[image: image2.png]


Display Checklist for TFT LCD displays
1. What is the viewing size of display?
a. Viewing area is measured diagonally across the screen

2. Now that you have the viewing size, are there any other size/package requirements?
a. Typical diagonal sizes are 3.5”,3.8”,5.6”,6.4”,8.4”,10.4”,12.1”,15” but there are many others
b. Customer may need it very thin display, or must have certain dimensions (Width x Length x Depth) to fit into a certain enclosure.
3. What is the Project Name?
4. What is the expected yearly volume?
5. Does your customer have a budget approved for this product?
6. Does your customer have a target price point for this display? 

7. Have they been looking at another display Manufacturer?
a. Samsung, LG, AU Optronics, Optrex, NEC, PrimeView, Other.

8. Does your customer need life cycle management?
a. When the customer needs a guarantee that the display is available ( or a drop in replacement) for a number of years ( an example with some industrial OEM’s is 5 years)
9. What is the application?
a. Medical, Industrial, Portable, Outdoor.

b. The end use may dictate what type of display to use and if any additional “robustness” is required.
10. How much brightness (nits) is necessary? (nits is a measurement of brightness)

a. Brightness is the measure of how much white light is emitted from a white pixel.
Note: that most displays can only achieve 250 to 450 nits off the shelf. Beyond that, aftermarket backlight and/or film stack enhancement will be required.
11. Is there a contrast ratio requirement?
a. Contrast ratio is the ratio of the ON pixel brightness to the OFF pixel brightness.
12. Is there a response time requirement?
a. Response time is the time it takes to turn a pixel from OFF to ON. 
b. Additionally, the time to make gray scale transitions is more important than the full-on to full-off response time. Gray scale transition time is often slower than on to off.
i. Simply put, a full motion video application would require a fast response time.
13. Is there a viewing angle requirement?
a. Viewing angle is specified as right to left and up and down and is defined by the off-axis degree of view ability at which the image clarity and color changes.
b. At what point (or angle in degrees) does the picture begin to fade or distort?
14. Where is the display going to be used? ( see applications above)
a. Is the display being placed indoors, outdoors, or both?  

b. There are three types of displays in regards to lighting:

	Type of display
	Description
	When best used

	Transmissive
	This is the most common type of display. Light source is in the back of the display and projected to the front.
	Indoor applications.

Outdoor readability may only occur with increased brightness (nits).

	Reflective
	Light source is at the front of the display (most likely the sun) and is reflected by a mirror like plate in the back of the panel.
	Daylight readable.

Not readable indoors unless brightly lit.

	Transflective
	A combination of both transmissive and reflective.
	Readability in most situations.


15.  Are there any special power requirements?
a. If this is used in a handheld / portable or battery powered applications, then customer may want LED backlit instead of fluorescent tube (CCFT) to save power.  

b. Or may need to use an LCD with a lower nit rating ( less or lower CCFL bulbs) requiring less power

i. “Passive” LCD enhancements can be used to offset the lower brightness ( see #21 below)

i. Note: current LED technology isn’t as bright as CCFT, but lower power
16. Does the customer need a portrait or landscape panel?

a. 80% of panels are Landscape orientation.
b. The orientation matters most in the viewing angle of the LCD and how this is optimized in relation to the intended user.
17. What is the required resolution? 
a. Common resolutions are:
	Resolution
	Horizontal Pixels x Vertical Pixels

	QVGA
	320 x 240

	VGA
	640 x 480

	SVGA
	800 x 600

	XGA
	1024 x 768

	SXGA
	1280 x 1024

	UXGA
	1600 x 1200

	WUGA
	1920 x 120


* The higher the number of pixels, then the higher the resolution which means a better, clearer, crisper picture.
Not all require higher resolution LCD’s. It is very application specific.
18. What type of input signal is required? (What is your customer driving the panel with?)
a. Common input signal types:
	Input
	Where used
	Description

	Analog RGB (red, green, blue)
	Most commonly seen when a customer wants to drive a LCD display from a server or desktop board.  Most commonly seen on the output of desktop PCs.  Connector is commonly called a DB15.
	Cable has single red, blue and green wires, and then a horizontal and/or a vertical sync wire. 

	NTSC or Composite Video
	Seen as an output on VCRs, seen as inputs on TVs, round connector.  
	Two wires, signal wire and a ground.

	6 Bit Digital (per color)

May also be referred to as 18 bit parallel digital
	6 bit and 8 bit are the most common input for the LCD panels that are SVGA resolution and lower.  
	6 bit digital is 6 data lines for the red signal, 6 for the blue, and 6 for the green. 

	8 Bit Digital (per color)

May also be referred to as 24 bit parallel digital
	6 bit and 8 bit are the most common input for the LCD panels that are SVGA resolution and lower.  
	8 bit digital is 8 data lines for the red signal, 8 for the blue, and 8 for the green.

	LVDS

Single or Dual Channel
	Common input for LCD panels that are XGA and higher resolution.
	Low Voltage Differential Signaling


19. Panel Interface - Is a controller or a Single Board Computer (SBC) required 
a. Does the customer’s PC Board have the ability to directly connect to the LCD panel via appropriate cabling?
i. Digital or analog signal output?

b. Is the LCD panel supported via the PCB’s BIOS/firmware?

c. What connections is the customer requiring?

d. What is the image data type that needs to be supported? (Graphics, full motion-video, text only, etc.)
e. Does the LCD panel require additional interface or control circuitry? Very typical for QVGA LCDs, requiring custom control PCB development. 
20. Are cables required
a. From the controller or SBC to the LCD Panel.

b. From the inverter to the LCD Panel.

c. From Touch Controller to Power Source.

d. From Touch Controller to Computer board.
21. Are enhancements needed? (This will be based on the environment and application of use)
a. Common enhancements are anti–reflective film (AR), AR bonded glass, EMI filtering, passive and active backlight enhancements, vandal protection.

i. Passive = films, glass, internal light guides…enhancements that do not affect the power draw of the LCD

ii. Active = additional backlights or larger / brighter bulbs

iii. A combination of Active and Passive is also an option

22. Is a Touch screen required?  

a. Types of touch screens:

	Touch screen Technology
	Advantages
	Disadvantages

	Resistive

Most popular touch technology

4-wire, 5-wire, 8-wire

3M – 4, 5, 8-wire

Elo – 4 and 5-wire
	Advantages are low cost, touch response and stylus flexibility to most objects are great, high resolution.  When in doubt go with resistive unless you need security protection.
	Clarity is reduced.  Not as durable as other touch technologies.  Glass cannot be put in front of it – not good for vandal protection.

	Capacitive


	Durable, good optical clarity (better than resistive), good resolution.
	Requires a capacitive device to activate (stylus or finger).

	Near Field Imaging


	Extremely durable, good optical clarity, works with finger, glove, or stylus, accurate even under harsh conditions.
	More expensive than other technologies.

	
	
	

	Touch screen Technology
	Advantages
	Disadvantages

	Surface Acoustic Wave (SAW)

	Extremely durable, good optical clarity, works with finger, glove or stylus, accurate even under harsh conditions.
	More expensive than other technologies.

	Infrared (IR)

	Extremely durable, good optical clarity, works with finger, glove or stylus, accurate even under harsh conditions.  Excellent for sealing and NEMA ratings.

Scratch resistant filter.  Vandal resistant.
	More expensive than other technologies.  May be affected by dirt and dust, 

	Projected Capacitive

	Projected capacitive technology enables touches to be sensed through a protective layer in front of a display. Very Robust


	Expensive and limited to larger panel sizes inherently due to the application

	Dispersive Signal

	Recognizes touch through vibrations made to the substrate. Vibration energy is sensed rather than traditional voltage or current.
	 


23.  Is a touch screen gasket required?
a. Touch sensor gasketing is often used around the front-side perimeter to act as a seal to the customer’s bezel. Water tight.
b. Touch screens can also be “Optically Bonded” where the screen is attached on 100 % of it’s surface using a special bond that does not (in fact ,it improves) the 

24. Is integration of touch screen to the LCD panel required?
a. If so, the customer may have an adhesive or gasket material (essentially a quality double sided tape) specification.
25.  Is an inverter required?
a. An inverter is a small PC board that takes a DC voltage ( typically 5v or 12v) and converts it to AC voltage that is needed to drive the CCFL bulbs in the LCD
b. The customer may already have an inverter preference.

c. There are differences in driving a CCFL vs. an LED backlight.
Tidbits:

Remember – Display Selection Goes Beyond the Electronics

· Content to be Displayed

· Display Size (measured in diagonal inches)
· Resolution

· Viewing Angle of the End User

· “Video” Source & Format

· Mechanical Requirements

· Electronic Interface

· Power Considerations

· Interconnect Cabling

· Intended Environment

· Special Lighting Considerations

· Longevity Expectations

· Agency Certification Requirements

Additional Checklist Considerations
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Addinga human interace to a
new praduct goes beyond the
chalenges of norml crcuitde-
sin. Here s a s of ystem, hu-
man, and environmental factors
thatyou should consicer when
incorporating a flat-panel display
into your next embedded prod-
uct.

System-design factors

‘@ primary application (user in-
teraction or feedback, entertain-
men, information oriy)
 disance from video output
source to disply (cable length
from video source to display
pane)

 video-signal fomat (analo,
digital, RCB, NTSC, PAL, compos-
ite, component, SVideo, raw log-
ic DS, THIDS, DVI)

@ ideo source (computer-gen-
eraed, media stoe and play,
reabtime camera, or a combin-
tion)

® regulatory approvals (UL, FCC,
FDA)

 powersupply conditoning
(batery, ine, o, ftered,reg-
ulted)

@ computer-system components
(single-board computers, PCM-
CIAlots, bus cards)

@ computer operating-system
and divers (D05, Windovs,
Unix QNX, Linux)

 peripheras (priner, cad read-
e, cash acceptor/dispenser,
mer, midophone, speakers)
 coloror monachrome display
 networked or wireless (proto-
ol bandidth)

‘@ statonary or mobile product
@ tidged o fleble display posi
tion on product

Human factors

© human-machine inerface
(touchscreen, tactile buttons,
mause, keyboard, aucio, voice)
® viewing disance from the dis-
play to the user

© ambientlighting extremes
(ight dark,ofice lighting sun-
lght, diect, indirec)

@ information densiy (how
much in what sze area)

‘® compliance vith Americans
with Disabiles At

@ space constraints o limits
(real-estate limits relative to cus-
tomer)

@ vandal screen or ot display
protection (optical interference)

‘@ information structure (text,
graphics, animation, motion
video)

® number of displays in the sys-
tem (displays per output source)
 data security (EM signature,
enaryption)

Envionmental factors

@ shock and vibration (during
shipping, at location)

@ environment exposure (in-
door, outdoor, moisture)

@ operational temperature ex-
tremes at the display (sun Ioad-
ing, ambient temperature)

® enclsure (ingress offlids,
caustic materials)

@ dleaning requirements (bio-
logical contaminants, harsh lig-
uid germicides)
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