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Philips Semiconductors Version 02

Design guidelines for COG modules with

Philips monochrome LCD drivers AN10170

SCOPE OF THIS APPLICATION NOTE

The purpose of thisapplication noteisto explain how to design optimal I TO layout ontheinput side of the LCD driver IC. Thedesign
guidelinesin this Application Note apply to all Philips monochrome LCD driver ICs unless clearly stated otherwise. If correctly
followed, these guidelines will help toward successful first time module design and better overall display performance.

WHO SHOULD READ THIS APPLICATION NOTE?

It isimportant that this application note is read by the engineersin charge of the LCD module design and ITO layout design on the
interface side. Both module maker and OEM (setmaker) should find this application note useful.

DISCLAIMER | While all reasonable efforts are undertaken to ensure that the information contained within this Application
Note is up to date and correct, Philips Semiconductors will accept no liability for errors or omissions resulting
in loss of time and/or monetary investment.

ITO LAYOUT GUIDELINES FOR COG MODULES WITH PHILIPS LCD DRIVER ICS
GUIDELINES FOR POWER SUPPLY LINES Vg, Vpn, Vicp.

In COG applications theresistance of ITO tracks may not be neglected. Specid attention must be paidto ITO layout in order that the
effects of track resistance are minimised to an acceptable level.

Specifically with COG applicationsin mind, Philips LCD driver ICs' power supply circuits are separated internaly into Vpp1, Vpp2,
Vb3, Vssi, Vsse supply rails. Thisisdonein order that the module maker can connect these supply circuits viaseparate I TO tracks.
In thisway the common (shared) part of the ITO track isminimised or eliminated, thus reducing the amount of common-mode
electrical noise.

For similar reasons, the LC drive supply circuits are separated internaly into V| cpin, VicoouT, Vicpsense: The part of the ITO
supply track that is shared by these circuits must be kept to a minimum.

Fig.1and Fig.2 represent schematically thel TO & glass-to-PCB connection pathsintwo typical configurations. Suggested maximum
resistance values of the power supply for atypical small display application (pixel size approx. 0.25 x 0.25 mm?) are givenin Table
1. These limits are heavily dependent on display load and may have to be revised for a particular application. Excessivetrack
resistance, especially common (shared) track and connection resistance, may result in deterioration of display quality, increased
power consumption and/or incorrect operation.

February 2003 2



Philips Semiconductors Version 02

Design guidelines for COG modules with AN10170
Philips monochrome LCD drivers
LCD driver IC .3
z 2 &
5 88 7 % 8 9 3
1/0s > > > > > > > >
L. - o 5] -~ o = R
Individual ITO o a [a] ] 7] o LCDOUT
track resistance 2 o £ o O R 2 &
X o o o7 LCDSENSE SN
eé\‘}\@(?\e
....... 0(\\ Q
: o
'ma S
Shared ITO track I = % é : N
resistance ; E E % I‘/
, >3 >3 >
Module-to-PCB a 2 ol
connection I 24 (14 o .
resistance 1
1 J J .
‘\ Y £
cs Simmm ===
Figl VDD1 = VDD2:3
LCD driver IC .3
z 2 &
588 7 % 8 9 3
1/0s > > > > > > > >
L IF L IZ | ]
Individual ITO 5 8 8 & @ & Ricoour
track resistance P o £ o 3 R 2 &
X o o o7 LCDSENSE N &
LN\
=gl -t L S
14 SRS
. ) 3 0 RO
Shared ITO track Rp 1< I = z S - N
resistance o 1
I s = 3 e
. 7o ’ 8| 7o :
Module-to-PCB : a 2 91
connection ' 14 (14 14 I
resistance 1 =
J J J
. . /
cs Si=mmm== = =
Fig2 VDD1#VDD2.3

February 2003 3



Philips Semiconductors

Version 02

Design guidelines for COG modules with
Philips monochrome LCD drivers

AN101/0

Table 1

Suggested maximum I TO track resistance.

RESISTANCE PATH | description max resistance, Q
Rob_common common Vpp track (incl. connector) | 40"
Rpp1 positivelogic supply 500
Rop2 positive charge pump supply 200
Rpbp3 positive analogue supply 2k
Rss common common V g track (incl. connector) | 40"
Rss1 negative supply (excl. charge pump) | 80
Rssp negative charge pump supply 200
RLcp_common common V| cp track (incl. connector) | 60°
RLcoout generated output V| cp 100
RLcoin V| cp input to chip 500
RLcpsense Vi cp senseinput 2k

* NOTE: common-mode resistance in the supply circuitsisby far the most critical element for display optical performance. Itismost
effectively minimised by connecting the separate I TO tracks outside of the LCD glass (on PCB, FPC, fail etc) instead of at the
connection point on the glass ledge. However this may not always be practical in the application.

HINT: in order to keep the ITO track resistance to aminimum, the pitch and position of the modul e connection to the outside should
be selected such that the power tracks run as straight as possible to the glass edge. In order to minimise common connection
resistance, use low-ohmic elastomeric connection, metal pin connection or ACF bonded flat cable.

Fig.3 shows an example of how the ITO layout for the power supply tracks may look in practice.
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AREA WHERE CONNECTION TO THE OUTSIDE IS MADE (VIA ELASTOMER, METAL PINS, ACF BOND...)

Fig.3 ExampleITO layout for Vss, Vpp, Vicp-
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EXCEPTIONS FROM THE GENERAL RULE: OM6208, OM6211, OM6213, OM6215, OM6217, PCF8811, PCF8813,
PCF8814.

In the LCD driver types that are listed above aslightly different power architecture is implemented where the V| cp voltage
generation is concerned. Because of thisthe ITO layout guidelines for connecting pins V_cpin, VLcoouT: VLcpsense are aso
different. Please refer to Table 2 below.

Table 2
RESISTANCE PATH description max resistance, Q
RiLcp common common V ¢cp track (incl. connector) | 60
R.coout generated output V| cp 0
RLcoin V| cp input to chip 0
RLcpsense V| cp senseinput 0

In practice thismeansthat V| cpin, Vi cpouTs Vi cpsense should be connected together with one thick 1TO track.

GUIDELINES FOR IO LINES

AC characteristics of the l/O linesare al so aff ected by the I TO track impedance. The I TO track resistance together with any parasitic
capasitances will add RC-type delay constants, which should be taken into account. It is recommended that COG modules are not
operated close to the limits of the interface timing requirements. Particular attention must also be paid to open-drain outputs (see the
next section “ GUIDELINES FOR 12C-BUS PINS SDA, SCL”).

GUIDELINES FOR I>C-BUS PINS SDA, SCL

The SDA linein 12C devicesis an open-drain output and therefore needs an external pull-up resistor. The ITO track resistance Rjo,
forms apotential divider together with the pull-up resistor Rpy | .up. Because of thisthere is a danger that the the other device(s) on
12C-buswill not see avalid logic LOW level when the SDA lineisdriven LOW by the LCD driver IC, e.g. during the ACK nowledge
cycle or during read-back from the IC. Thisisillustrated in Fig.4.
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3 | S | né?[] If 12C-bus read function
. — o — - —, or acknowledge is
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oL I I
sS ' S
| |

Fig.4 Effect of ITO resistance in the SDA line.

For this reason the SDA signd in LCD driver |Csis sometimes split into SDAIN and SDAOUT. A number of possibilities for
connecting LCD to the host micro exist then, three of which are illustrated here:
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1) The I2C protocol is fully implemented in the system, i.e. the master-transmitter device (host microcontroller) expects an
ACKnowledge after each byte. In this case connect LCD driver’sSDAIN and SDAOUT pinson glasswith asingle TO trace, taking
care to minimise track and connection resistance. Choose pull-up resistor value that will ensure V,_ specification of the other
device(s) on the I2C-busis always met, under al conditions and including all tolerances. Note that the value of Rpy | .up directly
affects the SDA signd rise time. Take care that Rpy, | .up iS not so high that the maximum rise time limit isviolated. A simplerule
in this caseisto make sure that 2Cspa X Rpyp L -up < tr(max), where Cqpp is the capacitance of SDA busrail including associated
parasitic pad capacitances of all devices connected to the |2C-bus and tg(max) is the specified maximum rise time.

This configuration is shownin Fig.5.
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Fig.5 Typical configuration: direct connection to microcontroller.

2) Thel2C protocol isfully implemented in the system but the value of pull-up resistor that is required to satisfy the maximum logic
low level requirement 7, (max) specification istoo high to satisfy simultanioudly the maximum rise time requirement, 7z. In thiscase
the full SDA signal may be reconstituted using an external open-drain buffer as shown in Fig.6. The buffer isolates SDAOUT pin
from the capacitance of the 12C-bus and makes the rise time requirement easier to meet.

pController

LCD driver
COG module

RPULL-UP

G

SCL

SCL Rito
SDA

SDAIN = Rito

1
SDAOUT Rito . _._D.

Buffer

Fig.6 Connecting to amicrocontroller viaan open-drain buffer.

3) It is possible to implement the I2C protocol partially, in away that ignores the ACKnowledge bit after each byte. SDAOUT may
be left unconnected in this case, as shown in Fig.7. Such configuration may be desireable also because it eliminates the
common-mode noise that results from the ACK nowledge current flowing through the common resistance in Vss supply of thedriver
IC. Note however that in this case any read-back function that isimplemented in the LCD driver IC is hot possible to use.
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Fig.7 Examplewith SDAOUT pin left unconnected.

GUIDELINES FOR ESD/EMC PROTECTION

Dummy pads. Dummy pads must not be connected to I TO tracks. Connecting dummy pads may compromise ESD protection of the
L CD module because these pads do not have ESD protection €lements.

Harware RESET pad. In COG applications the interface and supply lines have higher impedance compared with COB, TCP, or
COF. Theresistance of individual lines may differ in value considerably from one ITO track to the next. This difference can be of
the order of 100s of Ohm. As aresult alarge differential voltage can be generated across the ITO tracks during an EMC event. The
RESET pad can recognise such EMI-induced voltage spike (of the order of 5 ns) asareset command. To prevent thisalow-passfilter
isbuilt into the RESET pad of most of the LCD driver ICs from Philips. However some older types require an external 1TO resistor
to be placed directly underneath the IC die, in order to create afirst order low-pass filter together with the parasitic pad capacitance
(asshown in Fig.8). Thesetypes are listed below:

PCF2119/F1 (but not PCF2119/F2), PCF8548/F1 & PCF8548/3, PCF8531/F1, PCF8801, OM6206 (but not OM6206/2)

Equivalent schematic The low-pass RC filter is composed with the input capacitance C of
the reset pad and R ;5. Ry has to be laid out underneath the LCD
driver chip, by making a long thin ITO line with an impedance of

LCD 12+4 kQ. NOTE: a resistor mounted externally on the module will
driver not filter any EM interference originating between the resistor and
the die.
Layout of the resistor for the reset filter
-Rﬂ_ IS S SS NN SNSDNEoEoEO3
Reset
C
Rirg—>
COG module DNDDNODEDED DEONEON| EEE EE ODEOENEOED
RESET

Fig.8 Implementation of ITO meander resistor for EMC low-pass filter.

Power supply tracks Vgg, Vpp, To increase EMC immunity further, itis recommended to reduce as much as possible the resistance
of the ITO tracks and connections for power supply - Vpp1, Vb2, Vobs: Vssi, Vs

Unused pins - how to tie off. When pins are not used in the application (e.g. test pins, unused interface pins etc) it may be a
requirement that these pinsaretied to Vpp1 or Vss; (tied off). Inthis caseit isimportant to make the connection to Vpp; or Vsg; as
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direct as possible. Sometimes so-called tie-off pads are provided for this purpose (called Vxx1 TIEOFF or similar). If there are no

tie-off pads then the connection must be made directly to Vpp; or Vss; pads as shown in Fig.9.

PINS THAT MUST BE
TIED TO VDD1

PINS THAT MUST BE
TIED TO VDD1

P

14
~——  voo1 |[ 8] vop2
[ L\

CORRECT

INCORRECT

Fig.9 Tying off unused pins.
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