. US005422998A
United States Patent [ (11 Patent Number: 5,422,998
Margolin [45] Date of Patent: jun, 6, 1995
[54] VIDEO MEMORY WITH FLASH FILL 5,042,012 8/1991 FOSS eoeveerrrecmreeenemrierionacne 365/230.04
. 5,042,013 8/1991 Sato ..... .. 365/230.05
[76] Inventor: Jed Margolin, 3570 Pleasant Echo 5042014 /1991 Pinkham et al 365.05/230.05

2HVeL,VIL  8/1072 €L Ak crvennnns 302U/ 23000

Dr., San Jose, Calif. 95148 5,065,368 11/1991 Gupta et al. .. 365/230.05

5,119,477 6/1992 EDDETS .ovovvveeeenrrnennrennrsssreens 395/160

[21] Appl. No.: 153,200 5121360 6/1952 West et al. .. 365/230.03

[22] Filed: Nov. 15, 1993 5,142,637 8/1992 Harlin et al. ... ... 395/425

L e 5,148,523 9/1992 Harlin €t al. ..., 395/164

121] Nt T e GUOLr 12/U0 5,148,524 9/1992 Harlin et al. ....cocccveevneeennnne 395/166

[52] uUs.CL 395/166; 395/400; 5,157,775 10/1992 Sanger ........... .. 395/425

365/230.08; 365/189.05 5,163,024 11/1992 Heilveil et al. ....cooor....nn. 365/219

[58] Field of Search ........cccccoeueecicunucnanne 395/164-166, 5,170,157 12/1992 Ishii 345/28

395/425, 400; 345/185, 189, 190; 365/230.01, 5,179,372 171993 West et al. oveevevrricrreniineene 345/189

230.03, 230.05, 230.08, 230.09, 189.01, 189.04 3,195,056 3/1993  Pinkham et al. 365/189.05

’ ’ ’ ’ ’ 189.05 5,198,804 3/1993 Mori -rerrrnerees ... 345/185

: 5,201,037 4/1993 Kohiyama et al. ... 395/164

= -~ PalYNE | & 71N £20 £ /10072 Dadweriennsn at al 20K /ANK

lDOJ Kel‘erences bl[ea Ty AW T </ R77D AINCUWILLD WU Qe ssecevcsranrscssvnes PII VD
U.S. PATENT DOCUMENTS OTHER PUBLICATIONS

4,498,155 2/1985 RAO .coeererveecerermrrnenecrnanneans 365/230.09 Electronic News; Oct. 4, 1993; p. 20 “IBM, Siemens

4,546,451 10/1985 Bruce .....
4,639,890 1/1987 Heilveil et al.
4,644,502 2/1987 Kawashima

364/900  Sample 64M DRAM”.
. 365/219 Primary Examiner—Mark R. Powell

4,646,270 2/1987 VOSS ..cccovvenenn . 365/230 Assistant Examiner—Kee M. Tung
A LAQ VI 271007 Dienlhoos at al ALE /INAN P 4 . . F oS PRIPR | ~_1 E PN e oY 1 o
THYUIO,VIT I/ 1707 1 IIRllGl T al. o VWSS ST Atiorney, Agent, or rirm—plakely dOKOIOII 1ayior &

4,663,735 5/1987 Novak et al. .
4,688,197 8/1987 Novak et al. .
4,689,741 8/1987 Redwine et al.
4,719,601 1/1988 Gray etal. ........
4,747,081 5/1988 Heilveil et al. ...
4,789,960 12/1988 Willis ......
4,817,051 3/1989 Chang ....
4,821,226 4/1989 Christopher et al.

364/900 Zafman

. 364/200 {57] ABSTRACT

. 365/210 . . . . ..

... 365,219 A single-chip semiconductor memory device optimized
365/189.05 for high performance flat-shaded polygon video sys-
... 365/154 tems consists of a RAM with flash fill circuitry whereby
. 395/425 the Start and End addresses are snecified for a given

o VAN WSRA Y SRS AwEANS LA WUUWL SRV D wwaiais AWA B AV was
365/ 189.04

4,825,411 4/1989 Hamano ... row; the data within this range are read, modified, and
4,833,649 5/1989 Greub ......conveerneiinannne 365/189.06 . T .

4,858,190 8/1989 Yamaguchi et al. 265,/180.05 written back to the memory in parallel thereby requir-
4,866,678 9/1989 Pinkham et al. .............. 365/23001  ing a maximum of three memory cycles to fill a line

... 365/230.05 segment independent of the length of the line. The data
. 365/189.04  are modified according to a function between a color
365/230.05  register and the data already present in the memory

4,897,818 1/1990 Redwine et al. .. = 365/221  ,1ray. the functions being: AND, OR, EXCLUSIVE
4,984,214 1/1991 Hiltebeitel et al. 365/230.05

4,987,559 1/1991 Miyauchi et al. ... 36518904 OR, or REPLACE.

4,870,621 9/1989 Nakada ......

A Q01 MOA 121000 TX 4 . 1
4,80¥1,/4 1/179VU Inusi €t al. ...

4,893,280 1/1990 Gelsomini et al.

5,001,672 3/1991 Ebbers et al. ........ 365/230.05
5,023,838 6/1991 Herbert 365/189.08 16 Claims, 20 Drawing Sheets
10
Row N
address _ app Memory Array

10 Bits —H
R/Wn _\ R/wWn

/€8 3§ /S5 paca (0..1023)

1024 x 768

Data (1024 bits)
11
13
I v v v .J ~ v PP T A e i B I - /
7/ ALl eduln daccn AV...dVLD )
ﬁl | Shift Register
12\ 1024 Bits (0..1023)

Start N :
Address _\| Data In (0..1023) Sout (S)iixal
10 Bits —

Fill Unit cor — o /SDen |- Serial

End . o Sin OE
Address (1024 stages) R/Wn
10 Bits /LD SCLK - Serial

CLK
f°2;?_§ -3 pata Out
/FOE Fl1 /F1 FO /FO {0..1023) ,
- L /SRTFR
/FOE ———j ] |%—_—; L SR_R/Wn




Sheet 1 of 20

June 6, 1995

ATO
Tetxss

30
Tetass

ano
TeTass

€T

umM/¥ 89S —
JIILIS/ -
ATOS a1/ =
uMm /"
INOsg
(€20T" "0)
asasthay 3FTYS

/s

"HTg

0od/ 04 T4/ i
< _H|II b )
W | N
(€201 "0) 04/ 04 T4/ T4 HO4A/ a2td T
aIno eijled — umﬁoo
,  S3Td 0T
sabwis ¥2ZO0T) — SS8IpPY
atun TITd pud
(— S3Td 0T
S sssapp
(€20T""0) uI ®eaed uu@%wm
N
saTd $ZOT ¢t
(ETOT""0) UY=23eT NTID K— NTOT/
.
1T
(s3T9 $20T) ®3ed
(EZ0T" "0) ®eaeda 8o/ — Y
u m.l u,
89L X %TOT M/4 B z\w
KRexay Kaowap ¥aY f— MM%M@MW
N\ Moy
0T



Sheet 2 of 20

June 6, 1995

.S. Patent

o~

-

m..||.mm S3Tq ¥%¢ — SqeI3S TI0TOD/
I0TOD ﬂn q=3el w sng wiyed
ve
o4/ <9
04 AI- s11q Z m' ®qoa3g ~ uoTr3oung/
T4/ < q23eT sng waeq
T4 < N3
€2
S3IT9 0T T 9qox3g sSs8aIPPVY ~ puld/
SSoIpPpPVY puz ﬂ” q=3el %ll sng waedq
2z
S1Tq 0T T 9qOaI3g SS8IAPPVW ~ 3x®]lg/
SS2IPPVY 231e3S ﬂ” q=3 el M“ sng ®aedq
| 4
SITq TT Al 9qoI3s SS8IAPPVY ~ MOoy/
SSSIPpPY MOY MH” 43 'l w snd eaed
oc



Sheet 3 of 20

June 6, 1995

atent

v

0]

U.

€ ~PbTa \o‘m satq o1
, u mmWh%@4
; 3ITUNn — abeag
L M/ axeduo) |
AN SS2IpPPVY ,  S3Tq 01
] 3 TUn — SSOIpPPVY
burtssed0ad Ppud
aTd —d Uo3 e/ ca1q 01
! )
- UDO3IEen m_qls SS9IPPVY
3xe3S
yo3en/
yoren
304 / . %_.%wm\
u sbeas ano W..%\ 0d
Ino wvaed eaed T ._.”_mm\
3Tg IOTOD |  IOTOD
ur e3ed — oy abeag ‘url evaed




June 6, 1995 Sheet 4 of 20

.S. Patent

~

-

ey ~BTg

/
£Uu@2\.lJ7
1 3 7

ay -~btd

€20T |*°°°

Yo en I

ssaappe sgsaappe
,ﬁ “pum h Tae3s
N\
u = 10
aoj3exrvduod)
(s3aTgq 0T) € u sssIxppv obwvag

d =< ¥

(S3T9 0T) ¥

Iojzeaeduo)

d =< V¥

(S3T9q 0T) ¥

(s3T9 01T) €

sS8IppPpVY pux

sS8IpPpPV¥Y aIeas

u ssaIppVv o2bvas



Sheet 5 of 20

June 6, 1995

atent

A
o
-]

c

=

- 304/
u abe]s 1
Ino ejedq -

c0sS

“BbTJa

TO0S

—CE=

—i

(IOVIdHEY)

95 —0d
ya T4
A e |
—__
A.m”Ovmem ..O.m”\ |
a8 “ T4 \Nwm
[
(anw) — 0o

||.All|.__.l HOLVYIA/

aTd
IOTOD

u abeas
uIl ei3ed



Sheet 6 of 20

June 6, 1995

.S. Patent

~

-

04/ od T4/ _ 14

um /¥ 98 — y & %\ /ﬁ
_ L : — H0d /
WAIA D
s/ . ) _
¥Z * $201 0d/ 04 T4/ Td HO4/
Tetass { ¥MIDS | ~
q0 UM/ | L, S3Td OT
Tetass 4 usas/ urg |- .0, | (s3atTq $Z % s=bels $ZOT) — mm,.wm.“mmuﬁ
3TUun TTTd
wuﬁnuwm K— s3Td 0T
Tetraes - 3nos S3Tq $Z X $ZOT UI eaed N mMWMMW@ﬁ
/ /,
vZ X $Z0T S3Td ¥Z ¥ #2071 €9
a83sTbay IAITYS
7 | ¥ X $ZOT y®3e1 NAIO K— NAIOT/
£9 | 7 AN
19
(S3TA ¥2 X ¥ZOT) ®aed .

vZ ¥ $Z0T ®3®d oo, K— g5

" " ¢||
¥Z X 89, X ¥20T um/A um /o
,— S3Td 0T

9 "bTta Aeaay Aaousi qAY (= ool ippy

AN Moy
09




Sheet 7 of 20

June 6, 1995

ATO
TeTIasg

d0
TeTISas

S3Tq ¥2

ano
TeTass

€9

umM/¥4 89S —
qIIAS/ -
/
-~ M08 L,
um/yg
4 usasg/ urTs — .0,
-1 3INOS
¥ X %201
xo3sThoy 3ITYS
/

od/ 04 T4/

Z
1]
N

L ~bBTa

¥C X ¥$20T od/ 04 TA/ T4 HOA/ . u
ang eaeq — wwﬂmovm
, S3atd 0T
(s3Tq $Z ¥ sabeas $zZoT) — SS2IppV
ITUn TTTd pud
K— S3Td 0T
S §
S3Tq ¥ X $ZOT UI ®e3ledq mumu”anmun_WAN
N\,
E3Td $Z X $ZOT 9
PZ X $ZOT YP23eT MNHTID K— ATOT/
.
19
(saTg 2 X $ZOT) elIed
¥C X $20T ®3ed $0/ K— 85/
K— /
¥Z X 89L X pzoT x gz  M/¥ nl.az\m
Aexay AZXousi AAY — Mwwmvmﬁ
// MO
oL



Sheet 8 of 20

June 6, 1995

.S. Patent

g “bra 0€

/ S3T9q OT
, U ssaappv
ITUN — abeqg
1€ xedwo)d
AN ssaI1pPpPvY - S3Tq 0T
LT 0 aATUun 4.n sSseoapPPVW
LT purssed0xg pud
. 3Td —q U23en/
,  S3Tq 0T
z ¢ €2 - U23en ~  SS3IppVY
™Qa ” ¢
N 3ITUn Yo en/ 3axe3s
O3l
g /
0 3Td 3ano Ho..mmﬁ\ w.w\
u abeqsg e3ed E (sndd TTIVY O) /
aInQ ejed T T4,
Td
€2 3td 3T IOTOD [ 0 3Td IOTOD
. ano
u abelzs — eaed ul eaed |— T ‘u ohe ‘UT eae
ano eaed f O 3Td abelg I ei3ed
o 3FE IOTOD = ¢z 37g 207OD
Tl B¥3ed vl|v — €Z aTd 11 w.m._m.um“ ‘uT eaed




Sheet 9 of 20

June 6, 1995

. Patent

wn

T
_

urt Axxed

xe
PPY o

Ino
A4

ano Axxed

(auswsTdwoo s,7T)

u ebeys/

S3Tq Q0T Xo3dvIjgqng

\Hs
l

q6 - h.:.rn..
LNOD &

®6 BTa
LO0D &

ut Axxed

ISPPVW a

ano
A 4

aIno Axaeo

ra— -
—— sssappe pus

S3Te OT
SaASJJISBDAUT

MH U abeqs

——

ssaIppe pus

S3T9 0T I032®I3ICNG



Sheet 10 of 20

June 6, 1995

S. Patent

q0T

T

—

100D £ QA_

.O.,.n.m
_
ut Axxeo (Fusws Tdwoo
— S.T)
ISPPY g u “ebeas/
ano y = sseappe
N T Tmaens
ano Axaxeo
ST 0T X03deIajqns

so=

20T "bta
_
ut Axaeo .
) (3usws Tdwos
d u “ebeas/
S i .
¥ — ssaappe
BDOO.¢!RA ano Axxeo 3xe3s

S3TY 0T IO3IDBAIANSG
voT "HPT4a | —axeas
ur Axxed
- SaTd OT
A9PPY g4 sI93I2AUT
CJano
- —
v u " ebeas
LNO0D &— anec Axxed

S3Tq 0T Io3Dexaqng



Sheet 11 of 20

June 6, 1995

atent

-»
2
-]

q1T "bBT4a

T b—uTd
T 4

anoD IIA |

T b—uTd
— A____}—V¥
T }—d
¢ v

eIT "bta Illmln

3Inoo

=

N

-— uTd
-— &

— uTtd

-—\

— €l
—\




Sheet 12 of 20

June 6, 1995

atent

f

;

-]

] —_—TUT
Inod |IA llll.am _ FO

qz1 "bta

Ano5 |6A_||I||A\IIHvH utd

°z1 -"bta

oo L




Sheet 13 of 20

June 6, 1995

h oY

U.S. Patent

7T

CET |_.|| T
—_ (e0) 3noOD uﬁ DA (0) ssaappe
q¢T "bta ~ I.._ pus
[ / |
(eT) anod e Nmm.ﬁuQZ — (1) ssoappe
_m.m :v sssappe — _ —pus
Tpus SETY
l&llA (o uH_”H (z) ssoapp®E I6A|| (0) (Z) ssaappe
—pus = pus
l%l@uw- (¢) ssoIppe IA-IAMW.I (g) sseappe
] Tpus — pus
N

lA]IIA@mﬂ- (p) SsoI1pp® I.eA-I..I (0) (v) sssappe
] Tpus ] pus
<0 () wsazppe <@ (= (5) ssozpre
—pus pue

] ]
lAIl@HH- (9) ss=Ippe lA-l.oﬁ%I (9) ssaappE
|_ “pua II_ pu=
I&Allo@wl (L) sseappe I&A.Iéﬁ.l (L) sssappe
] —puo ] Tpu
lAlIo@Wl (8) sssappe IAI&&@I (8) sseappe
1 Tpua ] pus

=TS ———o((T) (®6) LN0D — —(T) ,

(e6) INOD — - () ssoappe — (6) sssappe
—pue “pus



N _— _—
“;9., a1 - BTd epT " BTd
o g
) VT (o) ==27PPe ZVT THT o
n . AI A /0.,
\ (o) —Hﬁ (1) mmmwwwwm I.oN- .omw.l (0) ssaappe
p I3 s
10y P— l.oA-E 0 T s
o N e - ! — (T ssaappe
3] - |_ 1Ie]s |_ 3]s
e —o f— o f—
< \ (v A (€) mm.mwwﬂmv.m .oA AQ: _Hl (z) ssaappe
- p— Aa1e] s TJaIe3s
3 oA\IIIAA 2|
Z \ 0 (v) 8227EP2 iA- éWI (€) ssoappe
p pr— - —a3xe3s
— ,II (T) A'II (9) MMMMMWM |AA-.I|IAQ: _ — (%) sseappe
— . —31e3s
o ey
m I AMVIAWI (9) ssaeappe I.oA- Aﬁl (g) sseappe
- el g =Ja g ) ~3ae3s
o “\ — | H
= : — |”uuw.mm — (9% mwmwwm
T ) .
lnoA —(1) A (8) ssaxppe I&A-Iéwl_ ‘
N 55— (8) |”u.n.m.wm — (L) ssaappe
. JIe3s
— =
.t - .
= a6100D/ —({(1) AII (6) ssexppe l&&.l.la@; A — (8) szPappe
= J T3axe3s 3Ie3s
“m PET
’ qeLNodD/ oA — (6) ssaappe
7)) 9% 1 P 3T

-

-



Sheet 15 of 20

June 6, 1995

yl

A

atent

f
wn

qstT "bt4a
aNYN=0
AN doN=T |—
IoAn.i ¥ON=T |—-
N9 woN=T |—
N9 ¥oN=T |—-
ANVYN=0 III_
Ny | ¥ON=T |—
aNeN=0 }—
— N\ 1 doN=T }—
aAONYN=0 1
.IRA!IA VON=T |—
XN ] dON=T |—
ONEYN=0 I.IH_
IoAnl ¥ON=T |—
ONYN=0 —
¥ON=T |—-

961000/ 9

H|!|.0~

(0) sseappe
Taaen s

(T) ss=appe
TjIe3as

(2) sssappe
Taaeas

(¢) ssexppe

JIe]s

() sssappe
TaIxe3s

(g) sssxppe

JIe3s

(9) sssappe

ALY

(L) sseappe

3R]

(8) ssaappe
Tfaaeas

(6) ssaxppe
TMmaeas

(e0) 3NOD ~

(eT) anod -

(®6) 100D ....A.l

eqT "bBra
— . T.

I,QZ,M..,‘..ZnoII._
XU ] ¥ON=T |— (0) ssoappe
Tpus

ANIN=0 }—
N~ | ¥ON=T |— (1) sseappe
Tpus

TaNYN=0 }—
N ] _¥ON=T |— (z) sseappe
Tpus

ONVN=0 ]
[ T {_¥ON=T [— (£)ssaappe
Tpus

aNeN=0 ]—
N |_¥ON=T [— (%) sseoappe
Tpus

aNYN=0 }—J
) ] ¥ON=T }— (g) sssappe
Tpus

aNeN=0 —
N ¥ON=T [— (9) sseappe
“pus

aNIN=0—
N 1 ¥ON=T |— (L) sseappe
Tpus
B —9 ¥WON=T |— (8) ssaaxppe
Tpus
YON=T |— (6) sseappe
Tpus



Sheet 16 of 20

June 6, 1995

S. Patent

~~

-

9T ~bt4a

- H0d /

a MO/

2 a 82/

- um/y

7N sseappe
Tpuzm/

7N ssaappe
—aaeas/

/N ssaappe
“moy/

N __ ®qoajs
uoTIDUNI /

/N 8qox3s
IoT10D/

w— f \I _
ssoappe\) sseappe | sssappv V. ﬁ \ £2a - 0aQ
X _puz X —aa1e3s VA MOY Xaoﬂuucbm _A I0TOD vA/:




LT "bta

June 6, 1995 Sheet 17 of 20

-u

U.S. Patent

- T

— "\

/TN

/7 \ /N

[R— "\

/7~ N\

muﬁh@@M/

ssaappe SS9IPPVY
~3xe3s MOy

q304/
AT1OT/
SO/

uM/y

ssaappw

“puz/

ssaapp®e
T3xeasg/

sssappw
“moy/

€Ca - oa



Sheet 18 of 20

June 6, 1995

-

U.S. Patent

- v

28T

N

XXX /NN

qa81 "bT4g

— T = ¥ILAS /

um/9s

g204 /

MTIOT/
N sn/

—_— N um /N

sssappe
Tpuz/
ssaappe
~3axe3s/

- ssaappe
Moy /

\ sSssappe €ea - o04a
/ IEOﬁ

N uIN0as

N—————— NHas/

I\/l\/K]/\)/kUHNUﬂNuMQUm

vgT "bT4g

YAL™S /
— N um /N8

304/

1071/

uM /¥

sseaIxppe

Sy
ssaaxppe

—3ae3s/

N sssappe

“moy/

A sssaxppe €ca - o4a
/ IN.POM )




LCLK

GND GND GND GND GND

U.>. Patent June 6, 1995 Sheet 19 of 20 o,
| | | |
I VvCC VCC VCC VCC ST 2
i O VUV L LD
— D22 sSDouUT22
— D21 SDOUTZ1
— D20 SDOUT20
— D193 SDOUT19
— D18 sSDouT1ls
— D17 sSDOUT17
—] D16 SDOUT16
~— D15 SDOUT15
— D14 SDOUT14
— D13 sSDOouUT13
— D12 SDoUT12
— D11 SDOUT11
— D10 sSDOUT10
— DS SDOUTS
— D8 sSDOUTS8
— D7 spouT’7
— D6 Flash-Fill Memory sSDOUT6
— D5 sSDOUTS
— D4 SDOUT4
— D3 SDOUT3
— D2 SDOoUT2
— D1 SDOUT1
— DO sSDOUTO
—d RAS
SCLK
— R/W e
wlJ AN
—jcs SR_R/W
—4 Start__ Address_ Strobe SRLOAD
—9 End__ Address__ Strobe
—q4 Function__ Strobe
—4 FOE
—q Color_ Strobe
g,

| | l | I



Sheet 20 of 20

June 6, 1995

.S. Patent

o~

0z -BTa Vs T1C
Azowsl TTTI-Yysetld _
SYad O°PIA avOIdS I
3Tq-8 £Z100ds M/d uS s S
anid * . NIAS p TOI310D
T - m .H-H-h—OQMV AVN-HUAm
N STZ —uoT3oun,
aqoIxlgs uoTaInung p IO0TD
/| . 9qox3g” SSSIPPY pud p O9PTA
KAetdstda ._n O¥d O9PTA 2qoIls” sSa2appPY 3.Ie3S8 b
oSpPTA |_J ussIn 3Tq9-8 S TLNOAS MIDT b——{ Saspoosd
- - < - 81IN0ds |8qOIYT I0TOD p—
\I vic HOd sxajjng
,./\ SO b
912 O¥a o9pPTA m/3
pay AT9-8 L100ds SYY¥ p— ®dejasdjul
< - 01N0ods cza Kzowsn
€12 ca - od
< 7
dA |— burduerd A Z1e _
7 VY ZE X WT 0Z0TZ
TdH — burueld H AIOWSIH IS dsa
IOJ3IrIBDUBYH B 4sd
SA > Suisa <
ouks o , < A LOZ
SH |- SuisH 80¢ sisygng
, 60, S ’ .
< Y 60¢C S oc 4 90¢
Lie WYY Z€ X WT ozedsa 0£089
Kzowsiw dsa dsa I0SE900ad UT®RN
N\ . / 4 \
01c
\, A /
N MUTT sATIAd =3 {oF $Yi (ole)
MJ SUO T3 LD TUNUMOD isTAa Axowsn Ix9s0
< < < <
¥oc €£0c zZ0o2Z T02



5,422,998

1
VIDEO MEMORY WITH FLASH FILL

BACKGROUND OF THE INVENTION

This invention relates to a memory device for high
performance real-time graphics systems for displaying
flat-shaded polygons, typlcally used for, but not limited
to, the display of 3D graphics. In a 3D system, objects
are composed of polygons defined in three dimensions.
The vertices of the polygons are transformed (which
may include translation, rotation, and another transla-
tion) and an illumination vector may be used to deter-

mina tha hrichtnace and vicihilitv af ecach nalvean: each
mine nd ongaindss and visiouily Oi €ala piiygon; cacil

polygon is then projected and scaled for the display.
The result is a list of two dimensional polygons. Each
polygon is broken down into a series of horizontal lines
having the appropriate Start and End addresses. A bit-

manned frame buffer is filled by writing the color data
mapped frame bullier 1s ulled by writing the Color data

between the Start and End addresses. These techniques
are well known to those skilled in the art.

A high performance real-time graphics system re-
quires being able to write a large number of pixels in a
short amount of time. This is done thronugh a combina-
tion of writing many pixels in parallel in a memory with
a short access time. However, as memories get larger a
system requires fewer of them so there are fewer that
can be written in parallel.

As an example, when memories were relatively small,
say 64K X 1, a 1024x768x8 frame buffer would have
required 96 memories. By organizing them as 12 groups
of eight memories each they couid be interieaved so
that with the appropriate circuitry up to 12 pixels could
be written in a single memory cycle.

With larger memories now available as 256K X8, a
1024 X768 X 8 frame buffer would require 3 memories;
However, only one pixel can be written at a time.

Although the new memories are faster (60 ns for the
new versus 150 ns for the old) it is not enough to make
up for the loss of parallelism.

Currently, a high performance frame buffer would be
1024 X768 X24 which wouid require nine 256K X8
memories. Again, only one pixel could be written at a
time.

Conventional dynamic video RAMs combine a mem-
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ory array with a shift register so that an entire line of 45

video can be transfered to the shift register in one opera-
tion so that the video can be shifted out to the video
display while leaving the memory array free to accept
new data. A video RAM with a shift register does not
increase the number of pixels that can be written in
paraliel.

The 1985 patent to Rao (U.S. Pat. No. 4,498,155)
shows a dynamic memory array with a shift register
that allows for parallel transfers of data between the
shift register and the selected memory row. Once
ioaded from the memory the daia in the shifi register
can be read out independently of the memory array.

The 1985 patent to Bruce (U.S. Pat. No. 4,546,451)
sets forth a dynamic RAM which permits “page mode”
addressing.

The 1987 paieni to Heiiveil et al. (U.S. Pai. No.
4,639,890) shows a dual port video memory with select-
able cascaded serial shift registers.

The 1987 patent to Kawashima (U.S. Pat. No.
4,644,502) shows a memory device in which data can be
read oui and/or writien-in serially and at a high speed
by supplying serial access clock signals thereto, and in
which a CPU and the like can achieve random access to
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any address at a timing independent from that of the
serial readout and/or write-in operation.

The 1987 patent to Voss (U.S. Pat. No. 4,646,270) sets
forth a video graphic dynamic RAM having the capa-
bility of serially reading out data at a high rate of speed
while performing standard RAM operations.

The 1987 patent to Pinkham et al. (U.S. Pat. No.
4,648,077) shows a dual port video memory with ran-
dom and serial access ports where control functions are
shared in order to minimize the number of pins.

The 1987 patent to Novak et al. (U.S. Pat. No.
4,663,735) shows a A dual port video memory with
random and serial access ports where control functions
are shared in order to minimize the number of pins.

The 1987 patent to Novak et al. (U.S. Pat. No.
4,688,197) sets forth a video computer system having a
RAM chip with a shift register connected to its serial
output terminal which is actuated by a first clock and a
second clock is utilized to load the serial chip register.

The 1987 patent to Redwine et al. (U.S. Pat. No.
4,689,741) pertains to the same invention as U.S. Pat.
No. 4,688,197 but provides for coupling of data between
column lines and the chip register to prevent two or

more different data bits from simultaneously appearing.
The 1928 mnatant tn (Irav ot nl (TJ‘S_ Pat, Noa

The 1988 patent to Gray et No.
4,719,601) shows a dual port video memory with col-
umn redundancy for defective columns.

The 1988 patent to Heilveil et al. (U.S. Pat. No.
4,747,081) shows a A dual port video memory using the
column address to select the serial shift register tap.

The 1988 patent to Willis (U.S. Pat. No. 4,789,960)
shows a dual port memory having semi-synchronous
data input and data output.

The 1989 patent to Chang (U.S. Pat. No. 4,817,051)
shows a bipolar RAM with separate read and write
ports that can be expanded to allow for multiple ports.

The 1989 patent to Christopher et al. (U.S. Pat. No.
4,821,226) shows a dual port video memory having a
bit-serial address input port.

The 1989 patent to Hamano (U.S. Pat. No. 4,825,411)
shows a dual port memory with two serial access mem-

The 1989 patent to Greub (U.S. Pat. No. 4,833,649)
shows a dual port memory that permits two data pro-
cessing devices to read or write data stored therein at
the same time.

The 1989 patent to Yamaguchi et al. (U.S. Pat. No.
4,858,190) shows a dual port video memory with ran-
dom and serial access ports.

The 1989 patent to Pinkham et al. (U.S. Pat. No.
4,866,678) shows a dual port memory having a pipelined
serial output.

The 1989 patent to Nakada (U.S. Pat. No. 4,870,621)

shows a dual port video memory with random and
serial access ports where the serial read operation can
be started from an arbitrary bit location.

The 1990 patent to Hush et al. (U.S. Pat. No.
4,891,794) shows a three port memory having a random

nort and two serial norts.
acceess port anG W a: po:

The 1990 patent to Gelsomini et al. (U.S. Pat. No.
4,893,280) shows a dual port video memory with ran-
dom and serial access ports where the organization of
the memory bits can be controlled by the user.

[ —y S —— 21T MTIC Das N~
l.l.lC 177\) puu—;ux. lU I\GUWI.IIC Cl- al. \U.9. Iat. iNU.

4,897,818) shows a dual port memory with inhibited
random access during transfer cycles.

b=
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The 1991 patent to Hiitebeitel et ai. (U.S. Pat. No.
4,984,214) shows a dual port memory with improved
serial shift register latches.

The 1991 patent to Miyauchi et al. (U.S. Pat. No.
4,987,559) shows a multiple port video memory with a
random access port and two serial access ports to allow
serial read and write operations to be performed simul-
taneonslvy,
tanecusly,

The 1991 patent to Ebbers et al. (U.S. Pat. No.
5,001,672) shows a video RAM where the portion of the
serial access memory to be scanned can be externally
selected.

Tha 1001 natant ta Harhart (1T C Dat
20C 1771 PaACiitl 10 IOl (V.. rat.

shows a RAM device capable of performing logic com-
binations of new and previously stored data in a single
memory access cycle. Logic operations are performed
by cell or bit.

The 1991 patent to Foss (U.S. Pat. No. 5,042,012)
shows a method for serially accessing single or,dual
port video RAMs by interconnecting and shifting data
signals between the existing sense and restore amplifiers
of the RAMs according to a master/slave action for
seriaily shifting data out from the RAM.

The 1991 patent to Sato (U.S. Pat. No. 5,042,013)
shows a dual port video memory with random and
serial access ports with improved sense amplifiers and
write amplifiers.

The 1991 patent to Pinkham et al. (U.S. Pat. No.
5,042,014) shows a pipeline architecture for the serial
side of a dual-port memory in order to improve the
speed of the speed of the serial output.

The 1991 patent to Gupta et al. (U.S. Pat. No.
5,065,368) shows a dual port video memory that facili-
tates the selecting from two alternate frame bufferson a

ner pixel basis,
Sr pixel basis,

The 1992 patent to Ebbers (U.S. Pat. No. 5,119,477)
shows a video random access memory having a random
array and serial buffer employed to speed the replica-
tion of structure state information used in the processing

of hiararchinal oranhis data atrncturas
Ui aallailinlar grapiil Gawa SuiuCiuics.

The 1992 patent to West et al. (U.S. Pat. No.
5,121,360) shows a dual port video memory with ran-
dom and serial access ports where selected parts of two
different rows in a random access memory are trans-
farrad asiemnltananoley ¢4 +ha a1
chxcu SuultatILUuLLy l\} wuic acxuu d\abCED l.ucu.luxy Vld
addressable transfer gates under the control of address-
/control log for the purpose of avoiding mid-line re-
loads.

The 1992 patent to Harlin et al. (U.S. Pat. No.

£ 1A £\ abhimceen o Aeanl o st mm amn s maamr cwad o~
Jy 1Ly, V0 7)) DIIUWD a uual PUII. viaco mciol y wu.u Tamn-

dom and serial access ports where the random access
port has two modes of access: an image access to a 16 by
1 word (which is a standard paralle] data access) and a
vector access which allows horizontal or vertical lines
to be written within a selected 32 by 32 bit block. The
data lines carry start and stop addresses that set Write
masks that locate the vector within the 32 by 32 bit
block. In the vector mode of operation up to 32 pixel
elements stored in memory can be changed in one oper-
ation. Vectors that are larger than can fit in a 32 by 32
bit block require additional drawing cycles.

The second 1992 patent to Harlin et al. (U.S. Pat. No.
5,148,523) pertains to the same invention as U.S. Pat.
No. 5,142,637.

The third 1992 patent to Harlin et al. (U.S. Pat. No.
5,148,524) pertains to the same invention as U.S. Pat.
No. 5,142,637.

No. 5,023,838
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The 1992 patent to Sanger (U S. Pat. No. 5,157,775)
shows a dual port, dual speed image memory interface
capable of controllably inputting or outputting medium
speed data through a medium speed port at “the same
time that high speed imagery is being supplied to or
read from a high speed data rate port.

The 1992 patent to Heilveil et al. (U.S. Pat. No.
5,163,024) shows a dual port video memory with ran-
dom and serial access ports where the serial shift regis-
ter has taps at a plurality of different locations to adapt
the system to CRT screens having different resolutions.

The 1992 patent to Ishii (U.S. Pat. No. 5,170,157)
shows a dual port video memory with random and
serial access ports where the data is divided into two
sections in such a way that row data from memory
section 1 can be loaded into shift register section 1 while
shift register section 2 is displaying data. Similarly, row
data from memory section 2 can be loaded into shift
register section 2 while shift register section 1 is display-
ing data. The handoff between shift register sections is
seamiess. Shifting data into the shift register and reading
it into the memory works similarly.

The 1993 patent to West et al. (U.S. Pat. No.
5,179,372) shows a dual port video memory with ran-
dom and serial access ports where selected parts of two
different rows in a random access memory are trans-
ferred simultaneously to the serial access memory via
addressable transfer gates under the control of address-
/control log for the purpose of avoiding mid-line re-
loads. This pertains to the same invention as U.S. Pat.
No. 5,121,360.

The 1993 patent to Pinkham et al. (U.S. Pat. No.
5,195,056) shows a dual port video memory with ran-
dom and serial access ports where a color register is
used in conjunction with a bit mask and block write
capability to increase the number of words that can be
written simultaneously, typically a maximum of four.

The 1993 patent to Mori (U.S. Pat. No. 5,198,804)
shows a dual port video memory with random and
serial access ports where the random access memory is
wider than the data input terminal; the exampie given is
for a random access memory that is 32 bits wide with a
data input terminal that is 16 bits wide. In one operating
mode, “called image mode, the user supplies the row
address, the column address, the upper 16 bits of data,
and the lower 16 bits of data. In another operating
mode, called vector mode, the user supplies the row
address, the column address, and a 16 bit data word that
contains the starting and ending bit positions of a 32 bit
data mask. The number of pixels that can be written in
one operation depends on how many bits are ailocated
to each pixel and is not specified in the disclosure. How-
ever, the maximum number of pixels that can be written
in one operation would be 32 if there is only one bit per
pixel. If there were eight bits per pixel then only four
pixels could be written in one operation.

The 1993 patent to Kohiyama et al. (U.S. Pat. No.
5,201,037) shows a dual port video memory with ran-
dom and serial access ports where access to the random
access port is disabled during transfers from the random
access memory to the shift register memory.

The 1993 patent to Redwine et al. (U.S. Pat. No.
5,210,639) pertains to the same invention as U.S. Pat.
No. 4,689,741.

There is no disclosure in any of the above patents of
circuitry to perform massively paraiiel modification of
data in a selected row. The present invention over-
comes this limitation by moving the line drawing pro-
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cess into the memory device and by performing ail of
the pixel writing operations for a given line segment
simultaneously where the line segment may be as long
as the entire width of the display screen.

SUMMARY OF THE INVENTION

The present invention is a single chip memory con-
taining two screen buffers; each one is 1024 X 768 by 24
bits deep. The memory is optimized for systems that use
flat-shaded polgons which are composed of horizontal
line segments having Start and End addresses. In opera-
tion, the host system first sets the 24 bit color register
and the function to be performed. The host system then
selects the Row and the Start and End addresses for
each horizontal line segment. The Fill Unit receives all
1024 pixels from the selected row in the memory array
simultaneously. Each stage in the Fill Unit compares its
address to the Start and End Address provided by the
host system; if its address is within that range it modifies
the existing pixel data according to the color register
and the Function that has been seiecied. The functions
provided are OR, AND, exclusive OR, and Replace.
The pixel data thus modified are written back into the
memory array. Pixels that are not within the Start and
End Address range are written back into the memory
array unmodified.

The memory array is 24 bits deep which typically
allocates 8 bits each for Red, Green, and Blue. Since the
pixel data is written into the memory array from a color
register and since all the selected pixels in a given Row
are written simuitaneously, the number of bits per pixei
has no effect on the rate at which the pixels can be
written. This is an improvement over conventional
video memories which perform all pixels operations
through a random access port which can only write a
fixed number of bits at a time so that as the number of
bits per pixel increases the number of pixels that can be
written simultaneously decreases.

The present invention also includes a Shift Register
port of conventional design. During Horizontal Blank-
ing line drawing operations are suspended and a se-
lected row of pixels is loaded into the Shift Register
after which line drawing can resume. The data in the
Shift Register are then independently shifted out to the
video circuitry which typically consists of an eight-bit
Digital-to-Analog Converter for each of the three col-
ors to be output to the display.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the construction
of a singie dispiay buffer with one bit-piane.

FIG. 2 is a block diagram showing the input latches
to interface to a host processor.

FIG. 3 is a more detailed block diagram showing Fill
Unit 12 in FIG. 1.

FIG. 4a is a more detailed block diagram showing the
Address Compare Unit 30 in FIG. 3. FIG. 4b shows the
relationship between Start _address, End__address, and
an arbitrary Stage_n that will produce an address
match.

FIG. 5 is a logic diagram of Bit Processing Unit 31 in
FIG. 3.

FIG. 6 is a block diagram showing the construction
of a single display buffer with 24 bit-planes.

FIG. 7 is a block diagram showing the construction
of a dual display buffer with 24 bit-pianes.

FIG. 8 is a more detailed block diagram showing Fill
Unit 62 in FIG. 6 and FIG. 7.
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FIG. 9a is a biock diagram of an End._address com-
parator using a subtractor. FIG. 95 is an alternate block
diagram of an End_address comparator using a sub-
tractor.

FIG. 10q is a block diagram of a Start_address com-
parator using a subtractor. FIG. 10b is an aiternate
block diagram of a Start_address comparator using a
subtractor. FIG. 10c is a further alternate block diagram
of a Start__address comparator using a subtractor.

FIG. 11a is the logic circuit for a full 1-bit compara-
tor. FIG. 114 is the logic circuit for a full i-bit compara-
tor as it would commonly be implemented in CMOS
design.

FIG. 12a is the logic circuit for a full 1-bit compara-
tor with one of the inputs permanently set to logic zero.
FIG. 12b is a full 1-bit comparator showing how it can
be simplified when one of the inputs is permanently set
to logic zero. FIG. 12¢ is the logic circuit for a full 1-bit
comparator with one of the inputs permanently set to
logic one. FIG. 124 is a full 1-bit comparator showing
how it can be simplified when one of the inputs is per-
manently set to logic one. FIG. 12¢ is a full 1-bit com-
parator further showing how it can be simplified when
one of the inputs is permanently set to logic one.

FIG. 13a is the logic circuit of comparator 41 for a
stage_n address of B#1111101001. FIG. 135 is the logic
circuit for a simplification of Comparator 41 for a sta-
ge_n address of B#1111101001.

FIG. 14a is the logic circuit of Comparator 40 for a
stage_n address of B#1111101001. FIG. 145 is the logic
circuit for a simpiification of Comparator 40 for a sta-
ge_—n address of B#1111101001.

FIG. 15a is the generalized logic diagram of Compar-
ator 41 for any given stage_n address. FIG. 155 is the
generalized logic diagram of Comparator 40 for any
given stage__n address.

FIG. 16 is a timing diagram for a complete Flash-Fill
operation.

FIG. 17 is a timing diagram for a continuing Flash-
Fill operation.

FIG. 18a is a timing diagram for a Memory-to-Shift
Register Transfer.

FIG. 18b is a timing diagram for a Shift Register-to-
Memory Transfer. FIG. 18¢ is a timing diagram for
enabling and shifting data out of Shift Register 63.

FIG. 19 is a schematic block symbol for the present
invention.

FIG. 20 is 2 block diagram for a typical system using
3D graphics for a flight simulator.

DETAILED SPECIFICATION

FIG. 1 shows the basic form of a Flash-Fill Memory
simplified by using a single bit plane. Memory Array 10
is organized as 1024 by 768 and contains the row ad-
dress decoders and sense amplifiers of conventional
design. However, ail 1024 column data iines are used in
parallel and therefore are not further decoded by col-
umn address decoders. The basic Flash-Fill operation
consists of supplying a Row Address to Memory Array
10 in the Read mode, latching all 1024 output bits in
Latch 11, modifying the data in Fiil Unit 12, and writing
the result back into Memory Array 10 in the Write
mode. The data are displayed by using the shift register
technique as taught in the volumious prior art by sup-
plying a Row Address to Memory Array 10 and latch-
ing the output data into Shift Register 13, after which
the data is shifted out to the video display circuitry
independently of the operation of the Memory Array.
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FIG. 2 shows the necessary housekeeping for use
with a host controller. The Row Address is written into

T atch 20 A memaorvy with a sinale buffer reanires 10
atén 20, A memory willl 2 singie puller requires 1L

bits while a memory with a dual buffer requires 11 bits.
The Start Address is written into Latch 21. The End
Address is written to Latch 22. The Function to be
performed by Fill Unit 12 is written to Latch 23. The
Color Data is written to Latch 24. Aithough 24 bits are
shown being latched, only one is used for the single bit
plane being discussed.

Each stage of Fill Unit 12 in FIG. 1 is composed of
Address Compare Unit 30 and Bit Processing Unit 31 in
FIG. 3. Address Compare Unit 30 in FIG. 3 is shown in
greater detail in FIG. 4a. Comparator 40 produces an
output when the address of Stage_n is greater than or
equal to the Start__address. Comparator 41 produces an
output when the End_address is greater than or equal
to the address of Stage_n. When both of these condi-
tions are true, AND gate 42 produces output ‘Match’ to
indicate that the Stage_n address is greater than or
equal to the Start__address and also less than or equal to
the End

of ‘Match’. FIG. 4b shows the relationship between
Start__address, End_address, and Stage_n. Since there
are 1024 stages, there are 1024 Address Compare Units.
The Address Compare Unit for stage 0 has a Stage__n
address of ‘0". The Address Compare Unit for stage 1
has a Stage_n address of ‘I’. This continues until the
Address Compare Unit for stage 1023 has a Stage_n
address of 1023°.

FIG. 5 shows a logic diagram of Bit Processing Unit
31 in FIG. 3. One of the inputs is the Data from Sta-
ge—n which is the data from the nth column of Memory

Asvncy 10 ND onta BN NN o tha inmnt dote writh tha Calar-
AITAY 1U. UN g4l ou UNS Uil ifipul Gawa wiud uiC V00T

Bit; AND gate 52 ANDs the input data with the Color
Bit; and Exclusive OR gate 54 performs an Exclusive
OR with the Color Bit. AND gates 51, 53, 55, and 56
select which function to use as determined by inputs F0,
/F0, F1, and /F1 from Function Latch 23. AND gate
56 is used to select Data In from Stage__n directly,

without modification, Since nn]v one of AND gates 51,

53, 55, and 56 can be selected for a given functlon of FO
/F0, F1, and /F1, the output of OR gate 57 will contain
the Data_In_Stage_n modified by the selected func-
tion. When an address match is produced, the modified
data is passed through AND gate 52 to OR gate 501.
When an address match is not produced the Data_i-
n__Stage_n input is passed by AND gate 58 to OR gate
501 and the modified data present at the input to AND
gate 59 is ignored. Gate 502 is a 3-state buffer which is
used to place the output data on the bus at the appropri-
ate time so it can be written back into the memory
array. FIG. 5 is a typical logic diagram for producing
the required result. Other logic arrangements can be
devised by those possessing ordinary skill in the art to
achieve the same result.

A more useful embodiment for the Flash-Fill Mem-

A kit chnwn in FI(X £ Thig
ory contains 24 bit ylauco as sSaowm il 'ils5. ©. 1ius

permits eight bits of output for Red, Green, and Blue
video outputs. In FIG. 6 Memory Array 60 is
1024 X 768 X 24, Latch 61 is 1024 X 24, Shift Register 63
is 1024 X 24, and Fill Unit 62 is composed of 1024 stages
of 24 bits each.

The preferred embodiment for the Flash-Fill Mem-
ory contains two screen buffers that are 24 bits deep as

__address. Inverter 43 nrr\rlnnpc the r‘nmn'lpmpnt
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shown in FIG. 7 Memory Array 70 is

2X 1024 X768 24 .

FIG. 8 chowe Fill 1Init §2 containing 24 hit

FIG. 8 shows Fill Unit 62 containing 24 bit
pixel. Although each bit-plane requires its own Bit Pro-
cessing Unit, only one Address Compare Unit 30 is
needed for each 24-bit pixel. The 24 Bit Processing
Units are each identical to the Bit Processing Unit show
in FIG. 5. Bit Processing Unit 31 is the first Bit Process-
ing Unit in the stack and Bit Processing Unit 32 is the
last Bit Processing Unit in the stack for a total of
twenty-four Bit Processmg Units.

The design of digital comparators is well known.
However, because of how they are used in this inven-
tion they can be made more efficiently. To compare two
addresses to find which is EACALCA W€ an auul_u_y sub-
tract them. FIG. 9¢ shows a subtractor constructed
from a standard adder. The two’s complement of ‘sta-
ge_n’ is added to ‘end_address’. The two’s comple-
ment of ‘stage_n’ is formed by inverting the bits (‘1”s
complement) and then adding ‘1’. Adding ‘I’ is acom-
plished by setting the carry input of the least significant
bit to ‘1"
significant bit will be ‘1’ when ‘end__address’ is greater
than or equal to ‘stage_n’ and will be ‘0’ when ‘end_ad-
dress’ is less than ‘stage_n’.

Each ‘stage_n’ is fixed. For example stage_22 is
always stage_22 (which is H#016 or Binary 00 0001
0110) and is hardwired; its ‘1”’s complement can also be
hardwired (Binary 11 1110 1001), thereby eliminating
the inverter stage. FIG. 95 shows the function ‘end__ad-
dress—stage_n’.

The following example demonstrates comparator

nlaneg ner
pianes per

The result is that the carry out of the most

operation for 8-bit comparators with ‘end_ad-
dress’=H#8ES,
{two's stage_n <=

‘stage_n’ ‘stage_n’ complement) Cout end._address
64 9C 1 Yes
65 9B 1 Yes
66 9A 0 No
‘end__address’ 65 65 65
‘stage_n + 9C 9B 9A

1 01 100 0 FF

The other comparator for each stage must perform

ndAence? wrhiah  wxanld
WiiiCik Wouula

£rivan nddmon

+ha bobon e Qb
i€ 1Gncuion

DMECAI—BML L_a.uux <o
require taking the two’s complement of the signal ‘star-
t_address’ (FIG. 10q). If we reverse the function to
‘start_address—stage_n’ we can use the normal form
of ‘start_address’ and the hardwired inverted form of
‘stage_n’ (FIG. 10d). In this case, the carry out of the
most significant bit will be ‘1’ when ‘start_address’ is
greater than or equal to ‘stage_n’ and will be ‘0’ when
start_address is less than stage_n. If we invert the
carry out signal we will have a ‘1’ when ‘stage_n’ is less
than ‘start__address’. What we need is for it to also be a
‘1 when ‘stage_n’ is equal to ‘start_address’. This is

chad ks catts tha
accomplished by setting the carry in to the least signifi-

cant bit to ‘0’ (FIG. 10¢). This has the effect of decreas-
ing the value of ‘stage_n’ by one. Therefore the in-
verted carry out signal will be ‘1’ when ‘stage__n’ is less
than or equal to ‘start__address’.

The following exampie demonsirates comparaior
operation for 8-bit comparators with ‘start_ad-
dress’=H#22.
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stage_n >=

‘stage_n’ ‘stage_ (one’s complement) Co /Cout  start_address
21 DE 1 0 No
22 DD 4] 1 Yes
23 DC 0 1 Yes
‘start_address’ 22 22 22
‘stage_n’ + DE DD DC

1 00 0 FF 0 FE

The logical AND of the carry out of the circuit in
FIG. 95 and the inverted carrv out of the circuit in FIG,

ang Lnemvencd carry oul ol tac crcuit i I

10c will be ‘1’ when ‘stage_n’ is greater than or equal to
the ‘start_address’ and is also less than or equal to the
end_address’.

Having established that we can perform the required
address comnarison with standard adders, the next sten

ACCress cOomparison 120 Stlancarc acCccrs, U nNcxl siep

is to notice that we do not need any outputs other than
the carry out of the most significant bit.

A comparator can be made from individual stages
that satisfy the logic table in Table 1:

TABLE 1
A(n) B(n) Cin(n) Cout(n)
0 4] 0 0
0 0 1 0
0 1 0 0
0 i i i
1 0 0 0
1 0 1 1
1 1 [} 1
1 1 1 1

A circuit that performs this logic function is shown in
FIG. 11a. FIG. 11b shows the circuit redrawn in the
form that wouid be used in CMOS IC design.

As we have previously observed, each ‘stage_n’ is
fixed. The ‘0”s and ‘1”’s for each bit for each stage-n

will not change. For example, for stage_22 (which is
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Binary 00 0001 0110) each section in the comparator the 40

oy st s ens cas

‘B’ inputs will be permanentiy either ‘0° or ‘i’ and wiil
not change. Therefore, the comparator circuitry can be
simplied. A comparator bit that has a stage_n bit of ‘0’
as shown in FIG. 12z can be reduced to the circuit in
FIG. 12b. A comparator bit that has a stage_n bit of ‘1’
as shown in FIG. 12¢ can be reduced to the circuit in
FIG. 124 which can be further reduced to the circuit in
FIG. 12e.

FIG. 13a shows the comparator for ‘stage_n=en-
d_address’. The ‘1’ input to gate 131 allows gates 131,
132, 133, and 134 10 be eliminated with ena_aaaressu )
connected to the input to gate 135 as shown in FIG.
135. The number of gates that can be eliminated de-
pends on the bits in ‘stage_n’. Consecutive ‘1”’s starting
from the least signiﬁcant bit will allow gates to be elimi-
naied until the first ‘0" is encountered.

FIG. 14a shows the comparator for ‘stage_n=star-
t_address’. The ‘0’ input to gate 141 allows gates 141
and 142 to be eliminated with start_address(0) con-
nected to the input to gate 143 as shown in FIG. 14b.
Gaie 145 and 146 can aiways be eliminated because
together they perform a double inversion. The output
therefore comes directly from gate 144. This can always
be done regardless of the state of any of the inputs and
is also shown in FIG. 14b.

The procedure for making the comparaior for ‘sta-
ge—nZend_address’ is shown in FIG. 15a: invert the
bits for ‘stage_n’; use a NAND gate for the ‘0’ bits and
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a NOR gate for the ‘1’; the carry in to the first stage is
made ‘1’.

The procedure for making the comparator for ‘sta-
ge_n=start_address’ is shown in FIG. 15b: invert the
bits for ‘stage_n’; use a NAND gate for the ‘0’ bits and
a NOR gate for the ‘1’; the carry in to the first stage is
made ‘0.

A typical transistor budget for implementation of the
dual buffer Flash Fill Video Memory in FIG. 7 using
the CMOS process is as follows:

Memory Array 70 using dynamic memory celis: 1
transistor per cell times 1024 columns times 768
rows times 24 Dbit-planes times 2 buf-
fers=37,748,736 transistors.

Latch 61, static: 10 transistors per bit times 1024
stages times 24 bit-planes=245,760 transistors.

Fill Unit 62: 1024 Address Compare Units 30 and
1024 times 24 Bit Processing Units 31.

Each Address Compare Unit 30 requires 128 tran-
sistors. 1024 times 128 transistors=131,072 tran-
sistors.

Each Bit Processing Unit 31 requires 96 transistors.
1024 stages times 24 bit-planes times 96 transis-

tors=2,359,296 transistors.

Therefore, the Fill Unit 62 requires
131,072 42,359,296 =2,490,368 transistors.

Shift Register 63, static: 10 transistors per bit times
1024 stages times 24 bit-planes=245,760 transis-
tors.

Transistor Budget Summary for a dual buffer Flagh Fill

Video Memory using the CMOS process is as follows:

Memory Array 70: 37,748,736 transistors.

Latch 6l: 245,760 transistors.

TTols £ D AQN VLD b ok
Fill Unit 62: 4,47U,500 IIansistors.
Shift Register 63: 245,760 transistors.
Row Address Latch 20: 110 transistors.
Start Address Latch 21: 100 transistors.
End Address Latch 22: 100 transistors.
Function Latch 23: 48 transistors.
Color Latch 24: 240 transistors.

Total: 40,731,222 transistors.

Forty-One Million transistors are within the range
used by the 64 Megabit Dynarnic RAMs which, accord-
ing to “Electronic News” of Oct. 4, 1993, are currently
being sampled by IBM and Siemens AG.

A typical transistor budget for implementation of the
single buffer Flash Fill Video Memory in FIG. 6 using
the CMOS process is different from the dual buffer
memory in that Memory Array 60 is half the size as
Memory Array 70 and therefore has half the number of
transistors: 1 transistor per cell times 1024 columns
times 768 rows times 24 bit-planes=18,874,368 transis-
tors.

Transisior Budget Summary for a singie buffer Fiash
Fill Video Memory using the CMOS process is as fol-
lows:
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Memory Array 60: 18,874,368 transistors.
Latch 61: 245,760 transistors.
Fill Unit 62: 2,490,368 transistors.
Shift Register 63: 245,760 transistors.
Row Address Latch 20: 110 tramsistors.
Start Address Latch 21: 100 transistors.
End Address Latch 22: 100 transistors.
Function Latch 23: 48 transistors.
Color Latch 24: 240 transistors.
Total: 21,856,854 transistors.

The 22 Million transistors are well within the range
rand tee tha &4 AMMasabkit Munamisc D A Ao n"v-v-nnﬂu
udcu Uy e vt J.VlCEaUll, u_yuauuu l\nAVJD wuiivuuy
being developed.

The timing for a typical Flash-Fill operation is shown
in FIG. 16 . The data for Color Latch 24 in FIG. 2 are

latched by /Color_Strobe; The data for Function
T ateh 22 in FICY D ara latonhad hy /Functinn Strahe.

1.awCil &0 11 2Mi8T. & alT 1aillhll Uy /rulCulll_Suios;

the data for Row Address Latch 20 in FIG. 2 are
latched by /Row_address strobe; the data for Start
Address Latch 21 in FIG. 2 are latched by /Start-
address strobe; and the data for End Address Latch 22
in FIG. 2 are latched by /End_ address strcbe. R/Wn
puts Memory Array 70 in FIG. 7 into the Read Mode
and/CS causes Memory Array 70 to perform a Read.
The data from Memory Array 70 are latched into Latch
61 in FIG. 7 by /LCLK. The data from Latch 61 are
presented to Fill Unit 62 in FIG. 7 where the data in the
address range specified by the Start and End addresses
are modified according to the function selected by

Function Latch 23 and the data in Color Latch 24, all of

which are inputs to Fill Unit 62 in FIG. 7. R/Wn is
placed in Write Mode; /FOE is brought low to place
thc output of Fill Unit 62 on the memory bus; and /CS
is strobed to write the output of Fill Unit 62 ‘back into
Memory Array 70.

Once Color Latch 24 and Function Latch 23 are set
up, additional Flash-Fill operations can be performed as
shown in FIG. 17. The data for Row Address Latch 20
in FIG. 2 are latched by /Row__address strobe; the data
for Start Address Latch 21 in FIG. 2 are latched by
/Start-address strobe; and the data for End Address
Latch 22 in FIG. 2 are latched by /End_address strobe.
R/Wn puts Memory Array 70 in FIG. 7 into the Read
Mode and /CS causes Memory Array 70 to perform a
Read. The data from Memory Array 70 are latched into
Latch 61 in FIG. 7 by /LCLK. The data from Latch 61
are presented to Fill Unit 62 in FIG. 7 where the data in
the address range specified by the Start and End ad-
dresses are modified according to the function selected
by Function Latch 23 and the data in Color Latch 24,
all of which are inputs to Fill Unit 62 in FIG. 7. R/Wn
is placed in Write Mode; /FOE is brought low to place
the output of Fill Unit 62 on the memory bus; and /CS
is strobed to write the output of Fill Unit 62 back into
Memory Array 70.

A memory-to-shift-register transfer is shown in FIG.
184. Row Address Latch 20 in FIG. 2 is set to the ad-
dress of the desired row to be transferred. R/Wn is set
to put Memory Array 70 in FIG. 7 into the Read mode;
/CS is brought iow to read the data and place it on the
data bus; and SR_R/Whn is set to make Shift Register 63
in FIG. 7 ready to accept the data. After the data are
available, /SRTFR is strobed to write the data into
Shift Register 63.

After a memory-to-shifi-regisier transfer is per-
formed, the data in Shift Register 63 in FIG. 7 are
shifted out serially by asserting /Sden to enable the data
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and then applying serial clock SCLK. This is shown in
FIG. 18c.

A shift-register-to-memory transfer is shown in FIG.
185. Row Address Latch 20 in FIG. 2 is set to the ad-
dress of the desired row to receive the transfer. R/Wn
is set to put Memory Array 70 in FIG. 7 into the Write
mode; SR_R/Wn is set to place Shift Register 63 in
FIG. 7 in the Read Mode; and /SRTFR is brought low
to place the parallel output data of Shift Register 63 on
the data bus. After the data is available, /CS is strobed
to write the data into Memory Array 70.

One of the uses of a shift-register-to-memory transfer

ovela ic ta gat a laroa numhbar of rowe ta the came data
CyCiC 1S 10 S€1 a :arge numoer Of rOwWS 1o tae same Gata.

This is accomplished by first using a Flash-Fill opera-
tion to set a row in Memory Array 70 to a predeter-
mined value, then performing a memory-to-shift-regis-
ter operation to load the data into Shift Register 63.
Once the data is in the Shift Regxster, shif L-regIStEi‘ -10-
memory transfers are used to transfer the data into the
required memory array rows. This method may be
used, for example, to clear a display buffer because it
takes fewer cycles than would be required by using
Flash-Fill operations.

The circuit symbol for the present invention is shown
in FIG. 19. A simplified version of the circuit symbol
for the present invention is shown as Flash-Fill Memory
212 in FIG. 20.

An example of a typical system that would use the
present invention is the flight simulator shown in FIG.
20. Main Processor 205 has its own Memory 202 which
may consist of a combination of conventional static,
dynamic, and read-only memory. It also has access to
Disk Drive 203 which may be a Hard Disk Drive, a
Floppy Disk Drive, or a CD ROM Dirive, all of stan-

dard desion. Main Processor 205 also interacts with

Gars QCSIgn. HMalll FIOCCSS0T LU0 a0 Iclacis 1n

User Controls 201 which consist of switch inputs, po-
tentiometer inputs, light control outputs, and flight
controls. For a realistic simulation the flight controls
should be of the force feedback type where Main Pro-

cecenr MR raade the nacitin 3 1-
cessor 205 reads the position of the flight control posi

tion and/or user force and controls the force on the
control felt by the user.

Main Processor 205 controls a separate processing
system consisting of DSP 209 and DSP Memory 210.
The purpose of this separate processing system is to
perform the math that represents the aerodynamics of
the aircraft and calculate the aircraft’s position and
heading. Main Processor 205 reads User Controls 201
and passes the data to DSP 209 which, as part of the
simulation, calculates the forces that the user should feel
on the controls and passes that information through
Main Processor 205 back to User Controls 201.

Main Processor 205 also controls Communications
Link 204 so that two or more simulators may be linked.

Al 40 PRSP | Totad

1 HC alrcrail > HCAUIHB a.uu posiuon caicuiaica Uy
DSP 209 are passed by Main Processor 205 to DSP 207
through Buffers 206 which thereafter allow DSP 207 to
operate independently Of Main Processor 205.

DSP 207 is connected to its own memory, DSP Mem-
ory 208, which contains the 3D terrain information and
the library of 3D objects such as buildings, other air-
craft, and vehicles such as tanks. DSP 207 performs the
3D transformations and 2D projections and creates a list
of polygons to be displayed DSP 207 also calculates the
mar[ ana EHCI auuresses IOI' [ﬂC pOlngl’lb d.Ilu Seiids I,Illb
information through Memory Interface 211 to Flash-
Fill Memory 212. Memory Interface 211 contains the
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Uuucrs, uccuu:ls, conirol ld.l.‘.llcb, and

controlling Flash-Fill Memory 212.

The Serial Data produced by Flash-Fill Memory 212
drive 8-bit Video DACs 213, 214, and 215 which pro-
duce the Read, Green, and Blue video signals for Video
uispia'y' 216. a'y‘m. Generator 217 pfOui.ices the S'yi‘iCur O-
nization signals required for a raster scan video display.

While preferred embodiments of the present inven-
tion have been shown, it is to be expressly understood
that modifications and changes may be made thereto
and that the present invention is set forth in the follow-
ing claims.

I claim:

1. An apparatus for addressing and modifying data in
a row addressable memory which stores a plurality of
lines of information and is placed on an integrated cir-
cuit, said row addressable memory receiving row ad-
dress, color data, start address, end address, and logic
function data, said start address and said end address
deﬁning a portion of data at said row address to be
modified &CCOrumg to said color data and said 1Ugu.
function data, wherein modification of said portion of
data is to be performed simultaneously, and said start
address and said end address to permit as a maximum
size an entire row of said row addressable memory
corrcsponumg to an Cl’l(.lI'C llﬂC o1 uisplaycu VlUCU, bdlu
apparatus on said integrated circuit comprising:

a memory array with row address circuitry for select-
ing a row in said memory array, wherein an entire
row of memory cell data, of said row, being simul-
taneously available during read operations, and
said entire row of memory cells being simulta-
neously available during write operations;

a data latch means for storing said entire row of mem-
ory cell data of said row of said memory array;

a Illl uml Wl[l'l a pll.ll'dl y OI bldges corfesponumg to
all memory cell addresses in said row of said mem-
ory array, each fill unit stage employing one ad-
dress compare unit and an individual bit processing
unit for each bit plane of said memory array, said
address compare unit employing a first address
comparator to compare said start address with a
fixed address corresponding to said fill unit stage, a
second address comparator to compare said end
address with said fixed address of said fill unit
stage, and a combinatorial logic circuit to combine
outputs of said first address comparator and said
second address comparator, each said bit process-
ing unit employing logic gates which modify data
from said data latch means according to said logic
IUnCIlOﬂ Gata, salu Coior Udld, ana me COr’numaw-
rial logic circuit, wherein when said fixed address
of said stage is greater than or equal to said start
address and less than or equal to said end address,
said data from said data latch means is modified
d(.«(.Ol'Ulﬂg to bdlﬂ c.()ior data dIlG bdlu lOglL 1uncuon
data, otherwise said data from said data latch
means is not modified.

2. An apparatus according to claim 1 wherein said

memory cells are one transistor memory cells.

3. An apparatus according to claim 1 wherein each
input gate of said first address comparator for a fixed
address input bit with a logic low value comprises an
AND gate means whose inputs are a corresponding bit
from said start address and an output of a previous
comparator gaie of lesser wcigul., and each ‘u‘ipUL gaie
for said fixed address input bit with a logic high value
comprises an OR gate means whose inputs are said
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corresponding bit from said start address and said out-

put of said previous comparator gate of lesser weight.

4. An apparatus according to claim 1 wherein each
input gate of said second address comparator for a fixed
address input bit with a logic low value comprises an
AND gaie means whose ii‘ipul‘.s are a COi‘i‘t‘:SpOﬂuii‘ig bit
from said end address and an output of a previous com-
parator gate of lesser weight, and each input gate for
said fixed address input bit with a logic high value com-
prises an OR gate means whose inputs are said corre-
sponding bit from said end address and said output of
said previous comparator gate of lesser weight.

5. An apparatus according to claim 1 wherein the bit
processing unit comprises logic gates which modify said
data from said data latch means, said logic gates com-
prising AND gate means, OR gate means, exclusive OR
gate means, and direct input from said color data.

6. An apparatus for addressing and modifying data in
a row addressable memory which stores a plurality of
lines of information and is placed on an mtegrated cir-
cuu., said row addressable memory réCéi'vmg row ad-
dress, color data, start address, end address, and logic
function data, said start address and said end address
defining a portion of data at said row address to be
modified according to said color data and said logic
function data, wherein modification of said portion of
data is to be performed simultaneously, and said start
address and said end address to permit as a maximum
size an entire row of said row addressable memory
corresponding to an entire line of displayed v1deo, said
dppd.l'dl.ub on bd.lu mu::grdl.cu CifCUil Lumpubmg

a memory array with row address circuitry for select-

ing a row in said memory array, wherein an entire
row of memory cell data, of said row, being simul-
taneously available during read operations and

neously available during write operations;

a memory data latch means for storing said entire row
of memory cell data of said row of said memory
array; an address compare unit with a plurality of
dauress compdre b[dgeb correspon(ung to dll meim-
ory cell addresses in said row of said memory ar-
ray, each address compare stage employing a first
address comparator to compare said start address
with a fixed address of said address compare stage,
a SeC()fl(l dG(ll'Cbb compdrdwr to Lumpdrc bd]ﬂ cnu
address with said fixed address of said address com-
pare stage and a combinatorial logic circuit to com-
bine outputs of said first address comparator and
said second address comparator, wherein when
bdl(.l uxeu duufeSS UI bd.IU auufeS> Cor‘n'pafe Stage lb
greater than or equal to said start address and less
than or equal to said end address an output of said
combinatorial logic circuit is asserted;

one or more bit processing units for each address
compare unit, each said bit processing unit com-
prising logic gates which modify data from the
memory data latch means according to said logic
function data, said color data, and said combinato-
rial logic circuit, wherein when an output of a
COTTéSﬁOﬂumg stage of said combinatorial iugu.
circuit is asserted, said data from said memory data
latch means is modified according to said color
data and said logic function data, otherwise said
data from said memory data latch means is not
modified.

7. An apparatus according to claim 6 wherein said

memory cells are one transistor memory cells.
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8. An apparatus according to claim 6 wherein each
input gate of said first address comparator for a fixed
address input bit with a logic low value comprises an
AND gate means whose inputs are a corresponding bit
from said start address and an output of a previous
comparator gate of lesser weight, and each input gate
for said fixed address input bit with a logic high value
comprises an OR gate means whose inputs are said
corresponding bit from said start address and said out-
put of said previous comparator gate of lesser weight.

9. An apparatus according to ciaim 6 wherein each
input gate of said second address comparator for a fixed
address input bit with a logic low value comprises an
AND gate means whose inputs are a corresponding bit
from the end address and an output of the previous
comparator gate of lesser weight, and each input gate
for said fixed address input bit with a logic high value
comprises an OR gate means whose inputs are said
corresponding bit from said end address and said output
of said previous comparator gate of lesser weight.

10. An apparatus according to claim 6 wherein the bit
processing unit comprises logic gates which modify said
data from said memory data latch means, said logic
gates comprising AND gate means, OR gate means,
exclusive OR gate means, and direct input from said
color data.

11. A comparator for comparing a variable address
with a fixed address comprising: an arrangement of
logic gates in which each input gate for a fixed address
input bit with a logic low value comprises an AND gate
means whose inputs are a corresponding bit from said
variable address and an output of a previous comparator
gate of lesser weight, and each input gate for said fixed
address input bit with a logic high value comprises an
OR gate means whose inputs are said corresponding bit
from said variable address and said output of said previ-
ous comparator gate of lesser weight.

12. An apparatus for addressing and modifying data
in a row addressable memory which stores a plurality of
lines of information and is placed on an integrated cir-
cuit, said row addressable memory receiving row ad-
dress, color data, start address, end address, and logic
function data, said start address and said end address
defining a portion of data at said row address to be
modified according to said color data and said logic
function data, wherein modification of said portion of
data is to be performed simultaneously, and said start
address and said end address to permit, as a maximum
size, an entire row of said row addressable memory
corresponding to an entire line of displayed video, said
apparatus comprising:

a memory array with row address circuitry for select-
ing a row in said memory array, wherein an entire
row of memory cell data, of said row, being simul-
taneously available during read operations, and
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said entire row of memory cells being simuita-
neously available during write operations;

a data latch for storing said entire row of memory cell
data of said row of said memory array;

a fill unit with a plurality of stages corresponding to
all memory cell addresses in said row of said mem-
ory array, each fill unit stage employing one ad-
dress compare unit and an individual bit processing
unit for each bit plane of said memory array, said
address compare unit employing a first address
comparator to compare said start address with a
fixed address corresponding to said fill unit stage, a
second address comparator to compare said end
address with said fixed address of said fill unit
stage, and a combinatorial logic circuit to combine
outputs of said first address comparator and said
second address comparator, each said bit process-
ing unit employing logic gates which modify data
from said data latch according to said logic func-
tion data, said color data, and the combinatorial
logic circuit, wherein when said fixed address of
said stage is greater than or equal to said star ad-
dress and less than or equal to said end address, said
data from said data latch is modified according to
said color data and said logic function data, other-
wise said data from said data latch is not modified.

13. An apparatus according to claim 12 wherein said
memory cells are comprised of one transistor memory
cells.

14. An apparatus according to claim 12 wherein each
input gate of said first address comparator for a fixed
address input bit with a logic low value comprises an
AND fgate whose inputs are a corresponding bit from
said start address and an output of a previous compara-
tor gate of lesser weight, and each input gate for said
fixed address input bit with a logic high value comprises
an OR gate whose inputs are said corresponding bit
from said start address and said output of said previous
comparator gate of lesser weight.

15. An apparatus according to claim 12 wherein each
input gate of said second address comparator for a fixed
address input bit with a logic low value comprises an
AND gate whose inputs are a corresponding bit from
said end address and an output of a previous comparator
gate of lesser weight, and each input gate for said fixed
address input bit with a logic high value comprises an
OR gate whose inputs are said corresponding bit from
said end address and said output of said previous com-
parator gate of lesser weight.

16. An apparatus according to claim 12 wherein the
bit processing unit comprises logic gates which modify
said data from said data latch, said logic gates compris-
ing an AND gate, an OR gate, an exclusive OR gate,

and direct input from said color data.
* * * * *



