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Rev. 12 — 16 April 2015 Product data sheet

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.

For a selection of NXP LCD character drivers, see Table 51 on page 78.

2. Features and benefits

B Single-chip LCD controller and driver

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

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

B Reduced current consumption while displaying icons only
Icon blink function
B 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| cpoyt: —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)
B Display Data RAM (DDRAM): 80 characters
Character Generator ROM (CGROM): 240 characters (5 x 8)

B 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

B 4-bit or 8-bit parallel bus and 2-wire 12C-bus interface
Manufactured in silicon gate CMOS process
H 18 row and 80 column outputs

1. The definition of the abbreviations and acronyms used in this data sheet can be found in Section 21.
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3. Applications

LCD controllers/drivers

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)
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: Vpps — Vss2> = 2.2 Vto 4V and
Vppz —Vssp =2.2Vio4dV

Direct mode to save current consumption for icon mode and multiplex drive mode 1:9
(depending on Vpp, 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 Semiconductors N.V. 2015. Al rights reserved.
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4. Ordering information

PCF2119x

LCD controllers/drivers

Table 1.  Ordering information

Type number Package
Name Description Version
PCF2119AU bare die 1168 bumps PCF2119x
PCF2119DU bare die 168 bumps PCF2119x
PCF2119FU bare die 1168 bumps PCF2119x
PCF2119I1U bare die 168 bumps PCF2119x
PCF2119RU bare die 1168 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 Semiconductors N.V. 2015. All rights reserved.
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LCD controllers/drivers

6. Block diagram
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Fig 1. Block diagram of PCF2119x
PCF2119X All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. Al rights reserved.
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LCD controllers/drivers

7. Pinning information

7.1 Pinning
o 49
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Viewed from active side. For mechanical details, see Figure 49.
Fig 2. Pinning diagram of PCF2119x (bare die)

PCF2119X All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. Al rights reserved.

Product data sheet Rev. 12 — 16 April 2015 5 of 88




NXP Semiconductors PCF2119x

LCD controllers/drivers

7.2 Pin description

Table 4. Pin description
Input or input/output pins must always be at a defined level (Vss or Vpp) unless otherwise specified.

Symbol Pin Description
Vbp1 1t06 vsupply voltage 1 (logic)
Vpp2 71014 [ supply voltage 2 (for high voltage generator)
Vbp3 1510 18 [ vsupply voltage 3 (for high voltage generator)
E 19 2 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 221029 Bl ground supply voltage 1
e for all circuits, except of high voltage generator
Vss2 30035 El] iground supply voltage 2
e for high voltage generator
V| cDSENSE 36 vinput for voltage multiplier regulation circuitry and for the bias
level generation
® if V_ ¢p is generated internally then this pin must be
connected to Vi cpout and Vi cpin
® if V_ ¢p is generated externally then this pin must be
connected to V cpin only
Vi cpouT 37t043 V_cp output
* if V_ cp is generated internally then this pin must be
connected to V cpin and to V| cpsense
® if V_¢p is generated externally then this pin must be left
open-circuit
Vi cpiN 44 to 49 input for LCD bias level generator
* if V_ cp is generated internally then this pin must be
connected to V| cpouTt and to V| cpsense
* if V_ cp 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, 51 to 58, LCD row driver output
R17, 9, e R17 has two pins: R17 and R17DUP
EglyDUP, 12(1) * R17 and R18 drive the icons
R9 to R16 142 to 149
C80 to C41, 60 to 99, LCD column driver output
C40to C1 101 to 140
dummy 150 -
SCL 151 and 152 [4  [12C-bus serial clock input
T3 153 test pin
® open-circuit
® not user accessible
PCF2119X All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. All rights reserved.
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LCD controllers/drivers

Table 4. Pin description ...continued
Input or input/output pins must always be at a defined level (Vss or Vpp) unless otherwise specified.

Symbol
POR

Pin
154

Description

external Power-On Reset (POR) input

PD

155

power-down mode select
® for normal operation, pin PD must be LOW

SDA
R/IW

156 and 157 4
158

12C-bus serial data input/output

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

RS

159

register select pin
® this pin has an internal pull-up resistor

DBO to DB2,
DB3/SA0,
DB4 to DB7

0osC

160to 162, DIl 8 bit bidirectional data bus (bit O to bit 7)

163,
164 to 167

168

* 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 (SAO) as the
12C-bus address pin

® each data line has its own internal pull-up resistor
oscillator or external clock input

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

[1] Always put Vpp2 = Vppa.

[21 When the I2C-bus is used, the parallel interface pin E must be LOW.

[3] The substrate (rear side of the die) is wired to Vg but should not be electrically connected.

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

[5] Inthe I2C-bus read mode, ports DB7 to DB4 and DB2 to DBO should be connected to Vpp; or left

open-circuit.

[6] 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.
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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

fosc(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:

_ fclk
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, tosc ~ 7.1 us, 3 x tosc ~ 2.15 us). The internal oscillator start-up time is
200 ps (typ) up to 300 ps (max) after power-on. In case that an external oscillator is used,
tosc is dependent from fose(ext).-

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 Semiconductors N.V. 2015. Al rights reserved.
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LCD controllers/drivers

Table 5.  State after reset
Step |Function Control bit and | Description Reference
register state
Clear_display - - Table 17
2 Entry_mode_set bitl. D=1 incremental cursor move direction Table 19
bitS=0 no display shift
3 Display_ctl bitD=0 display off Table 20
bitC=0 cursor off
bitB=0 cursor character blink off
4 Function_set bitDL =1 8-bit interface Table 13
bitM=0 1-line display
bitSL=0 1:18 multiplex drive mode
bitH=0 normal instruction set
default address pointer to DDRAMI[ - - Table 23
Icon_ctl bit IM =0 character mode, full display Table 26
bitIB=0 icon blink disabled
7 Screen_conf bitL=0 default configuration Table 24
Disp_conf bit P = 0; default configurations Table 25
bitQ =0
8 Temp_ctl bit TC1 =0; default temperature coefficient Table 29
bit TC2=0
9 VLCD_set register Vo =0; |V ¢p generator off Table 33
register Vg =0
10 I2C-bus interface reset - - -
11 HV_gen bitS1=1; V.cp generator set to 3 internal stages Table 31
hitSO=0 (4 voltage multipliers)

[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.

8.4 LCD supply voltage generator

The LCD supply voltage may be generated on-chip. The V| ¢p 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 = Vyx0.08+1.82

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

All information provided in this document is subject to legal disclaimers.
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LCD controllers/drivers

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

8.4.1 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 | Corresponding Integer values | Corresponding Integer values |Corresponding
of Vp and Vg value of Vi cpin V of Vp and Vg value of Vi cpin V of V5 and Vg value of V cpin V
0 V| cp switched off 22 3.58 44 5.34
1 1.90 23 3.66 45 5.42
2 1.98 24 3.74 46 5.50
3 2.06 25 3.82 47 5.58
4 2.14 26 3.90 48 5.66
5 2.22 27 3.98 49 5.74
6 2.30 28 4.06 50 5.82
7 2.38 29 4.14 51 5.90
8 2.46 30 4.22 52 5.98
9 2.54 31 4.30 53 6.06
10 2.62 32 4.38 54 6.14
11 2.70 33 4.46 55 6.22
12 2.78 34 4.54 56 6.30
13 2.86 35 4.62 57 6.38
14 2.94 36 4.70 58 6.46
15 3.02 37 4.78 59 6.54
16 3.10 38 4.86 60 6.62
17 3.18 39 4.94 61 6.70
18 3.26 40 5.02 62 6.78
19 3.34 41 5.10 63 6.86
20 3.42 42 5.18
21 3.50 43 5.26

Remarks:

PCF2119X

¢ 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| cpoyt 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
Vsg with a suitable capacitor. The generated V| cpouT 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| ¢p, 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

All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. Al rights reserved.
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8.5

PCF2119x

LCD controllers/drivers

factor 4, three 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 ¢p 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| cp generator and the direct mode are switched off, an external voltage may
be supplied at connected pins V| cpiny and Vi cpout- Vicoin @and Vi cpout May be higher or
lower than Vppo.

In direct mode (see Icon_ctl instruction, Section 10.2.3.3) the internal V| cp generator is
turned off and the V| cpout output voltage is directly connected to Vpp,. 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.

Table 7.  Bias levels as a function of multiplex rate

Multiplex Number of Bias voltages

rate bias levels A vV, Vs Vs Vs Ve

1:18 5 Vieco 3 1 1 1 Vss
Z(VLCD = Vss) Q(VLCD = Vss) Q(VLCD = Vss) Z(VLCD = Vss)

19 5 Vieco |3 1 1 1 Vss
Z(VLCD = Vss) E(VLCD = Vss) E(VLCD = Vss) Z(VLCD = Vss)

1:2 4 Vieco 2 2 1 1 Vss
g(VLCD = Vss) g(VLCD = Vss) g(VLCD = Vss) g(VLCD = Vss)

PCF2119X

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

_ la2+2a+n
Von®MS) = Vieo > ®)
nx(1l+a)
v _ la2—2a+n
offRMS) = Vieo/ ™ .
nx(1l+a)

where the values of a are

(4)

N

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) and 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.

D = Jonrms) _ /(a+ 1)°+(n-1) (5)
VottRMS) A (a—1)%+(n-1)

8.5.1 Electro-optical performance

Suitable values for Vonrms) @and Vosgrus) 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 Vi) and the other at 90 % relative transmission (at Vygh), see Figure 3.
For a good contrast performance, the following rules should be followed:

Von@®ms) = Vhigh (6)
Voitrms) < Viow (7)

Vonrms) @and Vesrus) are properties of the display driver and are affected by the selection
of a, n (see Equation 3 to Equation 5) and the V| ¢cp voltage.

Viow and Vyigh 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.

PCF2119X All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. Al rights reserved.
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100 % -
90 %

Relative Transmission

10 %

Viow Vhigh VR [V]

OFF GREY ON
SEGMENT SEGMENT SEGMENT

001aam358

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).
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V2
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Vo

ROW 2  VaV4

1
O—0—0—0—9—0—0—0—e—0
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Vg ——
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Vss —

Vicp
v [ [ ]l
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I:I
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Vicp —
Vo ——
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Vss —

Vicp —
0.5VLcp

state 1 0.25V| cp
0 [

U U
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-0.5V cp

-Vicp
Vicp —

0.5VLcp
state2  0.25V| cp — |_|—I
o O[[

N 11010

025V o ———— T

-0.5V cp

SVLCD
123 18

JLI_I oog

Frrrrrrrrrrrrrrd
123 18

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

Vstate(n)() = VeoLm(®) — Vrowx)(1)-
Vstate1(t) = Veor1(t) — VrRows(1)-
Vstate2(t) = Veora(t) — Vrowa(t)-

013aaa140

Fig 4. Waveforms for the 1:18 multiplex drive mode with 5 bias levels; character mode

PCF2119X All information provided in this document is subject to legal disclaimers.
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LCD controllers/drivers

v frame n framen+1 ———» state 1 (off) state 2 (on)
LCD —
Vs _ oO—e—0—0—0— R1
ROW 17 x3/V4 — —— c‘,,.‘,c‘,,c‘,,c‘,, R2
5 —— L
Y
e ] T
Vo —— |||l o—0—0—0—0—
Forere
- = V|| | |||  e—0o—0o—0—o0-
o
Vs — — Ty
VicD — ] 0—0—0—0—0— R8
Vo 1
ROW 2 V3/V4 —
Vs —
Vss — —
Vicp — ]
Vo
ROW 3 V3/V4 —
Vs —
Vss —| — SR
Vicp — C1C2C3C4C5
V2
ROW 4  V3/V4 —
Vs —
Vss —
Vicp — |—| | |
Vo 4J_|
COL 1 V3/V4 —
Vs L L
Vss —

VicD —

Vo — | | |
COL2 Va4

Vi L

Vss —

Vico 4

0.5V cp

state 1 0.25V cp — I_I —I
0

-0.25V cp
-0.5VLcp -

:
[

-Vicp
Vicp —

0.5V cp

state 2 0.25V cp — _|—I I— |
0 | | |
-0.25V cp
-0.5Vicp

-Vicp

1. 2 3 9 1 2 3 9 013aaa141

state(n) marks intersection(row(x),col(n)) of pixel(x,n)
Vstate(n)(t) = VCOL(n)(t) - VROW(x)(t)-
Vstate1(t) = Veori(t) — Vrowa(t)-
Vstate2(t) = Vcora(t) — Vrowa (D)
Fig 5. Waveforms for the 1:9 multiplex drive mode with 5 bias levels; character mode, R9 to R16 and R18 open
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LCD controllers/drivers

ROW 17

ROW 18

ROW 1 to 16

COL 1 oN/oFF

COL 2 onjoFF

COL 3 on/oFF

COL 4 ONIOFF /3

state 1

state 2

state 3

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

0
-0.33Vcp
-0.66V cp

-0.33Vcp
-0.66V cp

-0.33Vcp I
-0.66V cp —

frame n

framen+1 ———»

Vicp —

2/3 —
113 — |
Vss —

Vicp

2/3 —
13 — | |

Vss —
Vicp

[

]

2/3
1/3 —
Vss —

Vicp
2/3 — |

-

1/3 —
Vss —

Vss —

Vicp — 1
2/3 — | !
1/3 —

Vicp
2/3 —
1/3 —
Vss —
Vicp
2/3 —

Vss —

Vico
0.66VL cp -

0.33Vicp

-Vicp

Vieb
0.66V cp —|

0.33VLcp

0

-Vicp

Vieb
0.66V cp —|

0.33VLcp %—I

0

-Vicp

Vstate(n)(t) = VeoLm)(t) — Vrowx)(1)-
Vstate1(t) = Veora(t) — Vrowa7(t)-
Vstate2(t) = Veora(t) — Vrow17(1)-
Vstatea(t) = Vcora(t) — Vrowa to 16(1)-

Fig 6.

only icons are

driven (MUX 1: 2)

state 1 (ON)

i state 2 (OFF)
(e}

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

013aaa142

PCF2119X
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9. Display data RAM and ROM

PCF2119x

LCD controllers/drivers

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.

All addresses are shown in hex.

display non-displayed DDRAM addresses
position 12 3 45 30 31 32 o
-rr---"—-- el bl -
DDRAM |oo|o1 |02|03|o4| _—— |1D|1E|1F 20E1I ——————— :[4C|4DEE 4F |
address - —————— =l —
1-line display
non-displayed DDRAM address
12345 wiste——————*
- - = == e il
|00|01 |02|03|04| _——— |0D|OE|OF|10E1I _——— ]24|25E6 271 line1
DDRAM - ——————= -
address 1 2 3 4 5 14 15 16
- - = == e l
|40|41 |42|43|44| _——— |4D|4E|4F|50]Z’51I _——— 64|65E6 671 line2
— —_—_—— = —— —
2-line display/MUX 1 : 9 mode mgk892

Fig 7. DDRAM to display mapping: no shift
1.2 3 4 5 14 15 16
|27|oo|01|02|o3| —— |OC|0D|0E| line 1
DDRAM 2 3 45 14 15 16
address
|67|40|41|42|43| _—— |4C|4D|4E| line 2
2-line display/MUX 1 : 9 mode mgl536
All addresses are shown in hex.
Fig 8. DDRAM to display mapping: right shift

PCF2119X
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PCF2119X

9.2

PCF2119x

LCD controllers/drivers

display
position 1.2 3 4 5 30 31 32
DDRAM |01|02|03|04|05| - |1E|1F|20|
address
1-line display
12 3 4 5 14 15 16
|01|02|03|o4|05| _—— |0E|0F|10| line 1
DDRAM
address 12 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 1x16

Address space 00h to 4Fh 00h to 27h; 00h to 27h
40h to 67h

Read/write wrap-around 4Fh to 00h 27h to 40h; 27h to 00h

(moves to next line) 67h to 00h

Display shift wrap-around 4Fh to 00h 27h to 00h; 27h to 00h

(stays within line) 67h to 40h

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.
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PCF2119x

LCD controllers/drivers

upper
lower 4 bits | 5ooo | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
4 bits
- LLL] LLL] - -
- - - - - LLL]
L] L] L] L] asm L]
xxxx 0000 1 : : : -:: ---: -“:
LN - - - - -
- LLL] LLL] LLLL] -am
LLL] - - LLL] - - -
L | - -am - - .- am
- - - - LLL]
X0k 0001 | 2 | g | | § |Emd
- - - LN -
- - LLL] - maEEEs (= -
LLL] -
L] L] L]
L L]
xxxx 0010 3 e
LLL]
-
-
xxxx 0011 4 ans
LLL]
L]
LN
xxxx 0100 5 - P
III: LL L]
- - -
.- am
xxxx 0101 6
xxxx 0110 7
- -
an L] LN} L] L]
an L] L} - - L]
xxxx 0111 8 |a=a - H HE-H
- - - -
(LIl ]] - - -
LL] - LLL] a an L]
an L] L] L} LB} ..
an - L] LI} - LN | | un
xxxx 1000 9 H H e (2" | &"a 2" &
- - LI LEL] L] -
(LIl ]] - LLL] - LN L -
am - LLL] L L L] - - -
:: -I H : : -I I. am
xxxx 1001 10 HH g | memp| 1 H H
- - - - -
(LIl ]] - -am LLL] - LL L]
- o sEEEEm -
- - LL] - -
- - L L] - - -
xxxx 1010 11 " a"2"s | am H- H
L] L} an LI} L} L]
LLLL]) asm LI L)) am
L] L] L] asm L]
L] L] an - L} - -
- - L L] L] - - -
xxxx 1011 12 [= - Ha H -
- - - - - - L
L LIl - - - LLL] - -
LL] - - L L] -
LL] - - - - -
LL] - - - - - -
xooc 1100 | 13 |33 | a [ |E | tw | % | % :
L] L] - L] - - -
- - (LIl ]] - LLL] - -
am - LR L] L] - - L} L] L} L]
am am mm - - L L] LN - - -
am LLLL LI B B - LLEN | - - asn - -
oo 101 | 14| R eeee 18R E B Lt (R . Dol
- - - - - - - - - -
LLLL]] L] A (mEm L] L] L] L] L L1} L] asm
L] L] L] L] LLL] L]
L] - - LN | LN |
- am LEL] .- . . - L L L]
xxxx 1110 15 a" (8 "an - H b+
am - - - - - - -
L LIl am - - - - - LLL] LLL]
LL] LLL] LLL] LLLL] LIl ] ) - - . L L] LN
LL] - LB - LL] - - LN
LL] - LI - LL L] LN - L L L] - . - -
oooc 1111 |16 | R e e e P s .. A A R
- - - - - - - - - - - - -
LLLL LI - LLL] LIl ] ) LL L] o EEmsm LLL] LLL] - am LLL] LLL]
mce190

The first column (0000) is the CGRAM, the other 15 columns (0001 to 1111) are the CGROM.
Fig 10. Character set ‘A’ in CGROM
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upper
lower>2Pits | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
4 bits
" Sia | GAE | aAAGS | GeAEs
LN
- - - - - -
xxxx 0000 1 amsas | 2am H'H H'H HH
- - . LERL] LER] -
. s .|n .lm .
- - LY} - . - -
. s
. . [} [} [} [}
xxxx 0001 2 - : HH 1T H s
- - LER] LER] -
- - LN - LN
L) am
LI - an
- -
xxxx 0010 | 3 H H
H
- - am
- -
- - -
xxxx 0011 4 - . H
[} [ .
]
- -
-
xxxx 0100 5
[ [ [ [ ] [T [TT]
. . . . .
- - - - - - LEL] -
xxxx 0101 6 H HE- HE aa" " "
- - - - - - -
- LLL] LI L] LL L} - -
LLL] - L L] LLLLL R} LRLLLLLEE] - LLL] LLL] - LRL] - LLL] L] SEEES SEEEES
. HH «" H H HIH H HITT ass (2 & |%s & | sms [TT] [TT] (TT]
N A L o R | A A A R P e e
- - - - - . - - . - LIl LN LEL] L L] LI - - -
LY} L LN | ams - - - - LLL] LLL} - LN - ams LL L} LL L} ams
LLL} - LLL L] ams LLL] - . mam LI
- .. - LEL] -
- - - - LEL] - ams LL L}
xox 0111 | 8 |" A : A O Pl
. . s . . . .|n . |n .
LY} - ams - - LLL] ams ams LL L}
] O [T . (n (= O mEs | smm |® ]
. [} [ .ln .|n . (n . .
- - - .. - - - - - L] LR LLL] LLLL]
xxxx 1000 9 : : -"-- :"-: -- :"-: : : : : ssms :---
- - - .. LEL] L] - - LI -
- - ams - -|. L - ams LL L} - -
L1} - ams LLLLL B} LELLLLL} (L L} - LLL] LI LI L L] LLLL]
- - - - - - - - - - - -
- s (= - (] . . smm [ - . (m s s == =
oo 1001 | 0 | geR | § feesd) 2R BT R OEEE|EE
- - - - - - - - LI - - - - -
L1} - am LLL L] - LL LY ams ams ams LL L} - -
[IT] O " (mmaam O
. . . . .
- L L] - - - -
xxxx 1010 | 11 =" His H
- .. -
LY} - LL L} LLLLL ] LLL]
L) - - (L] - -
L) - - - - - -
] [ [} ] . ] . .
xxxx 1011 12 --: --:-- :-- : :-- -I
- - - - - - - - -
- - - - - am - - -
[T O O O O
. . . . [}
- - - - - -
xxxx 1100 | 13 - N H HIEH H
- - - - - - -
am - - LLL L] - LL LY -
- - am - - -
- s - am an - -
] . "] . .
xxxx 1101 14 [TLLL H H H H H « s
- - - - - - -
- - am - - - -
an - - - [ BLLLLL]
- - - - -
- - am - am -
xxxx 1110 15 ("% "a |8 "am| "™ |2 "an
- - - - -
am - - - - - -
[T [T 0 [T O
- - - - - - - -
- - - - - - LI} -
xoxx 1111 | 16 H- F H el "
- - - - - L LL] - -
ass |sssss | sss [} (1T 1]
mce73
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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LCD controllers/drivers

upper
lower 4 bits | 0ooo | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
4 bits
LI}
- -
L] an
xxxx 0000 1 HA-
- -
LLL]
- -
- an -
- - -
xxxx 0001 2 H A
- -
- LLL] -
- -
- -
- -
xxxx 0010 3 H H
- -
L} L]
- -
am -
xxx 0011 | 4 HIEH H
L] - L]
-
an -
- -
L] L]
xxxx 0100 5 ["anan "8 "|emmma| = :
s H
L L] L]
- L] -
LLL] - -
xxxx 0101 6 |2 " - H
- - - -
LLL] - -
L1 1] L]} L] -
- - LN -
aAEEEn - -
xxxx 0110 7 |"aas - H
- - .m -
L] amn L]
an -
- - -
am - -
xoxx 0111 8 | "a H H
- L] L]
LLL] -
- - - - LEL]
- - - LEL] LI
[ L1]} L] L] L] L] . an L} L]
wox 1000 | 9 [§ & : FLC IO o
- - - - LEL] L] - -
- - LIl l] ) - Ll LI LI -
L] L] L] L] anm L] L] L]
- L] L} - - -
LLL] LN - - - L L] - -
xxxx 1001 | 10 |2 3| "= H H = i ["aman
- - - - - - - -
LLL] LLL] - LLL] - LLL] LL L]
SEE SEEEES -
- I- am L L]
xxxx 1010 11 H - H -
- - - -
LLLLL] an LLLL]) an LLLL]]
- - - LI - LI
LN LI LL L] - - -
(Ll LL L] - - L] LLL] - - LL L]
xxxx 1011 12 2" (2" "a| aman|®: H s H . aman
L} L] amn LLLLL] - L} - LR}
(LIl ]] LLL] LLLL] LIl l] ) - LI} LI - LLLL]
- - - - LI an LI
- - - LN - LLL] -
SEEEN (EEN L] L] L] L] amn
xxxx 1100 | 13 P - “a H = & & |= &
- - - - - - - - - -
(LIl ]] am LL L] (Ll ]] LLL] LLL] LL L]
LLL] - - - a a LLL] LLL]
- - L1 aE am L L)
- LLL] - - .. LLLL LN B B L1 N - m-m
xxxx 1101 14 |"aua"| snun | "«a" |& H e e - e R R
- - - - - - LEL] LI L] -
L L] LLLL] - - - Ll LI LI -
] - - an an
- - -
- - LEL] LR ] - -
xxxx 1110 | 15 w2 "amfa (2" 2|2 &
L L) - - LEL] LI L] L L]
L L] L} L] L] L L]} L} L] LL ]
LLL] LI} am
Ll - -
- Ll - LL]
ox 1M1 | 16 " s 5| e
L] L] L]
- LLL] L L]
mgu552
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 Pits | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
4 bits
L}
HH
xxxx 0000 1 s
L
LN
LLL]
I-- -
xxxx 0001 2 -
amn
L]
L L]
:II
xxxx 0010 3 s
LLL]
-
-
wox 0011 [ 4 | "Et
I:I
- L]
HE-
xxxx 0100 5 F
- am
L] L]
LLLLLEN] - L L] LL] LL BN LL] LL N}
LLL] - - - - LL] - L L] - - LL] - -
- - - - LLL] - - - - - - - - LLL] LLL]
XXXX 0101 6 --I Haa : : IIII: : : -I:I. - : LLI L) : : I- .I : : LLL]) I-.-
L1l L] L] L} an L} L} - SEE & | SEEEE = L BN | ..
- (LIl ]] LLL] LLLL] LL BN | LLL] - - - LLL] LLLL] LL L]
LN am LLL] LLLLL BN - am - LN
- - - - - - - - - LN
LLE BN B L] L] L] L] L] L] L] L] L L]} L LN |
XXXX 0110 7 LL L] I-I - :---I :--- : : -:- : : - : : I:I: l---l
am -II-I -III : " : -l- : -III- .I-II .III-
an L] L] L] LL1]] L L]}
L] L] - L} - - L BN | L] L}
- - - LLL] LLL] - LN LLL]
oo 01T 18 = HHHH HER RS B I
- - - LER ] LER ] - - LLL] - - LLL] -
LLL] - - - LLL] LLLL] - -
- - - LLL] - - LER] - . - LL BN -
- - LER ) LER ] LEN ] LN - - - -
- - - - LEN ] - - L]} - LER ] - LLLL LN BN By LLL] LL N}
xo 1000191 2 3 a2 W"e |E & Y&t |3 & 22 [Sass |2 3 2| 2esen|E a"s
- . - - LEN ! LER} LER] - LN - am - - - - -
L] L] L1} L] L BN | L BN | L BN | L] L LI L} SEEEE | ® &N SEEE | ® =N
LLL] - LLL] L L L] - - - LN - - - - -
- - - - - - - am - - - -
L) - - - - - - L L] - o EEEms - LLLLL BN - LLL] - -
0o 1001 | 10 e 8| 3| Teeellon e Ty fena” H i R ]
- - - - - - - LEN - am
LIl ] ) - LLL] LLL] - LLL] (Ll ]] LLL] LLLL] LL B |
SEE (EEEES - - - - -
L] an L] L] LI} L) L] LN} L}
LL I} L L] L] L} an S 6 SEEES |8 - L L]} L] L]
xxxx 1010 1 H uas an H - H "a"|2aan |= HHTTHH H
- am. - -am - - - - - - - - am
- - -am (Ll ]] L L] (Ll ]] LLL] LLLL] LL B |
- - L] asm L] L] L} LI L] LN |
LL BN - L L) - - - - - - LN LN
- - -am LI - - - - - - LLLLL BN - LLL]
XXXX 1011 12 -- --:-- -am :-I : :I- - -I I- l- :III : : :III: : :
LI} - - - - - - . - - - - LEN - am
LL I L} L] L] L L]} L} L] L] L} LLLL]] LL]] LLL]] L L
LN - - L L] - LN - - LN -
- - - - - - - - - - LN
LLL] - - - - - SEEEE = =N LLLL] - - LLL] - -
XXXX 1100 13 : L L1} an -I : -I : : amn L] : - -I-I: : : : -: : :
L] L} L] L] - L] - L] L} a smn L] L] - L} am
LLL] - - (LIl ]] LLL] - LIl l] ) LLL] - LLL] LLL] LLL] LL B |
LN - - LLL] - LN - - - - - -
- am mm - - - - - - - - -
LLL] LLLLL BN B B - LN} - LI L] .- am - - LLL] - - - -
xxx 1101 14 :---: munms [TTTT] : - : : : : : -- :- . :- . nus ----: : --- -: [T
- - - - - - - - - - - - -
LLLl] - - LLL] - - - - - -am LLL] - LLL] LL L]
LB - - - - - -
. AR Ll (2| 0t
XXXX 1110 15 :I--l I- : -l: : :III -:
- - am - - - - -
- - am - - - LLL] - LLL]
LN | L1} L L] LI LN |
LN LEN | - - L L] LN
XXXX 1111 16 I---l I-- I-- E E -E. E -: -: :IIIE
- - - - - - -
L L1} L] L L] LLLL]] asm aEEn L L]} amn
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
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upper
lower 2 bits | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
4 bits
- -
an an
xxxx 0000 1 -:: ::- smsms -
- - I:l
I.-.I amn : a L]
- - - - - -
xxxx 0001 2 HabaH - H H
- - - - - -
- - amEn - - -
- - -
- - - -
- aEEn - -
xxxx 0010 3 H H Hala™
- - - -
a L1 1]] a
amm
- amn amn
- LN |
xxxx 0011 4 His"H nu-
a .. .. a
- amm amn amn
am
- -
a a
xxxx 0100 5 HIEH
- -
am
a
a
- - -
xxxx 0101 6 "l a HEH
: - -
asn (LIl ]] a an a [ITLLT] am
- - - . - LN} - - - .. -
aEEEn - - - LN} L] LI BN |
xxxx 0110 7 |"aanm e ts|a ala &|a"m s
- - . n. - - - LN} L] -
a amm a a amn L ] a L L I ]
am - -
- - - -
L 1] - - -
xxxx 0111 8 H
a a
L L1l L 1 1] - .
- - -
- - . LN ]
a L] a | am a a
xxxx 1000 9 e a"e (2" B "
- .| . L] - -
- .. LN | LN | -
LLL] L] L] -
a a a
- - - -am - -
xxxx 1001 10 H " I -
- - - -
L 1 1] - L 1 1] L 1 1]
Alm sEEEm a
- -
- - L 1]
xxxx 1010 | 11 HE 'S H
- - - -
an (L1 l]] an
- -
- -
- .
xxx 1011 | 12 Hr
a a
- -
-
-
-
xxxx 1100 | 13 H
:IIII
a a a -
am En aE am
a a8 a SEEEE (B8 & ®
xxxx 1101 14 HE H HEREE | amam |2 " ®
- - - - -
- - - - -
[] a []
- - L 1] -
- - - - .
xxxx 1110 | 15 HE- Sl -
- - - - - - -
AEEEn |8 A EEEm L ] .. an a a L ]
L 11} [ 1 1] [ 1 1]
- - - .| . -
L 11} - .| . -
xxx 1111 | 16 H - s
ams a a L ]
amm - - L 1 1]

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
lower 4 bits 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 [ 1010 | 1011 | 1100 | 1101 | 1110 | 1111
4 bits
] (L]
LLL} SEEEE (NEEES - -
LLL L] - - - am
xxxx 0000 [ 1 H-
- -
(TT]
an - -
- - am -
- - - -
xxxx 0001 2 : H H H
= . .
am - ams -
s & | mam ]
] L] ] [] [] -
am L] - asm -
xxxx 0010 | 3 |,uuas|™anm -l il - H H
usm L] L) - L] -
- ams amn -
" n
-
[T .
xxxx 0011 4 H H
- -
LL L}
(] [] O
- - -
LL L} - -
xxxx 0100 [ 5 . H H
- - - -
(TT] 1T . amnm 1]
LLLLL RN -
an H : : ams - -
xxxx 0101 6 H 2 a|asemem|z =
. ] L . am
(T1] (TT] (TT] (T
] ) ] ] (L]
- - - " =
Ll .|m - - - - - -
xxxx 0110 | 7 H H HEHE - -
s A - - [N ]
LL L} a|am a - - -
- ams - -
H "l 2| anan|n .
xxxx 0111 8 : .-: : : : ---: : L] :
- - .n .| ==
LL L]} LI ams LI
] . (w . (w
. . (m . (n
- - L L] - -
xxxx 1000 9 maman | e |Eew e .
- LEL] LEL] - LI
. . (m . (n AL [
ams - -
- - - -
- - - -
xxxx 1001 10 - : H
. . -
(T1] H (1]
L] L] " n ] L]
- - - - H
amm |m a| sen | aln -
xxxx 1010 1" amm ----: snnn |ma" |8 :
- .. - LER} - -
[TTT] [T1] amsn | g alm am
- [T - ]
P H'H HH H'.
xxxx 1011 | 12 a" [a"""a| auan| 3 & 2.
- - - - - - -
LLL L] LL L} LLLL BN ] LER ] - -
[] ] (L] (L]
- ams -
- - - - LL L}
xxxx 1100 [ 13 H = a| = [ =
- - - - -
LLLLL] ams ams LL L}
- - amm
LI L]
- . s LELLEN L Ll
xxxx 1101 [ 14 " ajamala" =
= - - . (m . (m -
. - ] L L ]
- L] - - " n
- - LL] -
- - L ) LR 1] - -
xxxx 1110 | 15 H Pl - ala" =|a &
- am - - - - |. LEL] am
- am - - - - - LI ]
) [11] [11]
- - - -
[} . (m . (TT]
xxxx 1111 | 16 - N - H-
- - - - -
- - ams ams
mgl534
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 67.

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 —, <—order order —, <—order order —»
bits bits bits bits bits bits
00 0 0)O 0 0 0 00 0 0 /1/111
0 1 0 0 O
() 1 character 17 0 0 O
1 pattern 11 1 1
0 example 1 1 0 1 0
0 1. 0 0 1
1 1 0 0 O
1 cursor 0 0 O
position \Q\
0 0 0 0O 0o o0 1 0 0 0 1)0 0 O 1.0 0 0 1
o 0 1 0o 1 0 1 0
M 1) 0 1 0 character 1T 1 1 1 1
0o 1 1 pattern 001 00
1.0 0 example 2 11 1 1 1
1 0 1 0o 0 1 0 O
1 1 0 0 0 1 0 O
(5) 11 1 0 0 0 0 O
00 0 0 0 0 1 0 0 01 0 0 0 O
- - c0a072
o o0 o0o01 11 1] |11 1 1 1 00
oo o0o01t 11t 1] |11 11 1 0 1
oo o0o0+1 11 1] |11 1 1 1 10
oo o0o0+1 1t 1t 1] (111 1 1 11

(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

PCF2119X
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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.

<:}:::::::£>> |||||||||||||||||

s cursor 013aaa139
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

013aaa156

Fig 18. Example of displays with icons

All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. Al rights reserved.

Product data sheet

Rev. 12 — 16 April 2015 26 of 88



NXP Semiconductors PCF2119x

LCD controllers/drivers

10. Registers

The PCF2119x has two 8-hit 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 \o 0 \o 0 \o 0 ‘DB? ‘DB6 ‘DBS ‘DBA ‘DB3 ‘DBZ ‘DBl ‘DBO \m

[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. Setinternal 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.

PCF2119X All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. Al rights reserved.

Product data sheet Rev. 12 — 16 April 2015 27 of 88




NXP Semiconductors PCF2119x

10.1

10.2

PCF2119X

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(l

data registerl2]
RIW 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 register overview
Instruction Bits[l Required Reference
RS [RW |7 [6 |5 Ja [3 J[2 [1 Jo |clock
cyclesl
Basic instructions (bit H=0or 1)
'NOP Blo o 0 0 o o o0 3 -
Function_set 0 0 DL SL 3 Section 10.2.1.1
BF_AC 0 1 BF AC 0 ‘Section 10.2.1.2
Read_data 1 1 READ_DATA 3 Section 10.2.1.3
‘Write_data 1 0  WRITE_DATA 3 ‘Section 10.2.1.4
Standard instructions (bit H = 0)
Clear_display o o o o o o o o o 1 165 ‘Section 10.2.2.1
Return_home 0 0 0 0 0 0 0 0 1 0 3 Section 10.2.2.2
Entry mode st O O 0 ©O0 O O 0 1 1D S 3 'Section 10.2.2.3
Display_ctl 0 0 0 0 0 0 1 D C B 3 Section 10.2.2.4
‘Curs_disp_shift o o o o0 o0 1 sc RL 0O 0 3 ‘Section 10.2.2.5
Set CGRAM 0 0 0 1 ACG 3 Section 10.2.2.6
'Set_ DDRAM 0 0 1 ADD 3 ‘Section 10.2.2.7
Extended instructions (bit H=1)
'Reserved WMo o o o0 o0 0 0 - -
Screen_conf 0 0 0 0 0 0 0 L 3 Section 10.2.3.1
Disp_conf o o o o o0 o o0 P Q 3 ‘Section 10.2.3.2
Icon_ctl 0 0 0 0 0 0 1 IM 1B DM |3 Section 10.2.3.3
Temp_ctl o o o o o0 1 0 TC1 TC2 3 ‘Section 10.2.3.4
HV_gen 0 0 0 1 0 0 0 S1 SO 3 Section 10.2.3.5
'VLCD_set 0 0 1 VvV VAorVvB 3 ‘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.
10.2.1 Basic instructions (bitH=0o0r 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)
2 8 hits (DB7 to DBO)
3 - unused

PCF2119X

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

© NXP Semiconductors N.V. 2015. Al rights reserved.

Product data sheet

Rev. 12 — 16 April 2015

29 of 88



NXP Semiconductors PCF2119x

PCF2119X

10.2.1.2

LCD controllers/drivers

Table 13. Function_set bit description ...continued
Bit Symbol Value Description
2 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 [IB] | 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.

BF_AC instructions

Table 14. BF_AC bit

Bit Symbol Value Description
RS - 0 see Table 11
RW - 1

7 BF (1 read busy flag

next instruction will be executed

internal operation is in progress;
next instruction will not be executed until BF = 0

6to0 AC 0000000 to read address counter
1111111

[1] Itis recommended that the BF status is checked before the next write operation is started.

Busy flag: The busy flag indicates the internal status of the PCF2119x. A logic 1 indicates
that the chip is busy and further instructions will not be accepted. The busy flag is output
to pin DB7 when bit RS = 0 and bit R/W = 1. Instructions should only be started after

checking that the busy flag is at logic O or after waiting for the required number of cycles.

Address counter: The address counter is used by both CGRAM and DDRAM, and its
value is determined by the previous Set CGRAM and Set_ DDRAM instruction. After a
read/write operation the address counter is automatically incremented or decremented
by 1. The address counter value is output to the bus (DB6 to DB0) when bit RS = 0 and bit
R/W = 1.
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Read_data

Table 15. Read_data bit description

Bit Symbol Value Description

RS - 1 see Table 11

RW - 1

7to0 |READ_DATA 00000000 to read data from CGRAM or DDRAM
11111111

Read_data from CGRAM or DDRAM: Read_data reads binary 8-bit data from the
CGRAM or DDRAM. The most recent ‘set address’ command (Set CGRAM or
Set DDRAM) determines whether the CGRAM or DDRAM is to be read.

The Read_data instruction gates the content of the data register to the bus while pin E is
HIGH. After pin E goes LOW again, internal operation increments (or decrements) the
address counter and stores RAM data corresponding to the new address counter into the
data register.

There are only three instructions that update the data register:

* Set CGRAM
¢ Set DDRAM
* Read_data from CGRAM or DDRAM

Other instructions (e.g. Write_data, Curs_disp_shift, Clear_display and Return_home) do
not modify the value of the data register.

Write_data

Table 16. Write_data bit description

Bit Symbol Value Description

RS - 1 see Table 11

RW - 0

7to0 |WRITE_DATA 00000000 to write data to CGRAM or DDRAM
11111111

Write_data to CGRAM or DDRAM: Write_data writes binary 8-bit data to the CGRAM or
the DDRAM.

The previous Set CGRAM or Set. DDRAM command determines if data is written into
CGRAM or DDRAM. After writing, the address counter automatically increments or
decrements by 1, in accordance with the Entry_mode_set (see Section 10.2.2.3). Only bit
4 to bit 0 of CGRAM data are valid, bit 7 to bit 5 are ‘don’t care’.
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10.2.2.1 Clear_display

10.2.2.2

PCF2119X
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Table 17. Clear_display bit description

Bit Symbol Value Description
RS - 0 see Table 11
RW - 0

7t00 |- 00000001 fixed value

Clear_display: writes usually the character code 20h (blank pattern) into all DDRAM
addresses except for the character set ‘R’ where the character code 20h is not a blank
pattern.

When using character set ‘R’, the following alternative instruction set has to be used:

1. Switch display off (Display_ctl, bit D = 0).
2. Write a blank pattern into all DDRAM addresses (Write_data).
3. Switch display on (Display_ctl, bit D = 1).

In addition Clear_display

¢ sets the DDRAM address counter to logic 0

* returns the 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

* sets entry mode bit I_D = 1 (increment mode); bit S of entry mode does not change
The instruction Clear_display requires extra execution time. This may be allowed by
checking the busy flag bit BF or by waiting until the 165 clock cycles have elapsed. The

latter must be applied where no read-back options are foreseen, as in some
Chip-On-Glass (COG) applications.

Return_home

Table 18. Return_home bit description

Bit Symbol Value Description
RS - 0 see Table 11
RW - 0

7t00 - 00000010 fixed value

Return_home: Sets the DDRAM address counter to logic 0 and switches a shifted
display back to an unshifted state. The DDRAM content remain unchanged. The cursor or
blink position goes to the left of the first display line. Bit |_D and bit S of the
Entry_mode_set instruction remain unchanged.
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Entry_mode_set

Table 19. Entry_mode_set bit description

Bit Symbol Value Description
RS - 0 ‘see Table 11
RW - 0
702 - 1000001 fixed value
1 I D address increment or decrement
0 ' DDRAM or CGRAM address decrements by 1,
cursor moves to the left
1 ‘ DDRAM or CGRAM address increments by 1,
cursor moves to the right
0 S shift display to the left or right
' display does not shift
display shifts

Bit I_D: When bit |_D =1 the DDRAM or CGRAM address increments by 1 when data is
written into or read from the DDRAM or CGRAM. The cursor or blink position moves to the
right.

When bit |_D = 0 the DDRAM or CGRAM address decrements by 1 when data is written
into or read from the DDRAM or CGRAM. The cursor or blink position moves to the left.

The cursor underline and cursor character blink are inhibited when the CGRAM is
accessed.

Bit S: When bit S = 0, the display does not shift.

During DDRAM write, when bit S = 1 and bit |_D = 0, the entire display shifts to the right;
when bit S = 1 and bit |_D = 1, the entire display shifts to the left.

Thus it appears as if the cursor stands still and the display moves. The display does not
shift when reading from the DDRAM, or when writing to or reading from the CGRAM.

Display_ctl instructions

Table 20. Display_ctl bit description

Bit Symbol Value Description
RS - 0 see Table 11
RW - 0
7t03 - 00001 fixed value
2 D ' 'display on or off
display is off; chip is in power-down mode
display is on
1 C cursor on or off
" cursor is off
cursor is on
0 B ' ‘character blink on or off

character blink is off
character blink is on

All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. Al rights reserved.

Product data sheet

Rev. 12 — 16 April 2015 33 of 88



NXP Semiconductors PCF2119x

10.2.2.5

PCF2119X

LCD controllers/drivers

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

When the display is off (bit D = 0) the chip is in partial power-down mode:

* The LCD outputs are connected to Vsg

* The V| cp generator and bias generator are turned off
Three oscillator cycles are required after sending the ‘display off’ instruction to ensure all
outputs are at Vsg, afterwards the oscillator can be stopped. If the oscillator is running

during partial power-down mode (‘display off’) the chip can still execute instructions. Even
lower current consumption is obtained by inhibiting the oscillator (pin OSC to Vss).

To ensure Ipp <1 pA:

¢ the parallel bus ports DB7 to DBO should be connected to Vpp
¢ pins RS and R/W should be connected to Vpp or left open-circuit
¢ pin PD should be connected to Vpp

Recovery from power-down mode:

¢ pin PD should be connected back to Vsg
¢ if necessary pin OSC should be connected back to Vpp
¢ a Display_ctl instruction with bit D = 1 should be sent
Bit C: The cursor is displayed when bit C = 1 and inhibited when bit C = 0. Even if the

cursor disappears, bit I_D and bit S (see Section 10.2.2.3) remain in operation during
display data write. The cursor is displayed using 5 dots in the 8th line (see Figure 17).

Bit B: The character, indicated by the cursor, blinks when bit B = 1. The character blink is
displayed by switching between display characters and all dots on with a frequency of

—_ fOSC

fotink = 52222

Curs_disp_shift

Table 21. Curs_disp_shift bit description

Bit Symbol Value Description

RS - 0 see Table 11

RW - 0

7tod4 - 0001 fixed value

3 SC cursor move or display shift

move cursor

shift display

2 RL shift or move to the right or left
left shift or move

right shift or move

1to0 - 00 fixed value
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Bits SC and RL: Curs_disp_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-line displays, the cursor moves to the next line when it passes the last position (40) 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 content does not change if the only action performed is shift display
(SC = 1) but increments or decrements with the shift cursor (SC = 0).

Set CGRAM

Table 22. Set_ CGRAM bit description

Bit Symbol Value Description

RS - 0 see Table 11

RW - 0

7t06 - 01 fixed value

5t00 |ACG 000000 to set CGRAM address
111111

Set_ CGRAM: Sets the CGRAM address bits ACG[5:0] into the address counter. Data can
then be written to or read from the CGRAM.

Remark: The CGRAM address uses the same address register as the DDRAM address.
This register consists of 7 bits. But with the Set. CGRAM command, only bit 5 to bit O are
set. Bit 6 can be set using the Set. DDRAM command first, or by using the auto-increment
feature during CGRAM write. All bits 6 to O can be read using the BF_AC instruction.

When writing to the lower part of the CGRAM, ensure that bit 6 of the address is not set
(e.g. by an earlier DDRAM write).

Set DDRAM

Table 23.  Set_DDRAM bit description

Bit Symbol Value Description

RS - 0 see Table 11

RW - 0

7 - 1 fixed value

6to0 ADD 0000000 to set DDRAM address
1111111

Set DDRAM: Sets the DDRAM address bits ADD[6:0] into the address counter. Data can
then be written to or read from the DDRAM.
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10.2.3 Extended instructions (bit H = 1)

10.2.3.1 Screen_conf

Table 24. Screen_conf bit description

Bit Symbol Value Description

RS - 0 see Table 11

RW - 0

7tol - 0000001 fixed value

0 L ‘ 'screen configuration
split screen standard connection
split screen mirrored connection

Screen_conf:

¢ If bit L = 0, then the two halves of a split screen are connected in a standard way i.e.
column 1/81, 2/82 to 80/160.

¢ If bit L = 1, then the two halves of a split screen are connected in a mirrored way i.e.
column 1/160, 2/159 to 80/81. This allows single layer PCB or glass layout.

10.2.3.2 Disp_conf

Table 25. Disp_conf bit description

Bit Symbol Value Description
RS - 0 'see Table 11
RW - 0
7102 - 1000001 ‘fixed value
1 P display column configuration
0 ‘ column data: left to right;
column data is displayed from column 1 to
column 80
1 " column data: right to left;
column data is displayed from column 80 to
column 1
0 Q display row configuration
0 " row data: top to bottom;

row data is displayed from row 1 to row 16 and
icon row data in row 17 and row 18

in single line mode (SL = 1) row data is displayed
from row 1 to row 8 and icon row data in row 17
1 row data: bottom to top;

row data is displayed from row 16 to row 1 and
icon row data in row 18 and row 17

in single line mode (SL = 1) row data is displayed
from row 8 to row 1 and icon row data in row 17

Bit P: The P bit is used to flip the display left to right by mirroring the column data, as
shown in Figure 19. This allows the display to be viewed from behind instead of front and
enhances the flexibility in the assembly of equipment and avoids complicated data
manipulation within the controller.
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013aaa122

Fig 19. Use of bit P

Bit Q: The Q bit flips the display top to bottom by mirroring the row data, as shown in
Figure 20.

013aaa113

Fig 20. Use of bit Q

Combination of bit P and bit Q: A combination of P and Q allows the display to be
rotated horizontally and vertically by 180 degree, as shown in Figure 21. This is useful for
viewing the display from the opposite edge.

013aaa123

Fig 21. Use of bit P and bit Q

10.2.3.3 Icon_ctl

Table 26. Icon_ctl bit description

Bit Symbol Value Description
RS - 0 see Table 11
R/W - 0
7t03 - 00001 fixed value
PCF2119X All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. Al rights reserved.
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Table 26. Icon_ctl bit description ...continued
Bit Symbol Value Description
2 IM icon mode
character mode, full display
icon mode, only icons displayed
1 1B icon blink
icon blink disabled
icon blink enabled
0 DM direct mode
off
on

The PCF2119x can drive up to 160 icons. See Figure 22 and Figure 23 for CGRAM to
icon mapping.

Bit IM: When bit IM = 0, the chip is in character mode. In the character mode characters
and icons are driven (multiplex drive mode 1:18 or 1:9). The V| ¢p generator, if used,
produces the V| cpout Voltage programmed with register V.

When bit IM = 1, the chip is in icon mode. In the icon mode only the icons are driven
(multiplex drive mode 1:2). The V| cp generator, if used, produces the V| cpour Voltage as
programmed with register Vg.

Table 27. Normal/icon mode operation

BitIM  Mode Vicpout

0 character mode generated from Vp
1 icon mode generated from Vg

Bit IB: Icon blink control is independent of the cursor/character blink function.

When bit IB = 0, the icon blink is disabled. Icon data is stored in CGRAM character 0 to 3
(4 x 8 x 5 =160 bits for 160 icons).

When bit IB = 1, the icon blink is enabled. In this case each icon is controlled by two bits.
Blink consists of two half phases (corresponding to the cursor on and off phases called
even and odd phases hereafter).

Icon states for the even phase are stored in CGRAM characters 0 to 3
(4 x 8 x 5 =160 bits for 160 icons). These bits also define icon state when icon blink is not

used (see Table 28).

Icon states for the odd phase are stored in CGRAM character 4 to 7 (another 160 bits for
the 160 icons). When icon blink is disabled CGRAM characters 4 to 7 may be used as
normal CGRAM characters.

Table 28. Blink effect for icons and cursor character blink

Parameter Even phase

cursor character blink ' block (all on)

Odd phase
normal (display character)

icons state 1; CGRAM character 0 to 3

All information provided in this document is subject to legal disclaimers.
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display: COL 1 to 5

COL 6 to 10

ROW 18 - |81|82|83|84|85|

COL 76 to 80

ol

mgl249
block of 5 columns
Fig 22. CGRAM to icon mapping (a)
icon no. phase ROW/COL character codes CGRAM address CGRAM data icon view
7 6 54 3 2 10 6 54 3 2 10 4 3 2 10
MSB LSB | MSB LSB | MSB LSB

1-5 even 17/1-5 0000 O0OOTU OO 000 O0OTO OO 101 0 1 111
6-10 even 17/6-10 0 000O0OOOGO]|OOOUOT OO0 1 01 0 1 0 |[IIId
11-15 even 17/11-15 0 000O0DO0OOGO]|OOODOT D@ 1O 01 1 1 0 |[IIId
i I i I i I h I i I i I i I i
1 1 1 1 1 1 1 1
76-80 even 17/76-80 000O0O0GOTU O 1 000 1111 11 1 1 1 | ™
81-85 even 18/1-5 0 00O0OOT1TO 001 00O0O 110 0 0 I 111
i I i I i I h I i I i I i I i
1 1 1 1 1 1 1 1
156-160 even 18/76-80 00O0OOTUO0T“11 o011 1 11 111 0 1 [ITT1T11]
1-5 odd (blink) 17/1-5 0 00O0OTM1TO0OTP O 01 00O0O0TD O 0 00 0O T1T11]
i I i I i I h I i I i I i I i
1 1 1 1 1 1 1 1
156-160 | odd (blink) [ 18/76-80 000O0O0OT1T 11 o111 1 11 00110 [TT1T11]
mgk999

CGRAM data: logic 1 of a data bit turns the icon on and logic 0 turns the icon off.

Character codes: bits 0 to 3 define the icon state when icon blink is disabled or during the even phase when icon blink is
enabled. Bits 4 to 7 define the icon state during the odd phase when icon blink is enabled (not used for icons when icon blink is

disabled

)

Fig 23. CGRAM to icon mapping (b)

PCF2119X

Bit DM: When DM = 0, the chip is not in the direct mode. Either the internal V| cp
generator or an external voltage may be used to achieve V ¢p.

When DM = 1, the chip is in direct mode. The internal V| cp generator is turned off and the
output V_cpout is directly connected to Vpp; (i.e. the V| ¢p generator supply voltage).

Remark: In direct mode, no external V ¢p is possible.

The direct mode can be used to reduce the current consumption when the required output
voltage V| cpourt is close to the Vpp, supply voltage. This can be the case in icon mode or
in MUX 1:9 (depending on LCD liquid properties).

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

Table 29. Temp_ctl bit description

Bit Symbol Value Description

RS - 0 'see Table 11

RW - 0

702 - 1000100 ‘fixed value

1to0 |TC[1:0] 00to 11 temperature coefficient

The bit-field TC[1:0] selects the temperature coefficient for the internally generated
Vi cpour (see Table 30).

Table 30. TCJ[1:0] selection of V cp temperature coefficient
TC[1:0] Typical value Description
00 —-0.16 %/K FVLCD temperature coefficient O (default value)
10 -0.18 %/K V| cp temperature coefficient 1
01 -0.21 %/K FVLCD temperature coefficient 2
11 -0.24 %/K V| cp temperature coefficient 3
10.2.3.5 HV_gen
Table 31. HV_gen bit description
Bit Symbol Value Description
RS - 0 'see Table 11
RW - 0
702 - 1010000 ‘fixed value
1to0 S[1:0] 00to 11 voltage multiplier
A software configurable voltage multiplier is incorporated in the V| _cp generator and can
be set via the HV_gen command. The voltage multiplier control can be used to reduce
current consumption by disconnecting internal voltage multiplier stages, depending on the
required V cpourt output voltage (see Table 32).
Table 32. Voltage multiplier control bits
S[1:0] Description
00 set V| ¢p generator stages to 1 (2 x voltage multiplier)
01 set V| cp generator stages to 2 (3 x voltage multiplier)
10 set V| ¢p generator stages to 3 (4 x voltage multiplier)
11 do not use
10.2.3.6 VLCD_set
Table 33. VLCD_set bit description
Bit Symbol Value 'Description
RS - 0 see Table 11
RW - 0
7 - 1 fixed value

PCF2119X
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Bit Symbol Value Description

6 \Y set register Vp or Vg
0 set register Vp
1 set register Vg

5t00 |VaorVg 000000 to factor for calculating V_cp
111111

The V| ¢p value is calculated with the Equation 2 on page 9. The multiplication factor is
programmed by instruction. Two on-chip registers (Va and Vg) hold the multiplication
factor for the character mode and the icon mode, respectively. The generated V cpout
value is independent of Vpp, allowing battery operation of the chip.

Vy programming:

1. Send Function_set instruction with bit H = 1.

2. Send VLCD_set instruction to write to the voltage register:

a.

Bit 7 = 1 and bit 6 = 0: bit 5 to bit 0 are the multiplication factor for V| cp of character

mode (Vp).

Bit 7 = 1 and bit 6 = 1: bit 5 to bit 0 are the multiplication factor for V| ¢p of icon

mode (Vg).

Bit 5 to bit 0 = 0 switches V|_cp generator off (when selected).

During ‘display off'/power-down the V| cp generator is also disabled.
3. Send Function_set instruction with bit H = 0 to resume normal programming.

All information provided in this document is subject to legal disclaimers.
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11. Basic architecture

11.1 Parallel interface

PCF2119X

The PCF2119x can send data in either two 4-bit operations or one 8-bit operation and can
thus interface to 4-bit or 8-bit microcontrollers.

In 8-bit mode data is transferred as 8-bit bytes using the 8 ports DB7 to DBO. Three further
control lines E, RS and R/W are required.

In 4-bit mode data is transferred in two cycles of 4 bits each using ports DB7 to DB4 for
the transaction. The higher order bits (corresponding to range of bit 7 to bit 4 in 8-bit
mode) are sent in the first cycle and the lower order bits (bit 3 to bit 0 in 8-bit mode) in the
second cycle. Data transfer is complete after two 4-bit data transfers. It should be noted
that two cycles are also required for the busy flag check. 4-bit operation is selected by
instruction (see Figure 24 to Figure 26 for examples of bus protocol).

In 4-bit mode, ports DB3 to DBO must be left open-circuit. They are pulled up to Vpp
internally.

RS /
R/W /
= [\ /S [\

oae 77K s X %e XReK 2K 22 KKK oK

instruction busy flag and data register
write address counter read read

mga804

Fig 24. 4-bit transfer example
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RS
R/W / \
internal | internal operation | |

DB7 % IR7X IR3 Wbusy\AC3 )%b“u‘;ty / AC3 W D7 X D3 W

instruction busy flag busy flag instruction
write check check write mga805

IR7, IR3: instruction 7th, 3rd bit.
AC3: address counter 3rd bit.
D7, D3: data 7th, 3rd bit.

Fig 25. An example of 4-bit data transfer timing sequence

RIW / \
VA /A A A A

v

internal | internal operation | |
not

instruction busy flag busy flag busy flag instruction
write check check check write mga806

Fig 26. Example of busy flag checking timing sequence
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The 12C-bus is for bidirectional, two-line communication between different ICs or modules.
The two lines are the Serial DAta line (SDA) and the Serial CLock line (SCL). Both lines
must be connected to a positive supply via pull-up resistors. Data transfer may be initiated

only when the bus is not busy.

Each byte of eight bits is followed by an acknowledge bit. A slave receiver which is
addressed must generate an acknowledge after the reception of each byte.

Also a master receiver must generate an acknowledge after the reception of each byte

that has been clocked out of the slave transmitter.

The device that acknowledges must pull-down the SDA line during the acknowledge clock
pulse, so that the SDA line is stable LOW during the HIGH period of the acknowledge
related clock pulse (set-up and hold times must be taken into consideration).

A master receiver must signal an end of data to the transmitter by not generating an
acknowledge bit on the last byte that has been clocked out of the slave. In this event the
transmitter must leave the data line HIGH to enable the master to generate a STOP

condition.
MASTER SLAVE MASTER
TRANSMITTER/ RESéél\\/,iR TRANSMITTER/ TRA'\\A,\?SS‘JFTRT’ER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
soa | | | | |
SCL
mga807
Fig 27. System configuration

X

I

| data line | change |
| stable; | of data |
| data valid | allowed |

mbc621

/ SDA

_\
o T/

START condition

Fig 29. Definition of START and STOP conditions

-
|
|
|
|
|
: SCL
|

P

[ ———

STOP condition

mbc 622
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[ X X X/

I
I
| not acknowledge N\
[
I
I

data output

data output | \
by transmitter |
I
i --
I '
I

by receiver
acknowledge /
scL from 1 » S\
master | | -
5]
ST,&RT clock pulse for
. acknowledgement
condition

mbc602

Fig 30. Acknowledgement on the I2C-bus

I2C-bus protocol

Two 12C-bus slave addresses (0111 010 and 0111 011) are reserved for the
PCF2119x.The entire I12C-bus slave address byte is shown in Table 34.

Table 34. I2C slave address byte

Slave address

Bit 7 6 5 4 3 2 1 0
MSB LSB
0 1 1 1 0 1 SAO R/W

Bit 1 of the slave address byte, that a PCF2119x will respond to, is defined by the level
tied to its SAOQ input (Vss for logic 0 and Vpp for logic 1).

Before any data is transmitted on the 12C-bus, the device which should respond is
addressed first. The addressing is always carried out with the first byte transmitted after
the START procedure.

The I12C-bus configuration for the different PCF2119x read and write cycles is shown in
Figure 31 to Figure 33.

The slow down feature of the 12C-bus protocol (receiver holds SCL line LOW during
internal operations) is not used in the PCF2119x.

I2C-bus definitions

Definitions:

¢ Transmitter: the device which sends the data to the bus.
* Receiver: the device which receives the data from the bus.

* Master: the device which initiates a transfer, generates clock signals and terminates a
transfer.

¢ Slave: the device addressed by a master.

¢ Multi-master: more than one master can attempt to control the bus at the same time
without corrupting the message.
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¢ Arbitration: procedure to ensure that if more than one master simultaneously tries to
control the bus, only one is allowed to do so and the message is not corrupted.

¢ Synchronization: procedure to synchronize the clock signals of two or more devices.

acknowledgement
from PCF2119x

! ! !

Y
FTTTT g T T T T T T T T T T T T T T T T T T T T
S(01110 1|A|0|A|1RS CONTROLBYTE|A DATA BYTE A|[O0RS CONTROL BYTE |A DATA BYTE A|P
L1111 1° I I | I I | I I | I O I |
W) PN N J
‘ Y ‘ Y Y
slave address _ 2n 2 0 bytes 1 byte n =0 bytes
R/W Co Co update
data pointer
mgk899

Fig 31. Master transmits to slave receiver; write mode

acknowledgement
FTTTTTs T T T T T T T T T T T T T T T T T T T T T
S|01 110 1/A[0|A|1 RSCONTROL BYTHA DATA BYTE A| 0RSCONTROL BYTHA DATABYTE™ |A -
I | 0 I I I | I I I | I I I | I I I | _ '/

N N} U\ Y

‘ N4 Y N4
slave address _ 2n 2 0 bytes 1 byte n 20 bytes
R/W Co Co

acknowledgement acknowledgement no acknowledgement

l TTTTTT T T

7ol I P T T T T
L/ S SLAVE Al1(A DATA BYTE A DATA BYTE 1
- ADDRESS  |{ P
__ I | I I | O A I O |
T N U J
2% '
_ n bytes last byte
R/W Co update update
data pointer mgg003

data pointer

Last data byte is a dummy byte (may be omitted).
Fig 32. Master reads after setting word address; writes word address, set RS; Read_data
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acknowledgement

from PCF2119x

l

acknowledgement

from master

i

no acknowledgement

from master

i

data pointer

FTTTTTTg T T T 1T T T I
SLAVE
S ADDRESS 9 1A DATABYTE A DATA BYTE 1P
I I | A I I | __ I |
T o [N J
% Y
i ‘ n bytes last byte
RW  Co update update

data pointer

013aaa155

Fig 33. Master reads slave immediately after first byte; read mode (RS previously

defined)

11.3 Safety notes

CAUTION

A
Azad

This device is sensitive to ElectroStatic Discharge (ESD). Observe precautions for handling

electrostatic sens

Such precautions are described in the ANSI/ESD S20.20, IEC/ST 61340-5, JESD625-A or

itive devices.

equivalent standards.

CAUTION
Static voltages across the liquid crystal display can build up when the LCD supply voltage
(VLcp) is on while the IC supply voltage (Vpp) is off, or vice versa. This may cause unwanted
display artifacts. To avoid such artifacts, V|, cp and Vpp must be applied or removed together.
CAUTION

PCF2119X

Semiconductors are light sensitive. Exposure to light sources can cause the IC to
malfunction. The IC must be protected against light. The protection must be applied to all

sides of the IC.
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Table 35. Device protection circuits
Symbol Pin Internal circuit
Vbb1 1t06
—— VD1
N
———Vss1
013aaa169
Vbb2 7to 14
Vpbp2
N N
Vss2
VSS1 013aaal70
Vbb3 15t0 18
—— VD3
N
——Vss1
013aaal71
Vss1 221029
——Vss2
VSSZ 30to 35 1
N
————Vss1
013aaal72
VLCDSENSE 36 .
VLCDIN 44 to 49 ZS
VLCDOUT 37 to 43 ——Vss1
SCL 151 to 152 013aaal 73
SDA 156 to 157
0OsC 168
V
PD 155 "
N
POR 154
T1 20 N
T2 21 — Vsst
T3 153 013aaa174
E 19
RS 159
RIW 158
DBO to DB7 160 to 167
R1to R18 58, 57 to 51,
142 to 149, VLCDIN
59, 100, 141 N
C1to C80 140 to 101, — 1 A
99 to 60 ViN
Vss1
013aaa175
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13. Limiting values

Table 36. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol Parameter Conditions Min ‘Max Unit
Vpp1 supply voltage 1 logic -0.5 +6.5 \%
Vbp2 'supply voltage 2 'VLCD generator '—0.5 '+4.5 \%
Vpp3 supply voltage 3
Vicp LcD supply voltage ' 05 +7.5 \Y,
V| input voltage Vpp related -0.5 +6.5 \%
V| cp related '—0.5 '+7.5 \%
Iy input current DC current ar -0 +10 mA
lo 'output current 'DC current ] '—10 '+1O mA
Ibp supply current -50 +50 mA
Iss 'ground supply current ' 50 +50 mA
IppLcD) LCD supply current -50 +50 mA
Piot 'total power dissipation ' |- '400 mwW
Po output power dissipation per - 100 mw
output
VEsp electrostatic discharge voltage HBM & - +3000 \%
MM B - 300 Vv
hy latch-up current [ - 200 mA
Tstg ‘storage temperature ‘ Bl ‘—65 ‘ +150 °C
Tamb ambient temperature operating -40 +85 °C
device

[1] For all diode protected input and output pins.

[2] Pass level; Human Body Model (HBM) according to Ref. 7 “*JESD22-A114".

[3] Pass level; Machine Model (MM), according to Ref. 8 “JESD22-A115".

[4] Pass level; latch-up testing according to Ref. 9 “JESD78” at maximum ambient temperature (Tamb(max))-

[5] According to the store and transport requirements (see Ref. 12 “UM10569”) the devices have to be stored
at a temperature of +8 °C to +45 °C and a humidity of 25 % to 75 %.

PCF2119X All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. Al rights reserved.

Product data sheet Rev. 12 — 16 April 2015 49 of 88




NXP Semiconductors

14. Static characteristics

PCF2119x

LCD controllers/drivers

Table 37.

Static characteristics

Vop1 =1.5V1t055V; Vpp, =Vpp3=22V1t04.0V;Vss=0V;V cp=2.2V1t06.5V; Tgmp = 40 Tto +85 C;
unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
’Supplies
Vpp1 supply voltage 1 logic 1.5 - 55 \Y
FVDD2 supply voltage 2 internal V| cp generation; >2.2 - 4.0 \%
Vo3 supply voltage 3 Vico > Vop2 = Vops
>V|_CD LCD supply voltage pins Vi cp, Vicoins VicoouT >2.2 - 6.5 \%
Ground supply current using external V| cpll
ilss ground supply current - 70 120 pA
Vpp=3V;Vicp=5V 2 - 35 80 pA
icon mode; Vpp =3V, 2 - 25 45 pA
Viecp =25V
power-down mode; Vpp =3 V; - 0.5 5 pA
Vicp = 2.5V, DB7 to DBO,
RS and R/W =1; OSC = 0;
PD=1
Ground supply current using internal V| cplt3l
vlss ground supply current - 190 400 pA
Vpp=3V;Vicp=5V 2 - 135 400 pA
icon mode; Vpp =2.5V; & - 85 - pA
Vicp =25V
Logic
vV. input voltage 0.5 - Vppy +0.5 'V
Vi LOW:-level input voltage Vss1 - 0.3Vpp: \%
Vi HIGH-level input voltage 0.7Vop1 - Vop1 \
Oscillator input; pin OSC
vV|L LOW-level input voltage vV531 - Vpp1 — 1.2 'V
ViH HIGH-level input voltage Vpp1 — 0.1 - Vbp1 \%
Data bus; pins DB7 to DBO
loL LOW:-level output current | output sink current; 1.6 4 - mA
VoL=0.4V;Vpp1 =5V
lon HIGH-level output current |output source current; 1 8 - mA
VoH=4V;Vpp1 =5V
™ pull-up current V| = Vss1 0.04 0.15 1 LA
I leakage current V| =Vpp1,2,30rVsss 2 -1 - +1 pA
12C-bus; pins SDA and SCL
Inputs: pins SDA and SCL
>V| input voltage M 05 - 5.5 \Y
ViL LOW:-level input voltage 0 - 0.3Vpp1 \%
Vin HIGH-level input voltage 0.7Vpp1 - 5.5 Y,
I input leakage current V| =Vpp1,2,30rVsss 2 -1 - +1 pA

PCF2119X
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Table 37. Static characteristics ...continued
Vop1 =1.5V1t055V; Vpp, =Vpp3=22V1t04.0V;Vss=0V; V| cp=2.2V1t06.5V; Tgmp = 40 Tto +85 C;

unless otherwise specified.

PCF2119x

LCD controllers/drivers

Symbol Parameter Conditions Min Typ Max Unit
v Ci input capacitance - 5 - pF
Output: pin SDA
leL LOW-level output current | output sink current
VoL =0.4V; Vppy > 2V - - mA
VoL = 0.2 Vppi: Vopy < 2 V 2 - - mA
LCD outputs
vRo output resistance row output, pins R1 to R18 Bl - 10 30 kQ
column output, pins C1 to C80 [ - 15 40 kQ
vAVbias bias voltage variation on pins R1 to R18 and o - 20 130 mV
C1to C80
AV, cp LCD voltage variation Tamp =25 °C B
Viep <3V - - 160 mv
Vicp <4V - - 200 mV
Viep <5V - - 260 mv
Vicp <6V - - 340 mV

[1] LCD outputs are open-circuit; inputs at Vpp or Vss; bus inactive.

[2]  Tamb =25 °C; fosc(ext) = 200 kHz.

[3] LCD outputs are open-circuit; V cp generator is on; load current I cp = 5 pA.
[4] The I2C-bus interface of PCF2119x is 5 V tolerant.

[5] Resistance of output pins (R1 to R18 and C1 to C80) with a load current of 10 pA; outputs measured one at a time; external LCD supply

Viep =3 V; Vpp1 = Vppz = Vppz =3 V.

[6] LCD outputs open-circuit; external LCD supply.

PCF2119X
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Table 38.

Dynamic characteristics

Vop1 =1.5V1t055V; Vpp, =Vpp3=2.2V104.0V;Vss=0V;V cp=22V1t06.5V,; Tgnp = 40 Tto +85 T, unless
otherwise specified.

condition

Symbol Parameter Conditions Min Typ Max Unit

‘Clock and oscillator

firLe) LCD frame frequency internal clock; Vpp =5.0 V 45 95 147 Hz

’fosc oscillator frequency not available at any pin 140 250 450 kHz

fosc(ext) external oscillator frequency 140 - 450 kHz

itd(stanup)(osc) istart-up delay time on pin OSC |oscillator, after power-down - >200 300 ’ us

Timing characteristics of parallel interfacel2

>Write operation (writing data from microcontroller to PCF2119x); see Figure 34

tey(en) enable cycle time 500 - - ns

itw(en) ienable pulse width ‘220 - - ins

tsu(a) address set-up time 50 - - ns

’th(A) address hold time 25 - - ns

tsup) data input set-up time 60 - - ns

’th(D) data input hold time 25 - - ns

Read operation (reading data from PCF2119x to microcontroller); see Figure 35

itcy(en) enable cycle time 500 - - ns

tw(en) enable pulse width 220 - - ns

itsu(A) ’address set-up time ‘50 - - ins

thea) address hold time 25 - - ns

’td(DV) ’data input valid delay time Vpp1 > 2.2V - - 150 ins

Vpp1 > 1.5V - - 250 ns

’th(D) data input hold time 20 - 100 ns

Timing characteristics of 12C-bus interfacel2l; see Figure 36

ifSCL SCL clock frequency - - 400 kHz

tLow LOW period of the SCL clock 1.3 - - us

itH|GH iHIGH period of the SCL clock 10.6 - - ius

tsu:pAT data set-up time 100 - - ns

’tHD;DAT ’data hold time ‘O - - ins

ty rise time of both SDA and SCL e 15+ 0.1 Cp - 300 ns
signals

btf fall time of both SDA and SCL B 15+0.1 Cp - 300 ns
signals

Ch capacitive load for each bus - - 400 pF
line

tsu:sTA set-up time for a repeated 0.6 - - us
START condition

>tHD;STA hold time (repeated) START 0.6 - - bus

PCF2119X
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Table 38. Dynamic characteristics ...continued
Vop1 =1.5V1t055V; Vpp, =Vpp3=2.2V104.0V;Vss=0V;V cp=22V1t06.5V,; Tgnp = 40 Tto +85 T, unless

otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
tsu:sto set-up time for STOP condition 0.6 - - us
tsp pulse width of spikes that must - - 50 ns
be suppressed by the input
filter
teuF bus free time between a STOP 1.3 - - us
and START condition

[1] Tested on sample base.

[2] Alltiming values are valid within the operating supply voltage and ambient temperature range and are referenced to V,_and V,y with an
input voltage swing of Vgg to Vpp.

[3] Cy = total capacitance of one bus line in pF.

RS VIH VIH
ViL Vi
~tsu(A) | <> th(A)
RIW
E /
A ViL
DBO to DB7
tcy(en) mbk474

Fig 34. Parallel bus write operation sequence; writing data from microcontroller to

PCF2119x
RS ViH ViH
ViL Vi
-tsu(A) | <> th(A)
RIW /" VIH ViH
B tw(en) — |- th(A)
E / ViH ViH /
Vi VI AViL
=—={th(D)
- t4pv) [~
VoH VoH
DBO0 to DB7
° VoL VoL
- toy(on) _ mbk475
Fig 35. Parallel bus read operation sequence; writing data from PCF2119x to
microcontroller
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tBUF — — tLow |=— — b -—

SCL

—» tHD:STA |=— l-— — f-— — .

tr tHD;DAT tHIGH tsu;par

SDA /
—=| tsu;sTA J L

tsu;sTo
mga728

Fig 36. 12C-bus timing diagram

16. Application information

16.1 General application information

PCF2119X

Experience showed that the external capacitors (Cey) in an application should be

¢ from pins V| ¢p to Vss > 100 nF and
¢ for pins Vpp to Vgs > 470 nF.

Higher capacitor values are recommended for ripple reduction, but depending on the
application lower values may also lead to a good optical performance. The most suitable
capacitor values can be found by testing the application and can be applied as long as
they do not violate the specifications given in Section 13 to Section 15. The capacitors
should be placed as close as possible to the display connections on the PCB.

For COG applications the recommended ITO track resistance is to be minimized for the
I/0 and supply connections. Optimized values for these tracks are below 50 Q for the
supply and below 100 Q for the 1/O connections. Higher track resistance reduce
performance and increase current consumption. To avoid accidental triggering of
Power-On Reset (POR) (especially in COG applications), the supplies must be
adequately decoupled. Depending on power supply quality, Vpp1 may have to be risen
above the specified minimum.

When external LCD supply voltage is supplied, V| cpouTt should be left open-circuit to
avoid any stray current, and V| cpjy must be connected to V| cpsense-

The PCF2119x 12C-bus interface is compatible with systems, where the 12C pull-up
resistors are connected to a 5 V £10 % supply.
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16.3
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Power supply connections for internal V_cp generation

1.5V to 5.5V —VDD1 VbD1

_E Vb2 £ Vb2

22Vt04.0V VbD3 22Vt 4.0V VbD3

Vss1 Vss1

GND —E Vss2 GNDL Vss2
013aaa114 013aaa115

Drawings are showing alternative circuits.
Decoupling capacitors are not shown in the drawings.

Fig 37. Recommended Vpp connections for internal V cp generation

VLcDIN
Vicbout
T
Vss2 VLCDSENSE
013aaa116

The value of the capacitor should be at least 100 nF.

Fig 38. Recommended V| cp connections for internal V| cp generation

Power supply connections for external V cp generation

1.5V t0 5.5V —VpD1 22Vto55V Vbp1

VpD2 I VD2

22Vto4.0V LVDD:; VDD3

Vss1 Vss1

GND Lvssz GND _EVSSZ
013aaat14 013aaat17

Drawings are showing alternative circuits.
Decoupling capacitors are not shown in the drawings.

Fig 39. Recommended Vpp connections for external V cp generation

VLCDIN
VicDeex) n.c.— Vicoout
VT
§82 VLCDSENSE
013aaa118

The value of the capacitor should be at least 100 nF.

Fig 40. Recommended V| cp connections for external V| cp generation
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16.5

16.6
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Remark: When using an external V| _cp, the internal V| cp generator must never be
switched on and direct mode must be avoided otherwise damages will occur.

Information about V| cp connections
V| coin — This input is used for generating the 5 LCD bias levels. It is the power supply for
the bias level buffers.

V| coout — This is the V| ¢cp output if V| cp is generated internally. In this case pin V| cpout
must be connected to V| cpin and to V cpsense- If Viep is generated externally, Vi cpout
must be left unconnected.

V_cpsense — This input is used for the voltage multiplier’s regulation circuitry. When
using the internal V| ¢p generation, this pin must be connected to V| cpout and Vi cpin-
When using an external V| cp supply it must be connected to V _cpy only.

Reducing current consumption

Reducing current consumption can be achieved by one of the options given in Table 39.

When V| ¢p lies outside the Vpp range and must be generated, it is usually more efficient
to use the on-chip V cp generator than an external regulator.

Table 39. Reducing current consumption

Original mode Alternative mode
character mode icon mode (control bit IM)
display on display off (control bit D)

V| cp generator operating direct mode

any mode power-down mode (pin PD)

Charge pump characteristics

Typical graphs of the total power consumption of the PCF2119x using the internal charge
pump are illustrated in Figure 41, Figure 42 and Figure 43.

The graphs were obtained under the following conditions:

* Tamp=25°C
* Vpp1 = Vpp2 = Vppsz = 2.2 V (minimum), 2.7 V (typical) and 4.0 V (maximum)
* Normal mode
¢ fysc = internal oscillator
* multiplex drive mode 1:18
¢ Typical current load for I cp = 10 pA.
For each multiplication factor there is a separate line. The line ends where it is not

possible to get a higher voltage under its conditions (a higher multiplication factor is
needed to get higher voltages).

Connecting different displays may result in different current consumption. This affects the
efficiency and the optimum multiplication factor to be used to generate a certain output
voltage.
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400 mgwb73
Ipp
(HA)
300 /
<2/
200 ’/
/ 3)
—
— T
100
0
1.25 2.75 4.25 5.75 7.25
Vico (V)
(1) 2 x multiplication factor.
(2) 3 x multiplication factor.
(3) 4 x multiplication factor.
Fig 41. Typical charge pump characteristics (a), Vpp =2.2V
300 mgw574
Ipp
(HA)
[ o
200 ~
[ —— @)
/—
L
— (1)
100
0
1.25 2.75 4.25 5.75 7.25
Vicop (V)
(1) 2 x multiplication factor.
(2) 3 x multiplication factor.
(3) 4 x multiplication factor.
Fig 42. Typical charge pump characteristics (b), Vpp =2.7 V
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300 mgwb75
Ipp
(HA) I
200 &) — |
1—/ /’
— _’__(2)/._—/
(1)
100
0
1.25 2.75 4.25 5.75 7.25
Vicop (V)
(1) 2 x multiplication factor.
(2) 3 x multiplication factor.
(3) 4 x multiplication factor.
Fig 43. Typical charge pump characteristics (c), Vpp =4.0V

16.7 Interfaces

0sC
Vpp Vpb R17,R18
2 2 x 16 CHARACTER
PCF2119X LCD DISPLAY
ar0 L Vieo R110R16 | pLUS 160 ICONS
FT 16
" 100
TnF C1to C80
Vss Vss 80
L,S k k t
DB7toDB4 E RS RW 013aaa119
DB3 to DBO
Fig 44. Typical application using parallel interface, 4 or 8 bit bus possible
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Vpp Vbb Vpb
osc DB3/SAO | R17,R18 2
Vbp Vbb
R1to R16 2 x 16 CHARACTER
PCF2119X > LCD DISPLAY <
470 L Vieo 16 PLUS 160 ICONS
nF T
100
T nF C1to C80 80 1
V.
S8 Vss  gcL spa

T T

Vss
osc DB3/SAO | R17,R18 2
Vbb Vbb
R1to R16 1 x 32 CHARACTER
PCF2119X > LCD DISPLAY <
470 L Vieo 16 PLUS 160 ICONS
nF T
100
T nF C1to C80 80 1 1
\%
ss Vss  scL spa
Y
SCL SDA
I2C MASTER,
MICROCONTROLLER
mgk898
Fig 45. Application using I2C-bus interface
16.8 Connections with LCD modules
R17
Icons
—
[TTTTTI
8
R1toR8 / > Character row 1
0 O o |
| I B I
PCF2119X Character row 2
LT
C1to C80 80, t
7
R9toR16 8,
7
R18
013aaa120
Fig 46. Connecting PCF2119x with 2 x 16 character LCD
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PCF2119X

C1to C80
T v
R17
> Icons Icons ]
FTTTTTI FTTTTTI
8
R1toR8 £ > Character row 1 Character row 1
Y Y I I
C1t0C80 80
R9toR16 8
R18

013aaa121

Fig 47. Connecting PCF2119x with 1 x 32 character LCD

16.9 4-bit operation, 1-line display using external reset

The program must set functions prior to a 4-bit operation (see Table 40). When power is
turned on, 8-bit operation is automatically selected and the PCF2119x attempts to perform
the first write as an 8-bit operation. Since nothing is connected to ports DBO to DB3, a
rewrite is then required. However, since one operation is completed in two accesses of
4-bit operation, a rewrite is required to set the functions (see Table 40 step 3). Thus,

DB4 to DB7 of the Function_set are written twice.

Table 40. 4-bit operation, 1-line display example; using external reset (character set ‘A’)

Step Instruction 'Operation
RS R/W DB7 DB6 DB5 DB4
power supply on initialized by the external reset; no display appears
Function_set sets to 4-bit operation; in this instance operation is handled as
0 0 0 0 1 0 8-bit by initialization and only this instruction completes with
one write
3 Function_set sets to 4-bit operation, selects 1-line display and V cp = Vo;
0 0 0 0 4-bit operation starts from this point and resetting is needed
0 0 0 0 0
4 Display_ctl turns display and cursor on; entire display is blank after
0 0 0 0 initialization
o 0 1 1
5 Entry_mode_set sets mode to increment the address by 1 and to shift the cursor
0 0 0 0 0 0 to the right at the time of write to the DDRAM or CGRAM;
display is not shifted
0 0 0 1 1 0
6 Write_data to CGRAM/DDRAM writes ‘P’; the DDRAM has already been selected by
1 0 0 1 0 1 initialization at power-on; the cursor is incremented by 1 and
» » | shifted to the right
1 0 0 0 0 0

16.10 8-bit operation, 1-line display using external reset

PCF2119X

Table 41 and Table 42 show an example of a 1-line display in 8-bit operation. The

PCF2119x functions must be set by the Function_set instruction prior to display. Since the
DDRAM can store data for 80 characters, the RAM can be used for advertising displays
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when combined with display shift operation. Since the display shift operation changes
display position only and the DDRAM contents remain unchanged, display data entered
first can be displayed when the Return_home operation is performed.

8-bit operation, 1-line display example; using external reset (character set ‘A’)

Step

Instruction

Display

RS RW DB7‘DBG‘DB5 DB4 DBS‘DBZ‘DBl‘DBO

Operation

1 power supply on initialized by the external reset; no
display appears
2 Function_set sets to 8-bit operation, selects 1-line
0 0 0 ‘0 ‘1 1 0 ‘0 ‘0 ‘0 display and V ¢cp = Vo
3 Display_ctl turns on display and cursor; entire
0 0 0 ‘0 ‘0 0 1 ‘1 ‘1 ‘0 B display is blank after initialization
4 Entry_mode_set sets mode to increment the address
0 0 0 0 0 0 0 1 1 0 B by 1 an_d to shift the_cursor to the right
at the time of the write to the
DDRAM/CGRAM,; display is not shifted
5 Write_data to CGRAM/DDRAM writes ‘P’; the DDRAM has already
1 0 0 1 0 1 0 0 0 0 P been selected by initir_:lli;ation at
power-on; the cursor is incremented
by 1 and shifted to the right
6 Write_data to CGRAM/DDRAM writes ‘H’
1 0 0 1 0 0 1 0 0 0 PH_
7to 10 PHILIP_ writes ‘ILIP’
11 Write_data to CGRAM/DDRAM writes ‘S’
1 0 0 1 ©0 1 0 0 1 1 PHILIPS
12 Entry_mode_set sets mode for display shift at the time
0o 0o o o 0 0o 0o 1 1 1 PHLPs Ofwie
13 Write_data to CGRAM/DDRAM writes space
1 0 0 0 1 ©0 0 ©0 0 0 HLPS_
14 Write_data to CGRAM/DDRAM writes ‘M’
1 0 0 1 ©0 0 1 1 0 1 PSS M
1510 19 | ] MICROK_  writes ‘ICROK’
20 Write_data to CGRAM/DDRAM writes ‘O’
1 0 0 1 0 0 1 1 1 1 MICROKO_
21 Curs_disp_shift shifts only the cursor position to the left
© 0 0 0 0 1 0 0 0 0 MCROKO
22 Curs_disp_shift shifts only the cursor position to the left
© 0 0 0 0 1 0 0 0 0 MCROKO
23 Write_data to CGRAM/DDRAM writes ‘C’ correction; display moves to
1 0o 0o 1 0o o 0o o 1 1 IcRocg 'helef
24 Curs_disp_shift shifts the display and cursor to the
© 0o 0 0 0 1 1 1 0 0 MCROCO right
25 Curs_disp_shift shifts only the cursor to the right
© 0o 0 0 0 1 0 1 0 0 MCROCO

PCF2119X
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Table 41. 8-bit operation, 1-line display example; using external reset (character set ‘A’) ...continued

Step Instruction Display Operation
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
26 Write_data to CGRAM/DDRAM writes ‘M’
1 0 0 1 0 0 1 1 0 1 ICROCOM_
27 Return_home returns both display and cursor to the
0 0 0 ‘0 ‘0 0 0 ‘0 ‘1 ‘0 PHILIPS M original position (address 0)
Table 42. 8-bit operation, 1-line display and icon example; using external reset (character set ‘A’)
Step Instruction Display Operation
RS RMW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
1 power supply on initialized by the external reset; no
display appears
2 Function_set sets to 8-bit operation, selects 1-line
0 0 0 ‘0 ‘1 1 0 ‘0 ‘0 ‘0 display and V| ¢p = Vo
3 Display_ctl turns on display and cursor; entire
0 0 0 ‘0 ‘0 0 1 ‘1 ‘1 ‘0 B display is blank after initialization
4 Entry_mode_set sets mode to increment the address
0 0 0 0 0 0 0 1 1 0 B by 1 an_d to shift the_cursor to the right
at the time of the write to the
DD/CGRAM,; display is not shifted
5 Set_ CGRAM sets the CGRAM address to position of
0 0 0 ‘1 ‘O 0 0 ‘0 ‘O ‘0 character 0; the CGRAM is selected
6 Write_data to CGRAM/DDRAM writes data to CGRAM for icon even
1 0 0 ‘0 ‘0 0 1 ‘0 ‘1 ‘0 B phase; icons appears
Set. CGRAM sets the CGRAM address to position of
0 0 0 ‘1 ‘1 1 0 ‘0 ‘0 ‘O character 4; the CGRAM is selected
>9 Write_data to CGRAM/DDRAM writes data to CGRAM for icon odd
1 0o o o 0o o 1 o 1 o _ phase
10 : _
11 Function_set setshitH=1
©o o o o0 1 1 0o 0 0 1 _
12 Icon_ctl icons blink
©o o o o 0 0o 1 0 1 0 _
13 Function_set sets bitH =0
©o o o o0 1 1 0o 0 0 1 _
14 Set DDRAM sets the DDRAM address to the first
0 0 1 ‘0 ‘0 0 0 ‘0 ‘0 ‘0 position; DDRAM is selected
15 Write_data to CGRAM/DDRAM writes ‘P’; the cursor is incremented
1 0 0 ‘1 ‘0 1 0 ‘0 ‘O ‘0 ’P by 1 and shifted to the right
16 Write_data to CGRAM/DDRAM writes ‘H’
1 0 0o 1 ©0 0 1 0 0 0 PH

PCF2119X
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Table 42. 8-bit operation, 1-line display and icon example; using external reset (character set ‘A’) ...continued
Step Instruction Display Operation
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
17t021 : PHILIPS_  |writes ‘ILIPS’
22 Return_home returns both display and cursor to the
0 0 0 ‘0 ‘0 0 0 ‘0 ‘1 ‘O EHILIPS original position (address 0)
16.11 8-bit operation, 2-line display
For a 2-line display the cursor automatically moves from the first to the second line after
the 40th digit of the first line has been written. Thus, if there are only 8 characters in the
first line, the DDRAM address must be set after the 8th character is completed
(see Table 43). It should be noted that both lines of the display are always shifted
together; data does not shift from one line to the other.
Table 43. 8-bit operation, 2-line display example; using external reset (character set ‘A’)
Instruction
Step RS R/MW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation
1 power supply on initialized by the external reset; no
display appears
2 Function_set sets to 8-bit operation; selects 2-line
0 0 ‘0 0 ‘1 1 ‘0 1 0 ‘0 display and V| cp generator off
3 ‘display mode on/off control turns on display and cursor; entire
0 0 ‘0 0 ‘O 0 ‘1 1 1 ‘0 display is blank after initialization
4 ‘Entry_mode_set sets mode to increment the address
0 0 0 0 0 0 0 1 1 0 by 1 and to shift the cursor to the right
- at the time of write to the CG/DDRAM;
display is not shifted
5 Write_data to CGRAM/DDRAM writes ‘P’; the DDRAM has already
1 0 0 1 0 1 0 0 0 0 p been selected by initialization at
- power-on; the cursor is incremented
by 1 and shifted to the right
6to 10 : PHILIP_ writes ‘HILIP’
11 Write_data to CGRAM/DDRAM writes ‘S’
1 0 0 1 0 1 0 0 1 1 PHILIPS_
12 Set DDRAM sets DDRAM address to position the
0 0 1 1 0 0 0 0 0 0 ’PHILIPS cursor at the head of the 2nd line
13 Write_data to CGRAM/ DDRAM writes ‘M’
1 0 0 1 0 0 1 1 0 1 PHILIPS
M_
14 t0 18 PHILIPS writes ‘ICROC’
MICROC_
19 Write_data to CGRAM/DDRAM writes ‘O’
1 0 0 1 0 0 1 1 1 1 PHILIPS
MICROCO_

PCF2119X
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Table 43. 8-bit operation, 2-line display example; using external reset (character set ‘A’) ...continued
Instruction
Step RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation
20 Write_data to CGRAM/DDRAM sets mode for display shift at the time
0O 0 0O O 0 0O 0 1 1 1 PHILIPS of write
MICROCO_
21 Write_data to CGRAM/DDRAM writes ‘M’; display is shifted to the left;
1 0 0 1 0 0 1 1 0 1 iHILIPS the first and second lines shift
ICROCOM_ together
22
23 Return_home returns both display and cursor to the
0 0 0 0 0 0 0 0 1 0 PHILIPS original position (address 0)
MICROCOM
16.12 12C-bus operation, 1-line display
A control byte is required with most commands (see Table 44).
Table 44. Example of 12C-bus operation; 1-line display (using external reset, assuming pin SA0 = Vgg)l
Step I2C-bus byte Display Operation
1 I2C-bus start initialized; no display appears
2 slave address for write during the acknowledge cycle SDA will be
SA6 SA5 |SA4 SA3 SA2 SAL SAO R/W Ack pulled-down by the PCF2119x
0 1 1 1 0 1 0 0 1
3 send a control byte for Function_set control byte sets RS for following data bytes
CO RS 0 0 0 0 0 Ack
0 0 0 0 0 0 0 1
4 Function_set selects 1-line display and V cp = Vg; SCL
DB7 DB6 |DB5 DB4 DB3 DB2 DB1 |DBO Ack pulse during acknowledge cycle starts
v - v - execution of instruction
0 0 1 X 0 0 0 0 1
5 Display_ctl turns on display and cursor; entire display
DB7 DB6 |DB5 DB4 DB3 [DB2 DB1 |DBO Ack shows character code 20h (blank in
- ASClIlI-like character sets)
0 0 0 0 1 1 1 0 1
6 Entry_mode_set sets mode to increment the address by 1
DB7 DB6 |DB5 DB4 DB3 DB2 DB1 |DBO Ack and to shift the cursor to the right at the time
, | , | - of write to the DDRAM or CGRAM; display
0 0 0 0 0 1 1 0 1 is not shifted
7 12C-bus start _ for writing data to DDRAM, RS must be set
to 1; therefore a control byte is needed
8 slave address for write
SA6 SA5 SA4 SA3 SA2 SAl SAO RMW Ack _
0 1 1 1 0 1 0 0 1
9 send a control byte for Write_data
CO RS 0 0 0 0 0 Ack |_
0 1 0 0 0 0 0 1

PCF2119X
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Table 44. Example of 12C-bus operation; 1-line display (using external reset, assuming pin SAO0 = Vgg) ...continued
Step I2C-bus byte Display Operation
10 Write_data to DDRAM writes ‘P’; the DDRAM has been selected at
DB7 DB6 |DB5 DB4 DB3 DB2 DB1 |DBO Ack P power-on; the cursor is incremented by 1
- and shifted to the right
0 1 0 1 0 0 0 0 1
11 Write_data to DDRAM writes ‘H’
DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO Ack PH_
0 1 0 0 1 0 0 0 1
12 to 15 PHILIP_ writes ‘ILIP’
16 Write_data to DDRAM writes ‘'S’
DB7 DB6 [DB5 DB4 DB3 DB2 DB1 DBO Ack PHILIPS_
0 1 0 1 0 0 1 1 1
17 optional I12C-bus STOP PHILIPS_
18 12C-bus start PHILIPS_
19 slave address for write
SA6 SA5 SA4 SA3 SA2 SAl SAO R/W Ack PHILIPS_
0 1 1 1 0 1 0 0 1
20 control byte
CO RS 0 0 0 Ack PHILIPS_
1 0 0 0 0 1
21 Return_home sets DDRAM address 0 in address counter
DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO Ack PHILIPS (8lsoretums shifted display to original
- position; DDRAM contents unchanged); this
0 0 0 0 0 0 1 0 1 instruction does not update the data register
22 I2C-bus start PHILIPS
23 slave address for read during the acknowledge cycle the content of
SA6 |SA5 |SA4 SA3 |SA2 |SA1 'SAO R/W |Ack PHILIPS the data_reglster is Ioaded_ into the |_nternal
! ! ! ! 12C-bus interface to be shifted out; in the
0 1 1 1 0 1 0 1 1 previous instruction neither a ‘set address’
nor a Read_data has been performed,;
therefore the content of the data register
was unknown; bit R/W has to be set to logic
1 while still in 12C-write mode
24 control byte for read DDRAM content will be read from following
CO RS0 0 0O ©0 0 ©0 Ack PHILIPS  nstructions
0 1 1 0 0 0 0 0 1
25 Read_data: 8 x SCL + master acknowledgel2 8 x SCL; content loaded into interface
DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO Ack PHILIPS  during previous acknowledge cycleis
shifted out over SDA; MSB is DB7; during
X X X X X X X X 0 master acknowledge content of DDRAM
address 01 is loaded into the 12C-bus
interface
26 Read_data: 8 x SCL + master acknowledgel2] 8 x SCL; code of letter ‘H’ is read first;
DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO Ack PHILIPS  during master acknowledge code of 'is
loaded into the 12C-bus interface
0 1 0 0 1 0 0 0 0
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Table 44. Example of 12C-bus operation; 1-line display (using external reset, assuming pin SAO0 = Vgg)I ...continued
Step I2C-bus byte Display Operation

27 Read_data: 8 x SCL + no master acknowledgel2] no master acknowledge; after the content of
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Ack PHILIPS the I2C-bus interface register is shifted out
no internal action is performed; no new data
0 1 0 0 1 0 0 1 1 is loaded to the interface register, data
register is not updated, address counter is
not incremented and cursor is not shifted

28 12C-bus STOP PHILIPS

[1] X =don't care.

[2] SDAis left at high-impedance by the microcontroller during the read acknowledge.

16.13 Initialization

Table 45. Initialization by instruction, 8-bit interface (1)

Step Instruction Description
RS ‘R/W ‘DB? DBG‘DBS DB4‘DB3 DB2 ‘DBl DBO

power-on or unknown state

wait 2 ms after internal reset has been applied

3 Function_set interface is 8 bits long; BF cannot be checked before
0 ‘0 ‘0 VO ‘1 1 ‘X Ix ‘X Ix this instruction

4 wait 2 ms

5 'Function_set interface is 8 bits long; BF cannot be checked before

0 ‘o ‘o 0 ‘1 1 ‘X X ‘X % this instruction
‘wait more than 40 us

Function_set interface is 8 bits long; BF cannot be checked before
0 ‘O ‘0 0 ‘1 1 ‘X Ix ‘X Ix this instruction
BF can be checked after the following instructions; when BF is not checked, the waiting time between instructions is the
specified instruction time (see Table 12)

8 Function_set (interface is 8 bits long) specify number of display lines
0o o 0o 0 1 1 0 M 0 H
9 Display_ctl display off
0o o 0 0 0 0 1 0 0 0
10 Clear_display
o o o 0o 0o 0o 0 0 0 1
11 Entry_mode_set
0 \o \o 0 \o 0 \o 1 \ ID S
12 initialization ends
[1] X=don't care.
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Step
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Initialization by instruction, 4-bit interface; not applicable for 12C-bus operation

Instruction

RS ‘R/W ‘DB? ‘DBﬁ ‘DBS ‘DB4 \

power-on or unknown state

‘Description

Function_set

0 \o \o \o \1 \1
wait 2 ms

wait 2 ms after internal reset has been applied

interface is 8 bits long; BF cannot be checked
before this instruction

Function_set
0 \o \o \o \1 \1

interface is 8 bits long; BF cannot be checked
before this instruction

wait more than 40 us

Function_set

BF can be checked after the following instructi

0 \o \o \o \1 \1

interface is 8 bits long; BF cannot be checked
before this instruction

ons; when BF is not checked, the waiting time

between instructions is the specified instruction time (see Table 12)
8 Function_set
0 0 0 0 1 0 set interface to 4 bit long
interface is 8 bit long
9 Function_set
0 0 0 0 0 set interface to 4 bits long
0 0 0 specify number of display line
10 Display_ctl
0 0 0
0 0 1 display off
11 Clear_display
0 0 0
0 0 0
12 Entry_mode_set
0 0 0 0 0
0 0 0 I_D
13 ‘Initialization ends ‘

16.14

User defined characters and symbols

Up to 16 user defined characters may be stored in the CGRAM. The content of the
CGRAM is lost during power-down, therefore the CGRAM has to be rewritten after every
power-on.

PCF2119X
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Fig 48. User defined euro currency sign

Below some source code is printed, which shows how a user defined character is defined
- in this case the euro currency sign. The display used is a 2 lines by 16 characters display
and the interface is the 12C-bus

// Virite a user defined character into the CGRAM

startl2C();

// PCF2119 slave address for write, SAO is connected to Vdd

Send12CAddress(0x76);

// NMSB (Continuation bit Co) = 0, more than one byte may follow. Bit6, RS=0, next byte
// is command byte

i2c_write(0x00);

// 2 lines x 16, 1/18 duty, basic instruction set. Next byte will be another command.
i2c_write(0x24);

// Set CGRAM address to 0

i2c_write(0x40);

// Repeated Start condition

startl2C();

Send12CAddress(0x76);

// RS=1, next byte is a data byte

i2c_write(0x40);

// Here the data bytes to define the character

// Behind the write commands the 5x8 dot matrix is shown, the 1 represents a on pixel.
// The Euro currency character can be recognized by the 0/1 pattern (see Figure 48)
i2c_write(0x06); // 00110

i2c_write(0x09); // 01001

i2c_write(0x08); // 01000

i2c_write(0x1E); // 11110

i2c_write(0x1E); // 11110

i2c_write(0x08); // 01000

i2c_write(0x09); // 01001

i2c_write(0x06); // 00110

i2c_stop();

// Until here the definition of the character and writing it into the CGRAM. Now it
// still needs to be displayed. See below.
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// PCF2119, setting of proper display modes

startl2C();

// PCF2119 slave address for write, SAO is connected to Vdd
Send12CAddress(0x76);

// NMSB (Continuation bit Co) = 0, more than one byte may follow. Bit6, RS=0, next byte
// is command byte

i2c_write(0x00);

// 2 lines x 16, 1/18 duty, extended instruction set. Next byte will be another
// command.

i2c_write(0x25);

// Set display configuration to right to left, column 80 to 1. Row data displ. top to
// bottom,1 to 16.

i2c_write(0x06);

// Set to character mode, full display, icon blink disabled

i2c_write(0x08);

// Set voltage multiplier to 2

i2c_write(0x40);

// Set Vlcd and store in register VA

i2c_write(0xA0);

// Change from extended instruction set to basic instruction set
i2c_write(0x24);

// Display control: set display on, cursor off, no blink

i2c_write(0x0C);

// Entry mode set, increase DDRAM after access, no shift

i2c_write(0x06);

// Return home, set DDRAM address 0 in address counter

i2c_write(0x02);

// Clear entire display, set DDRAM address to 0 in address counter
i2c_write(0x01);

// Repeated Start condition because RS needs to be changed from 0 to 1

startl2C();

Sendl2CAddress(0x76);

// RS=1, next byte is data

i2c_write(0x40);

// VWirite the character at address 0, which is the previously defined Euro currency
// character

i2c_write(0x00);

i2c_stop();
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Fig 49. Bare die outline of PCF2119x
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Table 47. Dimensions of PCF2119x

Original dimensions are in mm.

Unit (mm) A Ay b1 D E e e L
max 0.0225

nom 0381 00175 005 01 7.6 1.7 007 035 0.09
min 0.0125

[1] PCF2119RU/2DB/2 has a PI scratch protection coating, adding 3.6 um to to the die thickness.

Table 48. Pin location

All X and Y coordinates are referenced to the center of the chip (dimensions in zm).
Symbol Pin X Y Description

Vpp1 1 +745 274 logic supply voltage 1
Vpb1 2 +745 |-204

Vop1 3 +745 134

Vpb1 4 +745 |-64

Vob1 5 +745 46

Vpp1 6 +745 |+76

Vbp2 7 >+745 +146 V| cp generator supply voltage 2
Vpp2 8 +745 |+216

Vob2 9 +745  +286

Vpb2 10 +745 |+356

Vob2 11 +745  +426

Vpp2 12 +745 |+496

Vob2 13 +745  +566

Vpp2 14 +745 |+636

Vob3 15 +745  +706

Vpp3 16 +745 |+776

Vob3 17 +745  +846

Vpp3 18 +745 |+916

E 19 +745  +986 data bus clock input
T1 20 +745 |+1196 test pin 1

T2 21 +745  +1406 test pin 2

Vss1 22 +745 |+1616 ground 1

Vss1 23 4745  +1686

Vss1 24 +745 |+1756

Vss1 25 4745 +1826

Vss1 26 +745 |+1896

Vss1 27 4745  +1966

Vss1 28 +745 |+2036

Vss1 29 4745  +2106

PCF2119X
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Table 48. Pin location ...continued

All X and Y coordinates are referenced to the center of the chip (dimensions in zm).
Symbol Pin X Y Description

Vsso 30 4745 +2176 ground 2

Vss2 31 +745  |+2246

Vsso 32 4745 +2316

Vss2 33 +745 |+2386

Vss2 34 +745  +2456

Vss2 35 +745 |+2666

VCDSENSE 36 ’+745 +2736 input for voltage multiplier regulation
Vi cpouT 37 +745 +2806 V_cp output

Vicoout 38 +745  +2876

V| coout 39 +745 |+2946

Vicoout 40 +745  +3016

V| coouT 41 +745 | +3086 V_cp output

Vicoout 42 +745  +3156

Vi coouT 43 +745 |+3226

Vi cDpIN 44 ’+745 +3296 input for generation of LCD bias levels
VL coin 45 +745 |+3366

Vicoin 46 +745  +3436

Vicoin 47 +745  +3506

Vicoin 48 +745  +3576

VicDpin 49 +745 | +3646

dummy 50 745 +3576 dummy

R8 51 -745  +3506 LCD row driver output
R7 52 745  +3436

R6 53 -745 | +3366

R5 54 745  +3296

R4 55 —745 +3226

R3 56 745  +3156

R2 57 -745 |+3086

R1 58 745  +3016

R17 59 —745 +2946

c80 60 745  +2876 LCD column driver output
C79 61 -745  +2806

Cc78 62 745  +2736

cr7 63 —745 +2666

C76 64 745  +2596

C75 65 —745 +2526

C74 66 745  +2456

C73 67 -745  +2386

c72 68 745 +2316

C71 69 -745  +2246
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Table 48. Pin location ...continued

All X and Y coordinates are referenced to the center of the chip (dimensions in zm).
Symbol Pin X Y Description
C70 70 745 42176 LCD column driver output
C69 71 745 +2106

C68 72 745 | +2036

c67 73 745  +1966

C66 74 745  +1896

C65 75 745  +1756

C64 76 745  +1686

C63 77 745 +1616

C62 78 745  +1546

C61 79 745 | +1476

C60 80 745  +1406

C59 81 745 +1336

cs8 82 745  +1266

c57 83 745 | +1196

C56 84 745 +1126

C55 85 745  +1056

C54 86 745  +986

C53 87 745 | +916

C52 88 745  +846

c51 89 745 | +776

C50 90 745 +706

C49 91 745 +636

c48 92 745  +566

ca7 93 745 +496

C46 94 745  +426

c45 95 745 +356

Ca4 96 745 +286

c43 97 745 +216

C42 08 745 +146

ca1 99 745 | +76

R17DUP 100 2745 +6 LCD row driver output
C40 101 -745 |-64 LCD column driver output
C39 102 745 134

C38 103 745 204

c37 104 745 274

C36 105 745 344

C35 106 745 | -414

C34 107 745 | _484

C33 108 745 554

C32 109 745 624
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Table 48. Pin location ...continued

All X and Y coordinates are referenced to the center of the chip (dimensions in zm).
Symbol Pin X Y Description
C31 110 745 694 LCD column driver output
C30 111 745 764
c29 112 745 834
c28 113 745 904
c27 114 745 974
C26 115 745 1044
c25 116 745 1114
c24 117 745 1184
c23 118 745 1254
c22 119 745 1324
c21 120 745 1394
c20 121 745  _1464
c19 122 745 1534
c18 123 745 1604
c17 124 745 | -1674
c16 125 745  _1744
c15 126 745 -1884
cl4 127 745 1954
c13 128 745 2024
c12 129 745 2094
cu 130 745 2164
C10 131 745 2234
Cco 132 745 2304
cs 133 745 2374
c7 134 745 | 2444
Cc6 135 745 2514
Cc5 136 745 2584
c4 137 745 2654
c3 138 745 2724
c2 139 745 2794
c1 140 745 2864
R18 141 -745 | -2934 LCD row driver output
R9 142 745 3004
R10 143 745 3074
R11 144 745 3144
R12 145 745 | -3214
R13 146 745 3284
R14 147 745 3354
R15 148 745 3424
R16 149 745 3494
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Table 48. Pin location ...continued

All X and Y coordinates are referenced to the center of the chip (dimensions in zm).
Symbol Pin X Y Description

dummy 150 745 3704 dummy

SCL 151 +745 |-3704 12C-bus serial clock input

scL 152 +745  -3634

T3 153 +745 |-3494 test pin 3

POR 154 +745 3424 external Power-On Reset (POR) input
PD 155 +745 |-3214 power-down mode select input
SDA 156 +745 3004 12C-bus serial data input/output
SDA 157 +745 |-2934

RIW 158 +745 2584 read/write input

RS 159 +745 | -2374 register select input

DBO 160 >+745 -2164 8-bit bidirectional data bus; bit O
DB1 161 +745 -1954 8-bit bidirectional data bus; bit 1
DB2 162 >+745 -1744 8-bit bidirectional data bus; bit 2
DB3/SA0 163 +745 |-1534 8-bit bidirectional data bus; bit 3
DB4 164 >+745 -1324 8-bit bidirectional data bus; bit 4
DB5 165 +745 | -1114 8-bit bidirectional data bus; bit 5
DB6 166 >+745 -904 8-bit bidirectional data bus; bit 6
DB7 167 +745 | -694 8-bit bidirectional data bus; bit 7
OSsC 168 +745 484 oscillator or external clock input
Table 49. Alignment mark location

All X and Y coordinates are referenced to the center of the chip (dimensions in xm).
Symbol Pin X Y

AM1 - +745 ~2689

AM2 - +745 +2561

AM3 - 745 +3681

AM4 - -745 -3599

18. Handling information

PCF2119X

All input and output pins are protected against ElectroStatic Discharge (ESD) under
normal handling. When handling Metal-Oxide Semiconductor (MOS) devices ensure that
all normal precautions are taken as described in JESD625-A, IEC 61340-5 or equivalent

standards.
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19. Packing information

19.1 Packing information on the tray
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Dimensions in mm aaa-003345
Schematic drawing, not drawn to scale. For dimensions see Table 50. Tray has pockets on both, front side and back side.
Fig 50. Details of the 3inch tray
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Table 50. Specification of 3 inch tray details
Tray details are shown in Figure 50. Nominal values without production tolerances.

‘Tray details

Dimensions
A ‘B e ‘D E ‘F G H 3 ‘K n ‘M N \o 'Unit
95 30 769 181 760 680 57.0 65 95 63 42 26 32 050 mm
Number of pockets

x direction y direction
7 22

marking code

001aaj623

The orientation of the IC in a pocket is indicated by the position of the IC type name on the die
surface with respect to the chamfer on the upper right corner of the tray. Refer to Figure 49 on
page 70 for the orientating and position of the type name on the die surface.

Fig 51. Die alignment in the 3 inch tray
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20. Appendix

20.1 LCD character driver selection

Table 51. Selection of LCD character drivers
Type name Number of Character Vpp: (V)  Vpp2 (V)  Viep (V) [fg (HZ) Viep (V) Viep (V) Tamp (°C) | Interface AEC-
Lines x Characters Icons S€t charge temp. Q100
pump comp
PCF2113AU 1x24 2x12 - 120 A 1.8t05.5 2.2to4 2.2t06.5 95 Y Y -40t0 85 |12C/ N
Parallel
PCF2113DU 1x24 2x12 - 120 D 1.8t05.5 2.2to4 2.2t06.5 95 Y Y -40t0 85 |12C/ N
Parallel
PCF2113EU 1x24 2x12 - 120 E 1.8t05.5 2.2to4 2.2t06.5 95 Y Y -40t0 85 |12C/ N
Parallel
PCF2113WU 1x24 2x12 - 120 W 1.8t05.5 2.2to4 2.2t06.5 95 Y Y -40t0 85 |12C/ N
Parallel
PCF2116AU 1x24 2x24 4%x12 - A 25t06 25106 35t09 65 Y N -40t0 85 |12C/ N
Parallel
PCF2116CU 1x24 2x24 4%x12 - C 25t06 25t06 3.5t09 65 Y N -40t0 85 |12C/ N
Parallel
PCF2119AU 1x32 2x16 - 160 A 1.5t05.5 2.2to4 2.2t06.5 95 Y Y -40t0 85 |12C/ N
Parallel
PCF2119DU 1x32 2x16 - 160 D 1.5t055 2.2t04 2.2t06.5 95 Y Y -40t0 85 |12C/ N
Parallel
PCF2119FU 1x32 2x16 - 160 F 1.5t05.5 2.2to4 2.2t06.5 95 Y Y -40t0 85 |12C/ N
Parallel
PCF2119I1U 1x32 2x16 - 160 | 1.5t05.5 2.2to4 2.2t06.5 95 Y Y -40t0 85 |12C/ N
Parallel
PCF2119RU 1x32 2x16 - 160 R 1.5t055 2.2t04 2.2t06.5 95 Y Y -40t0 85 |12C/ N
Parallel
PCF2119SU 1x32 2x16 - 160 S 1.5t05.5 2.2t04 2.2t06.5 95 Y Y -40t0 85 |12C/ N
Parallel
PCF21219DUGR |1 x 32 2x16 - 160 R 1.5t05.5 2.2to4 2.2t06.5 220 Y Y -40t0 85 |12C/ N
Parallel
PCA2117DUGR |1 x40 2x 20 - 200 R 25t055 25t05.5 |4t016 45 to 3601 |Y Y -40to 105 |12C/SPI 'Y
PCA2117DUGS |1 x40 2x20 - 200 S 25t055 25t05.5 |4t016 45 to 3601 |Y Y -40to 105 [12C/SPI 'Y
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Software programmable.

(1]
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21. Abbreviations
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PCF2119X

Table 52. Abbreviations

Acronym Description

CGRAM Character Generator RAM
CGROM ‘Character Generator ROM
CMOS Complementary Metal-Oxide Semiconductor
COG Chip-On-Glass

DC Direct Current

DDRAM Display Data RAM

HBM Human Body Model

12C 'Inter-lntegrated Circuit

IC Integrated Circuit

ITO ‘Indium Tin Oxide

LCD Liquid Crystal Display
LSB Least Significant Bit

MM Machine Model

MSB ‘Most Significant Bit

MUX Multiplexer

PCB Printed-Circuit Board

PI Polyimide

POR 'Power-On Reset

RAM Random Access Memory
RMS ‘Root Mean Square

ROM Read Only Memory

SCL ‘Serial CLock line

SDA Serial DAta line
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22. References

[1] AN10170 — Design guidelines for COG modules with NXP monochrome LCD
drivers

[2] AN10706 — Handling bare die
[3] AN10853 — ESD and EMC sensitivity of IC
[4] AN11267 — EMC and system level ESD design guidelines for LCD drivers

[5] IEC 60134 — Rating systems for electronic tubes and valves and analogous
semiconductor devices

[6] IEC 61340-5 — Protection of electronic devices from electrostatic phenomena

[7] JESD22-A114 — Electrostatic Discharge (ESD) Sensitivity Testing Human Body
Model (HBM)

[8] JESD22-A115 — Electrostatic Discharge (ESD) Sensitivity Testing Machine Model
(MM)

[9] JESD78 — IC Latch-Up Test

[10] JESD625-A — Requirements for Handling Electrostatic-Discharge-Sensitive
(ESDS) Devices

[11] UM10204 — 12C-bus specification and user manual
[12] UM10569 — Store and transport requirements
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23. Revision history

Table 53. Revision history

Document ID Release date Data sheet status ‘Change notice ‘Supersedes
PCF2119X v.12 20150416 Product data sheet - ‘ PCF2119X v.11
Modifications: * The format of this data sheet has been redesigned to comply with the new identity guidelines

of NXP Semiconductors.
® Legal texts have been adapted to the new company name where appropriate.
® Adjusted description in Section 16.1
® Corrected description of the dummy pins in Table 4 and Table 48

PCF2119X v.11 20130715 Product data sheet - PCF2119X v.10
PCF2119X v.10 20111031 ‘Product data sheet - PCF2119X v.9
PCF2119X v.9 20110414 Product data sheet - PCF2119X v.8
PCF2119X v.8 ,20110404 'Product data sheet - PCF2119X v.7
PCF2119X v.7 20101115 Product data sheet - PCF2119X v.6
PCF2119X v.6 120100908 ‘Product data sheet - PCF2119X_5
PCF2119X_5 20090813 Product data sheet - PCF2119X_4
PCF2119X 4 120030130 ‘Product specification - PCF2119X_3
PCF2119X 3 20020116 Product specification - PCF2119X 2
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24.1 Data sheet status

Document status(1(2]
Objective [short] data sheet
Preliminary [short] data sheet

Product [short] data sheet

Product status[3! Definition
Development
Qualification

Production

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

1
[2
[3]

Please consult the most recently issued document before initiating or completing a design.

The term ‘short data sheet’ is explained in section “Definitions”.

The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status

information is available on the Internet at URL http://www.nxp.com.

24.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is intended
for quick reference only and should not be relied upon to contain detailed and
full information. For detailed and full information see the relevant full data
sheet, which is available on request via the local NXP Semiconductors sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product is
deemed to offer functions and qualities beyond those described in the
Product data sheet.

24.3 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

PCF2119X

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

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those given in
the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted or
construed as an offer to sell products that is open for acceptance or the grant,
conveyance or implication of any license under any copyrights, patents or
other industrial or intellectual property rights.
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Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific NXP Semiconductors product is automotive qualified,
the product is not suitable for automotive use. It is neither qualified nor tested
in accordance with automotive testing or application requirements. NXP
Semiconductors accepts no liability for inclusion and/or use of
non-automotive qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards, customer
(a) shall use the product without NXP Semiconductors’ warranty of the
product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.
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Bare die — All die are tested on compliance with their related technical
specifications as stated in this data sheet up to the point of wafer sawing and
are handled in accordance with the NXP Semiconductors storage and
transportation conditions. If there are data sheet limits not guaranteed, these
will be separately indicated in the data sheet. There are no post-packing tests
performed on individual die or wafers.

NXP Semiconductors has no control of third party procedures in the sawing,
handling, packing or assembly of the die. Accordingly, NXP Semiconductors
assumes no liability for device functionality or performance of the die or
systems after third party sawing, handling, packing or assembly of the die. It
is the responsibility of the customer to test and qualify their application in
which the die is used.

All die sales are conditioned upon and subject to the customer entering into a
written die sale agreement with NXP Semiconductors through its legal
department.

24.4 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

12C-bus — logo is a trademark of NXP Semiconductors N.V.

For more information, please visit: http://www.nxp.com

For sales office addresses, please send an email to: salesaddresses@nxp.com
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All information provided in this document is subject to legal disclaimers.
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