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Purpose

This document describes the electrical, logical, and connector interface between flat
panel displays and display controllersin an integrated environment. It appliesto the
following flat panel displays:

640 x 480 (VGA) Addressability, Color Passive Matrix Liquid Crystal Displays,
Single Scan, with 16 Data Lines,

640 x 480 (VGA) Addressability, Color Passive Matrix Liquid Crystal Displays,
Dual Scan, with 16 Data Lines;

800 x 600 (SVGA) Addressability, Color Passive Matrix Liquid Crystal Displays,
Dual Scan Only, with 16 Data Lines,

640 x 480 (VGA) Addressability, Active Matrix Liquid Crystal Displays with 9-,
12-, and 18-bit Color;

800 x 600 (SVGA) Addressability, Active Matrix Liquid Crystal Displays with 12-
and 18-bit Color.

Summary

Flat panel displays have advanced to the point of being comparable to CRTs with
respect to resolution, color capabilities, and image quality. In most integrated
environments, flat panel displays are more desirable than CRTs due to their compact
and portable size and weight. However, due to the proliferation of different and
incompatible flat panel display interfaces, it is difficult, costly, and time consuming to
integrate flat panel displays into notebook computers, instrumentation, and other
devices with integrated displays. VESA, as the prominent standards organization for
graphics subsystems, has developed a flat panel display interface standard that will
ease the system integration task.
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Intellectual Property

© Copyright 1995 - Video Electronics Standards Association. Duplication of this
document within VESA member companies for review purposes is permitted. All
other rights reserved.

Trademarks

All trademarks used in this document are the property of their respective owners.
VESA, FPDI, and FPDI-1 are trademarks owned by the Video Electronics Standards
Association.

Patents

The proposals and standards devel oped and adopted by VESA are intended to promote
uniformity and economies of scale in the video electronics industry. VESA strives for
standards that will benefit both the industry and end users of video electronics
products. VESA can not ensure that the adoption of a standard; the use of a method
described as a standard; or the making, using, or selling of a product in compliance
with the standard does not infringe upon the intellectual property rights (including
patents, trademarks, and copyrights) of others. VESA, therefore, makes no warranties,
expressed or implied, that products conforming to a VESA standard do not infringe on
the intellectual property rights of others, and accepts no liability direct, indirect or
consequential, for any such infringement.
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Support For This Specification

If you have a product that incorporates FPDI™, you should ask the company that
manufactured your product for assistance. If you are a manufacturer of the product,
VESA can assist you with any clarification that you may require. All questions must
be writing to VESA, in order of preference at:

I nternet: vesa-support@exodus.net
FAX: (408) 435-8225
MAIL: VESA
2150 North First Street
Suite 440

San Jose, California 95131-2029

Acknowledgments
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1. Overview

1.1 Summary

The Flat Panel Display Interface 1 “FPDI-1" standard described within this document
will

allow the integration of flat panel displays to graphics controllersin an integrated
environment, such as notebook computers, instruments, and hand-held devices. This
standard addresses color passive matrix and active matrix displays. This standard is
based on current liquid crystal display technology, however it also applies to other flat
panel displays.

The FPDI document defines the electrical, logical, and connector interfaces between
the

graphics controller and flat panel displays. These are base level specifications for
functional compliance while providing flexibility for product differentiation and
technological innovation. This standard applies to the following flat panel displays:

640 x 480 (VGA) Addressability, Color Passive Matrix Liquid Crystal Displays,
Single Scan, with 16 Data Lines;

640 x 480 (VGA) Addressability, Color Passive Matrix Liquid Crystal Displays,
Dual Scan, with 16 Data Lines;

800 x 600 (SVGA) Addressability, Color Passive Matrix Liquid Crystal Displays,
Dual Scan Only, with 16 Data Lines,

640 x 480 (VGA) Addressability, Active Matrix Liquid Crystal Displays with 9-,
12-, and 18-bit Color;

800 x 600 (SVGA) Addressability, Active Matrix Liquid Crystal Displays with 12-
and 18-bit Color.

1.2 Background

The lack of flat panel display interface standards has resulted in difficulties for system
OEMs and for systems integrators in interfacing a variety of flat panelsto asingle
motherboard design. Graphics controller manufacturers also have difficulty
supporting many different interfaces in a single piece of hardware. The lack of
standards leads to many difficulties in the development of graphics controllers, column
drivers, and in-systems integration.

1.3 Standard Objectives
- Establish standard electrical, logical, and connector interfaces between the graphics
controller and the flat panel display in integrated environments.

Ensure scalability, ease of integration, low cost, interchangeability, and fast
international market acceptance.

Establish a base level of functional compliance while providing flexibility for
product differentiation and technological innovation.

6 Ver.1.0, Rev.2.0
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Establish standards for active and passive matrix, color flat panel displays.
1.4 Reference Documents
ASME Y 14.5M - 1994, “Dimensioning and Tolerancing”

UL 94V-0 “Test for Flammability of Plastics Materials for Partsin Devices and
Appliances’

7 Ver.1.0, Rev.2.0
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2. Signalsand Timing
2.1 Panel Type Format

Figure 2.1.1: Panel Type Format Example

A 4:4:4 SA-9-(800x600)

b adie s adihe st adin e
L Display height in pixels 600) [480-600]
Display width in pixels800)[640-800]

Total number of datalines9) [9-18]
Synchronization Option A) [A/F/D]

'S for Single Scan, 'D' for Dual Scan [S/D]

Number of data bits per pixel for blued) [1-6]

Number of data bits per pixel for greerdj [1-6]

Number of data bits per pixel for redd) [1-6]

‘A’ for Active Matrix, 'P for Passive Matrix [A/P]
The above example conforms to the following format:

Ax:y:z B[C]-W-(H x V)
A Panel Technology
‘A’ = Active
‘P = Passive

x:y:z: Number of colors/shades

Monochrome - 1:0:0

Color, 3-bit - 1:1:1

Color, 9-bit - 3:3:3

Color, 12-bit - 4:4:4

Color, 18-hit - 6:6:6
B Panel Construction

‘S =SingleScan VGA = ~1/480 Duty, SVGA = ~1/600 Duty
‘D’ = Dual Scan VGA = ~1/240 Duty, SVGA = ~1/300 Duty

C Synchronization Options (Active Matrix only)
‘F = FPFRAME/FPLINE sync.
‘D’ = DRDY only sync. (recommended for new designs)
‘A’ = both FFFRAME/FPLINE sync. and DRDY sync.

W Number of panel data bits (not pixels) latched per shift
(HxV) Horizontal x Vertical addressability
8 Ver. 1.0, Rev.2.0
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Figure 2.1.2: Pixel Data M ap Representation

Rl Gl Bl R2 | G2 | @ o o

Timing: LCD panels are deemed to comply with FPDI-1 if all of their specifications
have minimums equal to or lower and maximums equal to or higher than FPDI-1
values.

Active matrix tables and diagrams in this section depict ‘A’ type synchronization, with

FPLINE, FPFRAME, and DRDY. For the‘F and ‘D’ synchronization options, the
unnecessary sync signals can be omitted.

9 Ver.1.0, Rev.2.0
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2.2 Standard Signalsand Timing
The following section identifies the standard signals and timing specifications for each of the specified flat panel types.

2.2.1.1 P1:1:1S-16-(640x480) Signals

Signal Function Comments

ubo Pixel Data 0, Upper |See Figure Next Page, UD nomenclature applies to “odd” numbered columns
uDl1 Pixel Data 1, Upper |See Figure Next Page, UD nomenclature applies to “odd” numbered columns
ubD2 Pixel Data 2, Upper |See Figure Next Page, UD nomenclature applies to “odd” numbered columns
ubD3 Pixel Data 3, Upper |See Figure Next Page, UD nomenclature applies to “odd” numbered columns
ub4 Pixel Data 4, Upper |See Figure Next Page, UD nomenclature applies to “odd” numbered columns
ub5 Pixel Data 5, Upper |See Figure Next Page, UD nomenclature applies to “odd” numbered columns
uD6 Pixel Data 6, Upper |See Figure Next Page, UD nomenclature applies to “odd” numbered columns
ub7 Pixel Data 7, Upper |See Figure Next Page, UD nomenclature applies to “odd” numbered columns
LDO Pixel Data 0, Lower |See Figure Next Page, LD nomenclature applies to “even” numbered columns
LD1 Pixel Data 1, Lower |See Figure Next Page, LD nomenclature appliesto “even” numbered columns
LD2 Pixel Data 2, Lower |See Figure Next Page, LD nomenclature appliesto “even” numbered columns
LD3 Pixel Data 3, Lower |See Figure Next Page, LD nomenclature applies to “even” numbered columns
LD4 Pixel Data 4, Lower |See Figure Next Page, LD nomenclature applies to “even” numbered columns
LD5 Pixel Data 5, Lower |See Figure Next Page, LD nomenclature applies to “even” numbered columns
LD6 Pixel Data 6, Lower |See Figure Next Page, LD nomenclature appliesto “even” numbered columns
LD7 Pixel Data 7, Lower |See Figure Next Page, LD nomenclature appliesto “even” numbered columns
MOD Modulation Optional Signal for AC Bias Control, timing not specified

FPSHIFT Pixel Clock See Glossary

FPLINE Line Pulse See Glossary

FPFRAME |Frame Pulse See Glossary

FPEN Flat Panel Enable High = Flat Panel ON; Low = Flat Panel OFF

GND Ground Recommendation: a minimum of 4 grounds should be used. FPSHIFT should be bracketed with one

GND placed on each side. The data bits should also be bracketed with one GND placed prior to the first
data signal and one GND placed after the last data signal. V¢ should be separated from DATA by at

least one GND.

10
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Figure2.2.1.1: P1:1:1S-16-(640x480) Data Formatting

FPLINE f\

L

= A VA VA VA VA VA VA VA VA VA VA VA VA

ub7

uD6

ubD5

ubD4

ub3

ub2

uD1

ubO

LD7

LD6
LD5

LD4

LD3

LD2

LD1

LDO

~XRe XGs XBu XRu X

XRX XGx+5 X Bx+1OX

X Re2s XGeso X Be3s X:

X Be2s XR631 XGese X:

— X8 XR: XGw XBu X

X Bx XRx+6 XGx+11X “

XGeze X Bes1 X Res7 X:

:XGz XB7 XR13 XG18 X

XGx+1 X Bx+6 XRx+12X :

:XRs XGS XBls Xng X

XRx+2 XGx+7 X Bx+12X :

XR627 XGesz X Bea7 X:

:XBs XRQ XG14 XBlg X

X Bx+2 XRx+8 XGx+13X :

X Be2r XRess XGess X:

:XG4 XBQ XR15 XGzo X”

XGx+3 X Bx+sg XRx+14X :

XGezs X Bess X Re39 X:

:XRS XGlo XBls XR21 ><—’ xRx+4XGx+9XBx+14X::

XRezg XG634 X Besg X:

:XBS XRll XG16 Xle X

X Bx+4 X Rx+1OX Gx+15X i

X Be2g X Ress XG640 X:

XGezs X Bs3o X Re36 X:

:XGl X BG X RlZ XG17 ><—; >< Gx X Bx+5 X R><+11X :
:X R, XG7 X By, XR18 x x Ry+1 XGx+6 X Bx+11X

XReze XG631 X Bess X:

:X B, XRS XG13 X Big ><-, x Bys1 XRx+7 XGx+12X

X Be2s XResz XG<337 X:

:X G3 X Bs XR14 XGlg ><4 X Gxe2 X Byxs7 X Rx+13X

XG627 X Beso XRess X:

:XR4 XGQ X|314 XRzo X

XRx+3 XGx+8 X Bx+13X i

XRezs XGess XBess X:

:XB4 XR10 XGis X Bz X

X Bx+3 XRx+9 XGx+14X :

X Beos XR634 XG639 X:

— XGe XBio XRie XGar X, XGres N Buso ReussX.,

XGezg X5634 XR640 X:

:X Re XG11 X Bis XRzz ><-, x Ry+s5 XGx+1OX Bx+15X

XReso XGess X Beao X:

-

Repetition period of 16
pixels in 3 SHIFT periods

11
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2.2.1.2 P1:1:1S-16-(640x480) Timing

Signal Parameter Symbol | Min Typ | Ma | Unit
X

FPSHIFT | Period ts 82 ns
Frequency 1/ts 12.2 | MHz
High Time ten 28 ns
Low Time ty 28 ns
Setup to FPLINE tis 200 ns

DATA Setup tys 28 ns
Hold tan 20 ns

FPLINE Period tip Notel
Pulse Width tiw 50 ns
FPLINE to FPSHIFT hold | t, 200 ns

FPFRAME | Frequency 1ty 60 73 Hz
Period to 480 Line Periods
Setup tf 100 ns
Hold tin 30 ns
FPLINE Polarity Positive
FPFRAME Polarity Positive

Notel: 120 FPSHIFT clocks + 450 ns

Frame frequency for passive matrix panels impacts overall power consumption and
optical performance viaflickering and shadowing. The user should select this
parameter based on system design requirements and front of screen performance.

Because of simultaneous display timing requirements, additional line clocks may be
provided at the end of every other frame period (concurrent with CRT vertical retrace).
These clocks may be required for AC modulation and image quality considerations.

12
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Figure 2.2.1.2a: P1:1:1S-16-(640x480) Horizontal Data Timing

t,

\ 4

tIW

A A

\

FPLINE
tIh ts tIs
A o <+ 4>
tsh tﬂ
> |-
tds tdh
> |-
PIXEL v
DATA X X ) K >C: X X ><:(.

Figure 2.2.1.2b: P1:1:1S-16-(640x480) Vertical Data Timing

FPFRAME .

tfI tfh

FPLINE ANV ANY AN AWy AW A\ AN AN A WA W AN A W A W A AW

DATA L1 YLz XL3 X L4 f XL479 YLd480 X

13 Ver.1.0, Rev.2.0
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2.2.2.1 P1:1:1D-16-(640x480) Signals

IS_ignaI Function Comments

uDO Pixel Data 0, Upper |See Figure Next Page
luD1 Pixel Data 1, Upper |See Figure Next Page
luD2 Pixel Data 2, Upper |See Figure Next Page
luD3 Pixel Data 3, Upper |See Figure Next Page
luD4 Pixel Data 4, Upper |See Figure Next Page
luD5 Pixel Data 5, Upper |See Figure Next Page
luD6 Pixel Data 6, Upper |See Figure Next Page
luD7 Pixel Data 7, Upper |See Figure Next Page
|LDO Pixel Data 0, Lower |See Figure Next Page
ILD1 Pixel Data 1, Lower |See Figure Next Page
ILD2 Pixel Data 2, Lower |See Figure Next Page
LD3 Pixel Data 3, Lower |See Figure Next Page
LD4 Pixel Data 4, Lower |See Figure Next Page
|LD5 Pixel Data 5, Lower |See Figure Next Page
|LD6 Pixel Data 6, Lower |See Figure Next Page
|LD7 Pixel Data 7, Lower |See Figure Next Page

ImoD M odulation

Optional Signal for AC Bias Control, timing not specified

[FPSHIFT [Pixel Clock

See Glossary

[FPLINE [Line Pulse

See Glossary

IFPFRAME|Frame Pulse

See Glossary

[FPEN Flat Panel Enable

High = Flat Panel ON; Low = Flat Panel OFF

IGND Ground

Recommendation: a minimum of 4 grounds should be
used. FPSHIFT should be bracketed with one GND
placed on each side. The data bits should also be
bracketed with one GND placed prior to the first data
signal and one GND placed after the last datasignal. Vg
should be separated from DATA by at least one GND.

Note: Upper = Lines 1-240
Lower = Lines 241-480
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Figure 2.2.2.1: P1:1:1D-16-(640x480) Data Formatting

FPLINE _/'\
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ub7

uD6

ubD5
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LD6
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LD4

LD3
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LD1

LDO

X RessX BessX Gessx:

_ XR XBs X6 XRs X

X RX X Bx+2X Gx+5X:

_ X6 XRs XBs XGs X

X GX X Rx+3X Bx+5X::

X GessX ReseX Bessx:

(B (e (R (B X

X Bx X Gx+3X Rx+6X:

X BessX GeseX R639><:

_XR. XB. X& XRmX:

X Rx+lX Bx+3X Gx+6X:

X R634X BeseX G639><:

_X& XRs X& XGmX

X Gx+lX Rx+4>< Bx+6X:

X G634X R637X Besgx:

— (B2 X6 XRe XBu X

X Bx+lX Gx+4X Rx+7X:

X Bes4X G637X Re4o><:

— Re X(B X G NRu X,

X Rx+2>< Bx+4X Gx+7X :

X RessX Bes7X G640><:

—XGa XRe X(Be XGu X,

X Gx+2X Rx+5>< Bx+7X ;

X GessX RessX Be4o><:

X RessX BessX Gessx:

~ XR: XBs X6 XRe )(

X Re X Bez) e,

_ X6 XRs XBs XGs X

X GX X Rx+3X Bx+5X::

X GessX ReseX Bessx:

_ XB: X6 XR XBs X

X Bx X Gx+3X Rx+6X:

X BessX GeseX R639><:

R B G R X

X Rx+lX Bx+3X Gx+6X:

X R634X BeseX G639><:

X XRe X(Br NG X

X Gx+lX Rx+4>< Bx+6X:

X G634X R637X Besgx:

— (B X6 XRe X Bu X

X Bx+lX Gx+4X Rx+7X:

X Bes4X G637X Re4o><:

~ Re (B X G N Ru X,

X Rx+2>< Bx+4X Gx+7X :

X RessX Bes7X G640><:

X2 XRe X(Be XGu X,

X Gx+2X Rx+5>< Bx+7X ;

X GessX RessX Be4o><:

~—

Repetition period of 8

pixels in 3 SHIFT periods
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2.2.2.2 P1:1:1D-16-(640x480) Timing

Signal Parameter Symbol [Min |Typ [Max JUnit
FPSHIFT |Period ts 83 ns
Frequency 1/ts 12 MHz
High Time ten 30 ns
Low Time ty 30 ns
Setup to FPLINE tis 200 ns
DATA Setup tas 30 ns
Hold tan 30 ns
FPLINE Period tip Notel
Pulse Width tiw 50 ns
FPLINE to FPSHIFT hold |t 250 ns
FPFRAME |Frequency 1ty 59 73 Hz
Period tro 240 Line Periods
Setup tf 150 ns
Hold tin 80 ns
FPLINE Polarity Positive
FPFRAME Polarity Positive

Notel: 240 FPSHIFT clocks + 500 ns

Frame frequency for passive matrix panels impacts overall power consumption and
optical performance via flickering and shadowing. The user should select this
parameter based on system design requirements and front of screen performance.

Because of simultaneous display timing requirements, additional line clocks may be
provided at the end of every other frame period (concurrent with CRT vertical retrace).
These clocks may be required for AC modulation and image quality considerations.

16
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Figure 2.2.2.2a: P1:1:1D-16-(640x480) Horizontal Data Timing

t,

\ 4

tIW

A A

\

FPLINE
tIh ts tIs
A o <+ <+
tsh tﬂ
> |-
tds tdh
> |-
PIXEL v
DATA X X ) K >C: X X ><:(.

Figure 2.2.2.2b: P1:1:1D-16-(640x480) Vertical Data Timing

FPFRAME .

tfI tfh
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(DUAPTPAER) L1 Y2 X3 X L4 f XL239 YL240 X
(DLAoTvCER) \i2a1 Y242 Yi2a3 Yi2aa Y Yia79 Yiaso
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2.2.3.1 P1:1:1-D-16-(800x600) Signals

Function

Comments

Signal
uDO

Pixel Data 0, Upper

See Figure Next Page

luD1 Pixel Data 1, Upper |See Figure Next Page

luD2 Pixel Data 2, Upper |See Figure Next Page

luD3 Pixel Data 3, Upper|See Figure Next Page

luD4 Pixel Data 4, Upper |See Figure Next Page

luD5 Pixel Data 5, Upper|See Figure Next Page

luD6 Pixel Data 6, Upper|See Figure Next Page

luD7 Pixel Data 7, Upper |See Figure Next Page

|LDO Pixel Data 0, Lower|See Figure Next Page

ILD1 Pixel Data 1, Lower|See Figure Next Page

ILD2 Pixel Data 2, Lower|See Figure Next Page

LD3 Pixel Data 3, Lower|See Figure Next Page

LD4 Pixel Data 4, Lower|See Figure Next Page

|LD5 Pixel Data 5, Lower|See Figure Next Page

|LD6 Pixel Data 6, Lower|See Figure Next Page

|LD7 Pixel Data 7, Lower|See Figure Next Page

|M OD Modulation Optional Signal for AC Bias Control, timing not specified
[FPSHIFT |Pixel Clock See Glossary

[FPLINE [Line Pulse See Glossary

IFPFRAME|Frame Pulse See Glossary

[FPEN Flat Panel Enable [High = Flat Panel ON; Low = Flat Panel OFF
IGND Ground Recommendation: a minimum of 4 grounds should be

used. FPSHIFT should be bracketed with one GND
placed on each side. The data bits should also be
bracketed with one GND placed prior to the first data
signal and one GND placed after the last datasignal. Vg
should be separated from DATA by at least one GND.

Note: Upper = Lines 1-300
Lower = Lines 301-600
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FPLINE [

Figure 2.2.3.1: P1:1:1D-16-(800x600) Data Formatting
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X Gx+2X Rx+5X Bx+7X:

X G795X R?QSX BsooX:

&

X B:s X Gs X Ro X

X Rx X Bx+2X Gx+5X:
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X

XRi X Bs X G X

X Gx X Rx+3X Bx+5X::
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X

Xe: XR X(Ba X,

X Bx X Gx+3X Rx+6X:
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R

XBs X G XRuw X
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&
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_Xes

XRs X Be XGMX
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~—

Repetition period of 8
pixels in 3 SHIFT periods
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2.2.3.2 P1:1:1D-16-(800x600) Timing

Signal Parameter Symbol | Min | Typ | Max | Unit
FPSHIFT | Period ts 62 152 ns
Frequency 1/ts 6.6 16.2 | MHz
High Time ten 25 ns
Low Time ty 25 ns
Setup to FPLINE tis 100 ns
DATA Setup tys 25 ns
Hold tan 25 ns
FPLINE Period tip Notel
Pulse Width tiw 70 ns
FPLINE to FPSHIFT hold | t, 200 ns
FPFRAME | Frequency 1ty 67 Hz
Period trp 300 Line Periods
Setup tf 100 ns
Hold tih 100 ns
FPLINE Polarity Positive
FPFRAME Polarity Positive

Notel: 300 FPSHIFT clocks + 370 ns

Frame frequency for passive matrix panels impacts overall power consumption and
optical performance viaflickering and shadowing. The user should select this
parameter based on system design requirements and front of screen performance.

Because of simultaneous display timing requirements, additional line clocks may be
provided at the end of every other frame period (concurrent with CRT vertical retrace).
These clocks may be required for AC modulation and image quality considerations.
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Figure 2.2.3.2a: P1:1:1D-16-(800x600) Horizontal Data Timing
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Figure 2.2.3.2b: P1:1:1D-16-(800x600) Vertical Data Timing
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2.2.4.1 A3:3:35-9-(640x480), A4:4:4S-12-(640x480), A6:6:6S-18-(640x480) Si gﬂals

IS_ignaI Function Comments

RO Red Data (L SB)

IR1 Red Data

IR2 Red Data

|R3 Red Data for A4:4:4S-12-(640x480) and A6:6:6S-18-
(640x480) panels only

R4 Red Data For A6:6:65-18-(640x480) panels only

IR5 Red Data(MSB)  |For A6:6:6S-18-(640x480) panels only

Ico Green Data (L SB)

1 Green Data

G2 Green Data

|GS Green Data for A4:4:45-12-(640x480) and A6:6:6S-18-
(640x480) panels only

G4 Green Data For A6:6:65-18-(640x480) panels only

IG5 Green Data (MSB) |For A6:6:6S-18-(640x480) panels only

IBO Blue Data (L SB)

IB1 Blue Data

IB2 Blue Data

||33 Blue Data for A4:4:4S-12-(640x480) and A6:6:6S-18-
(640x480) panels only

B4 Blue Data For A6:6:65-18-(640x480) panels only

IB5 Blue Data(MSB) |For A6:6:6S-18-(640x480) panels only

[FPSHIFT |Pixel Clock See Glossary

IFPLINE |LinePulse See Glossary

IFPFRAME[Frame Pulse See Glossary

IDRDY  [Data Ready See Glossary

IGND Ground Recommendation;_if FPSHIFT islessthan or equal
to 28 MHz, aminimum of 6 grounds should be
used. The FPSHIFT signal should be bracketed with
one ground on each side. There should be a
minimum of one ground for every six DATA signalg
and V4 should be separated from DATA by a
ground signal. If FPSHIFT isgreater than 28
MHz, aminimum of 9 grounds should be used.
There should be a minimum of one ground for every
three DATA signals and Vyq should be separated
from DATA by aground sig_jnal.
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Figure 2.2.4.1: A3:3:3S-9-(640x480), A4:4:4S5-12-(640x480), A6:6:6S-18-
(640x480) Data Formatting

FPLINE 1J
DRDY ) , / ’ .

DATA >< DATA1>< DATA2>< DATA3>< DATA4>< ><DATA635><DATA639><DATA640><

DATA={R2,..,R0,G2,..,G0,B2,..,B0} for A3:3:35-9
DATA={R3,..,R0,G3,..,G0,B3,..,B0} for A4:4:45-12
DATA={R5,...,R0,G5,..,G0,B5,...,B0} for A6:6:65-18

For panels using only DRDY type control timing (Ax:y:zSD-W-(HxV), the
FPFRAME and FPLINE signals need not be present. Where equalities appear in the
timing tables (e.g. ty=tiy), the first parameter (e.g. tpq) appliesto DRDY type control
timing. Panels using FPFRAME and FPLINE type control timing require FPFRAME
and FPLINE signals.
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2.2.4.2 A3:3:35-9-(640x480), A4:4:4S-12-(640x480), A6:6:6S-18-(640x480) Timing

Signal Parameter Symbol Min Typ M ax Unit
FPSHIFT | Period ts 35.3 39.72 ns
Frequency 1/ts 25.18 |28.32 | MHz
High Time ten 10 ns
Low Time ty 10 ns
FPLINE Setup to FPSHIFT tis 10 ns
Pulse Width tiw 10 Shift Clocks
FPFRAME | Pulse Width trw 2 2 34 Line Periods
FPFRAME to DATA trq 34 Line Periods
Setup to FPLINE ts 20 ns
Line Period tipd = lipl 770 800 860 Shift Clocks
315 3177 3574 |ns
Horizontal Display Time | tpg 640 640 640 Shift Clocks
Frame Frequency Utrpq 56 59.95 Hz
Frame Period trod = Lot 514 525 Line Periods
Vertical Display Time tvd 480 480 480 Line Periods
DATA Setup tys 10 ns
Hold tan 10 ns
DRDY Setup tars 10 ns
Hold tarh 10 ns
Display Start tards 144 164 Shift Clocks
FPLINE Polarity Negative
FPFRAME Polarity Negative
24
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Figure 2.2.4.2a: A3:3:35-9-(640x480), A4:4:45-12-(640x480), A6:6:6S-18-(640x480) Horizontal Data Timing
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Figure 2.2.4.2b: A3:3:35-9-(640x480), A4:4:4S-12-(640x480), A6:6:65-18-(640x480) Vertical Data Timing
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2.2.5.1 A4:4:45-12-(800x600), A6:6:6S-18-(800x600) Signals

IS_ignaI Function Comments

RO Red Data (L SB)

IR1 Red Data

IR2 Red Data

IR3 Red Data

R4 Red Data For A6:6:65-18-(800x600) panels only
|R5 Red Data(MSB) |For A6:6:65-18-(800x600) panels only
Ico Green Data (L SB)

1 Green Data

G2 Green Data

IG3 Green Data

G4 Green Data For A6:6:6S-18-(800x600) panels only
|GS Green Data (MSB) |For A6:6:6S-18-(800x600) panels only
IBO Blue Data (L SB)

IB1 Blue Data

IB2 Blue Data

IB3 Blue Data

B4 Blue Data For A6:6:65-18-(800x600) panels only
|85 Blue Data (MSB) |[For A6:6:65-18-(800x600) panels only
[FPSHIFT |Pixel Clock See Glossary

[FPLINE [Line Pulse See Glossary

IFPFRAME[Frame Pulse See Glossary

IDRDY  [Data Ready See Glossary

IGND Ground Recommendation.if FPSHIFT islessthan or equal to

28 MHz, aminimum of 6 grounds should be used. The
FPSHIFT signal should be bracketed with one ground orj
each side. There should be a minimum of one ground fo}
every six DATA signals and Vg4 should be separated
from DATA by aground signal. If FPSHIFT is greater
than 28 M Hz, a minimum of 9 grounds should be used.
There should be a minimum of one ground for every
three DATA signals and Vg4 should be separated from
DATA by aground signal.
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Figure 2.2.5.1: A4:4:4S-12-(800x600), A6:6:65-18-(800x600) Data Formatting

FPLINE \_/
DRDY — / ) \

b b 1
DATA X DATAL >< DATA2>< DATA3 X DATA4>< XDATA79%XDATA799XDATASOOX
n n "

DATA={R3,..,R0,G3,...,G0,B3, ..,B0} for A4:4:45-12
DATA={R5,..,R0,G5, ...,G0,B5,...,B0} for A6:6:65-18

For panels using only DRDY type control timing (Ax:y:zSD-W-(HxV), the
FPFRAME and FPLINE signals need not be present. Where equalities appear in the
timing tables (e.g. t,=tiy), the first parameter (e.g. tpq) appliesto DRDY type control
timing. Panels using FPFRAME and FPLINE type control timing require FPFRAME
and FPLINE signals.
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2.2.5.2 A4:4:45-12-(800x600), A6:6:6S-18-(800x600) Timing

Signal Parameter Symbol | Min | Typ | Max Unit
FPSHIFT | Period ts 25 27.78 ns
Frequency 1/ts 36 40 MHz
High Time ten 10 ns
Low Time ty 10 ns
FPLINE Setup to FPSHIFT tis 10 ns
Pulse Width tiw 4 Shift Clocks
FPFRAME | Pulse Width trw 2 2 34 Line Periods
FPFRAME to DATA trq 34 Line Periods
Setup to FPLINE ts 20 ns
Line Period tipd = tipl 844 1024 | 1056 | Shift Clocks
26.4 | 28.44|29.33 | ns
Horizontal Display Time | thg 800 800 | 800 Shift Clocks
Frame Frequency trpq 56.25 | 56.8 Hz
Frame Period trod = Lipf 606 625 Line Periods
Vertical Display Time tvd 600 600 | 600 Line Periods
DATA Setup tas 7 ns
Hold tan 10 ns
DRDY Setup tars 7 ns
Hold tarh 10 ns
Display Start tards 200 | 255 Shift Clocks
FPLINE Polarity Negative
FPFRAME Polarity Negative
28
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Figure 2.2.5.2a: A4:4:4S-12-(800x600), A6:6:6S-18-(800x600) Horizontal Data Timing
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Figure 2.2.5.2b: A4:4:4S-12-(800x600), A6:6:6S-18-(800x600) Vertical Data Timing
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3.0 Power Specifications and Power Sequencing

3.1 Introduction

Flat panel displaysrequire specific power sequencing. Improper power sequencing can cause
permanent damage to the flat panel display.

Power sequencing and power requirements can be broken into several major sub-topics:
*  Absolute maximum power ratings
*  Panel Interface power requirements and power sequencing (33 and 5 Volt panels)

Backlight power requirements

Given that backlights (and power requirements) vary greatly across the spectrum of flat panel
product and vendors, this section will focus only on the interface power requirements.

3.2 Absolute Maximum Power Rating_g

Symbol  JFunction Condition JRating Unit JRemark
[IData Input voltage of timing signals|Ta=25°C  |-0.3~Vdd+0.3 |V Note 1
V g Power supply (5V panels) -0.3~+6.5 \

V g Power supply (3.3V panels) -0.3~+4.5 \

V ee Bias voltage for LCD cell N/A \ Note 2
V con Contrast adjustment voltage N/A \ Note 3
3.3 Operating Power Specification-5.0 Volt Panel Interface

Symbol Function Min Typ M ax Unit Remark
V 44 Supply voltage +4.5 +5.0 +5.5 \

Vo Voltageinput ripple ~ [-------  |------- 100 mV p-p

Al Input voltagelow ~ |-------  |------- 0.2vdd |V Note 1
Vin I nput voltag_]e hig_]h 0.8vdd |------- [|------- \ Note 1
3.4 Operating Power Specification-3.3 Volt Panel Interface

Symbol Function Min Typ M ax Unit Remark
V gq Supply voltage +3.0 +3.3 +3.6 \

Vo Voltageinput ripple  |------  |------- 100 mV p-p

Al Input voltagelow ~ |-------  |------- 0.2vdd |V Note 1
Vin I nput voltag_]e hig_]h 0.8vdd |------- [|------- V Note 1
Notes:

1). Includes FPSHIFT, Data, FPLINE, FFFRAME, DRDY, MOD, and FPEN.

2). Some passive matrix LCDsdo not include a DC/DC converter. In this case, Ve (Bias
Voltage) must be supplied by the user. This can be positive or negative; the individual
specification value for the given flat panel display should be used.

3). Passive matrix LCDsthat include a DC/DC converter will have a contrast adjustment
input. Again, the individual panel specification should be used.
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3.5 Power Sequencing

Figure 3.5.1: Power-up Sequencing

dd
Vdd oV
t1
Clocks/
Data
<3
oV
\Y e -
FPEN
t5
VCOH
3.5.1 Power-up Sequence Timing
Symbol Function Min M ax Units Notes
ty Vgq risetime | ------- 10 ms Note 6
to Vaetoclock | 0 40 ms
t3 clock to Ve | 20 ms
ty Ve to FPEN | 10 ms
{5 Vee 10 Veon 0 ms
ts max t3 + t4 100 ms
Note:

6) From V; to Vi.
All signals (Vee, FPEN, Vcon) may not be present.
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Figure 3.5.2: Power-down Sequencing

Vcon \4 tl >
FPEN \

A
h 4

ov
Vee -Vee <
t3
Clockd/
Data
Vdd
> Y
t5
3.5.2 Power-down Sequence Timing
Symbol Function Min M ax Units Notes
{1 Vcon 10 Ve 0 ms
to FPEN to Ve | O ms
t3 Vetoclock |0 ms
ty clocktoVg | O 40 ms
ts Vg fal time | ------- 10 ms Note 6
ts Power retry | 500 ms
Note:

6) From Vi, to V.
All signals (Vee, FPEN, Vcon) may not be present.
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4. Connector Interface

4.1 Introduction

This section of the standard defines the connector interface at the flat panel display whichis

integral to the PC system.

4.2 Connector Characteristics

4.2.1 Construction

Insulator: High temperature thermoplastic, UL 94V-0 rated material

Contacts: Copper

4.2.2 Mechanical

alloy, plated as required

Durability: 30 cycles minimum

4.2.2.1 Insertion and Extraction Force

No. Contacts | Connector Insertion Force ] Connector Extraction Force
31 60N Maximum 12N Minimum
41 80N Maximum 16N Minimum
4.2.3 Electrical

Operating Current:

Operating Voltage:

Dielectric Withstanding V oltage:
Insulation Resistance:

Contact Resistance:

4.2.4 Environmental

Operating Temperature: -40°C to 85°C
Resistance to Solder Heating: 240°C for 15 seconds

33

0.5A maximum per contact

150 vac rms, maximum

250 vac rms for minimum of 1 minute
500 MW minimum

50 mW, maximum @ 0.1A DC
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4.3 Recommended PCB L ayout

Figure 4.3.1: Recommended PCB Layout
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4.4 Plug Interface Dimensions
Figure4.4.1: Plug Interface Dimensions
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4.5 Receptacle Interface Dimensions

Figure 4.5.1: Receptacle Interface Dimensions
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5. Glossary

5.1 Timing Signals

DRDY

Alias:

Definition:

FPFRAME

Alias:

Definition:

FPLINE

Alias:

Definition:

MOD

Alias:

Definition:

Data Ready, Display Enable, DE, DTMG, ENAB

Thissignal has similar timing to FPLINE, but isvalid ONLY
when valid datais presented on the panel data interface. It is
inactive during horizontal and vertical blanking and can be used
for Horizontal only, or for Horizontal AND Vertical positioning.

Frame Pulse, FCLK, Frame Clock, LFS, FRM, YD, S, FP

Thisisthe flat panel display equivalent of the CRT signal
VSYNC. Itisasignal that cycles once per frame and, when
active, indicates that the line being latched is to be displayed on
the first line of the panel.

Line Pulse, CLK, Line Clock, LLCLK, LP, LOAD, HSYNC,
CP1,CL1

Thisisthe flat panel display equivalent of the CRT signal
HSYNC. It cycles once per line and, when going active,
indicates the next data will be for a new line.

M, Modulation, A.C. Modulation, MCLK, ACDCLK

A signal with a50% duty cycle that is supplied to the panel and
MAY BE used internally to prevent D.C. polarization (charge
build-up) and panel damage. This signal toggles every N lines,
where N is generally programmable, is a prime number, and
differs among panels and manufacturers.
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FPSHIFT

Alias:

Definition:

Shift Clock, SCLK, Data Clock, VDCLK, CP, CP2, SCP, Load,
Cl2, CK, NCK, XCK, XCKU, XCKL, SCLKU, SCLKL, DCLK.

Shift Clock for panel data: sometimes called serial shift clock
because it shifts the panel data into serial shift registers. Thisis
the clock that causes the panel to latch the data presented on the
panel data interface. This clock generally cycles once for every
time data changes on the panel interface.

5.2 Power and Control Signals

FPEN

V4

Ve

VCOI’]

Alias:

Definition:

Alias:

Definition:

Alias:

Definition:

Alias:

Definition:

Panel Enable, Display On, PE

This signal goes active concurrently OR after all panel voltages,
clocks, and data are supplied. This signal goesinvalid
concurrently or before ANY panel voltages or signals are
removed. It MAY BE used within the panel to enable the row
and column driver chips output.

Panel logic voltage, V.
Thisisthe power supply voltage that drives the panel logic, for

example +5V or +3.3V. Some panelsinclude DC-DC converters
to derive other needed voltages from Vdd.

LCD driving voltage
Thisisthe power supply voltage used to drive the LCD cells.

The value of Vee varies with specific panel design - it can be
positive or negative, and of varying magnitude.

Contrast Adjustment Voltage

External contrast adjustment input generally for passive matrix
LCDs.
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5.3 Data Signals

ByO
Alias:
Definition:
ByX
Alias:
Definition:
DyO
Alias:
Definition:

Blue Data LSB

In an X bit interface, this data represents the LSB of the Blue
data. The'y'isan optional field used if the interface contains
more than one pixel per clock (O for the first pixel, 1 for the
second pixel, and so on).

Blue Data M SB

Inan X bit active matrix interface, this data represents the M SB
of the Blue data. The'y' is an optional field used if the interface
contains more than one pixel per clock (O for the first pixel, 1 for
the second pixel, and so on). In a passive matrix interface, this
data represents the Blue subpixel of pixel ‘X’ in the row (y is not
used).

DataBit O

Inan X bit interface, this data bit would appear in location X
(leftmost pixel being 0). The'y' is an optional field used if the
interface contains more than one pixel per clock (O for the first
pixel, 1 for the second pixel, and so on).

39 Ver.1.0, Rev.2.0



FPDI-1 Standard

Copyright 1995 Video Electronics Standards A ssociation

DyX
Alias:
Definition:
GyO
Alias:
Definition:
GyX
Alias:
Definition:
LD(n-1)
Alias:
Definition:
LDx
Alias:
Definition:

DataBit X

Inan X bit interface, this data bit would appear in location O
(leftmost pixel being 0). The'y' is an optional field used if the
interface contains more than one pixel per clock (O for the first
pixel, 1 for the second pixel, and so on).

Green DataLSB

In an X bit interface, this data represents the LSB of the Green
data. The'y'isan optional field used if the interface contains
more than one pixel per clock (O for the first pixel, 1 for the
second pixel, and so on).

Green Data M SB

Inan X bit active matrix interface, this data represents the M SB
of the Green data. The'y' is an optional field used if the interface
contains more than one pixel per clock (O for the first pixel, 1 for
the second pixel, and so on). In a passive matrix interface, this
data represents the Green subpixel of pixel ‘X’ intherow (y is
not used).

Lower Data Bit n-1
In an n bit interface, this data represents the first subpixel on the

lower panel (LDO would be n subpixels from the left-hand side
on the top row of the lower panel).

Lower Data Bit x
In an n bit interface, this data represents the (n-x)th subpixel on

the lower panel (LDO would be n subpixels from the left-hand
side on the top row of the lower panel).
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RyO

Alias:

Definition:

Alias:

Definition:

UD(n-1)

Alias:

Definition:

UDx

Alias:

Definition:

Red Data LSB

In an X bit interface, this data represents the LSB of the Red
data. The'y'isan optional field used if the interface contains
more than one pixel per clock (O for the first pixel, 1 for the

second pixel, and so on).

Red DataMSB

Inan X bit active matrix interface, this data represents the M SB
of the Red data. The'y' is an optional field used if the interface
contains more than one pixel per clock (O for the first pixel, 1 for
the second pixel, and so on). In a passive matrix interface, this
data represents the Red subpixel of pixel ‘X’ in the row (y is not
used).

Upper Data Bit n-1
In an n bit interface, this data represents the first subpixel on the

upper panel (UDO would be n subpixels from the left-hand side
on the top row of the upper panel).

Upper Data Bit x
In an n bit interface, this data represents the (n-x)th subpixel on

the upper panel (UDO would be n subpixels from the left-hand
side on the top row of the upper panel).
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5.4 Terminology
Addressability

Alias:

Definition:

Active M atrix

Alias:

Definition:

Dual Scan

Alias:

Definition:

Passive M atrix

Alias:

Definition:

Single Scan

Alias:

Definition:

SVGA

Alias:

Definition:

(Resolution)

Number of picture elements that can be addressed horizontally or
vertically on adisplay. Often incorrectly called ‘resolution’.

AMLCD, TFT
A display in which an active switching element is present at each

pixel/subpixel of the display, to provide electrical isolation and
quick charging/discharging of display elements.

A display whichislogically divided into an upper half and a
lower half, such that aline in the upper half and aline in the
lower half are simultaneously written, over different data lines.

PMLCD, STN

A display which does not have active switching elements at each
pixel/subpixel.

A display to which datais written one line at a time, starting at
the top row and proceeding to the bottom row.

800x600, 8x6, 8 by 6

800 pixels wide by 600 pixels high screen addressability.
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VGA
Alias: 640x480, 6x4, 6 by 4

Definition: 640 pixels wide by 480 pixels high screen addressability.
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