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SYSTEMS BACKGROUND OF THE | NVENTI ON 1.

| Avent i on This invention relates to digital video displays, Fm?e
particularly to pulse width nodul ation of data for these displ ayé
Background of the Invention Bi nary spatial |ight nodul ators

typically have elenments with two states, ON and OFF. Wen trying to
di splay digital sanples of analog data, this can crete sone difficulties.

rul'stion of an SMESHGRER %gggmg%@g@mm) based

system PWM typically co frame tinme up into
segnents. For exanple, for a systemthat sarrpl es in 8-bit sanples, the:
frame tine is divided up into 255 segnments (2[err] - 1). The nost
significant bit (MB) dat BACKGROUNDOBT. NAHENNt for 128 time

segnents. If the total binary value of the pixel associated with that
el enent has R briFieldefthehiventioh or over 128, the MSB woul d be a one.
This would typically result in the el enent '

This inve_ntion relates to digital video displays, more particularly to
pulse width modulation of data for these displays.
2. Ba ntio ' | t
Binary spatial light modulators typically have elements with two
states, ON and OFF. When trying to display digital samples of analog data,
this can create some difficulties. The use of pulse width modulation (PWM)
allows a relatively true simulation of an analog display, such as a cathode-
ray tube (CRT) based system.
PWM typically comprises dividing the frame time up into segments.
For example, for a system that ..samples in 8-bit samples, the frame timeis
divided up into 255 segments (28 - 1). Thc.;. most sigﬁiﬁcant bit (MSB) dafa is
displayed on a given element for 128 time segments. If the total binary value
of the pixel _&_).s"sociated with that element'has a i:rightness value of or over
128, the MSB would be a one. This would typically result in the element
being ON, where the ON state directs lighi; tc') the display surface. Other
embodiments will instead turn the element OFF and ON multiple times

- within that 128 time segments, rather than leave the element in the ON

state for 128 time segmentas.



being ON, where the ON state directs light to the displ ay surface. O her

enbodi nents will instead turn the el enent :OFF and ON nultiple times wthin
that 128 tinme segnents, rather than |eave the elenment in the ON state for
128 tinme segnents. ' -2 The

next MSB would then have a tinme period of 64 tine segnents, and so.on,
such that the next bits would have 32, 16, 8, 4, 2, and 1 tinme segnents.
consecutively. The least significant bit (LSB) only has one tinme segnent,

§§ ten referred t ol #”%E@%ﬁﬂh%wﬁﬁaﬁéaﬁs%?ﬁé%'é% PhPReR e L '
128 LSB t t 28 '- The LSB
i tati on ond g Bifk thet dhe PeRt bies e 38, 168, 4, g i1 ihe sopmmDe,

each col or would have to have 1/3 the frarre time. The franes run at 60 Hz

so the frame conmecitivalysTheleastsigaificant hit@SB)nnly has oneltime ségent,of st ens

(red, green and blue), each color would only have 5.56 mlliseconds. The
LSB ti me woul evhicle thdothet tiidesrars mudtipledof, so the smallest time segent il oftanght

nmodul ators, this can cause problens. The switching tinme of each el ement
must be wvell yefdered (b 45 tHe'ESB difte."Fob @fample, the MSB could be said to have 128
LSB times, rather than 128 time segments.

The LSB can be a limitation on systems using PWM. For a coior 8-bit
system. for example, each color would have to have 1/3 the frame time. The
frames run at 60 Hz, so the frame time is 1/60, or 16.67 milliseconds. For
thyee color systems (red, green and blue), each i:qlof would only have 5.56

'milliseconds. The LSB time would then be 21.77 microseconds.

For most spatial light modulators, this can cause problems. The
switching time of each element must be ;vell under this time. One method
would be to reduce the nuniber of bits per sample. For example, only using 7-

- bit sampies would increase the amount of time for the LSB to 43.77
microseconds. However, using less than 8 bits per sample leads to visual

artifacts and coiltouring. Therefore, a method of using PWM that allows the

use of 8-bit samples within the time éonst_raints of the system and the -

mdadulator is needed.



woul d be to reduce the nunber of bits per sanple. For. exanple, only using
7- " bit sanples would increase the anount of tinme for the LSB to 43.77
m croseconds. However, using less than 8 bits per sanple | eads to visual
art’ifacts and contouring. Therefore, a nmethod of using.PWM that allows the

use of 8-bit sanples within the tine constraints of the systemand the
nmodul ator is needed. 3 3

SUMVARY OF THE | NVENTI ON One aspect of the invention is a nmethod of
pul se wi dt h nodul ati on for ght nodul at or,
wherein the data is digiti zegﬁﬂ&@nﬂﬁlw Op:, sanple. A given
video frame tinme is then divided up into LSB tines foms)ul se_wdth

modul ati on based uPoeaspactisf the invensiomisa methodnfpulsewidth medulationfors of

the mbit sanples for the current frane are "displayed using all of the LSB
times, exceptdishhly ddta dnSBsphtial Bsktmedahitor, whereinithdidagd is/digitidzed with next

frarretlrre all bits of the mbit sanples for the next frane are

di spl ayed, inghwdibek xﬂeb Ber ApRACA givéiPVideo Thtinte titi@i¥theh Wivided vphe

nunber of LSB tiI nmes for e previous frame, plus one LSB tine. It

I's an advant agg,qigh %éz{%@ DA widiB! mbduldtio Haskd %pﬂﬁ‘in-qf-blbé ﬂé_leéample.
In one frame time, all bits of the m bit samples for tht; current frame are
displayed using all of the LSB times, except that the LSBs for each sample |
are not displayed. In the next frame time, all bits of the m bit samples for
the next frame are displayed, including the LSBs for each sample. This
frame tiine has the number of LSB times for the previous frame, plus one
LSB time.

It is an advantage of the invention that it allows the use of higher
numbers of bits to avoid contburing and artifacts in the final displayed
imé ge.

It is a further advantage of the invention that it does not require a

high trahsit_ion' or switching time of the spatial light modulator elements.



nunbers of bits to avoid contouring and artifacts in the final displayed

| mage. It is a further advantage of the invention that it does not
require a high transition or switching tine of the spatial |ight

nodul at or el enents. _ . 4 BRI EF
DESCRI PTI ON OF THE DRAW NGS - For a nore conpl ete understandi ng of the
present invention and.for further advanjages thereof, reference is now
made to the foll ow ng Detailed Descri ptlon taken in conjunction with the
acconpanyi ng Drawi ngs in whic GURE 1 shows a prior art timng

di agram of pUBBEEF ESGBM&QN)QFT&E QWG&\ sanpl es per pi xel .

FIGURE 2 shows a flow chart for one enbodi ment of a nmethod of alternating
frames pul se wi dt [Foroslutheiei complete Sinderstaadingcof ther ppésent invention and|forRE 3
shows a tim ng diagramfor one enbodi nent of a nethod of alternating

frame pul se gty Eilidhidges thiefiof Sréfelena ip % Bfidediocehe following D&taBelE 4

shows a bl ock di agram schematic for a circuit to control al ternating
frame pul se Whollobin B thRba Blcdnfindtiod with 3P hédnidahyRigBrawings in which:
< " FIGURE 1showsa prior art timing diagram of pulse width modulation

for 8 and 7 bit samples per pixel.
FIGURE 2 shows a flow chaxrt for one embodiment of a method of
alternating frames pulse width modulatién for 8 bit samples per pixel.
FIGURE 3 shows a timing diagram for one embodiment of a method of
alternating frame pulse width modulafion for 8 bit samples per pixel.
FIGURE 4 shows a block diagram schematic for a circuit to coﬁtrol

alternating frame pulse width modulation for 8 bit samples per pixel.



5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In Figure 1, a
typical pulse width nmodul ation schene is shown as timng diagrans for 8
and 7 bits per sanple. The nunber of bits per sanple refers to the nunber
of bits used in sanpling the incom ng data. Spatial ‘|ight nodul ators.
typically display the data for each pixel as a digital representation. The
digital word or sanple has a predeterm ngd nunber- of bits. The higher the
nunber of bits, the nore accurate the digitization, and the finer the
frame tinme nmust be divided. Using 7 bits per saqgle. which will

al so be ref er BETAILEBD DESCRIPEIGNGF THE PREFERRED EMBODIMENTS:)
wi |l be displayed for 43.75 mcroseconds, as shown in Figure 1 on line 10.

I'f one were to refigiFigGrd Ia t b rifth fodaldtion schenid id showa &l ayed
for twice that long, or 2 LSBs. its 2-5 would then have tines equal to 4

(vee), it o, ol Spradidtord ani®Fbitaly Saply e nfifbokurbi gt birte, 1t
or 127 Lo ;oo op 0F phunifer i bl e i dGS YN BN RRAEMRRE Spdedl -\
frame time f cirigl?tnr%oainlaftgrrset?rpfc%h%rd}s{)ﬂy ce})da?é forveiad Opi:s:XIS ésemﬁgital
representation. The digital word or sample has a predetermined number of
bits. The higher the number of bits, the more aecuraté the digitization, and
the finer the frame time must be divided.
Using 7 bits per Sample. which will also be referred to as a 7-bit
system, the least Signiﬁcant. bit (LSB) will be displayed for 43.75
microseconds, as shown in Figure 1 on line 10. If one were to refer to the
LSB as bit 0, then bit 1 would be displayed for twice that long, or 2 LSBs.
Bits 2-5 would then have times equal to 4 LSBs, 8 LSBs, 16 LSBs, and 32
LSiBs, respectively. The most significant bit (MSB), bit 6, would have a time
equal to 64 LSBs, which is just over half of the available frame time. A 7-bit,
three color system has 27 - 1, or 127 LSB times. (43.74 microseg:bnds times
127 = 5.56 milliseconds, the frame time for one of three colorsin a 60 liz
video system). |
The LSB time in a 7-bit system would be manageable for most spatial
light modulators, with regard to their transition times between states.
Howevét. 7-bit systems have a higher occu rrence of ért,ifacts and contouring,
which degrade the picture quality to the viewer. Systems with 8-bits have

LSB times that are 21.77 microseconds long, as can be seen in Figure 1 on



The LSB tine in a 7-bit system woul d be nmanageabl e for
| i ght nodul ators, with regard to their transition tinmes between states.

- However, 7-bit systens have a hi gher occurrence of artifacts and

cont ouri ng, whi ch degrade the picture, quality to the viewer. Systens
with 8-bits have LSB times that are 21.77 m croseconds |ong, as can be
seen in Figure 1 on 6 6 line 12.
Thi s beconmes unmanageabl e when the transtions tines of the nodulators are
near or even |longer than that period of tine. However, 8 bits

per sanple
seems to be tine 1% rEhisdiegomes vhmamageable whienthe dransitionmtimesiofi th

@ are
reduced. - The dilemmm, therefore, exists between the tine

limtations ahod\ﬂatorsmdnbarorevemlu'geiﬂxmthnbpeﬁaddfﬁm. Howewver &bitsne in
the 60 Hz system . Figure 2 shows a flow chart for a nethod which has the
advant ages of persatple sberhs to bé thie thuesheldat whith (heaxtifactsdindadutouriiges of
such a short LSB tine. In step 20, the nunber of bits per sanple
is used to apgsyiedacted.he nunber of LSB tines. The nunber- of LSB tines.are
set as if the nunber of bits. per sanple is the actual nunber of bits per

sanpl e m nus one bfhke dﬁﬁhma.%m&. exists hrbwéerdtHe ﬁ&%ﬂﬁﬁitahb&@ﬁlﬂ@rt I onment
of LSB tines would be done

modulator transition times, and the avaﬂable time in the 60 Hz system.

nost spati al

Figure 2 shows a flow chart for a method which has the advantages of an 8-
* bit system, but does not face the disadvanfaées of such a short LSB time.

In step 20, the number of bits per sample is used to apportion the
number of LSB times. The number of LSB times are set as if the number of
bits per sample is the actual number of bits per sample minus one bit. For
example; for an 8-bit system, the apportionment of LSB times would be done
using 7-bits. -The apportionment is done by 2= - 1 LSB times. For an 8-bit
system (m = 8) this would result in 255 LSB times. However, according to

: thxs embodiment, only m-1 bits would be used, for 27 - 1 or 127 LSB times.

Once the number of I.SB times per frame have been assigned, the data
is displayed in a first frame as if thei'e were only 7 bits in the system, the
LSB not being displayed, in step 22. In this frame each bit would have the
following number of LSB times: bit 7, 64: bit 6, 32; bit 5, 16; bit 4, 8; bit 3,

4;1 bit 2, 2; bit 1, 1. This would give a total of 127 LSB times.
In step 24, the next frame is displayed using the same weighting.
except.the L.SB is displayed. for 1 1.SB time. Note that in standard pulse

width modulation, the LSB wbuld typically be displayed for only 1/2 an I.SB
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using 7-bits.
' 8-bit
according to
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7. 64: bit 6.

This would give a total

frame is displ
di spl ayed, for
~nodul ati on,

7 time i
have 128 LSB

"system(m= 8) this would result

127 LSB ti nes.
been assi gned,
only 7 bits in the system
this frane each bit would have the

The apporti onnent 1 LSB tines.

in 255 LSB tines. Howeve
only m1l bits would be used,

I's done by 2[err] -
thi s enmbodi nent,

t he data

t he LSB7 not bei ng di spl ayed,

32: bit 5, 16; bit 4, 8; bit 3.
of 127 LSB ti nes.
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1 LSB time. Note that

In step 24.
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i n standard pul se wi dt h
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t he LSB woul d typically be displayed for only 1/2 an LSB

I nme CO%C}Egarre noul d

an

for 2[err] -
Once the nunber of LSB tines per franme have

Is displayed in a first frame as if there were

In step 22.
fol |l owi ng nunber of LSB tines:

In
bi t

" 4; bit 2, 2; bit 1. 1.
! t he next

apportioned i nl,sgmaﬁhawsf lﬁomﬁmmHRJdﬂﬁfu&E@ﬁe could be
di vided up into 128

several ways. For one example, the first frame could be divided up into 128
LSB times, each 43.40 microseconds long. The last LSB time could just be
ignored by not displaying any data at all during that time. For another-
example, the first frame would remain divided into 127 LSB times, each of

44.77 microseconds. Regardless of how the fixst frame is divided up, the

second frame would always be divided into 128 LSBs. In the latter example, -

the control circuitry would have to be able to adjust to the different frame

times. The alternation between frames repeats 'in.deﬁnitely. until the system

is turned OFF or assumes some other inactive state.

The various values of LSBs and times are shown in the following table.
In the table, the phrase “equal frame time” refers to the first example shown -

in Figure 3, and “preportional frame time” refers to the second example,

First Frame . Second Frame

Bit |LSBs | Equal frame time Prop. Frame time | LSBs | Frame time
{usec) _ {usec) (usec)

7 64 12777.778 2799.650 64 2778.118
6 |32 1888.889 1399.825 32 1388.889
5 16 694.4444 | 699.9126 16 694.4444
4 - 347.2222, %5 9.9%63 8 347.2222
_"% 421 : '186. 151' | _174.9781 4 | 176.6111
2 #7.4891 2 88.8056
1 : 443.{8'2’8! 437445 1 " 43.4028
- ) 0.00 1 434028
Total [ 128 | 6556.56 . | 6666.67 6555.66

_ The selection of which method uged to acr.c-xmu;odate the extra LSB

time in the second frame is up to the designer. Factors which may determine

1



LSB times, each 43.40 m croseconds |ong. The Iast LSB time could just be

i gnor ed by not displaying any data at all during that tine. For another
exanple, the first frame would remain divided into 127 LSB tinmes, each of
44.77 mcroseconds. Regardl ess of howthe first frane is divided up, the
second frame woul d al ways be divided i-nto 128 LSBs. In the |latter exanple,
the control circuitry would have to be agle to adjust to the different
franme times. The alternation between franes repeats indefinitely, until
the system is turned OFF or assunes sone other inactive state. | The
various val uethecseléctitn ianhxde%rlhzatiﬁaahandcbhwdtmg;dimmci@ trediizementsn t he
tabl e, the phrase "equal- franme tinme" refers to the‘first exanple shown in

Fi gure 3, andof dpaneiilas Bydtein: PRcidsing cdﬂbﬂiﬁeé fo éoitralliffesent framec.

First Frane Second Frane Bit LSBs Equal frane tinme Prop.

Frame tine LB&n@sa’HinHEespeS;}ﬁd%fomaﬂ&%%%gf%d&amrm usé/ e”]GZGC)

([err]sec) 7

ig;g ;;g g 16 One examégéﬁgg;?%ggble system gg@h%@@t@ﬁ?ﬂ could be used 6

294' 4424 4 gqognggggate e:ﬁzet o?%ﬁq gxgxpgies above, among o%& ergyis n x@ﬁfglrézzz
86. 8056 86. 8056 1

43. 4028 4. In Flgup 44@133 spatxal light modulator. 40, has an assoclatqé memery 42.

43. 4028 0.00 1 43. 4028 Tot al 128 5555. 56
5555. 57 The incoming datbisrécessed by formatine48 avbirhi may diclutle shmplinignd
used to accommodate the extra LSB time in the second frane is up to the

desi gner. Factthe datdiath ratey egiedldom bits per sample. A sequence-conj:roller, 44, will
control the rate at which the data is accessed from the memory and sent to
the modulator. The sequence controller could be desig;:ed or programmed to |
either change the length of the LSB times between frames, or just turn OFF
all of the modulator elements for one LSB time.

The sequence controller receives a siénal from the toggle circuit 46,
which is responsible for switching states, or storing a value, that indicates
whether the next frame has 127 LSBs of data. or 128. The toggle circuit
would send one of two signals upon the reception of the frame synch signal.
If the previous signal indicated a 127-LSB frafne, the current signal would
indicate a 128-L.SB frame. Upon reception of the next frame syncl; signal,
the signal sent would be reversed accordingly.. )

The above method and circuit allows Lhe use of 8 bits of data per
samplt;. to a\'roid_the ‘contouring and artifacts in systems using less than 8
bits. yet still allows enough Lime for the spatial light modulators to change

~ states within the time frames allowed. The display of the LSB every other



8 the selection include: the artifacts and contouringelimnation

requi rements of a particular system processing capabilities to contro
different frane tines; and the speed and perfornmance of the nodulator in
use. One exanple of a possible systemarchitecture that could be
used to accommodate either of the exanples above, anong others, is shown
in Figure 4. In Figure 4, the spatial [9ght nodul ator, 40, has an

associ ated nmenory 42. The incomng data is processed by formatter 48,

whi ch may include sanpling the data at a rate equal to mbits per sanple.
A sequence controller, 44, will <control the rate at which the data is
accessed fromthe nenory and sent to the, nodul ator. The sequence
controller could be de3|gned or Ero grammed to either change the | ength of

the LSB ti nesirameeanprisinally thonght txeause aperyeptibly temporalnonysiformity
el ements for one LSB tine. The sequence controller receives a
signal from tbhetweewframes.  Homeversin testing.this nonuanifesmityvas yndetepkableni ng
states, or storing a value, that indicates whet her the next franme has 127
LSBs of data. Addmpgsllym disnjay of tie1sSB enly eyexyl atherframeredusedithe si gnal s
upon the reception of the frame synch signal. | f the previous signal
i ndi cated a 1contowrdng andwrtifacts that esistedinqrB:bitpsten, or and@-bitsystem123- | SB
frame. Upon reception of the next frame synch signal, the signal sent
woul d be revewhere thechSBiwagljust removed fromTalbfrates ef dataod and circuit allows
the use of 8 bits of data per '
Although the discussion has been centered around an 8-bit system
displayed with 7-bit timing, this method can be applied to other cases, such .
as a 9-bit system displaying a frame with 8-bit timing. Additionally, more
than one bit can be time modulated in this manner, such as 8-bits displayed
with 6-bit timing. While this last example caused flicker in initial
experiments, a 10-bit system displayed with 8-bit timing did not. In the first
frame, all of the bits would be displayed except the least significant bits. The
next to least significant bit would be displayed every other frame, gnd the
least significant bit would be displayed every fourth frame.
v Thus, although there has been described to this point particular
' enmmdumenu;of=u1zﬂunnahyetndbodtﬂ?pukm wndﬂ1nmmhﬂahon,1tlsxum
intended that such speaﬁc references be'conmdered ds limitations upon the

scope of this invention except in-so-far as set forth in the following claims.



sanple to avoid the. contouring and artifacts in systens using |l ess than 8
bits yet still allows enough tine for the spatial |ight nodulators to

change states within the tine franes all owed. The display of the LSB
every ot her frame

was originally thought to cause a perceptible tenporal nonuniformty
between frames. However, in testing, tjg s nonuniformty was undetectable.
Additionally, the-display of the LSB only every other frame reduced the
contouring and artifacts that existed in a 7-bit system or an 8-bit system
where the LSB was just renovedfromall franes of data. Al t hough

t he di scussi on has been centered around an 8-bit system di splayed with

7-bit timng,_this t hod e applied to other cases, such as a

9-bi t systemm n&ma&m with 8-bit timng. Additionally, nor e

t han one bit can he ti dul at ed IS nner, -bits displ ayed
with 6-bit tiking# m&hgs 4%5@%&1!!@" HWIH q initial
experinments, a 10-bit systemdisplayed with 8-bit timng did not. In the

first fr tipn.compising:t s woul d be di spl ayed except ‘the | east
Si gnl ficant. bits. The
apportlomng least significant bit times within a video frame time
using pulse width modulation based upon a pulse width modulation scheme
having fewer bits than that actually used for digital sampling;
displaying a first frame of said vidoo data within said frame time
wherein said frame has a predétermined nm_nber of least significant bit
times, such that él,l-bits of 'a-ny sample within s'aid first frame are displayed
except the least 'signiﬁcaxit bits;
displaying.a second frame of said video data within said frame time
whereiri said frame has as predetermined number of least significant bit
times plus one least significant b1t time, such that more bits of any sample
than were displayed in said first frame are displayed. |
2. The method of claim 1 wherein pulse width modulation scheme has 7
bits and wher;ein 8 big:s were actually used for said ciigital sainpling.
3.  The method of claim 1 wherein pulse width modulation scheme has 8
bits_ and wherein 9 bité were aciua_lly use‘.i for said digital sampling.
4. The method of cléim 1 further comprising the step of displaying the
least significant bit every fourth frame.
5. A circuit for controlling fhe pulse width modulation of data on a

spatial light modulator comprising:

I
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next to |l east significant bit would be displayed every other frane,.and the
| east significant bit would be displayed every fourth frane. Thus,
al t hough there has been described to this point particular enbodi ment s
of an alternative nmethod of pulse width nodulation, it is not I nt ended
t hat such specific references be considered as limtations upon the

scope of this invention except in-so-falr as set forthin the follow'ng
cl ai ns. 1

. 10 VWHAT IS CLAI MED
IS: 1. A nmethod of displaying digital video data using pulse w dth
nodul ati on, conpri sing: apportioning |least isignificant bit tines

within a video frane tinme using pulse w dth nodul ati on based upon a pul se
wi dt h nodul ati on schenme having fewer bits than that actually used for

digital sanpling; amemory inlceniestiomyith sdid spatialdight stodwlater operabletat a
within said frane tine wherein said frame has a predeterm ned nunber of
| east signifi sane abdsend datasto spidtimothbatoral | bits of any sanple within said -
first frame are di splayed except the least significant bits;

a formatter in connection with said memory capable of formatting
incoming video data, including the function of digitizing said aata ata
predetermined sampling rate of m bits per pixel;

a sequence controller in connection with said memory and said spatial
light modulator operable to control data flow frﬁm said memory to said
modulator and pulse width modulation of said data by said modulator; and

a toggle circuit in connection with said sequence controller which
receives a frame synch signal and uses said frame synch signal to send
signals to said sequence controller, wherein said signals cause said sequence
controller to control said pulse width modul_ation such that said spatial light
modulator alternates betweén using a first frame format in whiéh all but the
least significant bits per pixel is displayed and a second frame format in
s which more bits per pixel than in said first frame is displayed.

6. The system of claim 5 wherein said toggle circuit also uses séid_ frame

synch signals to signal said sequence controller to control said pulse width

-modulation such that the least significant bit of any sample is displayed

every fourth frame.

M
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di spl aying a second franme of said video data within said frane tine
wherein said frame has as predeterm ned nunber of |east significant bit
times plus one |least significant bit tinme, such that nore bits of any
sanpl e than were displayed in said first frame are displ ayed. 2. The
met hod of claim1 wherein pulse wi dth nodul ati on schene has 7 bits and
wherein 8 bits were actually used for said digital sanpling. 3. The
met hod of claim 1 wherein pulse w dth ympdul ati on schene has 8 bits and
wherein 9 bits were actually used for said digital sanpling. 4, The
nmet hod of claim1 METHOBr TOORBPUSENSERREPTUA GPNHPQBEE |58 the |east
significant bit every fourth fr @&SPLAS SYSTEMlcjrcuit for controlling the

pul se wi dth nodul ation of data on a spatial |ight nodul ator conpri sing:
a nenmory in connection wth said spgigegipA¢ght nodul ator operable to store
~and send data to said nodulator; - a formatter in connection with said

memory capabl e ofp LatHBd éfiifse width modulation using a spatial light modulator
(40) with a finite transition time. The methpd uses m bits per sample to
digitize the incoming data, but apportions the LSB times for pulse width
modulation based upon m-1 bits. The current video frame displays all of the
bits for each samﬁle, except for the LSBs for eéch sample. The next video
frame displays all of the bits for each sample, adding one more LSB for
dividing up the frame time. The first frame could use either the additional
LSB time and display no data, or it could use only that nuniber of LSB times
it geeds. In the latter, the system will have to adjust to different partitions of
the frame time for alternating frames. The system includes a spatial light
modulator (40), a memory (42), a formatter (48), a sequence controller (44)

and a toggle circuit (46), to perform this method.



incom ng video data, including the function of digitizing said data at a-.
predeterm ned sanpling rate of mbits per pixel; a sequence
controller in connection with said nmenory and said spatial |ight nodul ator
operable to control data flow fromsaid nmenory to said nodul ator and pul se -

wi dt h nodul ati on of said data by said npdul ator; and a toggle
circuit in connection with said sequencé/kontroller whi ch recei ves a
frame synch signal and uses said frame synch signal to send signals to

sai d sequence controller,

wherein said signals cause said sequen&e
S

controller|to control said pul se width nodul ation -such that said; I f

| i ght noglul at’™or al tgrnat €s be usingga Tirsy frame ¥ [ i ¢h
all but th |"east srgnrtrcant Di Z per*ETXéT'|59§|splaﬁ?p and ggsecohd
frame formpt in  which nore bits % r pixel than 1n said first frane i§
di spl ayed. 6.. The systemof claim5 wherein said toggle circuit al $o
uses said frame synch signals to signal said sequence controll &
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