upper
lower 4 bits | 9opo | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
4 bits
L
HH
xxxx 0000 1 s
L
LI
mn
l-. -
xxxx 0001 2 -
LLL]
L}
-n
:Il
xxxx 0010 3 H
L1}
L
-
xxxx 0011 4 'E'
l:l
L L]
HE-
xxxx 0100 5 = =
- ..
L L
-
H
xxxx 0101 6 . H
L1l L]
L]
L -
' H
xxxx 0110 7 ant s
-m
-
. :
xxxx 0111 8 =s .
- L
LL L]
L] L}
wox 1000 | 9 |3 =
- .
L]
LL L]
xxxx 1001 10 ::::
mEEEn
wook 1010 | 11 [a""a®
- .
L -
L1} L L
: :
xxxx 1011 12 | = . s
LI} - L
LL B} L L
L L - LL] - - L LI L
- L - L - - - L LI
Xxxx 1100 | 13 :-::. an ': E -'. E E . .E. E E "Il =
L] L} L] L] L L] L L] L] L] L] L L} -m
mn L] L] L] LLL] L} L1 LLL] LLL] L1
L - - LLL] L L L - L L L L
l:l H : : LLEN | : - :l - :l : LLL] l- L - - -
oo 1101 14 :lll: memmm EmEEE | ® : : ::: -- :- - :- - ne= " : -l- -: EmEm
- - - - - - - - L - -
LLLl] L L LLL] L L L - L LLL] L LLL] LL L]
L - - - L L -
" " |Em w|a" "u HH ™
o 1110 | 15 | g ue, 2" |5 "am i [mema"| "2
- - L) L - - - - -
L - L1} - L L LLL] L LLL]
.. L1} L1 - . - n
. l. . L : : LLL] l..l . - -
X 1111 | 16 | jmem | . S| Eoe e | "5 ["amam
-lll. - L -Ill- EEEER I:I :lll l:l lll.
001aan760
The first column (0000) is the CGRAM, the other 15 columns (0001 to 1111) are the CGROM.
Fig 13. Character set ‘I’ in CGROM
PCF2119X All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.

Product data sheet Rev. 11 — 15 July 2013 22 of 86



NXP Semiconductors PCF2119x

LCD controllers/drivers

upper
lower 4bits | 0000 | 0001 | 0010 | 0011 | 0100 | 0201 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
4 bits
[] []
s HY u [ ] [ L11]
xxxx 0000 1 .== ==. = I. =III
] ] ] (B
] umm (=

xxxx 0001 2

xxxx 0010 3

xxxx 0011 4

L 1] L]
L] H  EEEE
L] aEEEE
xxxx 0100 5 H HE——
L] Ll
L 1} L1l
L]
L] (11} L]
Ll Ll LB
xxxx 0101 6 HEHT S H
Ll L] -
L] L1 1]
L] L 1]
- . L] L BN
Ll L]
xxxx 0110 7 -l -
- . L]
(11} | |
L] - L] L]
L] EEEE B Ll L] L] L]
L] LB Ll -m L] L] EEEE (N L]
xxxx 0111 8 HETTHHE H HEHETTHHE
L] " | s E N L] L B B | | | | |
- L1 1] - . L1l - . L1l - .
L] L] LEL]
L] L] - Ll
L] [ 11} am u um | | | |
xxxx 1000 9 H H -
L] L] L] L] - .
EEEER L1l - L} -

LI -
xxxx 1001 | 10 H .
- L L}
-
L] ] L] (LT [
L] L]
L L1} L] L] L L1} L] L]
xxxx 1010 11 ("aum |"swsnd | snam H H
L] LN L] L] L]
[TIT] (1T EEEE | EEE |[EEEEE | &=m anmEm 1]
L] LI L]
L] L] L] L] L L] L]
L] L ] L L] L]
xxxx 1011 | 12 H HHEH " e (E
. == u u .
L] - um - L]
- L] L]
L] L] L]
[ u u
xxxx 1100 | 13 s |"m H H
L] L] L] L]
- - LLLLL] L L1} L L1} L L1}
L] L] L1} L1}
T T
LLLLLEE} LR LELLIN " um
xxxx 1101 14 mmmm EmEEE |m " =.I= =I= :I :
L] LR LLEL} LR L]
L] LN LN LN L]
L] " = | m® (L]
L] L] L]
- - L] LR LR 1] L] L]
xxxx 1110 | 15 H r "E(E E[a" == =
- L] L] L] L] L) L] am
n 1 [ = 5| mEm (B ®| Em @
L1} LLL] LLL] L L]
- L] L] L] L]
LY} L] L) L] L] L L1}
ook 1111 | 16 H P L - - -
T [ = = = (m =
L L} EEEE EEEEE (® L] L] L1 L L1}
mgl535
The first column (0000) is the CGRAM, the other 15 columns (0001 to 1111) are the CGROM.
Fig 14. Character set ‘R’ in CGROM
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upper
lower2 Pits | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1201 | 1110 | 1111
4 bits
Ll EEEEN [T 1]
LLL] HEEEN EEEEE (= - n n
EEEER - - - - - LL]
xxxx 0000 | 1 H HE -
EEEEE N n n L L
EEEER LLL]
L L) L] - -
- - - LL] -
- - - - - -
xxxx 0001 | 2 H H- H HEH
- L n n
-m L ] L] (11} n
-
-
-
xxxx 0010 | 3 H
H
-
n
xxxx 0011 4 H
L
]
n
-
xxxx 0100 | 5 H
H
EEEEE | W -
- - -
- - - LL L] - -
xxxx 0101 | 6 N R - R
n L ] " |m L ] am
EEEER (11} (1]} L L
] (] 'T] ] ] [IILIBLE] [] [T}
- L] ] ] - - ] L]
1] amm F H HM . . - . - -
xxxx 0110 7 : :lll: HH I :-- : : .:. H :
- LLL] " E RN - - - - .
- L 1] LR L] n L] L - -
- L] L] L]
- - L] -
- - n L] n EEER B L]
xxxx 0111 8 =... :--. : ..= : : : EmEm : Ll :
- - - L LEL I N LB e
LL L] amEn LLLL] LI LL L] LI
mun HEHHEE
= : - - - mm - -
xxxx 1000 | 9 LL N L -
» - LEL] LEL] - LI
' 111 L L] L] L] -
- - L] L] - -
- LL] - - - - -
L L - - - -
xxxx 1001 | 10 = = -
n n n n
n n L 1] (11}
- un "
» -n LL] -
xxxx 1010 | 11 sns an H
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The first column (0000) is the CGRAM, the other 15 columns (0001 to 1111) are the CGROM.
Fig 15. Character set ‘S’ in CGROM
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9.3 CGRAM
Up to 16 user defined characters may be stored in the Character Generator RAM
(CGRAM). Some CGRAM characters (see Figure 22) are also used to drive icons:
* 8 CGRAM characters if icons blink and both icon rows are used in the application
* 4 CGRAM characters if no icons blink but both icon rows are used in the application
* 0 CGRAM characters if no icons are driven by the icon rows

When the icons blink option is enabled, double the number of CGRAM characters are
used since both the on and off state of an icon is defined.

The CGROM and CGRAM use a common address space, of which the first column is
reserved for the CGRAM (see Figure 10 to Figure 15). An example of a user defined
character is given in Section 16.14 on page 69.

Figure 16 shows the addressing principle for the CGRAM.

character codes CGRAM character patterns character code
(DDRAM data) address (CGRAM data) (CGRAM data)
7 6 5 4 3 2 1 0 6 5 4 3 2 1 0 4 3 2 1 0 4 3 2 1 0
higher lower higher lower higher lower
~—order order —p < order order s ~—order order —»
bits bits bits bits bits bits

\

@o 0 00 00 0 0 0 11
0 1 0 0 O
(4) 1 character 1 0 0 O
1 pattern 1 1 1 1
0 example 1 1 0 1 O
@ 0 100 1
1 1 0 0 0
1 cursor 0 0 O
position \Q\
00 0 O @ 0 0 0 1)0 0 O 10 0 0 1
0 0 1 01 0 1 0
@ (6] 0 1 0 character 11 1 1 1
0 1 1 pattern 0 0 1 0 0O
1 0 0 example 2 11 1 1 1
1 0 1 001 0O
11 0 0 0 1 0O
(5) 1 1 1 0 0 0 0 O

0 0 0 0 0 0 1 O

o
o
=
o
o
o
o

coa072

|

)
|

cocoo
cocoo
cocoo
cocoo
[
RPRRRe
PR e
RPRRRe
PR
RPRRR
RPRPRR
RPRRR
PR PP
PR OO
RrORO

(1) Character code bit 0 to bit 3 correspond to CGRAM address bit 3 to bit 6.

(2) CGRAM address bit 0 to bit 2 designate the character pattern line position. The 8th line is the cursor position and display is
performed by logical OR with the cursor. Data in the 8th line will appear in the cursor position. Lines are numbered from 0 to 7.

(3) Character pattern column positions correspond to CGRAM data bit 0 to bit 4, as shown in Figure 10 to Figure 15.

(4) As shown in Figure 10 to Figure 15, CGRAM character patterns are selected when character code bit 4 to bit 7 are all logic 0.
CGRAM data = logic 1 corresponds to selection for display.

(5) Only bit 0 to bit 5 of the CGRAM address are set by the Set. CGRAM command. Bit 6 can be set using the Set. DDRAM
command in the valid address range or by using the auto-increment feature during CGRAM write. All bits from bit 0 to bit 6 can
be read using the BF_AC instruction.

Fig 16. Relationship between CGRAM addresses, data and display patterns
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Cursor control circuit

The cursor control circuit generates the cursor underline and/or cursor blink as shown in
Figure 17 at the DDRAM address contained in the address counter.

AN

cursor 013aaal39
5 x 7 dot character font alternating display

cursor display example blink display example

Fig 17. Cursor and blink display examples

icon 1 icon 5 row 18
row 17 = @ row 17

row 8 row 8
row 2 row 2

™~ cursor

013aaal56

Fig 18. Example of displays with icons
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PCF2119X

The PCF2119x has two 8-bit registers, an instruction register and a data register. Only
these two registers can be directly controlled by the microcontroller. Before an internal
operation, the control information is stored temporarily in these registers, to allow
interfacing to various types of microcontrollers which operate at different speeds or to
allow interface to peripheral control ICs.

The instruction set for the parallel interface is shown in Table 12 together with their
execution time. Details about the parallel interface can be found in Section 11.1.
Examples of operations on a 4-bit bus are given in Table 40, on a 8-bit bus in Table 41,
Table 42 and Table 43.

When using the 12C-bus, the instruction has to be commenced with a control byte as
shown in Table 9. Details about the I2C-bus interface can be found in Section 11.2. An
example of operations on the 12C-bus is given in Table 44.

Table 9. Instruction set for 12C-bus commands

Control byte Command byte 12C-bus
command

CO RS 0 0 0 0 0O O DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO LI

[1] R/W is set together with the slave address (see Table 34).

Table 10. Control byte bit description

Bit Symbol Value Description
7 Cco 0 last control byte
1 another control byte follows after data/command
6 RS 0 instruction register selected
1 data register selected
5t00 - 0 default logic 0

Instructions are of 4 types, those that:

1. Designate PCF2119x functions like display format, data length, etc.
2. Set internal RAM addresses

3. Perform data transfer with internal RAM

4. Others, like read ‘busy flag’ and read ‘address counter’

In normal use, type 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 microcontroller 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 instructions other than the BF_AC instruction will be
executed. Because the busy flag is set to logic 1 while an instruction is being executed,
check to ensure it is logic 0 before sending the next instruction or wait for the maximum
instruction execution time, as given in Table 12. An instruction sent while the busy flag is
logic 1 will not be executed.
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LCD controllers/drivers

The RS bit determines which register will be accessed and the R/W bit indicates if it is a
read or a write operation (see Table 11).

Table 11. Register access selection

Symbol Value Description
RS register select
0 instruction register(tl

data registerl2]

R/W read/write
0 write operation
read operation

[1] There is only write access to the instruction register, but read access to the busy flag (BF) and the address
counter (AC) of the BF_AC instruction (see Section 10.2.1.2).

[2] Write and read access.

Details of the instructions are explained in subsequent sections.

Data register

The data register temporarily stores data to be read from the DDRAM and CGRAM. Prior
to being read by the Read_data instruction, data from the DDRAM or CGRAM,
corresponding to the address in the instruction register, is written to the data register.

Instruction register

The instruction register stores instruction codes such as Clear_display, Curs_disp_shift,
and address information for the Display Data RAM (DDRAM) and Character Generator
RAM (CGRAM). The instruction register can be written to but not read from by the system
controller.

The instruction register is sectioned into basic, standard and extended instructions. Bit
H = 1 of the Function_set instruction (see Section 10.2.1.1) sets the chip into extended
instruction set mode.
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Table 12.
Instruction

Basic instructions (bit H=0or 1)
Bl o

NOP
Function_set
BF_AC
Read_data
Write_data

Instruction register overview

LCD controllers/drivers

Standard instructions

Clear_display
Return_home
Entry_mode_set
Display_ctl
Curs_disp_shift
Set CGRAM
Set_ DDRAM

Extended instructions (bit

Reserved
Screen_conf
Disp_conf
Icon_ctl
Temp_ctl
HV_gen
VLCD_set

‘BitsH ’Required
‘RS ‘R/W ‘7 6 ‘5 ‘4 ‘3 ‘2 ‘1 clock
cyclesl

0 0 o o o o0 0 o0 3

0 0 DL sL 3

0 1 BF AC 0

1 1  READ_DATA 3

1 0  WRITE_DATA 3

(bit H = 0)

o o o o o0 ©0o ©0 0 0 1 165

o o o o o0 O0o ©0o o0 1 o0 3

o o o o 0 o0 ©0 1 ID S 3

o o o o o o 1 Db Cc B 3

o o o0 ©o0 0 1 sC RL O 0 3

0 0 0 1 ACG 3

0 0 1 ADD 3
H=1)

o 0o 0 ©o0 0 0 o0 -

o o o0 ©0 o0 0 o0 L 3

o 0o 0 ©o0 0 0 o0 P 3

o o o ©o0 0 o0 1 M 1B DM 3

o o o0 o0 o0 1 o0 Tc1 TC2 3

o o o0 1 o0 o0 o0 s1 so 3

0 0 1 V  VAorvB 3

Reference

Section 10.2.1.1
Section 10.2.1.3

Section 10.2.2.2
Section 10.2.2.4
Section 10.2.2.6

Section 10.2.3.1
Section 10.2.3.2
Section 10.2.3.3
Section 10.2.3.4
Section 10.2.3.5
Section 10.2.3.6

[1] The bits 0 to 7 correspond with the data bus lines DBO to DB7.

[2] fosc CyCles.
[3] No operation.

[4] Do not use.

PCF2119X
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10.2.1 Basic instructions (bit H=0or 1)

10.2.1.1 Function_set

Table 13. Function_set bit description

Bit Symbol Value Description

RS - 0 see Table 11

RW - 0

7t05 - 001 fixed value

4 DL interface data length (for parallel mode only)

=

2 x 4 bits (DB7 to DB4)
8 bits (DB7 to DBO)
3 - 0 unused

=

M Bl number of display lines
1 line x 32 characters
[4 2 line x 16 characters

1 SL multiplex mode
0 1:18 multiplex drive mode, 1 x 32 or 2 x 16
character display
1 M5l 1:9 multiplex drive mode, 1 x 16 character display
0 H instruction set control

basic instruction set plus standard instruction set
[4  basic instruction set plus extended instruction set

[1] When 4-bit width is selected, data is transmitted in two cycles using the parallel-bus. In a 4-bit application
ports DB3 to DBO should be left open-circuit (internal pull-ups).

[2] Default value after power-on in 12C-bus mode.
[3] Noimpactif SL =1.

[4] Due to the internal pull-ups on DB3 to DBO in a 4-bit application, the first Function_set after power-on sets
bits M, SL and H to logic 1. A second Function_set must be sent to set bits M, SL and H to the required
values.

[5] Independent of bit M and bit L of the Screen_conf instruction (see Section 10.2.3.1). Only row 1 to row 8
and row 17 are used. All other rows must be left open-circuit. The DDRAM map is the same as in the 2 x 16
character display mode, however, the second line cannot be displayed.

10.2.1.2 BF_AC instructions

Table 1