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1 - Li ght Source for Projection D splay
Field of the Invention The invention is directed towards h@s
fiel'd of projection displays. In particular, the invention relates to
t he manufacture of rear projection flat1panel di spl ays. 5
BACKGROUND OF THE | NVENTI ON Real image displays can be
separated into three categories: cathode ray tubes (CRT), flat panel
di spl ays, and projection dispkaws.c Curren i spl ays range from
1-40 inches along the inmage dkﬁ%ﬁﬂ"ﬁé?ﬁﬁfﬁ% good i mage
quality and can be manuf actured economically. The shape of the display
requires a depth that can 10 exceed the length of the imge diagonal for
hi gh resol ution graphic displays. Fieldofthednygations are bul ky, especially
for sizes above 20 inches because the wall thickness of the gl ass nust
be increased to withstand the atnospheric pressure. CRTs are popular in the
deskt op nonitor ; [oYeses ol ] \ | RGARuldrS
14-17 i nches %E%ve‘ﬁﬂ@ﬁ %Idé{ée%gnel d? {shg{%dsbgé’g}egg%%ﬂ?%ﬁ%ﬂn@ portué%} e
appl i cat i ons thelihesntionaelates to thednanufachirg bf reanprogaction flot pankbdisplays. i mage

quality that is inferior to the CRT. At this tinme, the maj ority of
di splays are used in applications requiring 2-12 inches al ong the inage
5 BACKGROUND OF THE INVENTION

Real ixﬁage displays can be separated into three categories: cathode ray' tubes
{CRT), flat panel displays, and projection displays. Currently, CRT displays range from
1-40 inches along the image diagonal. These displays have good image quality and can
be manufactured economically. The shape of the display requires a depth that can

10 exceed the length of the image diagonal for high resolution graphic displays. The
displays are bulky, especially for sizes above 20 inches because the wall thickness of the
glass must be increased to withstand the atmospheric pressure. CRTs are popular in the
desktop monitor market where the common length of the image diagonal is 14-17
inches. '

15 Flat panel displays are used in many portable applicétions. They are thin aﬁd
light in weight but have an image quality that is inferior to fhe CRT. At this time, the
majority of displays are used in applications requiring 2-12 inches along the image
diagonal. Flat paﬁel displays are more costly to manufacture than the CRTs.

As aresult, display applications that require an image size above 40 inches are

20 dominated by projection displays: either front or rear. Both technologies can create an
image by one of two methods: using three small high brightness monochromic CRTs for
red, green, and blue (RGB) or creating a color image via a spatial light modulator.
These projection systems have low image brightness and are costly to manufacture.

It is not economical to reduce the conventional rear projection display to 17-20

25 inches along the image diagonal. The cost of the light valve is dominated by the drive



di agonal . Flat panel displays are nore costly to manufacture than the CRTs.

As a result, display applications that require an i mage size above 40
i nches are 20 dom nated by projection displays: either front or rear. Both

technol ogi es can create an i mge bygone of two nethods: using three
smal | high brightness nonochrom c CRTs ? red, green, and bl ue (RGB)
or creating a color imge via a spatial |ight nodul ator. These
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dom nated by the drive
circuitry. Tor protlucing 50@0 lumens withiits corresponding potvensupprin ballass)ang hot re-

(768x1024x3), mate 1 8 l.ess f t he screen.size.
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cor r espondisng, REBEMIBRRIN4 17084 @Ry, and hot re- |gn| tion capability are
required. The total cost is prohibitive and unattractive conpared 5 to the

OEM cost of a 17 inch CRT.
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SUMVARY OF THE | NVENTI ON A conmpact, |ight weight, and energy
efficient projection display can be nmade by 'starting with relatively pure
red,” green, and blue |ight sources. The out put beans of the col ored |ight
sources are received by at |east one spatial I|ight nodulator. The 5

nodul at ed out put beans are collimted and conbi ned. A projection |ens

recei ves the col l'i mat ed and conbi ned out put beans and directs them
towards a projection screen. contained in a

housi ng to provide a conpact M\{,@Eﬁﬁ‘w&%n di spl ay.

4 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 illustrates a
preferred enbodi nent of the projection display. Figure 2 illustrates an
al t er nat e enbodi meAtcootpacth igtrvesight; anidrenerglyiefificient projection display cat beahade by
anot her enbodsi g%ntg qf, t i nventi

with repa(iivglgrep%?en}ed, green, amf que light sources. The output beams of the
colored light sources are received by at least one spatial light modulator. The
5 modulated output beams are collimated and combined. A projection lens receives the
collimated and combined output beams and directs them towards a projection screen.
All of the above may be contained in a housing to provide a compact and lightweight
projection display.



5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
The present invention is a |light weight and conpact projection display that
is  based on a spatial light nodulator, typically a 1 cnferr] CMOS IC

that is in direct contact with a feryo-electric liquid crystal nmaterial.
Light transmtted through the liquid crystal 5 material will rotate as a
function of its plane of polarization with respect to the | ocal surface
voltage of the IC. IIllum ﬁg{mp%iséﬁﬁ'rﬁi&ﬁ%' %Eﬁ}é tive flashes of
red, green, or blue lig romthree separélie creates a

col or-sequential image of the surface voltage of the IC. The

address circuitry is buriedin the 1 cnferr] IC_ Al display information is
sent to 10 the | CFigprehdliysirates o preferred embediment of/tis projestion displayc/ LCD

conmbi nation is equivalent to areflective active matrix liquid crystal

di splay (AMLCD) |ight valve at much | ower cost and hi gher perfornmance.
For instance, theFigue3illetaies afl aliérgiite @mbodinfevk 65the ipgdiknt invetdione bl ocks 60%
of the Iight due to the shadowi ng of netal lines and transistors. In
contrast, the reflective cell has estimated | osses of only 20% mainly

i ng seuent i al 1 §REY duFaes ot a2 preal ¥ston i o 11 ghi

source, the nore than 75% 1light loss in the color filter is also
el i m nat ed. The present invention, a rear projection display
using a spatial nodul ator and three LED power sources can be optically

efficient.



6 Conventi onal Design LED

Desi gn (Prior Art) Col l'i mation
40%° 60% Pol ari zer

50% 50% Recg/ Gircul ar Conversi on 70%
70% Color Filters 25%

100% Val ve Aperture 40%

Tot al

Table 1 Table 1 illustrates the optical efficiency of a rear
projection system based on - conventional design and LED design of the
present i nventi onThEpresentinveantion tﬂ?dlghtmghtanémmmmmédw&]@ethﬁt perr]

is defined as fqllows:..,.. . P err
Eaferr] " “Bogefl onaSpatal light modyaton typigtl. b o8 CMORAC hat i in et et
desired Lambgsdiaerroleldttric Rquid Slystalihicainl. 1Liphf thihsaitt@thirobgh tie Nilid sl 1. 5
by reducing the angul ar distribution bel ow a Lanbertian distribution,

t hen the efi mategial Witk rotate as a function of its plane of polarization with respect to the Idcak r | =BA

Lerrl/g surface voltage of the IC. Iluminating the LC/IC cell with consecutive flashes of red,

80% Msc. RpEr R DEstRIPTION OF TR PREFERRED EMBODIMENT "

green, or blue light from three separate LEDs creates a color-sequential image of the
surface voltage of the IC.
The address circuitry is buried in the 1 cm? IC. All display information is sent to
10 the IC on one or several high speed I/O lines. The IC/LCD combination is equivalent to
a reflective active matrix liquid crystal display (AMLCD) light valve at much lower
cost and higher performance. For instance, the transmissive design of an AMLCD light
valve blocks 60% of the light due to the shadowing of metal lines and transistors. In
contrast, the reflective cell has estimated losses of only 20%, mainly reflective losses
15 from the aluminum pads covering the IC surface. By using sequentially strobed RGB
light sources instead of a white light source, the more than 75% light loss in the color
filter is also eliminated.
The present invention, a rear projection display using a spatial modulator aﬁd

three LED power sources can be optically efficient.



For a high resolution desktop nonitor, the brightness required is 100
cd/nferr]. A 17 inch noni tor has an imge area of 25x30 cnferr] or A=
0.075nf err]. Because a desktop nonitor may have a smaller view ng angle
than a conparabl e sized tel evision, thegscreen gain 10 may be selected to
be g=2. For these assunptions, the exit flux is conputed to [err]= 12

| m For an optical system design having an overall efficiency of 10% a
source flux pt T
[err]= 120 Inis required. This ff | Uonkgptional Besigni bt ed oldiD Besignhr ee
sources as fpllows: Red 30qucmArt) Geen 75 I'm
Blue 15 I'm é . .. Flgure L irfustrares prefrert gu enmpodr et of—a

proj ection dj SPIERALES { hat i cl udes tﬁ'pée light dmitting €60%des 12[efr],

12[err]_, 12[e§@%ﬁﬁ§mtting a red, green, d blue Tifght b;@‘}?’]] L]
r ef

respectively light beamisg received by a collijmator 14
l4[err]. EachRecﬂ@gulérr@g@gm{dp ht beam pagees throuch a pol aj}{).;l ng beam

splitter 16[k~ =Y ] A_spatl ol i E npdul a3 18, having
MkN pi xel s, nﬁdlmkmlwst he spl i t beams Ths%spat i aI I}i ght 10 1po9! at or 18 is
controlled b dspay—trtver—FZo—~A—pro-ecti-on—erd—22—fFecetlves—t-he—
nmodul at ed beaTﬂFBlVanPd)emurQect s them towards4a°/q3r01 ectign screen8@®4, positi¢ned
at the fro t T.the hogsing A scguence contnorter—28——attached—{ o
the three Ii gﬁ éégsmpt“m control s thg 0%ed, greer}, and bl 6@%l i ght begns.

The spati al n:Pgltgi ator and the three ||gh68V
O /0
Table 1

10%

Table 1 illustrates the optical efficiency of a rear projection system based on
conventional design and LED design of the present invention. Flux exiting the front
surface of the screen, ¢ .,,, is defined as follows:

¢¢Xft =BA Q

A is the area of the screen and B is the brightness of the desired Lambertian light
5 distribution. If the screen has a gain g of 1.5 by reducing the angular distribution below
a Lambertian distribution, then the exiting flux is: .

b, =BAQg

For a high resolution desktop monitor, the brightness required is 100 cd/m?. A 17 inch

monitor has an image area of 25x30 cm? or A= 0.075m>. Because a desktop monitor

may bave a smaller viewing angle than a comparable sized television, the screen gain
10 may be selected to be g=2. For these assumptions, the exit flux is computed to $;= 12

Im. For an optical system design having an overall efficiency of 10%, a source flux of



sources are connected to a power supply (not shown). 15 The red,
green, and blue light emtting diodes, in conbination, have a | um nous
flux of 10-1000 Im It is preferred that the approximate flux ratio is 65%
green, 25% red and 10% bl ue light. 7 The housi ng may
optionally include at least two folding mrrors to receive the red,
green, and blue |ight beans and to fold the red, green, and blue |ight

'm Chi s cnoffemeii 20 0Rds FgRie. SR ey R sttt afi 2 burcesas ollows:

Figure 2 illustrates another enbodi nent of the present invention. There are
three spatial nodulators 18[err], 18[err], 18[err], one for each |ight beam
to allow for paralRedl S6limr subframes. In this enbodi nent, the color
subfranmes are paralel. ﬁh

8 Fi o878 751Myst r at es anot her embodi ment of the present

I nvention. The rqﬁléi Bls8y i ght em tting di odes shown in Figure 1 are
repl aced by a single |light source 12. The single light includes Iight
emtting diodes on a unitary substrate that emt red, green, and bl ue

light. There is only one.light path ip the,_ syst as, contr.aste 0.5 the
e ngodi ment @ shown Fligprpil gu\xsggteg agmferge_c{] eml?odim%nt oef’rzrl1 pro;ect?on cixsﬁay ?0 Ehat

includes three light emitting diodes 12,, 12,, 12;, emitting a red, green, and blue light
beam, respectively. Each light beam is received by a collimator 14,, 14,, 14,. -_Ff‘ach
collimated light beam passes through a polarizing beam splitter 16,, 16,, 16;. A spsﬁai
light modulator 18, having MxN pixels, modulates the split beams. The spatial light

10 modulator 18 is controlled by a display driver 20. A projection lens 22 receives the
modulated beams and directs them towards a projection screen 24, positioned at the
front of the housing 26. A sequence controller 28, attached to the three light sources,
controls the red, green, and blue light beams. The spatial modulator and the three light
sources are connected to a power supply (not shown).

15 The red, green, and blue light emitting diodes, in combination, have a luminous
flux of 10-1000 lm. It is preferred that the approximate flux ratio is 65% green, 25%
red and 10% blue light. '

The housing may optionally include at least two folding mirrors to receive the
red, green, and blue light beams and to fold the red, green, and blue light beams. The

20 folding mirrors allow the housing to be compact.

In this embodiment , the color subframes are sequential.

Figure 2 illustrates another embodiment of the present invention. There are
three spatial modulators 18,, 18,, 18;, one for each light beam to allow for parallel color
subframes. In this embodiment, the color subframes are parallel.
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-9- - 1. A projection display conprising: a housi ng;
red, green, and blue light sources, within the housing, each |ight source

i ncl-udes, at least one light emtting diode that emts a
light beam 5 a collimatgr, optically connected to the |ight
unit, producing a collimted |ight beam and a
beam splitter, optically connected to the collimtor; ‘Wherein any

one of the red, gr téﬁ? ' ﬁgraﬁj i | ght

emtting diodes onﬁg&ﬁgﬁpgsrtgi su ékhrgg%lg, grﬁtzoq\'feég r i ?Bﬁ%%n'%é a spati al
| i ght nodul atrmiltipled light emittieg divdes stewnia\Riguge Vabé rplae¢dby apingledighy semonect ed
to the beamsplitters of the red, green_and hlue light units; 2. A
proj ection dilep By single tightjacludes It&?‘&?‘ﬁ*i@?g digdesfay a upytasy subsrate that emit a

| mrorsi on | ot ecbfnd BeRbOmEe Bl it bill biiFReBloleapd o .

and a Prajthe embodihRAats showh i Figuhe 1hiid.ng, optically connected to the

spatial |ight nodul ator, operative to focus the red, green, and bl ue
| i ght beans; a projection screen, within the housing, optically
connected to the projection |ens; a sequence controller, within
t he housing, connected to the spatial |ight nodul ator, 20 being operative
to generate col or subfranes; and a power supply, within the

housi ng, connected to the spatial nodul ator and the red,



green, and blue light units. 3. A projection display, as defined in
claim2, wherein the array of light emtting diodes 25 has a di aneter of

[err] 3mm and an apparent source size less than 5 mmin dianeter. 4,
A projection display, as defined in claignl, wherein the red, green, and
bl ue |ight sources have a conbined [um nous flux of 16GndORG H0BW, tRh an,

IHH

approximate rati o of 65% green, 25%red and 10% bl ue |i
- 10- 5. A projection display ned in claim mg””l
the red, green, and bl ue l'i ght sour@@éqﬁ’#cl udes a | aser.

proj ection dlIsc{?gy as defined in claimb5, wherein the laser is a
frequency-do ed 5 Nd: YAG l-aser that emts green |ight beam
projection display, as defined in claim1, further conprising:

1 1. A projection display comprising:

2 red, green, and blue light units, each light unit includes,

3 at least one light emitting diode that emits a light beam,

4 a collimator, optically connected to the light source,

5 producing a collimated light beam, and

6 a beam splitter, optically connected to the collimator,

7 generating a split beam,

8 a spatial light modulator, having MxN pixels, optically connected to the

9 beam splitters of the red, green, and blue light units;
10 a projection lens, optically connected to the spatial light modulator, operative

" 11 to focus the red, green, and blue light beams;

12 a projection screen, optically connected to the projection lens;
13 a drive circuit, connected to the spatial light modulator, being operative to
14 generate color subframes;
15 a power supply, connected to the spatial modulator and the red, green, and |
16 blue light units; and '
17 a housing that contains the red, green, and blue light units, the spatial light

18 modulator, the projection lens, the projection screen, the control circuitry, and the
19 power supply.

2. A projection display, as defined in claim 1, wherein any one of the red,
2 green, and blue light sources is an array of N light emitting diode chips, where N <

3 10, the array having a diameter of < 3mm.

3. A projection display, as defined in claim 2, wherein any one of the red,
2 green, and blue light sources further comprises:

3 a reflector that surrounds the array of light emitting diode; and

) !||\I \I III\ THIG SHEET A BEEN
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at l'east two mrrors, that receive the red, green, and blue |Iight beans,

operative to fold the red, green, and bi ue | i ght beaﬁcﬁlsSﬂthHasB Re lacél
projection display, as defi ned in claim 1, wherein the s

nmodul at or I ncl udes: t hree sHat ial light nod mm l iﬂ

the three spatial |ight nodul ators receiVving one of t and

bl ue i ght beans, respectively and 15 wherein the drive CIrCUIt
generates the col oh, sHALIASER gé@ d d| spl ay,
as defined Ean cl ai %1“ wwer el n t l&@té‘rlogxct&et g r?gglghes t 18&8
subfranmes sé&quperativd lo;pre—coﬂﬁ:ald)the light iptocs sdidi anglecif Spitergdiansiur liess. ng

a light unit including, at | east one each of a red, green,
and blue |light source, wherein each |ight source includes an

N ert] 10, abd wher of i plifecHofURplaghetetitd Blolaidtd YHedif e ik of light
i ndependent ayemmmgldmillcsstanapparemaso}ztdelsimrthaxmmaid:ymetennect ed to the

red, green, and blue |ight sources, producing collimated red,
green, and bl ue beans fromrespective |ight sources; and

T P L g L e

a spatial | Rgpteeipahid Hueolightsamcefubdidd domprises:and bei ng optical |y connect ed

to the 30 beamsplitter.
3 a reflector that surrounds the light emitting diode; and

4 an immersion lens, receiving light from the light emitting diode, operétfve to
5 pre-collimate the light into a solid angle of 3 steradians or less.

[y

6. A projection display, as defined in claim 5, wherein the light emitting

2 diode has an apparent source size, after magnification, less than 5 mm in diameter.

1 7. A projection display, as defined in claim 1, wherein the red, green, and
2 blue light emitting sources have a combined luminous flux of 10-1000 Im with an

3 approximate ratio of 65% green, 25% red and 10% blue light.

[y

8. A projection display, as defined in claim 2, wherein one of the red, green,
2 and blue light emitting diodes is a laser.

[

9. A projection display, as defined in claim 8, wherein the laseris a
2 frequency-doubled Nd:YAG laser that emits the green light beam.

1 10. A projection display, as defined in claim 1, further comprising:
2 at least two mirrors, that receive the red, green, and blue light beams,
3 operative to fold the red, green, and blue light beams.

Hllllll |\||\I M0 l|l\
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- 11 - 11. A projection display as defined in claim10, further

conpri si ng: a projection lens, optically cqﬂngﬁ:t o tRhe] ati al
| i ght nodul ator, for receiving an out put of the sp ator

and being operative to focus the red, gffen, and blue hf

drive circuit, connected to the spat i al i ght nmodul at tive to
generate col or subfranes; a power supply, connect ed to the

;‘5123"[5: ﬁl:] thgﬁtcont;lagr an%ﬂﬁgplﬁxghtdﬁﬁégbmp WB‘FEC"HF%GM or, tﬁe
proj ection 4 ens, ]tﬁreEIQﬁatﬁ'l fERGhodilatss! H’SF E?llﬁﬂmxédihat&srrﬁéﬂﬁxhg oné‘Bfl the

power supply. A™proj ection as defined in claim1l
wher ei n t he3 Itheted, gnen, aydrbhmﬂimbeamdarﬁspecuvelyl,mt conprised of 25% red,

60% green, and 15% A p Oj n.di s , as defined
in claim12 wherée¥ r?‘ﬁé{’ea‘? ‘éﬁf’“ﬁ’ﬁg gﬁ“ﬁi‘tﬁ?ﬁﬁe ff?r’?ej sinp 14. A
projection display, as defined in claim13, V\/nerel n the red, green, and

bl ue |ight sources include: 20 a reflector that surrounds said
array; and 1 12. Aprdjentiondispiny| andefined irctlaine t pvhersinlthgddve ciomitsai d
array, and is operative to pre- collimate the light into a solid angle
of 3 steradt #eaergtesthecolor su subfrarmes sequentially.

1 13. A projection display comprising:
2 a light unit that includes,
3 at least one red, one green, and one blue light source on a
4 unitary substrate, wherein the red, green, and blue light sources are
5 independently switched, and
6 a collimator, optically connected to the red, green, and blue
7 light source, producing collimated red, green, and blue beams;
8 a beam splitter, receiving the collimated red, green, and blue beams,
9 operative to output split red, green, and blue beams;
10 a spatial light modulator, having MxN pixels, optically connected to the
11 beam splitter;
12 a projection lens, optically connected to the spatial light modulator, being
13 operative to focus the red, green, and blue beams;
14 a drive cixlfcuit, connected to the spatial light modulator, being operative to
15 generate color subﬁ'axnes;
16 a power supply, connected to the spatial light modulator and the light unit;
17 and
18 a housing that contains the light unit, the spatial light modulator, the
19 projection lens, the projection screen, the control circuitry, and the power supply.
1 14. A projection display, as defined in claim 13, wherein the light unit

2 generates a white light comprised of 25% red, 60% green, and 15% blue light.

I |Il||l IIIII ] Il lIII TS SHEET FAG BEEN
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15. - A projection display, as defined in claim14, wherein said array has

an apparent source 25 size, after nmmgnification, of | ess than 5 laced

di anet er. 16. A projection display, as defi ned i i

the red, green, and blue |ight sour have a conbi ne \m

10- 1000 Imwith an approximate ratio of ©65% gr een, bI ue
l'ight. t 4 <o dot I -12 - 17, A

proj ection display, as elne ca 1 circui
generates the Eol g‘r5 %BW%{W@E F‘gmca‘m wherem eres rets, ind

2 blue light sources are a smgle array of N light emitting diodes, wherein N is less

3 than 10 and the array having a diameter of < 3mm.

16. A projection display, as defined in claim 15, wherein the red, green, and
blue light sources further comprise:
a reflector that surrounds the array of light emitting diodes; and

an immersion lens, receiving light from the array of light emitting diodes,

Wb AW

operative to pre-collimate the light into a solid angle of 3 steradians or less.

17. A projection display, as defined in claim 16, wherein the array of light
2 emitting diodes has an apparent source size, after magnification, of less than 5 mm

3 in diameter.

18. A projection display, as defined in claim 13, wherein the red, green, and
2 blue light sources have a combined luminous flux of 10-1000 Im with an
3 approximate ratio of 65% green, 25% red and 10% blue light.

19. A projection display, as defined in claim 13, wherein the drive circuit
2 generates the color subframes sequentially.

L
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