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[57] ABSTRACT

A data processing system which handles thirty-two bit
logical addresses which can be derived from either
sixteen bit logical addresses or thirty-two bit logical
addresses, the latter being translated into physical ad-
dresses by unique translation means. The system in-
cludes means for decoding macro-instructions of both a
basic and an extended instruction set, each macro-
instruction containing in itself selected bit patterns
which uniquely identify which type of instruction is to
be decoded. The decoded macro-instructions provide
the starting address of one or more micro-instructions,
which address is supplied to a unique micro-instruction
sequencing unit which appropriately decodes a selected
field of each micro-instruction to obtain each successive
micro-instruction. The system uses hierarchical mem-
ory storage using eight storage segments (rings), access
to the rings being controlled in a privileged manner
according to different levels of privilege. The memory
system uses a bank of main memory modules which
interface with the central processor system via a dual
port cache memory, block data transfers between the
main memory and the cache memory being controlled
by a bank controller unit.

6 Claims, 429 Drawing Figures

21y 22 '"’-*-J 1 fcraBus is 20
Y CPM BUS
[ 7 T 1 v,
[ ]2 [ ] 2e 1T e 2 " 13
1/0 - l ~ I
cuanne 3] ©© I ATV e ALU | uosEe
o aus | | L)
28
LA BUS 5
2
PA BUS T
ROM BUS 2
287
107 FROM BMC BUS =7
1/0 oevices>*{170 PROC }-1/0 BuS MICRO-
3 -1 PROCESSOR
33 COMPUTER §— 35

T "O



4,386,399

Sheet 1 of 427

May 31, 1983

U.S. Patent

v ] Add014
ALL
gg —{ ¥3ILNAWOD cg
HO0SS3IJOMd . Ic
“O¥OIN ﬁ|mr| sna o/1-{"208d 0/1 mmu_wwn_ o\ow
/
g 82 sN8 OWe WOHJ
(82 sng Wou
L2
. sna vd
/R
sng v
G2
\ SN8 Qdd
03s-7 nav dI nLv 41 B ._uuw_mxo
[
¢ 0 2 o’ ve’ gz!
4 J Vi
SN8 WdD ;7 7 f
02 61 sng vdd S ¢ Y4z
8l
A 3w
L
ﬁ_\ waisss| 4!
a
6s 3
HITIONINOI 8l |
%NVE
AHOW3IW [
NIV )




Sheet 2 of 427 4,386,399

May 31, 1983

U.S. Patent

LM 3HIVD oVl
D —
. NOILINY 1SN dNODT 34QLS ovL Jove
294 b’ wA 31Vl
L1 3HOVD WILSAS
p - ovL — ovl 8Ll
ep 7 { U._ Pl
26 3 X3ANI I1€-6
AS kel am ¥QQY LY¥Od|
= 4N 24 T ‘o ¥aav o/1
aNo9
XN ZASONI VI
[ e 0(# \ Ie~6
: AS SN ¥Oav 18040
YNVE VIA 1 L ndo
AMON3W OL ) ¥ 4 o34 Haav
1€-0 am /vD SITvIG dNOD o34
viva I€-9 viva
H3AINQ 3llum 8b Ve 3 o/1 ' 140d1
\3 ; yaQVY &
\_ . 3yols p—
Viva IHIV) 1€-6 viva
I€- @ VAVO 1MOd | o= " te——
15 7 1nog| 033ds How [TNig viva LH0dD
o A nad
SY3ANQ 4 vs (M3TIONLNOD
F ot 93y NNVE WON4)
I€-@ VLIVQ LHOdD o —~J Nl |—— i€-9 gy
(o] vov ayd
{ 7
1€~ mQ 4318193y £S
ILINM e
viva




Sheet 3 of 427 4,386,399

May 31, 1983

U.S. Patent

81 ¥3T10HLNOD MNVE
HAAV I
L-@ Haav \_u SS34aaY —x _. yaavy __
N ¥aqQvy
o HS3N4 3N
£-¢ 13SAON 13SAONW
Z a
. . $713S GOW 1dvisS o8
HS3H43H 1NOAT 'NIGT1 'SV 'Sy < e TOMINOD
~d 12— o M 7Y
S¥3AINQ _ll ONINWIL 123r3y4 08
> Mova 'viva 28
HOMN3 28 °ASNg 08
92- @2
# < €0 HVd GM/YD
8E-2¢ UM < < le—{itg-8) L3 ..L‘ 3Y01S | < 1E-Qam/vD
SN8 viva ~J XNW |
JLI8m OL
Ie-0 am & < Te—lsuaze) AS9-0S
~d £-0ay 8 ASIC-0 QY
SH3IAING A JSo3uASLIES o
96-¢S 9 AS O NOILI3NY0D »  1€-¢ QYD
She vivg T -0 135 dD 3HOvI
g8e-¢ ad > W3LSAS

Qv3Y o4 _.zuo Les 934 AS 31901
\ \ ¥vVd QY m ™1 ALiuvd ~€-Quvd g4d) Ol
0L -0 yvd ay ASE- ¢ Hvday
ic-¢ ay” >
¥IAING



Sheet 4 of 427 4,386,399

May 31, 1983

U.S. Patent

'Ol

$9
91 ANOW3N NIVW —1N0 a7 €1d e "
40 3INAON v 73S XNW QY | _ 99 ;e
21901 [ | 1 T3S ON
4344n 8[| HOLY T [————"1108N OO~ _ 135 aon -] ‘anon
AVHYY - —1n0 a1gd T
09 AMOWIN  qgigy £-¢ 8 3AINa | €-¢ QONW
AN o L
g — _I..So ale 1d
e T _ HD NIG<1 o iwinfe] 4na
99— HOLYTR QL8 [HIW I — i35 gy
4N9 pe————.
~ MO SAS
¢ : 93:04-+{ 430 4
se-0 | [ [aNvef 1 F | * 1N0a121d DA __§ W19 NI
(sng viva aoay . HUV IR 94° HoLy et onz coam—] .~ J.Iu__ﬁm
av3y ou : “NIgy
8e-0ad [ ,nw ~ I fe M - 8N3 A3 oM~ ‘INOD ["TmFidu
ANV [ ‘ 1noa11d 6o’ ““NrOT
! e — 31507
E 93y vio HaLY gL9—HOW 1 |—p 94aY Ff~—q 135 | Sv8@1dd
i1n0 ~ L . A Wvy §aav
ves | i e 4 | 89
IE/ OF « wzm._n_ > - - NgW 73S GOW
¥3AINQ \ IPvAR 48— 1] | NG 9
69 19 syang  [HAW 10 aav [ Hov 4310 sts
8E-0 A3 QY e
I€- @€ X1 934 aN %ﬂomomﬁx
73S XNW ay ~
L9
94 93y
8€-0 00 am = LNI-wva
€9 — tensgoam
93y
H¥3J4Ngpe—BE-P am
8E-0d A3 Om _ |Ni-viva ,
T 7 L __anaazam 29




Sheet 5 of 427 4,386,399

May 31, 1983

U.S. Patent

G 'Ol

¥$ 'Oid OL
r 0r 3HOLS vivd IHOVD WILSAS 1 .
IM SO IM SO
| -3¢ 4
4 (44 4
BT £
] | BT
1 L)
PA T *1‘
$1N00 r{0/0 7 #Lnoa—o/a Hy
g g 0#
¥ ¥
£ 9 . S
3 - 9
1 T *
1/0Hy -5N10 /0 PNIO
&—3M 28
ETCS) 3IM SO
ra IdM sag =T @ IdM_sa
T —adM_Sa T Py Y
5T £ X3IANIT T £ X30NI0
=T —8X30NID =T 8Xx30NIT
5T L X30NID - L x3aNIa
T 8%30NI3 T o 8% 3ANIO
1Ln0a o/a 5 SX30NID 8.1n00-r{o/a o Py 5 X30NIO
= # X JONID - ® +X30NI0
3 € X30NID . & € X3UNIO
r P —2X30NID r -® 2 %30NI0
= *— 1X30NID - PN 1X30NIO
-8x30NI3 Y & —3x30N10
170y INIO 1/ahy 2NIT




Sheet 6 of 427 4,386,399

May 31, 1983

U.S. Patent

3IM SO Im SO
a7 a7
[ [0
BT 3¢
g7 =l
57 El
PR 1
€11N00 —0/a 5 atinoa-osa 5
5 5
¥ ¥
T [
g 2
T T
170y €INIO /0y 21INIO
3IM 18
AW ml_. —e m,t_
M SO IM SO
a1 a7
ET 44 EY
F1 4 BT
5T a7
a1 — 91 ¢ 4
T T
6.1N000—p0/a 81nog-o/a #
: 4 — $
2 2
E E
3 g
T T
170ty 6NIO /Gy —8NID
I | -
S 'Old WOHd

I
S '9Id WOHA



Sheet 7 of 427 4,386,399

May 31, 1983

U.S. Patent

g6 'Old

96 'DI4 O 06 ‘914 0L
1 1 )
M SO IM SO
3T 3T A
ET 4 -9
71 3T
144 EL *
EL * K L ]
1 1no T T
0 —Hosa - ’ Y 91n00 —o/a - y |
5 ¢ T A
¥ * ¥
T * T
- g
T Y
/0y ANIQ /o SNIO
&30 28
w F g
ETER) Im SO
=7 1dM _Sg = &——IdM S8
=1 ~—3dM_SE T ® GdM_SE
1 -6 X30NIY o1 & —— 6 X30NIE
= ax3aNI Y =7 & 8x30N18
=1 vy LX3ONIY AT —o— £ X30NIE
ox & AX3I0ONI Y T ® —~5X30N18
ELND0 —o/a - Py SX30N1Y  31N00 —-0/a by Py SX30NIE
= ®- + X 30NI & 5 & + X 30NI8
T o —E X30N1Y ne £ X30N1B
r Py ~3X30NIY . 2 X3aNIB
= IX3aNIY - 1X30N18
Y —@X30NIY T 2 X30N18
/0y —ENIT 1/a ania




Sheet 8 of 427 4,386,399

May 31, 1983

U.S. Patent

g

51INIQ

Old

11000 -]

am SO

cl

[

+1

L

EL

[e¥dql

PAS

—~ 0 MY oo U

1/7Q

am SO
al
ET
+T
57
EL
T
mﬁg.DDDIHIO\D 3
S
¥
[
=4
T
1/Q 1T
b g
L ]
al
[
+1 _
ST
E 4
LT
:HDDDJ-IO\O 5
3
; —9
m g
d
T
1/ahy
1
85 'Did WOH4

1INIO

aiinoa —T10/4

3aM SO

al

eT

vl

ST

EX

PA

—f Qi M§ < LY

/a

I

¥ INIO

3M 18

I
85 '9l4 WoH4d

——@ INIOQ



Sheet 9 of 427 4,386,399

May 31, 1983

U.S. Patent

36 '9id OL

i

as 'olid

36 91 0L
]

T
|
ETTRER) M SO
] 9
T =
ET * Tl 4
¥1 \ ¥T 9
51 * 144 4
T % T ®
PASE t PR .
131000 —o/a - ® 23.1n00 —10/0 - ®
S B g
S L d ¥
3 * T
L]
T T
/a0y 1aNIg 1/ @aNIa
L —3M g8
NT F F
3IM SO M SO
- &—idM SO T Y IdM_SD
T &M S - . 2dM S
5T P £X30NID T Py £x30NIQ
=T ® ax3anNId -~ P 8x3aNIa
T ® L X30NID Py L %3ANIT
. - 8X30NID . & SX3ONID
411000 —o/a Py SX30NIO 911N00 —0/0 - ® 5X30NIT
+ X 3ONID = ® +X30NI0
- PN £X30NID " ® € X30NI0
- *— 2X3IONID : ax30NIa
1X30NID - 1X30NI10
Y 2X30ONID " @x30NIa
1/ahy LINIO 1/ahy a1NIO




Sheet 10 of 427 4,386,399

May 31, 1983

U.S. Patent

36 'OI4

ETNECR) IM SO
T T
4 (4
b1 2
A BT
T EL
T PR
631N00—{o0/a g 83 .1N00 —0/a -
5 g
¥ {3
4 4
g 3
T T
170y £3NI0 /0T B2NI0
3m €8
bt s
3M SO 3IM SO
at T
ET ET
3T 2
51 ST
kN g T ? ]
it 4 PR 4
s3.1no0—o/a Iy - *3.lnog—-ora 7 %
5 9 14 9
3 g ¥
3 £
) 2
T T
/0 53NI0 /0y »2N10
as '9id WOHd Qs '914 WoH4



Sheet 11 of 427 4,386,399

May 31, 1983

U.S. Patent

45 '9Old

06 914 0L
f : 1
Il
M SO 3IM SO
T T -
ET T B d
T 3T -9
g1 g1 L
T g1 A d
A T ) 4
€31N00-0/Q e aainog—{o/a 5 *
-1 -9
+
(4 (4
g 2
1 Y
/0y —£3NIa /0y -28N10
@—-3M 28
I o
IM SO 3M SO
idM SV &—IdM SY
el LL_LLEE_L A T ) oV
T BdM SV =1 ® BdM SV
T &X3IONIY T ® & X30NI8
=T 8X30ONIY =7 r g X30NI8
a1 L X30NIY T & £ X30NIA
T X ION] G T *® -9 %X30N18
611N00—j0/0 3 SX30N1Y 811N00-{0/C 5 -5 X30ONIE
+ X 3ANIY 7' + X30NIE
. € X3IONIY = € X30NIB
= 2X30NIY r 3x30NIA
= IX3IANIY - 1X30NI8
Y B X30ONIY T 2 x30N18
/0y &INIO 1/ 8 INIO




Sheet 12 of 427 4,386,399

May 31, 1983

U.S. Patent

BENIO

3M €9

D6 'Ol Av
3IM SO 3IM S5
T =T
T T
5T T
¢ 5T
El 3T
T T
1E1N00 {0/0 - RELN00-{0/0 -
% T
3 ¥
3 3
3 )
T 1
/0y 1ENIO /0y
— Y
3IM 5o ETER)
=L T
T T
T 3T
zT =T
T D) g El
T T
421000 —o/a 5 Py 931n00—Ho/a s 9
5 - = L ]
* 3
T r
3 3
T Y
/alby LANIO /0y
L
46 .mu.u_ WOH4 49 ,G_u_iomm

[2N10



U.S. Patent May 31, 1983

Sheet 13 of 427

—

cs
TINDEX® ﬁ,__ﬁ,w
TINDEX] 9 3 Al
TINDEX2 t1a2
TINDEX 3 §A3
TINDEX 4 Ad
TINDEX S 21,5  POUT
TINDEXE 12,5
TINDEX? 1,7
TINDEX B 121,a
TINDEX 9 T 13,0
WE DIN
WRITE TAG 14? 15
TAG INg—
cs
AD
A Al
a2
21A3
&
A4
9f,s  DOUT
1206
a7
. 121a8
L 13[,0
WE DIN
' ]
TAG INJ

1
TO FIG. 6B

TAG STORE 43
FIG. 6

4,386,399

TAG QUTR

TAG OUTI



U.S. Patent May 31, 1983 Sheet 14 of 427 4,386,399

FROMIFIG.E
r —
cs
¢ Az
#~ z A3
® A4 —
o 9l as DouT TAG OUT2
2 12146
1Lia7
18/,g
13,9
WE DIN
® 1:r 1S
TAG INZ
Elap
Al
$1a2
21a3
Biag -
9l,s pouTH—— TAG OUT3
18156
WAz
1B, A8
13 AQ
‘WE DIN
13 19
TAG INF

44aG
INoExMh—13{{:::>lﬁ— TINDEX®

FIG. 6A



U.S. Patent May 31, 1983 Sheet 15 of 427 4,386,399

)
TINDEX® —o—Liap
TINDEX! =N
TINDEX 2- » a2
TINDEX 3 21A3
&
TINDEX 4 —9- A4
TINDEXS A5 DouUT] TAG OUT4
TINDEXEr 18,5
TINDEX 7 -9 WAz
TINDEXS 12,8
TINDEXS L 4 13,0
‘WE DIN
WRITE TAG o s
TAG IN4
cs
AD
1+ Al
a2
'3 2 A3
# 9 2; pouTH TAG OUTS
181,65
]
# 12,8
13/,
WE DIN
14? 19
TAG ING i

1
TO FIG. 6C

FiG. 6B



U.S. Patent May 31, 1983 Sheet 16 of 427 4,386,399

FROM IFIG. 68

AQ
Al
A2
A3
A4 kd
AB DOUT]
A6
AT
A8

TAG OUT6

EZEmmm+w

WE DIN

lﬁ 15

TAG ING

A% pouTl——— TAG OUTT

WE DIN

% 19

TAG IN7

FIG. 6C



U.S. Patent May 31, 1983 Sheet 17 of 427 4,386,399

—

cs
TINDEX® AD
TINDEX1 —e- 1P
TINDEX 2— -9— 1A
TINDEX 3— S1A3
&
TINDEX4 Ad 7
TINDEXS 9l,5  DOUT TAG OUTS
TINDEX& 19,6
TINDEX? P
TINDEXB 181a8
TINDEX 13ia0
‘WE_DIN
WRITE TAG 13 15
TAG IN8
cs
AD
Al
Haz
21A3
Eias 7 _—
9l  DOUT] TAG OUT9
1,7
12l
13,9
WE_ DIN
i
TAG ING—

T
TO FIG. 6E

FIG. 6D



U.S. Patent May 31, 1983 Sheet 18 of 427 4,386,399

FROM FIG. 6D
]

MO0 FLAG OUT

Ab

. 5 DOUT]
181 .6

WE DIN

lb(r 15

WRITE FLAGS——@
WRITE

AQ
Al
A2

g
3
4
S1A3
3
__ 19|

VaL FLAG 0OUT

A5 DOUT]

A6
1L a7
12{g
l3lag

WE DIN

™ tq

BLOCK:

FIG. 6E



U.S. Patent May 31, 1983 Sheet 19 of 427 4,386,399

HID -
1
17 !
CE2 CEl OE ;;
ICTAG WE +E28gwE
—— 4]
INDE X4 -9 )
TOEXS * al |
TNOEXS e 22
INDEX7- A 4 3
—e >
INDEX6————@ Bl| 4 (ADRS
INDEXo—@ 5
el
7
TAG ING— oIl po| H4—— ICTAG OUT®
TAG NI Ll p12 po2 HE— ICTAG OUT]
TAG IND DI3 posH@ — ICTAG OUT2
TAG IN3 13] p14 po4 HE— ICTAG OUT3
L
[ o
i !
CE2 CEl OE
R we
[ 2 41a]
¢ I
¢ 2
i3
, 21 4 > ADRS
L 4 5
=t
7]
TAG IN4 15} piy pol HB— ICTAG OUTA
TAG ING— 134 512 po2 Ht—o ICTAG OUTS
TAG ING- 2 013 po3 He&—— ICTAG OUT6
TAG INT 1 14 poaHE — ICTAG OUT7

T
TO FIG. 7TA

ICACHE TAG STORE COPY

FIG. 7



U.S. Patent May 31, 1983 Sheet 20 of 427 4,386,399

FHOMI FIG. 7
r —
T e U
CE2 CEl OE
204 we
NN
[ ]
T 2
9- a
>
e 81] , PADRS
[ 25
6
7
TAG ING 2 pny ool He&— ICTAG OUTE
TAG INO 13} p12 po2 H4— ICTAG OUTS
INDEXG 11 13 poa HE—— ICTAG OUTI®
INDEX 121 p14 pogHb ICTAG OUTTI
1
17 !
CE2 CEl OE
22 o we
419]
a4
2l o
L3
2l , ? ADRS
2l s
tj )
.,_J
TNDEXZ: 2! o pol H2— ICTAG OUTI2
INDEX3 1L! pr2 po2 HE— ICTAG OUTI3
13 py3 po3jH¢
15§ 14 poall®

FIG. 7A



Sheet 21 of 427 4,386,399

May 31, 1983

U.S. Patent

1nvd 438

8 ‘Old
26 HOLVHVAWOD JHOLS DVL

1No av4d un

avN3
3UVAMNO?

118 9 58
ve
o e ENI OV.L
28|y ENI OVL
18} LNI VL
o —ONI OVl

a=v sV
v

EVigr——64100 9¥L
gvlT——81N0 oVl
IV f———4LN0 OV

av ‘ﬂ||l||.0._.30 OV.L

_p||||||m@|n_m

9 138

avnN3
FYVINOD

l1a ¢ S8 J.«IlmZH ov.L

¥8ler——¥NI OVL

INI ©OV.L

o8 10.|I||QZ~ oOv.L

pV|g—rL1NO OV.L




Sheet 22 of 427 4,386,399

May 31, 1983

U.S. Patent

LidmY oI

6 'OI4
S¥ HOLYHVYIWOD 3HOLS DVL IHOVO

_&”m:m al

avnN3

FUVINOD
118 9 S8——EX3ANI

8| py——2X3aNI
€8 eI X30NI
282X 3aNI

03 138

181 5—6NL oVl
P8l m—BNI oVl

sV gT—ElLNO_OV.1D]

YYIgT—=li00 oviol
€V|p——I(1NO ©V.1DI
EVlz——@11LN0 OV.1DI
v e—8.1N0 9V.Jl
Q(.«IIIIWFID.OIOKF'UH-

L8fgpr——(NI OV
98 gr—SN OvL
61 5T——SNl ov.
PEgr——tNI OVL
c€d —ENI vl
28——=2NI oVl
la———INI Vi
1no3 29 Fer—————@NI OVl

LV }er—LLNO

OVIT 2400 OVIdI
SYIpT—E400 oVl
PYr——#.L00 OV.I3I
EVpa——€1N0 9V1D]
EVIg—24N0 OV.idl
IV g————1Lno



U.S. Patent May 31, 1983 Sheet 23 of 427 4,386,399

CP TAG ENAB-

CP ADDR CLK TO FIG. 10A
'
o)
CLk
CPATT OBBI 8 TAG T2
TPAlz OB3L 7 & TAG IN3
CPAI3 0B334 TAB NG
CPAI4 OB 3| 2 o TAG NG
CPATs OB3T 18/ 19 TAG NG
CPASs OBYL 17 b s = TAG INT
CPAIT 05-43—-“— 2 TAG INS
CPA18 OB%s 13 *— 261N

IP TAG ENABE

IP ADDR CLK TO FIG. 10A
1 l
(8]
CLK

WEB TAG ENAB
WB TAG CLK i

N
CLK

TAG oUTe——2
TAG oUT3———%
TAG OUT4———0
TAG ouTe———&
TAG oUT6——13]
TAG oUT 77—
TAG oute— L1
TAG oUTog———18 13

~ =
P M

C PORT AND | PORT ADDRESS REGISTERS 41 AND 42
AND WRITE BACK TAG UNIT

FIG. 10



U.S. Patent May 31, 1983 Sheet 24 of 427 4,386,399

CP INDEX ENAB
TO FIG. 10B
FROM FIG. 10

CPAIG OB 8 -9 INDEXZ
CPAZE & INDEXT
cPAzT ORal 4 2 - INDEXZ
CPAZZ 0858 2 TNDEX3
CPAZ3 OBl 18 2 9 TNDEX4
CPAZ4 OB8 17 16 INDEXS
CPAZ5 0B322 14/ S TNDEXE
TPAZe OB88 13 & INDEX7

IP INDEX ENAB

} TO FIG. 10B

FROM FIiG. 10

o=
D-=—1t—@

TPAD ORIE 8
PAZE
PA2T
iPAZ2 oB8@ 3|

1PA23 OBIS 18] 9
PA24 OBBL 17
Paos 0B83 14 15

PAze 0B84 13| 2

~ |

FIG. 10A



U.S. Patent May 31, 1983 Sheet 25 of 427 4,386,399

FROM
FIG. 10A

14

<~
K
TPaoT oBBl B INDEXS
CPAZs OBBR 1T & | @ INDEXS
CPA29 g WPE
TPA3p OBt 1B 19 . 4 WET
TPA3T OBBS._ 4 = * wWP2
CMODE® 2 ¢ MODE®
cMODET OBfL 14 12 @—— MODE |
CPWRITE 12 WRITE
FROM{
FIG. 10A
1
"4
cK
Pac7 o208 8 3
PAse o288 4/ 3
PAzo o883 1| £
FAss 0238 18] 13
IMODET OB24 17 16
Mooz o823 3 a
HIC——li 15
PwaiTe OBl 13 12

FIG. 10B



Sheet 26 of 427 4,386,399

May 31, 1983

U.S. Patent

ZAS | X3ANL

ZAS @X3aNI

AS { X3GNI
AS_@X3IANI

NS 138 sO
NS 3JL1INM

L "OId
SLINN Z AS X3ANI ONV AS X3aNI

A0

| X3ANI

SAS SX3IANI
ZAS t¥X3AaNI
ZAS EX3ANI

SXIANL

138 80

r

LIy M

2AS 2X33aNI
AS SX3ONI
AS IX3ONI
AS EXIANI
AS 2X30NI

igsis

AW
PaN

—6X 30NL

X 3AONI

LX3ANI

OX30ANI

—&———;

jJJ Jd

gl

+1

g

A1J 848 ©

H—————SXJaNI
T —————FX3aNI
H——————EX3ANI
ET——————=2X3aNI

A1] SAS v



U.S. Patent May 31, 1983 Sheet 27 of 427 4,386,399

A SY8 CLK
11
N/

CLK
WP 2
WPT- 8
IWPZ- =
TWPK- 17 16
? & WP 5V2
14 15 WPl SV2
3 B TWPB SV2
1 19 WP sv2
WP 5V 2 UNIT

FIG. 12



U.S. Patent May 31, 1983 Sheet 28 of 427 4,386,399

WRITE ENAB—?—
1
SEL
— c 8
INDEX9— AG 7
INDEX9 SVa— Blng 22 DS INDEX9
EXE-ors " z— DS INDEX8
INDEXS svo———1i8ip,
TNDEXT- 2
INDEX7 AZ
INDEX7 Svo— 3 Baui:szzﬁh— DS INDEX7
<& Svm_ 3 e F| - — DS INDEX6
INDEX6 Sve— 13153
ENAB
1L‘
SEL
I < 8
INDEXS AQ
INDEXS Sve— f'ag 0 DS INDEX5
INDEXZ- 1
INDE X 4 Al 9
INDEX4 SV2- svg___l.g_ 8l zl DS INDEX4
INDE X3 A2 4
INDEX3 5v2— 3 Beuﬁ: EZQ DS INDEX3
TNDEXE. 14
INDEX2— AIMUX 12
INDEXZ SV2 13lgy 23 DS INDEX2
ENAB
L ‘ |
TO FIG. 13A

INDEX MUX AND WP MUX
FIG. 13



U.S. Patent May 31, 1983 Sheet 29 of 427 4,386,399

FROM FIG. 13
i
|‘— )
|
SEL
— o )
INDEX | AD 4
INDEX| SVZ g 22 DS INDEX]
TNOEXS 14
INDE X& Al "
INDEX@ SV2 13/q, 4 DS INDEX®
5
A2
slap 2 227
eV
. 9
18y 23
ENAB
1
1
SEL
— B
WPa—a- AQ .
WPe V5 -t o— ——— W
wPe sva—3lpg 22 LS WPR
WP —————L3 A
! — WP
WPl sva———I13ip, z1 P& LS WPl
( sDe) TWPG——2{A2 -
20 MS W PO
- S -1 2 Z 4
TWPo ———Isw\;,l ¥ igL]NE
MUX__ |9
WP
weT sva——1@lgs 3P 4 MS
ENAB
1;
WP ENAB
DS COUNT SEL
|
SEL
S— 8
OS COUNTI——@—E{AD .
_—— zopt-
I0B COUNTZ 2 13 Be
DS COUNTT- 4
' Al
DS COUNT] * a1 ,
TOB COUNTI 2 o8
[ g; 2 z2p L —
1] CLINE
A3MUX .| 9
B3
ENAB
l;
WP ENAB

FIG. 13A



Sheet 30 of 427 4,386,399

May 31, 1983

U.S. Patent

€2 MO
22 Mg
12 Mg
Ba Mo
51 MO
81 mMa
L1 M0
91 Ma

vL 'Old
VOr H31S193H JLIHM viva
1€ MO —ET] lm..ﬂl—msz
BE MO 7] 1NZHD
&2 MO =] I,“.ﬂlllmmZ:u
8 MO —=7] d«'lmmzun_
L2 MO —= ..ﬂ..thZ-G
92 MQ —= 1MZ—D
S2 MO —] 1NZ~D
2 MO — lm.lvmzmn
b
paN
b
M0 ¥ MO
148 9wl Wl
—7 rmdllmm?:D STMa T lm.uII.M—v:D 4 MO —ET] Im.«lllm.zmn_
—37 dlmmznﬂ +#1 MO —gT |N|~|.I¢ INIO 9 Ma —371] qﬂllmzuﬂ
—= lﬁ«llﬁmzmﬂ EI MA —=T] ,Iﬂldzmﬂ S mMa —=T I.W~|mZ~D
—a7 dll&NZ—D a1 Mo —a7 ..ﬂ.all.l.m.;:n_ ¥ MO — =] ﬂ|VZ~D
— |ﬂ||m—Z—D 1iMa —= lﬂl:ZHD E MO — lmlmeD
— 1:.:0 aimMa — 1—Z~D amMa —= lﬁ'.mT:D
— d|||F~Z~D & MO — NllmZHD 1 M0 g T INIA
— rﬂllmaZ—D B MO —-e Imllmz=u B Mo B |ﬂl|||.|l&Z~D
10 D A
Pl PAN PN
l M F!JU ¥ MO _ rav.JU 8 MO -ﬂ _ !
@X70 a Mg




U.S. Patent May 31, 1983 Sheet 31 of 427 4,386,399

08 SEL \d ) d }TO FIG. 158
A 8Y8 CLK—@ ;
1
~7
DW @ B
bouTe c O MUX OuT@
oW 1
B X
OUT 4 MUX DUTI
bue x S MUX ouTe
pouTe 11?
oW 3
0OUT = ) e MUX OUT3
 —
@
9 |
~
OH 4 2 B MUX OUT4
DOUT 4 4
oM
L MU T
DOUTS " X OUTS
DH &
ST _-— MU
DOUTE :f X oute
oW 7
HS M T
DOUT? 13 ux ourz
*——————
L 2
q4
~7
oW B b
N . MUX OUTB
DOUTS 2
oW 3 4 12— MUX CUT9
DOUTS ”
DW 10 13 s MUX OUTIE@
oouTie "
W
oW 4 e MUX ouTnl
DOUTI!
TO FIG. 15A

MULTIPLEXER 48 AND INDEX DRIVER 48’
FIG. 15



U.S. Patent May 31, 1983 Sheet 32 of 427 4,386,399

FROM FIG. 15
—
5
~
oW | 2
oUT1E 4 e MUX OuT1ie
oW1 33— &
DOUT13 5 L MUX OUT13
oW 1 4——— 11
DOUT14 12 e MUX OUT14
OuW | 5————1%
DOUTIS 13 s MUX OUTIS
M TAG SEL
HIB T i
L O
INDEX?—-E- &- N D P4
INDE X3—————L1 L DM B5
INDEX4———2 2 Du 26
TNDE X5——4 § DW 27
TNDE X6————13. e oW 28
INDE X 7———4 4] o — OW 29
INDEX8————L| 6 oW 3@
INDEX9——18 oL N OuW 31

FIG. 15A



U.S. Patent May 31, 1983 Sheet 33 of 427 4,386,399

FROM FIG. 15{ \ d
. 4
4 1
~7
ou 1€ —B
DOUTIE : L MUX OUT!6
oW 17
DOUTLT 14 e MUX OUTI?
4
oW 18
S 13 S MUX DUT18
OW 19-
DOUTIS 12 Ha MUX OUT19
>
1
\vg
3
oW 22
B MUX OUT
DouT 2R ; Ux OuTes
oM &1
ouTel lf_ O MUX ouT2l
DOH 22
8 mux outee
oouTee :f v
OW 23—
OUT BT S . Mux ouTes
————
’—
SI 1
\vg
Qu 24 - -l ——  Mux ouTes
DoUuT24 :
Du 25
12— MUX OuUTEeS
pouTes 1: ux 0
Ou 26 15
DOUT 26 13 MUX DUTEE
oW 27
ST N, MUX DUT27
nouTe? ux oute
\vg
oW e—3]
2 X ouT
DoUTE 4 MUX OUT28
oW pg———E&
HL——  Mux ouTe9
DOUTE—=2
oM 3g———I14
18 MUX OUT32
DoOUT 3 v
DM 31
13 T
00UT 31 S MUX OUT3!

FIG. 15B



Sheet 34 of 427 4,386,399

May 31, 1983

U.S. Patent

91 "Old

9% 431SID3H viva JLEM

VoL ‘014 OL
L
30VHEOLS
11 v A8
QHOM ¥ gy 3 9
Viitw -9
20M/90 Nm_ = 9 3Tl ¥ vl LLNO XNH
/ - 9 € € 9iN0 XNW
90 M/¥a > 7€ yivg SfF 2
SO M/90 2 2y S1N0 XNW
0 M/90 mmu__.. I Ih $100 XNW
81" aiv F auv " euv F ouv -
N 9
ra
A
M -9
avYN3
L¥M QN
1 t 1
1 m_
—9
NS+
3OVH01S
1189 v A8
QHOM ¥ gl —@——11NNOJ G MD
Vil ° @1NNO2 O M3
EOM/UD D v ¥ E£LN0 %XNW
{a-1r —9- oT] 51 €
3a M/ w2 9- =€ €te 31N0 XNW
{s-1r viva
1G M/ 90 2 2ty 1100 XNH
80 M/ Y3 MM:”ﬂ | lhy —_@1N0 XNW
- N
oL¥ aLs oLy BLb My < WM BU 18
VM P —ad M SH I8 M
8VN3
LHM QM
i 1 I
T 1
NS+
P 8YN3 aMd
g9t 'OId ok._H r ¢ I oM



Sheet 35 of 427 4,386,399

May 31, 1983

U.S. Patent

3JOVHO1S
118 v Ag
QHOM ¥ gyl
..EW.ll,
S10 M3 v v 5
T =7 S1LN0 XMW
¥10 M3 —— € viva € ¥ILND XNH
€10 M2 4 2 2hy €1L00 XNW
3o MI " ] T 211N0 xNu
ALy oLy eLs oLY an
SMNET
YT
8VN3
1ldm ay
1 1 i 1
mu w~
ns+
3OVHO1S
119 v A8
QHOM Vv gu 3
v
\
110 M/ 93 o 3 27" 41 11100 XNu
giamM/ed S -] € € 21Lno Xnu
Li-1r viva [E
60 M/ Y3 2 2 c
S 1 T - —&1N0 XNW
8O M/Ya Do " 1 I 8iN0 xXNW
L+ oL L aLe -
L 0‘
31
8VN3
L¥M QY
1 1 1 1
1 m«
—9
NS+
91 914 WOY4



Sheet 36 of 427 4,386,399

May 31, 1983

U.S. Patent

39VHOLS
118 v A€
OHOM ¥ gy T
(I..m
€30 MO 18 her Mm.:._o XNW
e ’ 7S v e
— L R
@2a M2 [ h -83LN0 XNH
eLy ¥ -
L
A E2
gvN3
1HM QN
[ 1
1 1
S+
um(mo._,m
L ¥ A8
QHOM ¥ gy 3 1INNDD aMD
(Ivm @LNNO3 amMl
610 M3 —§- ﬂ.ﬂ# .W.M«’ 61100 XNuW
810 M3 L 2 € viva S —811N0 XNW
410 M2 T [ e - L1LA0 XNW
910 M2 o | I 1 S11N0 XAW
@iy [~ P X
am 4 idM 87 48 M
YM T 8d M 87 48 M
BvN3
1EM QM
I 1
i 1
+

Qrmw ‘Old WOH4



Sheet 37 of 427 4,386,399

May 31, 1983

U.S. Patent

1EQ MD
@EQ MJ
620 M2
830 M3

430 MO
920 MI
S280 M3
+20 M2

3I5VE01S
118 ¥ Ag
QoM ¥ auf
il
PN - vley 1€1N0
Py € £l @€ LN
~He VY9 ¢ 624N0
y by 821n0
n
oLy oL+ 2Ly aLs -
aMy
AAl
M3
avN3
LEM QN
1 l 1
4
NS+
IOVEO1S
118 v A8
QoM + qul
v -9
Py - vle 121n0
*— = € € 8aino
He YV a5 523.1N0
| | »3.LN0
BLb ey [P ALy aLy
amipy
AA
0 el ¢
avN3
Lum aM
1 1 1
1k o
nS +
e

891 'Old WOoud

XNH
XN
XA
XNW

XN W
XMW
XMW
XNW



U.S. Patent

May 31, 1983

Sheet 38 of 427

CWD SEL *
1
SEL
14 8
cu D12 Ao Ji-e@
MODSEL® 131pg
CH 013 HA L I g
mobsSeL ———&1B)
CW D14 2{A2 72 Ji-23
MODSELZ —Sie2 2 3
CH D15 2IA3MUX 73 Ji-24
WMODSEL3 g3 $
ENAB
d
1|
SEL
14 B
CH DIE& AQ udg_____:l_l:_23<
RADDR7 11? B
CHDI7 Al 9 J-27 ,
TAG No——+— B zl N
CH D18————2{A2 2ol J-29 ,
TAG INF——2(B2, 2 N
CH D13 £ AIMUX , .| 4 J1-38 ,
TAG ING -21B3 A
ENAB
IL.
||
SEL
14 8
CuW 02e AQ 7oHE Ji-32 <
TAG INO ﬁ' B
cW D21 Al 9 J1-33 ,
INDEXQ———J'-g- B zl N
CW D22 A2 2 Ji-35 ,
INDEX ——Blg2 2 72 N
Cw De# 2 ASMUX | 4 Ji1-36 ,
INDEX2 B3 N
ENAB
lé)_’
| . il
TO FiG. 17A

MULTIPLEXOR 47
FIG. 17

4,386,399

casu D12

Ca/u 013

CA/H D14

CA/H D1S

CA/W D16

CA/W D17

CA/W D18

CA/H D19

CA/H D20

CA/uW D21

CA/uW D22

Casu D23



U.S. Patent May 31, 1983 Sheet 39 of 427 4,386,399

FROM FIG. 17
f L 1
r—
1
SEL
11 B
CH D24 ro  lg J1-38 ,
CADDR7 19159 \ CasH D24
2
CHW D25 Al 4 J1-39 ,
I—N-bm 3 Bl Zl BN CAa/u D25
14
Cu D2& A2 1p J3-2 ,
CuW DB =A3MUX .| 7 J3-3 ,
TG 8laa < cA/WDET
ENAB
1
1
SEL
8 3-5
cw pes————1ap q J3-5 ,
TOEXE alg, 29 < CaA/MW DEB
CW Deg————31 A 2 J3-6 ,
CW D3g——————43A2 12 J3-8 ,
LSWbae 2 z2 < CA/W D38
123?3.——& igLINE J3-9
MUX | 4 -9 ,
ENAB
1

FIG. 17A



U.S. Patent

MUx

MUX

MUX

MUX

MUX

MuUx

MUx

MUX

MuUX

MUX

May 31, 1983 Sheet 40 of 427

ouUT1I—

ourTe—

L

ouUT3—

OUT4—

ouTS—

ouTe—

ouUT 77—

ouTB—

ouT 89—

TO FIG. 18A

LT

g

phleblelse

,L

D

lk;

CPM@

cpPMi

cPM2

CPM3

CcPM4

CPM5

CPMB

CPM7?

CPMB

cPMg

DRIVER UNITS 50 AND 51 AND DRIVER LOGIC

FIG. 18

4,386,399



U.S. Patent May 31, 1983 Sheet 41 of 427 4,386,399

FROM FIG. 18
MUX ouno——L—lc
CPMI@
mux outii———1ud
cPMit
Hux ouTie——-8(d
cPMIE
Mux ouT13——Bg
= CPM13
Mux ouTie———Bg
CPM14
Mux ouTis—1+—8Q
4 CPMIS
FAST PHASE o
DRIVE ENABLE 2
]— 1O FIG. 18C

FIG. 18A



U.S. Patent

MUX

MuUX

MUX

MUX

MUX

MUX

MUX

MUX

MuUx

MUX

May 31, 1983

[m)
c
—
I

ouT1?7—

ouT1IB—

ouUTIS—

I

quTEe

ouTer—

ouTe—

ouTE3I—

QUTE4—

ouUTEs—

9y

:

11T

!

TO FIG. 18C

FIG. 18B

Sheet 42 of 427

17

D
(1]
(D

L; ;

A64

A68

4,386,399

CPMiB
CPM1T?
cPM1B
cePMi19
CpPMae
CPMEl

cPmee
cpPMes
CPMes

CPMas



U.S. Patent May 31, 1983 Sheet 43 of 427 4,386,399

FROM FIG. 188
MUX OUT 2e—t—a-Q
CPMEB
Mux quTe?T———I»C
875 CPHMET
MUXx ouTes——8Q ,
a cPMEB
MUX OQuTeg——-BC
n8R CPME3
MUX 0UT3e———28(d
CPM 3@
MUX 0UT3I——2(
nB84 cPM31
FROM FIG. 18A _[ TO FIG. 18E

FIG. 18C



U.S. Patent

MUX

MUX

MUX

MUX

MUX

MUX

MUX

MUX

MUX

MUX

May 31, 1983 Sheet 44 of 427

ouTe——1d

?

O

QuUT1

guTe—

QUT 33—

oUT4—

OUTS—

ouT

ouT™

OUTB"———

out9———4——Lg

%

%

Y

P

=24

TO FiIG. 18E

FIG. 18D

IPMD

IPM1

Pme

1PM3

1PM4

IPMS

IPMB

IPM7

1PMB

IPM9

4,386,399



U.S. Patent May 31, 1983 Sheet 45 of 427 4,386,399
FROM FIG. 180
Mux ouTie———i2g
A IPM1@
—=C
MUX OUT11———->Q
IPM11
29
Mux ouTie——E8g
PH12
L0
MUX ouT13——4——~8(g
, IPM13
$—1c
MUX OUT14——EB(d
IPMi4
+—1d
mux outis———=8g
IPMIS
FAST PHASE
° B4) TPORT DRIVE
}_ 10 FIG. 18G
FROM FIG. 18C . 2

FORT RT—J-DO$—
11

TNH DRIVE——2-

TO FIG 18G
—

SET NW TRANS

FIG. 18E



U.S. Patent May 31, 1983 Sheet 46 of 427 4,386,399

Mux ouTie——Ld
I PM16

Mux ouTi?——~——1d
a IPM17

—=2g

MUx ouTig—————1L(
tPM18

MUX ouT19—F——1(
a IPM19

MUX ouTR——f—E8(
as? PMER

MUX OUuT2t——=8g
3 IPHEI

Mux DuTee———E8Q
tPMEE

MUX OuTes—F}—=8g
A 1PME3

MUX OUT24
ABT7 IPMEs
MUX DUT2
ABT IPMas
TO FIG. 18G

FiG. 18F



U.S. Patent May 31, 1983

MUX

MUX

Mux

MUX

MUX

MUX

FROM FIG. 18E ‘[

Sheet 47 of 427

4,386,399

FROM FIG. 18F

out ee———1d
1PHEE

—=2Q

outer——g
I PMET

—=Q

ouTee———=RQ
Alzy (PHEE

—L1Qg

ouTee—+—L29
A 1PME9

—1Q

ouT 3e——+—=8d
IPM30@

¢—1Q

ouT 3t——-2d
A 1PM31

QL

HIB ? 11
S 9
A 8YS CLK Ubhak a

FROM FIG. 18E
L1281 p ole
M SV R

ORIVE ENABLE

FIG. 18G



U.S. Patent May 31, 1983 Sheet 48 of 427 4,386,399

TNOEXe—L1&{Ap
Al
TNoEX2—AL&A2
INDEX3————2{A3
TNDE Xd———14H A4 87N

TNDE X5———— —
EX AS A=p 2 “DOE TNDEX COMP
TNOEX® Sv——-12iB0

NDEXT Sv————=&1B1
NoEXZ sv——-»=4B2
TNDEX3 SV————183
TNOEX4 sv————121B4

INDEX5 SV————3{p5 6 BIT
COMPARE

ENAB

I

TNoEXe—AL84A0
TNDEXT———2] Al
INDEX8—————A2
TNOEXG—4A3
A4

AS
A=B |2

INDEX6 Sv——-t—1lpo
INDEX7 SV- Bl
TNDEX8 SV- t1g2
INDEXD SV- £1p3
:jim
ps 6 BIT
COMPARE
ENAB

V ]

HIF

INDEX/INDEX SV COMPARATOR
FIG. 19



U.S. Patent May 31, 1983

CP DATA ENAB

Sheet 49 of 427

4,386,399

CP DATA CLK

514

- TO FIG. 20A

7
clk
cPme— 2o DING
cpmi—H 2 DINI
e a—— & *— oINg
cpﬂ3———jL 9 4’*‘* DIN3
CPM4 & \ 4 DIN4
cPM — DINS
CPM 13 —9 DING
cPMT T DIN?
1P DATA ENAB ’
IP DATA CLK lf A
7
cLlK
IP"B__B_ _E_’
1P 1——3 2 #
1PM L 4
IPM 3
1pra—ILE 19
IPH e ®
1PH =
IPM7 2 ?
CRD DATA ENAD \
A 8YS CLK 1
N J3-32 A
CRD® > N
J3-33 cLK
CRO1 >——I 3
J3-35
crD2 —g———
J3-36
CRO3 )— 2
1B
J3-38
CRD4 > 14 15
J3-39 17 e
CROS 19
J4-2
CROG Y———————— ri
J4-3
CRO7? D>

CPU BUFFER DATA REGISTER 54, I/O BUFFER DATA REGISTER 55,

AND CRD IN REGISTER 53
FIG. 20



U.S. Patent May 31, 1983 Sheet 50 of 427 4,386,399

~
clk
cPME— 86-N -E—r oINg
cPHa—4 ‘o1 3 — DING
cPMig—L < 9 DINL@
cPM11—E&] 2 DINIL
cpi—Il&] 9— DINte
crMia—LiL 1R DINI3
cPM14—ILt] . »- DIN14
cem15—I3 *— DINIS
70
:lgé:';r‘)“ TI " FI1G. 208
<V
cLk
Pme——23 )
1Pmg—-i- = L
1PH1——L 1 N—-—
PH11—E- 2
tpM12—AE 3 *
Pm1 33— 1 L
1PHM14—I1H] 15
1PM15—I2] 18

[
/
o
-
1
u
ni
L—

CcROS > -
J4-6 cLK
CRO3 )——l 9
J4-8
N 7 B
CRO1Q >
J4-9 L ] ]
CRON p——p 3 2
J4-11
CROIE > 13 12
Jé-12 15
CRO13 16
J4-14 5
CRD14 ‘—15-
J4-15
CRO1S )—

FIG.20A



U.S. Patent May 31, 1983 Sheet 51 of 427 4,386,399

!
4
clk
CPM1E— E o DINIG
cPMy 7T —4 5 ® OINL?
cPM1 B—I & ¢ DINI8
cPH19—EY 2 4 DINLS
cpree—IE; 12 L DIN2O
cPmer—iL 16 * DINEI
cpnee—i4 2 \ OiNze
cpmpz—Iid 12 ¢ OINZ3
FROM
hom ,Y I 10 FIG. 20C
Vv
cLK
PMIE— £ o
1PM1T—H 3 9
1PH 18— B ’ 3
Pr1a—2 3 ®
1PMae—I1E; 13 ? ]
T ——— HE . J
1PMe 15 ’
PH2 12 9
L ; _
NEEE 1
CRUIB/ <
Ja-18 ok
CROL? )———-] 9
\J4—EB 7 &
cROLE
J4-21 L« 2
CrROL9 >——-———‘_3_ 2
J4-23
CRoE8 » 1E
15
-p4
CRD2! &
_o6 19
Cro22
-e7
CRO23 -

FIG. 20B



U.S. Patent

May 31, 1983

Sheet 52 of 427

4,386,399

~
ctk
CPMP4—=2 - - DINE4
cPMeg——H 2 DINES
CPM 2~ L& TS DINEE
cPreT—E 2 ® DINET
cpmes—IE] 13 DINEB
cpreg—I1L HE DiNE9
CPM 32—-—1&— is DIN38
cpnai—id 12 0131
FROM FIG. 208
1
<V
'k
1PHEs—
1PHes—H 3 ‘
COT 'g * $
IPHET
T 13
IPME -6
1PH3 15
PM 31 12
— 1
\ J4-B9
CRD24 /7 A4
J4-30 'k
CRO2S >—|_7_ g
J4-38
CRO2E >—_—__L__L o |
J4-33 S
CROE? > ———— 3| 2
J4-35
croEB > 13 12
J4-36 15
CRD29 16
-38
CRD3@ 13
QG J4-39
cRO3 )

FIG. 20C



U.S. Patent

MUX
MUX
MUX
MUX
MUX
MUX
MUX
MUX

MUX

MUX
MUX
MUX
MUX
MUX
MUX
MUX

MUx
MUX
MUX
MUX
MUX

MUX
MUX
MUX

MUX
MUX
MUX
MUX
MUX
MUX
MUX
MUX

May 31, 1983

Sheet 53 of 427

ouT g——xv4
outi—=L&  event®
ouT e— -4
out 33—
ouT 4———13
ouT5——18&
ouTg——11] oopf—
out 7————18
gl o aIT
PARITY
GEN
ouTe 1
ouUT— B EVENF®
ouTie 4
oUT1I 3
ouT12- 13
ouT1Z 12
oUT14 1 oppff—-
ouT15—oN 18]
9 BIT
2 iRty
GEN
OUTIE ]
ouT1? 2 EVENE®
ouT1g 4
ouTIS 3
ouTee 13
ouTel 18
ouT e 11 opofe——
ouTe3—1—12
9 BIT
PARITY
GEN
ouTes
guTes 2 EVEN}®
ouTes 4
ouTer 3
ouTes 13
ouTea- 12
ouUT 38 11 ooppHe—ro
ouUT 3 12
9 BIT
PARITY
GEN

MUX OUT PARO

MUX OUT PARI

MUX OUT PARE

MUX OUT PAR3

MUX 48 PARITY GENERATION LOGIC
FIG. 21

4,386,399



U.S. Patent  May 31, 1983 Sheet 54 of 427 4,386,399

A BYB CLK *
q 1
<V
o’k
DIN PAR® 3 DIN PARB SU
OIN PARI 4 R DIN PARL SU
DIN PARE 1 . —— DIN PAR2 8U
DIN PAR—z—2r 2 DIN PAR3 8U
CROPAR® ) 18 2 CROPAR® 8V
Nd3-er [yq 6
CROPARI CROPARI SV
CROPARE ) —z=—g— 1 o CROPARE SV
CROPAR3 > CROPAR3 SU
L
]
<V
clk
MUX DUT PARB——— 18 . 1PPARD
MUX OUT PARI 17 R 1PPARI
MUX OUT PARE- i; B — IPPARE
MUX OUT PAR3 e IPPAR3
oour Pare————} 8/ A COUT PAR® 8V
DOUT PARI I o DOUT PARI SV
DOUT PARE 4 2 pOUT PARE 8U
DOUT PAR3 3 ¥ DOUT PAR3 SU

_ +—
'R

BUS PARE—— £ oF L I, TXD4
BUB PARI 3 oF R TX05
BUS PARE 4 e TX06
BUS PAR3 = o WA TXD7
DIN PAR® SU e :;JJ?— DIN PAR ERR
DIN PARL SU T
DIN PARZ SU -8 |
DIN PAR3 SV 3

T
TO FIG. 22A

SYSTEM CACHE PARITY LOGIC
FIG. 22



U.S. Patent May 31, 1983 Sheet 55 of 427 4,386,399

FROM FIG. 22
f 1
VALID DIN |
HOLD PED
IP DATA CLK ql i
\va
IPMPE IN o3 g PMPB IN
IPMPE £
IPMPL IN T b, 1 PMPL N
IPMPI S
IPMPE IN ' 2 11 18 PHPE 1N
1PMPE :f
IPMP3 IN—@
[
P 13 B — IPMP3 IN
CRD WRITE DS SV
1
SEL
8
CROPAR® 8U Blao = ols BUS PARG
EBG
) Al
CROPARI 8V Bl g, ziHE BUS PARI
1
) A2
CROPARE 8V 19 2 z2p2 BUS PARE
B2 INE
ROPAR3 8V 14 aamux__lip
c | z3 BUS PAR3
B3
ENAB

FIG. 22A



Sheet 56 of 427 4,386,399

May 31, 1983

U.S. Patent

NANIIE]
OID0TNOILYHIANID ALiEVd JHOVD WILSAS

AHI dud uc._,ln.ul

N39
Alldvd
118 21

N3A3

aago

N0 Hvd OV

51

1

=4

[

E 2

]

| 4
12
e
i
A

——IlN0 oVl
21N0 OV.L

N39
ALINvd
118 &

g7aao

€d OM/VD ...mw.'m.zm>m

P—-1I1E£0 M/8Q
—-@EQ M/90

b———&30 M/ 93
—830 M/v2

4230 M/W2

—330 M/v2

—5230 M/92

¥20 M/vD

N3O
Alldvd
119 6

g7aao

ed_am/vd i3s —=N3A3

—E30 M/ 0D

—230 M/ 83

m «

180 M/u3
920 M/90

610 M/vD
810 M/w0

o o —~ —4
—

<10 M/BD

BT ——S1adM/e0

N3©
AllNvd
1lia &6
d.ﬁl’lm;u M/ 90
01000 5 s 2{s R Vg-la}
—T——€10M/u]
3 —310M/B0
T 1aM/vd
= —810 M/ 90
id aM/VYD L3S alﬂuzm>m e -&60 M/ 93
Tl ——80 M/ Y0
N3©
ALINVd
118 6
<40 M/ B0
m-os .ﬂ'l'.m:u MmM/Q0
50 M/vd
0 M/ 90
1U.ﬂ|’IMQ M/B0
410 M/Y0
&d AM/YD L3S ]M-ZU)N o7 IamM/uea
Y 20 M/ VD




U.S. Patent May 31, 1983 Sheet 57 of 427 4,386,399

B SYS CLK . 4 \1
\/
SET CA/WD P2 13.p1 K aps J3-11
QL4 < CA/HD PARD
SET CA/WD Pl 4lp2 a2 Ja-1e
' e2 : < CA/HD PARI
e aal
SET CA/WD Po——+4—2{D3 = J3-14
GUAD T3i& 4 CA/WD PaR2
T CA/WD P3 D4 —_— JI3-15
SET CA/WO P3 Gapll 4 CA/WD PAR3
INH PAR (ﬁ
R2
1 ‘:L
Go 2 it TXD0
PHASE 4 e TXD!
IP ADDR CLK 4 e TXD3
PAP OR3R 5 o e IPAP IN
APAR GEN 8V B e SET TAG FAR IN
TPAR GEN 5V 7 S R ADDR PAR ERR
TPAR CHK SV -—-N oS - -
TAGPAR IN SV 2 13
HOLD PED
CRD WRITE DS SV

clk
ADDR PAR GEM 1 b APAR GEN BV
TAG PAR GEN————IY 12 TPAR GEN SV
TAG PAR CHK 8 ! TPAR CHK BU
SET TAG PAR IN 17 16 TAGPAR IN
TAG PAR IN—-—-—Lg- 1: TAGPAR IN SV
‘) s
18] 19

SYSTEM CACHE PARITY GENERATOR LOGIC
FIG. 24



U.S. Patent

May 31, 1983

@ BIT
PARITY

GEN

INDEXS

INDEX&

INDEXT

o O~ O

1

INDEXS&

11

INDEXS

13

wP@
WP |—

L 19

@ BIT
PARITY

EVEN}S

oop—o—

GEN

TAG PAR IN

Sheet 58 of

427

INH PAR—

WE DIN

WRITE TAG—J 15

TAG ING

TAG INI

TAG IN2

TAG IN3

TAG IN4

TAG ING

TAG ING

TAG INT

TAG IN&

TAG ING-

-
o
TEOONOGAWN -

cDD

EVEN

12 BIT
PARITY
GEN

ADDR PAR GEN

TAG PAR GEN

FIG. 24A

4,386,399

DOUTH—-TAG FAR OUT



U.S. Patent May 31, 1983 Sheet 59 of 427 4,386,399

o1Ng———
om———=2  EVENF®
DIN
DIN
DIN4
DING——L&
oiNg—1L ooor-ﬁ-— DIN PAR@
piN7——1&
gl 9 BIT
PARITY
GEN
DING
DINS EveN}®
DINI @ 4
DINIL 3
DINLE— 13
DINL 3 12
DINI 4 1l opppa— DIN PARI
oIN s———1 2
¢8| 8 8Ir
PARITY
GEN
DINIEr
OINI T £ EVENS
DINIB
DINIS
DINE@ ia
DINE! 1
DIN22- 1l ooofa— DIN PARE
DIN23——
; g 9 BIT
PARITY
GEN
DINR4
DINES EVENE®
DIN2E 4
DIN2T 3
DINEE 12
DINES
DIN 38— opoj— DIN PAR3
DIN31——
9 BIT
PARITY
GEN

Vv

SYSTEM CACHE PARITY LOGIC
FIG. 25



U.S. Patent May 31, 1983 Sheet 60 of 427 4,386,399

MODSEL®

TAG Ne—————0 M8

—MODSEL |

TAG INF—————¢ HWEB

—MODSEL?2

TAG iNo—9——— ¢ WEO

TAG I_NB——?—-O W18

—RADDR7

TAG NG W16

—CADDR7

!
l
l
l
!

TAG TG 1o W14

BC START
TWD SEL
CONT CWD SEL
CONT MM WRITE
WB MM WRITE-
BW MM WRITE MR WRITE
BPM MM WRITE
BC START
TWD ENAB
CONT CWD SEL
MM W RITE——L
. CA/uW 0B

CWD ENAB—E

MAIN MEMORY INTERFACE CONTROL LOGIC
FIG. 26



U.S. Patent

May 31, 1983

Sheet 61 of 427 4,386,399

OIN PARE—

D/1

OINDEX @

OINDEX 1

DINDEX &

DINDEX 2

DINDEX 4

p/oH— DOUT PARS

DINDEX S

DINCEX &

;:Lp’n&mm—-:

DINDEX 7

DINDEX B

DINDEX S

DS WPZ
DS wP|

CS WE

INH PAR—
Bg WE

W /1

DIN PAR!

CINDEX @

CINDEX1

CINDEX 2

CINDEX 3

CINDEX 4

CINDEXS

$~ p/oH—— DOUT PARI

CINDEX &

CINDEX 7

CINDEX &

CINDEX -

Bl WE

CS WE

1lip /1

DIN PARZ

BINDEX @

BINDEX1

BINDEX2—

BINDEX 3

BINDEX 4

p/oH— DOUT PARE

BINDEXS

BINDEX &

BINDEX?

BINDEXB

BINDEX <

AS WPQO-

T

AS WPI

B2 WE

CS WE

=g

| C BUS INTERFACE LOGIC

T
TO FIG. 27A

FIG. 27



U.S. Patent May 31, 1983 Sheet 62 of 427 4,386,399

FROM[FIG. 27
| |
OIN PARZ lip /1
AINDEX @ 1
AINDEX | 2
AINDEX 2— 3
AINDEX 3 4
AINDEX 4 =
AINDEXS b b/oH—o DOUT PAR3
AINDEX & 17
AINDEX 7 16
AINOEX 8 13
AINDEX S 14
13
1P
cS WE
1 ;
B3 WE
RF
A 8Y8 CLK— l
. 1
MUX OUT PAaRe—E o P L I TXD4
MUX OUT PARI—3 S P R TXD5
MUX DUT PaRe—L- o R — TX06
MUX OUT PARI—=- o8 TXD?
00UT PARE SU—& gj—ij— DS PAR ERR
DOUT PARI SU—I—
DouT Pare sy—2E
DOUT PAR3 Su— 2 13
VALID DOUT
HOLD PED

FIG. 27A



U.S. Patent May 31, 1983 Sheet 63 of 427 4,386,399

A BYS CLK ‘
| nl
REORI 2 pd4 L Howo PED
RX D7 5 1 En
RXDE o1 Di8 1 BF MODE
RXDS ®- 2 DL+ INH PAR
TX4D- b OB+ txov
READ 7 a1+ txoe
REBET 8 ME 1L txos
RI !
ADDR PAR ER
DS PAR ER 12
DIN PAR ER
CBUS CLK ]
1 |
CLK OE
DAY E 3 ROAV
RET ® 3 H-18
4 HZ 1~ TxDaT 8TB
S e L W
LB | ~1S | TxaD
rd DJJ'___ TX3
RX 04 8 bl L TX)
RXO3 2 pDle 1 READ
1 ‘:[
CLK OE
RXD2 2 3 Re
RX DI 3 18 RT
RX D@ 4 M RZ
VE- 5 e  R3
& 15
7| 1 4
8_| 13
ga_|] Y

C BUS INTERFACE LOGIC
FIG. 28



U.S. Patent May 31, 1983 Sheet 64 of 427

4,386,399

21

ceus cuk OAR3 EDO-L'“
R1-F 21-F

CBUS DATA 0‘493——393—5&

HI

1
wean i
0 ENAB o}

| MSE

- TO FIG. 28B

2 ahe
3 a
COUNTER
A 8Y8 CLK Ebclk  TC RST
PE R _J
81-F
CBUS CLk——N
e1-F
rgT——11
- ‘
RACR!
R
EH__J.E_
a3l HARD INT
HoLD Pep——13

FIG. 28A



U.S. Patent

Y

Tl

May 31, 1983

+5V

Sheet 65 of 427

1K

37
NP SBS EPS NBI NB2
24 |cTRL XMT CONTROL
STRB
Txp7——=88 | pg)
TXD DB2
TX04 Da4 AR
TXO DBS  TRANSMIT
311 pae goc B4
TXDi——32 {pp7
T
S—
1xpa7 8TE—E3g 2414
e XMT
CBUS CL )
ro| HE——
ro2 H—
- RCV (o] o —
CLK v RD4 12
Bt RECEIVE ros 18
—E8 _ SERIAL RDE e
IN RD7.§_______
2_{vee ROBF—
or IS
FROM UNIVERSAL FE L4
FIG. 28A 7] ASYNCHRONOUS 13
TRANSMITTER PE |
& RECEIVER A H2
STATUS DATA
RST RDA ENABE ENAB
al 1 1
RDAV

+SV

RXD?
RXD6
RXDS
RX D4
RXD3
RX D2
Rx 01
RXxD0

Dav

5

4,386,399

BUS DATA



U.S. Patent

PHASE

ENAB ADDR CLK——T——

May 31, 1983

B 8Y8 CLK

HIC: ? 1

Sheet 66 of 427

4,386,399

SET WRONG INDEX

I -9
PRASE——————54

ofi— CP ADOR CLK

11

sk
ori—— IP INDEX ENAB
ofe— CP INDEX ENAB
alfl—— 1P ADOR CLK
6~B

PH ASE

IPED —2d

FIG. 29

-}6‘ SETAINH 2 DRIVE

SYSTEM CACHE CONTROL LOGIC



U.S. Patent May 31, 1983 Sheet 67 of 427 4,386,399

B SYS CLK
1%

~7

clk
PORT RT——14
PORT WT-

PORT START—H
SET I0BR REC
SET NODE SEL

SET WB TA

ENAB ADDR CLK
SET INH DRIVE:

V- RT IN
- NI WT IN
- START IN
B 10BR REQ
- - NODE_SEL

. WEBE TAG ENAB

& ENB ADDR CLK SV
s TR DRIVE

WAITIN o@- : W AITING

18-F
SYS AST svs RsT

PWRITE—————2d

45-J
@366
™MoDE —89
™MoDEe—2Q

PHASE:

INDEX COM
BP MODE
TRANS
BUSY:

WAITIN

8AME INDEX SV

FIG. 29A

SET IOBR REQ

SAME INDEX



U.S. Patent May 31, 1983

CRO WRITE ps——Lid
CRD DATA VALID—L&]

PW WAIT

FR PEND—

BCS SET W TH—=

BC START—%
BC START—2

NOT BCS SET W TW—E]

BLOCK—E]
BET go—L

FR PEND—

Sheet 68 of 427 4,386,399

SET WaIT TL WT

BLOCKW BUSY

IC WRIT

MM W RITE—L

S8ET INH BC STRT

WRITE FLAGS REQ
BPW

ALW BET WAIT
CRD WRITE 08
0B SET BUBY

MODFL SET BUSY-

|

ALW BET BUBY

PSET INH WRITE

SYSTEM CACHE CONTROL LOGIC

FIG. 30



U.S. Patent May 31, 1983 Sheet 69 of 427 4,386,399

INDEX SET WA ALW BET MWAIT
TC MoD
WROMGINDEX———B{::>X}E——————— WRONG INDEX
FR PE

PSET INH WRITE BET INH WRITE

SET MOD Sv——I4]
WRITE——2 |
Block—12 MODFL oSET, BUSY

SETAGO

SAME INDEX INDEX SET WAIT
W RONG INDEX

FIG. 30A



U.S. Patent May 31, 1983 Sheet 70 of 427 4,386,399

BET FAULT———13] N\
BLock————L 2
ENAB uan——T——% /

ALK SET WAIT A —
* S SET WAIT

SET WAIT TL WT

8ET WAIT TL RT

PORT RT 1l 4
ALW SET BUSY =
ENAB BUBY
SET FAULT ! —_—
+ 5 SET BUSY
&

SET BUSY TL WT

4
]

SET BUSY TL RT
PORT WT

PORT RT——— 1L

B 8Y8 CLK f
14 v
N4

CLk
SET WHONG INDEX—L] WRONG TNDEX
CRD WRITE D5——2 2 CRD WRITE DS SV
BLOCK—% I BLOCK SV
¢ wRIT—L e IC WRIT SV
SET CRD DATA—Lg- -;5—-— CRD DATA ENAB
13] 12
SET mMOD Sv—-18 3 MOD SV
WRITE.

BC DATABAC DB SET BuUSY

BC DATABACK SV

SYSTEM CACHE CONTROL LOGIC
FIG. 31



U.S. Patent

May 31, 1983 Sheet 71 of 427
PHASE
B SYS CLK 3

4,386,399

CPORT BUSY——o L1

SET BUSY—E;-

IPORT BUSY———
CPORT WAIT———L14

SET WAIT~—ﬂ:

TPORT WAIT——S

He ___ =FoRT BUSY
£ 1PORT BUSY

HS —— TFORT WAIT

H—— TFORT WAILT

B 8Y8 CLK
11 J

IPORT DRIVE—L-Q
INH PaR——E(Q

~7
cUK
SET INH WRITE—H
SAME INDEX
rReseT—L 8
WRITE ENQB—UB-

14

CPORT BUSY——@—L(

CPORT WAIT———Ld

IPORT BUSY——@—LO

IPORT WAIT

M
73

SET WAIT—I13
SET Busy—4&]

S INH WRITE
B gaME INDEX
H3 geseT su
e [ RITE ENaB

DRIVE IPPAR

e WAIT
- BUSY

—Eg

]

. L

-3

I

7

FIG. 31A

CPBUSY

CPWAIT

1PBUSY

IPWAIT

IC MCD



Sheet 72 of 427 4,386,399

May 31, 1983

U.S. Patent

13818 J8 HNI 138

HI

SYN3 ¥Ma 8ol
AS 1SVd M

AS 1IVM
T3S _INNOD sa
AS 1Svd I

NG ONILIVM
1383y

c€ OIid

D1907 TOHLNOD IHOVD WILSAS

QoW ¥ JL

AsSng 58
AVNI Ov. JLIHM

1HV IS 269 NS ONILlIUM

ldvls OIwun
lno aon owWar
AS JOW 135 Iﬂammsa 9914 TN

IFERPPER

2

300N _dE
1N0 9974 AouW INOS
LIMM DI
al NI
2 GN3 YMA 13S 801 A_
[ 3 1
o 15vd LM oowWa W 31
3T LIVM n-9€
——————1S 1INNOD 54 135
BT——————ASVd LY
T ONILIO M
» 183 848 FLIE M WW
mum ILTHM NN
3IH

AT1] 848 B

300W d8 ‘dﬂAvd.’uooz 48
n-9€



Sheet 73 of 427 4,386,399

May 31, 1983

U.S. Patent

vce Oi4
ar] €1
g7 "
ILIMM AN MEI] —7] T —LHM WA mEr 135
SYN3 OV.L JLIMM —— ST 9N OV.L 1um i3S
AS 3JLIHM AN — ——3LIHM AN
AS X3ANI ONOHM — Fe—X30NI_ONOYM
lavis 38 HNI — 1818 28 HNI 138

LIHM WA N8

LGN VN Nddd Bl
M1 NS BOUN3I 3J1IIM
PaN
W— 30NuW d8

Y10 848 &
vivd O¥3 138 IdAle(k(o oMd L3S
N-43

GVYN3 Ov.i 8Mm

X3ONI ONOHM

I
31HM 9VYLII |
I _3HOVII
J4-€EE

1S _1INNOD S0 L3S

AS JLIHM NN

i¥wL8 D@

8380 138d N-L8

09 138

Dg——X30N1 3Wus
D=—090 8VYN3

viva BM OU3N J<ATN1|<»<Q am avay
n-9€



;386,399

4

Sheet 74 of 427

May 31, 1983

U.S. Patent

3LIEM IdNIS

£€ "9l4

OID07 T0HINOD IHOVD WILSAS

AS_ %2078

NS ILmM

8N3 OVl 1dM 135 |IM4|0 AIIXUDZM ONOHM ON3d LM 13S
NS J1IM WKW 8M |ﬂ4|0 ||m.|||IWD 3LIMM aHD ON3d 1M
A3 9wl 8m |.v~|0 co-er HYOUH3 249 ON3d JFLIHM L3S
owi 8mM LNDD 'W.A.O .lﬂlul'E ON3d 31I1HM
JLINM WA M |ﬂ|0 Iﬂlln\lw QOW 8UN3 3114 M
vivd 8M avay Inﬂ.l«.ﬂ ) ONLLIVM
ILNNOD Sa |.m|—|0 ||m||>m JiTHM AN NS ON3dSNDY 1
ZiINNO2 Sa llm.ﬂAu |.M.|||-—vm<.._nw o} 2] ON3dSNU L
30 AT
—A10 8A8 8

EM NWdg lN.—.O IMIIizOU LiviS D€ ON3d 0¥3

M _INdE Ilmg lm'lDduw_._.DZ 3SVHd MOovav.iva

IM Wd8 J.Q IHIIUOOE d9 3SVHd L¥VY.LS 28

BM Wdd |IWA|Q ]ﬂl&&; AS MOovav.ivag 28

35 €8 I.m.«-O ,|m|||_&; AS QvV3Hd WA H.LS

138 g4 lhl—lo 1&»} TLNNQD a ™MD

13s 16 lm.ﬂO .IMIII_WDO—I @iINNOD O MD

135 ¢4 .I'm.—lo ldl'&.mDOE J3S _amo LNOD

m 30 W10
A0 8A8 ¥

OQU3N 10N

i)

INILIO M

AS_1SVd 1M

NI M

5 v.ilvd 8m Jv3d

—g—NI_1H

F——NL 1M
Fy——3LI4M 31dWIS

Fe———AS X3ANI ONOYM

%10 8A8 8

JO0_ 1D

5 123r3y 08
LI-ET

Fp——————AS_31I4M WA
——LHViS 28

" 44

A3 848 8



U.S. Patent

B 8Y8 CLK

May 31,

1983

Sheet 75 of 427

—

[

BC ERROR—b—
BC DATABACK Sv——31

b,

DATABCK PHS CMP—I]
READ w8 DATA—E]
PHASE—2

FFFFFFFF <

DATABACK PHASE

PHASE

4,386,399

CRD COUNT®

CRD COUNT!

CRD WRITE DS

M SV
SET CRD DATA
SET WRONG INDEX
PSET DSCS

DATABCK PHS CMP

CRD WRITE DS"‘(D-L CRD WRITE OS

B 8Y8 CLK

1 4

PHASE————&
%5
BLOCK Sv——1

READ W8 DATA——— 2
BPF MODE————B

WRITE ENAB———T1
108 DWR ENAB——8

WAIT:

WAITING

SYSTEM CACHE CONTROL LOGIC
FIG. 34

BLOCK WRITE

10B COUNT®@

168 COUNT]

10B DWR ENAB SV
1I0B SET DWR ENB
SET IBW MM WRT
BLOCKW BUSY




U.S. Patent May 31, 1983 Sheet 76 of 427 4,386,399

B SYS CLK
L4y

PHASE—&- oS L M SET RT INX PND
N—a 1S ™M PHASE

co—1 Dle RIGHT INDEX PND
INHIBIT IM TAG— L7 ™M PEND
T WRIT sv—>b] Hl2 CONT IM
VALID B8TART—1 13 ENAB GO

WRONG INDEX—E- on - . M TAG SEL
9_ 13 ™ IDK

READ WB DATA
CRD WRITE DS SV INHIBIT IM TAG
CRD WRITE D

M TAG SEL~—J*<D-LB_ IM Tag SEL
B 8Y8 CLK ]

TOB SET DWR ENE——2- ple MS DWR ENB
BPW I—3 ol LS DWR ENB
BC DATABACK sv—4 P16 CWD?
CRD PEND—2 L7 CRODATAVALIDSV
DS counTo—5 o I CRD DATA VALID
DS COUNTI—1- 13
wpo—H8.| 18
WP T——31
TWPS
TWPI
BC ERROR

FIG. 34A



U.S. Patent May 31, 1983 Sheet 77 of 427 4,386,399

B BYS CLK———
Ly ¢
SET WRT TAG ENG—E- oS L R WRITE FLAGB REQ
BLOCK SV—a+ s TONT WRT FLG RQ
MOD SV- olb . TRaANS
WRONG INOEX—=+ oS A TRANS SV
ALIVE OB BET NW TRANS
BUSY IN—1 p-3
go—E- p-18
FAULT—2 oo B
WRITE 8Y

B 8Y8B CLK———

MM WRITE Sv——E-
WRONG INDEX SV-—a-

B8C READ PEND
SET BC READ PND

il

INH BC BTART PRIOR
Go CONT WM WRITE
BLOCK Sv——5 J3-18

BP BC START BC START
B8LOCK WRITE:

FAULT:

TEF}

PHABE
READ WB DATA

CRD, PEND

BC START PHASE
BC START COMP
PHASE:
HIE:
BC START
BC START-

SYSTEM CACHE CONTROL LOGIC
FIG. 35




U.S. Patent  May 31, 1983 Sheet 78 of 427 4,386,399

SET BC READ PND-

STR MM READ SvV———1L1 16
BC START COMP————E a7
CRD PEND——2-
PHA 8 %] o8 FR PEND
WT PAST———— 2 oS S SET BUSY TL WT
BLOCK WRITE————&- 1B ger BusY TL RT
oo —
unngmg_ﬂga___ﬂ_ S S8ET WAIT TL RT
WA E————9.| ot PW WALT
WP ENAD— 11 13—
RT PAST-
8 BYB CL ‘
1 11 ; 7
___ 80— ol T
BP MODE—————a- hI1S 8P B
SIMPLE WRITE———%~ & BF B START
CRD WRITE DS———=- I WBF WROTE
BC DATABACK SVv———8- o I- 08 SEL
BC DATABACK——1— oF F N
BC START comp———E 18
READ WB DATA——3- o¥i- N

HRITE ENAB—
I0B DWR ENAB
(509 IM SV

FIG. 35A



U.S. Patent

May 31, 1983

Sheet 79 of 427

B 8YB CLK

{

ALTVE—E

BUSY v
TRANSPEND 8V
RT PAST SV:
WAIT SV-
SIMPLE WRITE
RT 1
WT 1

FREFFFFE <

B8USY
WT PAST SV

-

<

MM WRITE SV-
™ PEND

IC WRIT Sv-
BLOCK-

WRITE:

il

MOD Swv

SYSTEM CACHE CONTROL LOGIC
FIG. 36

4,386,399

RMOD SV

RT PAST
ENB DAT CLK
WT PAST
ENAB BUSY
ENAB WAIT

IGNORE BD
IGNORE BD SV
INH DRIVE SV

PASW
BC8 BET WTW
NOT BCS SET WTH



4,386,399

Sheet 80 of 427

U.S. Patent May 31, 1983

28 'Ol4

O1907 TOHLNOD IHOVD WILSAS

-4IH
A3078

dM
300K
3ASVHd

&
O
]
["1]

d M

Id M
BdMI

d M

8300u

2300N




U.S. Patent

May 31, 1983

CF TAG ENA
CP ADDOR CLK——
11

Sheet 81 of 427

SYSTEM CACHE CONTROL LOGIC

FIG. 38

~7
clk
CPA—I4 S ¢  Tac @
cFAT—I2 2 [ o TAG INT
ICACHE OBT4 1T e TCACHE N
16 19
3, £
4] 5
7 3
-] 9 470
+5y
1P TAG ENAB:
IP ADDR CLK———— I
11
7
clk
PAs—I14 Ha -9
PAI—i3 12 L
PAE—LL 16 TADORE
16 19
3 B
4 5
7 B
8] 9
WB TAG ENAB
WB TAG CLK———— ‘
1
~7
ok
A ouTe—13] 12
TAs ouTT—14] 5
17, m
18, 19
3] E
4 E
7] 6
6. 9

4,386,399



U.S. Patent May 31, 1983

8 8Y8 CLK———

Sheet 82 of 427

4,386,399

108 SET DWR Em v
oLk
QR WP ENAB
DI =
SET DS COUNT aila LP ENAD
o2 Q2110
FauLT—&] = —
BET FAULT 5 7“ T
Q3}
5]
DBDE)%J_AD Q36
YPE
Q4Hs
——13ps4 FF 22 Go
S8ET GO D4 Galle T

WRONG TNDEX——1&]
WRITE FLAGS ENB
WRITE FLAGS REQ—

READ WB DATA— L&

SET WB TAG

BC START—13

SET WB TAG—B-(D-‘L BET WB TAG

FIG. 38A



U.S. Patent May 31, 1983 Sheet 83 of 427 4,386,399

A 8YB CLK

MS DWR ENB——@— DWR CLk@

BPM WP

OW R CLK1

BPM Wi

OCHR CLKE

LS DWR EN

BPM w2

DWR CLK3

SRTARAt

BPM W3

SYSTEM CACHE CONTROL LOGIC
FIG. 39



U.S. Patent May 31, 1983 Sheet 84 of 427 4,386,399

HIB -@
!

s
A SYS CLK ® bk Qf°
PHA8E—L
£l 2o GH—— 1P DATA CLK
R R
)
1
11 S
Dok af?

2]l
(]
v
=)
b4
-
-3
]
r
x

PHASE. 1B
1 12/
ENB DAT CLK—@—13 R

PHABE
A BY8 CLK———

HIG——@—3 e

SET CRD DATA IP DATA ENAB
II: 2a-nN
Hs TP DATA ENAB

: :, 1048
f: e 1P TAG ENAB

5 N — CP TAG ENAB

SET WB TAG

SYSTEM CACHE CONTROL LOGIC
FIG. 40



U.S. Patent May 31, 1983 Sheet 85 of 427 4,386,399

B® wWRITE———I8.d
B¢ WE
___E_C
B1 WRITE———14dg
BT WE
B2 WRITE——2(
B2 WE
B3 WRITE——1g
B3 WE
WRITE TAG ENAB—|
WRITE TAG

:

WRITE FLAGS ENB—
WRITE FLAGS

Sl

1

WBF WRITE

;

ICTAG WRITE—
ICTAG WE

TLET]
e

7]

n

A 8Ys cLk—aPbCclk @
+SU
vcc_l.’..__.

GND - E—

o
o
Ol

s ]

Y
it

e

HIF—

SYSTEM CACHE CONTROL LOGIC
FIG. 41



U.S. Patent  May 31, 1983 Sheet 86 of 427 4,386,399

A 8YS CLK T | !
~
clk

B8 SEL—1d HE B sEC sv

Bl seL—14 Ha B sEeC sv
B2 SEL——— 1 He . B SEL sV
B3 SEL——I& H3 B3 SEr sv
LS WPe——34 s WBF LS WPB
Ls WP———1© e uBF s wm
MS W PR——2 e WBF MS WPB
me wp——8& < WBF MS WPI

WRITE ENAB—
1
SEL
B

HIF AP -

BBSEC SV I 2 B9 WRITE
Al -

B SE SV o #HE— BT wArTE
A2 —

B sEsv—— Bau% Ezz-'f——— B2 WRITE
Rla3amux —_—

st sv— 3ny zatt—— B3 WROTE

ENAB

CRO WRITE D8

FIG. 41A



Sheet 87 of 427 4,386,399

May 31, 1983

U.S. Patent

cv ‘©Old

01907 TOHLNOD 3HOVD W3LSAS

MVd HNI *Am HYd HNI
N-23

NS 738 80
4N0O4Q aIvA
3T78UN3 3AnlA0

NS BUNI 3JLNNM
NIQ aQIivA

AS BYN3 YMa 801

AS_SA JLIHM QMO




U.S. Patent  May 31, 1983 Sheet 88 of 427 4,386,399

IMODE® 1
33-F
us NG

o j}i SET NODE SEL
4

b

IPAR

33-F
ﬁroﬂﬂﬂ—.—uo[>m—o~3é“*cp
33-F
PAE ogzg___4T__Jic[::>>ﬂ__43 W1 é He ?

+5U
gg; Eg; 1
g 4
1
1814

ek
W7 5l a2
HE o *— 141a3
3
2

10K 18K

AR

A4

12145

A=B FL-vaLID START

ENB ADDR CLK Sv——&{pg
10BR Rea——ilg)

. ADDR8—E&{p2
1S
ADDRG——o H13 i wie 4 Zi
ADDRIZ——0 W1l Wie BS 6 BIT
COMPARE
ENAB

K

PHASE:

NODE SEL

SYSTEM CACHE CONTROL LOGIC

FIG. 43



U.S. Patent May 31, 1983 Sheet 89 of 427
PHASE
B 8Y8 CLK
3
AV
PBUSY——3 _—
By 4] e BUSY IN
iPAg OB32 14 15
CPAB oﬂai——ﬂ- ADDRS
FAD OB3% LI 12 —
CPAD OBEA 12
TFAD OB & 7 —_—
CPAIG OBET S ADDRI®
PHASE
1
SEL
JPRT OBRR—ttas Ll sorraT
CPRT 2leo
PWT Al _—
T B p Jj L S— PORT WT
P START A2 2 —
o START B2, 2.%° PORT START
Ic Moo———————-U-Aauuxza 9
P80 B3
ENAB
i
REBET
HIA ’
"9
s
A BYS8 CLK Ubak o
PPHASE OBE 121p aj__t:

o

FIG. 43A

4,386,399

FABT PHASE

PHASE

FAST PHASE

PHABE



U.S. Patent May 31, 1983 Sheet 90 of 427 4,386,399

HIA

A 8Y8 CLK
8 8YB CLK
SYS CLK
HRAITING BV
ALIVE

VALID START

FBUSY
PHASE—EBQ

ReseT su—IiBQ
START —Llg .
BUSY—3 ENAB ADDR CLK
WAIT ING—1 @]

FIG. 43B



U.S. Patent May 31, 1983 Sheet 91 of 427 4,386,399

WRI TE BACK BEL *— S }
TO FIG. 44A
SYS CLKA 2 4 q
1
v
casupe >t
4 4 = 1 WD@
CRO =3 .
ca/wol ) 2 7 Lot
CRD1
\ =S 11
Ca/WDE Y L 12 | uoe
CROZ—j—g "
CA/WD3 )— s W03
CRD3 13
o————
®
9 3
~7
J1-8
\ 3
cn/cuRn;‘ > 2 L LDe
S\ 1-9 [
CA/WOS ) 2 L uDs
CRG::Q‘_“ h
CA/UDE ! 1@ .
CROE 7 !
CA/WDT D 15 .
CRD? 13
‘-—
q ]
~
Ji-14
CA/HDB ) 2 P —
CRO8 7z ﬁ
cA/WDS > 7 ' wpa
CRDS 517 1
CA/WD1 B ) - 12 | uD1 B
CRO1 8 =75 v
Ca/MO11 > 15 | uD11
CROI 1 13
L!_I
10 FIG. 448

MUX STORE UNIT

FIG. 44



U.S. Patent May 31, 1983 Sheet 92 of 427 4,386,399

FROM FIG. 44 { *
? 9 1
\vg
casupee > 3
7 4 E——  1uDee
CROEZE——53
casupal » :— 7 ! upel
CROBI 55z "
cAsWD2e > " 12 | uoee
CRO2E =5 "
IYTLEED: 15 .
CRO23 13
T
A4
CosHDes > 3
7 s R 1upoes
CROE4 =55 6
ca/WDes : 7 L uDes
CRO2S 7= =
cA/WoEs D - 12 I
CRO26 53 ”
CA/WDET D 1t 15 .
CRDET
4 1
\vg
J3-5
cA/uDee )— 4 g | uoes
CRO2B—5—¢ 4
Ca/uD29 > 5 1 | ubes
CROEI— 55 S
casupse » Ll 1@
12 I1WD38
CRO38— 35—
CA/WO31 ) 1s {5
13 14031
CRD3I

FIG. 44A



U.S. Patent May 31, 1983 Sheet 93 of 427 4,386,399

FROM FIG. 44
—
EI 1
\vg
\ J1-20 5
ca/CuRchle_ > 2 £ ot
S\ J1-2t g
CA/WD1 3 ) 7 b1 3
- 5
CROI 353 =
Ca/uDI 4 > L 12 D14
ca /CNRDE:I;\ ednlad 14
P 1S
CROL S 13 1Wo15
q
7
\ 186 3
cwcu:;f,/ 4 H— 1umis
o\ JI'E? E..
CA/MDL 7 > 7 R
. 5
CROL 7= "
CA/WD1 8 ) " L wot e
- ] He
CROL B3 ”
CA/WDI 9 ) s L uoL's
CRO! 9 13

FIG. 44B



U.S. Patent May 31, 1983 Sheet 94 of 427 4,386,399

1 upe—
1uo3—13  EveNnPR
1 woe—k
1up7—iR
! WDl e—2
1 wot 1 —I1E2
1 uot 4—E oopte— |
FES) ——4
1| 9 BIT
PARITY 3
GEN c1
1 up1 s—E
1upt—  EveNnER
1uD2
1UD26
1HD2T
1403
oppiR
9 BIT
PARITY
GEN
I UD1 ——2
1wp3—13  pvenPR
1 Wups—1&
1 Wpg—E
1 WD1 | —&
1 WDy 3—I14
1 uD1 s——4 oopfe— |
FEge—I&]
9 BIT
PARITY 13
GEN e co
1 wo1 7—13
1wp1 o—  EVENPR
1 wpa —1&
1 upes—&
! wpe7——
1 upea—=&,
obpie
9 BIT
P C-BIT GENERATOR
(ERROR DETECTION/CORRECTION CODE)

FIG. 45



U.S. Patent

May 31, 1983

Sheet 95 of 427

1 wpa—_id]
1uos—E  EveEN
1 HOB——2
1 WD1 g—E
1 up1 3—1&
1 upt 4—A4
1 wpee—A oooHe
1 o2y —Li&- o BIT
Fese—4h PARITY
GEN
1 upeg—14]
1 WDE EVENF2
1 uDe
1 upeg—Iil
1WD3
1 WD31
ooptk
9 BIT
PARITY
GEN
1 upg—=&
[ WDl 5——4 EVEN
I D1 6—3
1 WDy 7—1E&
1 WD1 g—r_AL
1uDe
FES oDD
@ BIT
PARITY
GEN
! Hp24—H
twoes—=E]  EVENPR
[ Ho2E—
1 upe7—
[ wpee—il-
1 wpeo—AiE
! WD3—I1E oDD
1 up3; —I13
9 BIT
PARITY
GEN
J3-15
CA/WD PAR3

FIG. 45A

4,386,399

ce

c3

PAR3 ERR



U.S. Patent  May 31, 1983
1 wo—%
1 Wo1 —& EVEN
1 upe—= o
1 upa—-Ail 84T
1un2sa——  g@eg7
1uwo31 —Ai3
FESs—AE oDD
9 BIT
PARITY
GEN 4
1 ups——H
I NDg—3 EVEN
1 WD1 e—1&]
W01 1 —3]
1 uot e—i
1 WO1
1 UD1 4 coole——¢
1UD1 5
1] o BIT
PARITY
GEN
J3-12
CA/WD PARI
1 WDl g—7Ad
1upe3—iB{  EVEN
1 upg4—=
1 wpes—id
1 HDEE—&
1 WDRE—2
FESe—4 oDD
9 BIT
PARITY
GEN 1
1 uoe—I1&;
1 wo1 —43- EVEN}2
1 Wpg—&
I uD3—2
1 WD4——4
1 Wos——&
1 woe—14 'oooﬁ——l
1 Wp7—I12
L e e
PARITY
GEN
;; J3-11
CA/HD PAR®

FIG. 45B

Sheet 96 of 427

4,386,399

CS

PARI ERR

Coe

PARZ ERR



U.S. Patent  May 31, 1983 Sheet 97 of 427 4,386,399

1 upe—=
1 MO T—2 EVEN
14D
1 WO
1WDI
1UD1 B
FEg4— oop}R
9 BIT
PARITY ‘
1 WD1 p—2,
1w 7—12  EvenpR
1 4D1
1 WD!
1 WDe
1 Wo2!
1 wpee— opoe——@
1 Woe
9 BIT

PARITY
GEN
314 PARZ ERR
CA/WD PaRE

FIG. 45C



U.S. Patent May 31, 1983

8Y8 CLKA—@ —__“—l

<

clk
1 HD® k! T-E—
1 WD1 15
1 WDe £ B—
1 WD3 8 =1
1 WD4 13 He
1 WDS L Hs
1 WD6 17 1T
1WD7 18 L -

* |il J

"4

clk
! uoe 2 e
1 DS 4 S-H—
1WD1 @ 7 e
1W011 B L N—
14D 13 e
1UD1 3 14 S
1101 & 11 e
1101 5 18] SL .

-
TO FIG. 46A

Sheet 98 of 427

W0oe
B]s}]

HWoe
WD3
WD4
HWDS
HWDB
WD?

Wwoe

Wisg

Woi1 e
Wot1
wot e
Wo1! 3
WD1 4
WD1 S

(32 BITS) REGISTER AND, (8 BITS) REGISTER

FIG. 46

4,386,399



U.S. Patent May 31, 1983

Sheet 99 of 427 4,386,399

FROM FIG. 46
5
¢ i1
%
clK
1101 6 3 2
1WD1 7 2
1401 B e
1 W01 8 B e
1 Wp2e 13 He
1 up21 14 HS
1 wpee 17 —
1 WDe3 18, Ha
L_ 11 ]
~7
s
1 D24+ 3 |2
1 WDes S
ac Nd e
1 WDEE
1 uDe? 8 e
1 uDes 12—
1 HD29 14 15
1 MD3@ 1 e
1WD31 18 3
11
<
; ; cLk
'ca,____l g
] ———% S
CE—'——_L K- T
03_____3.. 9
04_____1.3. 12
CS_____li_ 11 ____
cs________.l_?_ 116
CORRECTI N Ha

FIG. 46A

WD1 B
Wo1 7
Wo1 8
Wot 9
woee
Woai
Woee
Wwoa3

Woz2+4
Wwoas
Woee
Woet
Woes
Wwpag
WD3e
WD31

WD3e
WD33
WD34
WD3S
WD36
WOo37
Wo38

CORRECTING SV



U.S. Patent May 31, 1983 Sheet 100 of 427 4,386,399

WRITE DATA
BUS DRIVERS
FIG. 47

~

2

& 0

: kBB

m

2

2

|
wia

< ||n

A33
A 36
A3S

111117

IERERE 11117117

12
-]
13

WDi @&
WOt 1
Wo1
HD1 4
WO1 5
W01
WDt
Wo1

Woi 9—— 12/

| Al3
pa 3140
[2]
2]
Alv?
8
1

*—=]

4

HlA——@—=2]
4
—=2]
1
12
g9
’_J.l
3 18
o—5!
4
o—2
1
1o/
9
13
12
»—£&

WD
WDBE
Wo
WD

Wos



U.S. Patent May 31, 1983

Sheet 101 of 427

4,386,399

FIG. 47A

2

412,

4
13

HDBB————”—la

§ g

a4

L m - n o ~
m m m m m m ™
o o =] o o o =]
3 X X 4 3 X I X
« (23 O [s.)
o

w28
w2

a4
A58

Do
P e

$-2,

o—13

18

I

‘__5.
4

WOeS5
Woee

Wwoee
Woat
woe
HDe3—
Woa4

Hper

Woe
Woes




U.S. Patent May 31, 1983 Sheet 102 of 427 4,386,399

RD—£&
RO7—2  EVEN[R
ROoB—L2-
Roe—1L
ROTo—4d,
RO15—I1&
RD3s 0BE3 ? oop}& 2
@7541 Fepe—2 PQAR?Q; 3 .
GEN 4 sS4
RD1 66—
ROT7—=R&{  eventR
RDT 68—
RD| o—3
RDB—LL]
RD2T—&
RD2E—1 ooppR * ROPARE
Rb2s—I&, 9 BIT
FEPe—N PARITY
GEN
RD—4
ROI—=R{  EVENP=
Roe—18]
RDA—2
RDZa—LE]
RD3 1 —1L
RD37 ofde 91 opp}E o
Fep1—12 PQARBIII'TY 3 —
GEN 4 3
RDB—E
RDO—3  eveENPR
RDTo—2]
RDT 1~
RD1 82—
RDT3—1L
RDTa—15] oop}k & ROPARI
RDTS—12 9 BIT
FEPI—N PARITY
GEN
S-BIT GENERATOR

FIG. 48



U.S. Patent May 31, 1983 Sheet 103 of 427 4,386,399

RD2—E.
RO3——2 EVENPR
RO6—LE&;
ROF—L2]
RO o—L&
RO T—
RD14—4 oDD {
9 BIT
PARITY 13 _
GEN 18 ]
ROT8—H
ROTo—L&{  EvENP—
RD22—id]
RO26—12
RDa7-
RD3%
RD33 OEBE 2 opp}R
9 BIT
PARITY
GEN
Ro1T—123]
RO3—&  EvENPR——
RDO5S——3
ROo—ILE;
ROTT—&-
RD1 33—
ADI5—1% oppt& g
9 BIT
PARITY 3 —
GEN o s2
RD17—L&
ROIo—13  EVENPR
RD2T—H
RD25—&
RD27—1
RD26—
RD34 OR&TY oppf2
9 BIT
PARITY
GEN

FIG. 48A



U.S. Patent May 31, 1983 Sheet 104 of 427 4,386,399

RD&4—H
RO5S—  EVENR
RD6——E&]
ROT2—13]
RDT 3—I1&]
RDT 4—4b
RD2e—2 ooofR p
RO T—I12]
9 BIT
PARITY a2 _
GEN ¢ =)
RDo2——£|
RD23—Y  eventR
RDZ2&
Ro2o—I1E
RD3—13
RO3T—i2]
RD32 OE83 2 oop &
9 BIT
PARITY
GEN
rRoe—L4]
ROTsS—A4  EventS
RD16—E&
RD1 77—
RDT &8—
RD2o—LE
RDas o838 9 ooDT-ﬁ—— 1
g8
%7 Fep3—I& P?\R?‘IT-‘; 13 _
GEN 12 53
RD24—4
RD25—&{  EVENP2
RD26—E&
RD27—2
RD2 85—
RD29—1 &4
AD3—L3 oop———@——— 61 ROPARS
RD31
reps—LU B 0T
GEN

FIG. 48B



U.S. Patent May 31, 1983 Sheet 105 of 427 4,386,399

RD1 66—
RD33—IR]  EvENER
Rb24——13
RDos—L-
RD26E—2
Rb2e—i&;
Roas OB — 8 opof& )
FEPB—H PQARBI']TTY —
GEN 10| S6
RO—5
ROT—H EVENF2
oy —1
ROI—
RDa—42]
RO5—11-
RDO6—I& opp}E >— ROPAR®
RO7- 9 BIT
FePe—N pariTy
GEN

FIG. 48C



4,386,399

Sheet 106 of 427

May 31, 1983

U.S. Patent

Al

NS+

6v ‘Old
H31S1934 AS ay

AS zedd T 1) SE—— AL
AS ¥iQy —a7] HT———+¢.lay
AS 90y —=7] pT————9a8
AS Egay T [ SR—T1 -
AS sedy —] g 82ay
AS _@£ad — —————2€ay
AS 8104  —— ——————6 10y
AS veay — T—————22ay

ATD
PN
&
_!4!I0 &M
AS i2ay —T T 12ay
AS €1 1 IT E10Y
AS_say —T BT say
AS lEQy —a] . EQY
AS 82qd —z 5 8eay
AS yay — T ray
AS 2iad — = € 1ay
AS 22ay — . 22ay
AD
PaN

AS Ledy

AS €0
AS 1iay
AS Si1ay
AS 920y

AS eay
AS 214ay
AS BIQY

AS 910y
AS_84y
AS_@qgy
AS L0y

AS $egy
AS 13y
AS 64y

AS L1CQY

FPREEPE

ATD

Kz}

~
[
[=]
i

m
0
3

PA

|

»l

o
4

(4]
o)
1 4

el

O
[}
[a
-

(s
Q
[ 4

[
&
14

m < ~

@
[a
[

LddJd 44

ATO

81

L'e)
0
1

LT

@D
[s)
[4

:

vl

|

~
o]
s 4

a3
o
[a]
o

o
x

3

~
[a]
1

m <+ r~

m

—@——BX%3

84S



U.S. Patent

May 31, 1983 Sheet 107 of 427

R 0o
8Y8 CLKB———————E‘ l

A4
CLK

"FEFTFFF

S-SV REGISTER
FIG. 50

S@ sv
SISV
52 SV
S3 sv
S4 SV
S5 SV

ERROR

4,386,399




U.S. Patent May 31, 1983 Sheet 108 of 427 4,386,399

ROPAR@ sv—lbc" £\
ROPARI BV—LDO-L

- TO FIG. 51A

ROPARE sy—I1d

>012
ROPAR3 su—u—>o-‘-E 1

CPENAB—_:L

ENAB

ot
) PR
2pb—
1-4 3pT—-—o

DECODER

cPseLe—=] Ag

CPSELI ——3 Al

CORRECTING SV——I
1

SEL
B8

J3-86
ROPARE CORR—E{AD ol : CROPAR®

ROPARA SU——2{Bo
RDPARI CORR——2{ A J3-27
IH———<  croPari
ropar1 sy—E&lg 2 D
ROPARE CORR—IA2 2 J3-29 croPARE
rRoPaRe suy—I12g2 2 $

ROPAR3 CORR—IYHA3NMUX__|p J3—38<

rRDPAR3 su—1d|p3

CRDPAR3

PARITY LOGIC
FIG. 51



U.S. Patent May 31, 1983 Sheet 109 of 427

+5U
1K
SYS CLKE o HI
S

4

clk
ROPARE—] 2 RpOPaRG
ROPARI —E&4 3 ROPARI
ROPARE— HE . rppare
ROPAR3—LT] e ROPAR3
¥ RDPAR®
£ & N RDPARI
14 H3 . ropare
S ROPAR3

FROM FIG. 51 ~

FIG. 51A

4,386,399

sV
sV
=14
8V
CORR
CORR
CORR
CORR



U.S. Patent May 31, 1983 Sheet 110 of 427 4,386,399

CORRECTI NG—

DO
EN
RD7 Sw =-1p
RDI5 Sv— .1
S8 Sv— L2 gl CRO?T
SI 5v— 413 ol CRO1 5
S2 SV s aple_ UCERR
53 SV— Bls apl—  CrenaB
§4 Sv— g
$5 s 15/4
56 § 14 a
EN
RD23 Sv— 2 g
RD31 Sv— 6,
P gple— CROE3
413 ) pd— CRO31
di4 2ple CPSELD
Els api— CPSELY
Le
15|
14] g
ENAB o :}15
L plt— ROMSEL®
epld . movees
v s2 sv—Lg aple——  RowELs
Si sv—=1lseL apll—  RoveEs
S0 sv——2]2 spl_  rowEELD
60— ROMSEL T
7pIl—  ROMEEL®
| OF 8
DECODER

CORRECTION LOGIC
FiG. 52



U.S. Patent May 31, 1983

Sheet 111 of 427

CORRECTI NG * 11
EN
RD@ SvV— Sig
RDB SV B
RDI6 S 142 g pii—
RD24 SV 413 | pAi—
S3 SV o+—3a4 2ple—
$4 SV 9 Bls ap3—
€5 sV 9 Lig
6 SV—@- 1514
ROMSEL 2 l41g
EN
ROT &% 3o
RDO SV Bl
RD17 SV 112 ] oS
RD25 SV 43 i pi—o
¢ 4 aple
[ 215 ap2—
[ 3 Lg
, 15 7
ROMBEL | 14 g
EN
RD2 SV 3
RDI@ SV el
RDI8 SV 112 e plE—
RD26 Swv 413 | pl—
¢ 4 2ple—
? 5 api—
® Y 13 -51
ROMBSEL 2- 141g
EN
RD3 W 2l g
RDIT SV &l
RDIG SV sy g pL&a—
RD27 SvV— ) | p—
¢ 4 2ple—
® Blg apd—
[ 2 Le
¢ 1514
ROMBEL 3 ILIF)
TO FIG. 52B FIG. 52A

4,386,399

CRO®
CROB
CRO1 6
CRO24

CRD!
CRD9
CrROL?
CrOES

CRroe

CRO1@
CRO1B
CRDE26

CRD3
CROI1}
CRO1 9
CRO27



U.S. Patent May 31, 1983 Sheet 112 of 427 4,386,399

FROM FIG. 52A

EN

RD4 Sv-
RDIZ2 SV—
RD2@ Sw
RD28 Sv—

CRD4
CrRD1 2
CROEO
CrRODEB

FFFF

DN -8

ROMSEL 4

EN

RDS SV
RDI3 SV
RD21 SV
RD29 SV

CROS
CRD!1 3
CRrO21
CrO29

FEFF

W — 8

BN DN —-Q

ROMSELS

EN

RD6 SV
RDI4 SV
RD22 SV
RD32 Sv—-

CRrRD6
CRD1 4
CROR22
CRD3@

FiF

O ~NOOO A WD -8

ROMSEL 6

FiG. 52B



4,386,399

Sheet 113 of 427

May 31, 1983

U.S. Patent

1EQdT

@EOND

62083

820¥]

42083

920¥0

S20¥3

+20¥3

£6 'Old

1INN H3AIHA dv3d 103HIa

BE-¥I

8E-¥"

E-$C

SE-¥I

EE-#I

cE-¥l

QE~-#I

639"

ISESEEEE !

al

_mﬂo 1€Qd

=350 2€a¥

U I W

el

1

MHMO Leay

5TeC 924y

£IgC Sedy

L1113

vhmo yeay

S 1083

+ 1080

E 1083

2 1030

11083

8 1043

6023

8030

Si-+l

P1-9r

3i-r

6~#r

ON LLIFHHOD

ilevg gr1vn

(21

2T TegC 2194

mﬂqo v 1ay

e _
GGl
Gl

mWﬂO €1ay

vegC 8Qd

F5e0 2aY

ON LLDIHHOD

iva g 179N



Sheet 114 of 427 4,386,399
‘L .

1

May 31, 1983

)

U.S. Patent

E2083

22080

12080

a20¥3

6 1033

8 1080

4 10¥30

9 1082

Le~¢l

92—+

va-+

(=58 [

12-vr

ec-+

Bl-#r

L1=%

:

:
ele kT

11313

vEeS 'OId

Ciam

px: &

4
4

2T\

BreC

z58°

os
-

é

350

€2ay

cecay
iy

2edy

61Qy

8.1ay

4 1QY

9idy

L0x3

9023

S0%0

h4et-to)

EQ¥D

a0aD

10¥0

[ Jut-ts}

6E-ErM

BE-Er

9E-Er

SE-EM

EE-EP

3E-EN

ON LL5IHHOD
120 O0I1un

530 2QY

__i o

geeC SQd

3eC xay

1110

[T
-

30 EQY

TeaC 298

F3e0 la¥

-

£520 2y

N LLD3HH0D

dIfJ.DMH“S o 11en



U.S. Patent

+SV

May 31, 1983

Sheet 115 of 427

HOLD ADDRB 9 ;
g
SR SL
&loR
CA/HDI & =17 AHS—
CA/WDl F t18 pHt—
CA/WD1 4 —3c cHI——
CA/WDL S £ip pHE—
7.
OL 4 mIT
SEQET REG
1K CLR
1)
8YS CLKA »- T
'S
1
SR SL
&pr
CA/UDL & A AH2
CA/HDL 7 ) g Hi—
CA/WDL 8 c cHi—
CA/HDI 9 elp pHE—
T4
DL 4 BIT
SHIFT REG
X cLr
[ S ! T
1
SR SL
€lor
ca/uDee A AP
casuDel 4la B H4
ca/WDEe- 2lc cHa —
CA/WUDRI— Blp pHE—
7]
DL 4 g7
SHIFT REG
A CLR
?'—IJ T
Lam

TO FiG. 54A
R/W MOD SELS UNIT,

RADDR UNIT AND CADDR UNIT
FIG. 54

4,386,399

REQSEL®
REQSEL |

REQSEL2
REQSEL3

RADDR?Y
RACDRG
RADDRS
RADCOR4

RADOR3
RADORE
RAODORI1

RAODRBG



U.S. Patent  May 31, 1983 Sheet 116 of 427 4,386,399

FROM FIG. 54
——
1
SR SL
2ipr
CA/HD24 A AHS — CADDR?
CA/WD25 418 pHt — CADDRE
CA/HDEE 2lc cH CADORS
CA/UDRT Bip pHE— CADDR4
7]
DL 4 giT
SHIFT REG
LK eLr
L l T
; .;I
SR SL
2ipR
ca/uD28 =1 AHs CADOR3
CA/HD29 418 pH:— CADORE
cA/WD3e 2c cHd — CADDRI
CA/WD3! ﬁ-’o pHE— CADDR®
7]
OL 4 BIT
SHIFT REG
CLR
l T
HOLD ADDRA ;
e
' SR SL
&pr
CA/uDB A AHS— WRITE
+lg am
Sc cH3
&5 oLe
7
DL 4 BIT
SHIFT REG
LK cLr
u T

FIG. 54A



U.S. Patent May 31, 1983 Sheet 117 of 427 4,386,399

8Y8 CLKB———_q
v

CLK 2

al MOD@
MDDSELE——2HD! ai? o0
a2H@®——  moDi

nooseLi ——1&{D2 a3l

asfS ——  nope
mooseLe—L03 0 F5li4

D-TYPE
all
MoDBELZ——=2{D4 FF  —T¢ noo3

Q4p

HIG

REF SEL
8Y8 CLKB——
9 L
N

REGSEL—L
REF wobe—L1&
REGBELT—2
REF WD
REGSELZ-
REF MOD2
REOSEL3
REF MOD3

MSEL 2
MSEL |

MSELZ2

FETF

MSEL3

WELG—E({ >j— MODSEL®

MSEL I

NEEL2_S'(% >_E___ MOOSELR
NSEL3—1({ >-1"_- MODSEL3

MODSEL LOGIC
FIG. 55

MODSEL!



4,386,399

Sheet 118 of 427

May 31, 1983

U.S. Patent

96 ‘OId

v96 ‘D4 OL
LINN SS34aav _ !
oz ol
BU1S e52|ey $¥0000 43y
o e
XNA T L
ANI-¥ @2 gy PNOOUY
Ivna
e S30090 43
S300u
A 2o 3 dyOOuY 43y
121 S¥00v0
135 2[5 s¥00vd
a v
_H_
- —9
m~ ”
ex00Y — 5 oz ol
1¥ogY — r 8ULS ozl 9¥0a%3 338
2’00y — - iz 202y 300Uy 43N
€800y — T xon  122hT 940083
yy00Y —=] 3T 3INI-v 808 |gy 900y
s¥0aY —= T avna
€21 L¥00U0 43N
9300y —7 T 13
L N00Y Al 2l g L8000y 43N
BT - BT z 191 fer LH0093
PN 135S [m]] Ll LA00uy
. a v
an Olllu rx._u 848 _:
L & suy
135 MovE 3L v

138 43y
SY 4




U.S. Patent May 31, 1983 Sheet 119 of 427 4,386,399

FROM FIG. 56
\
r ]
1§
1o 2
A B
RADDR3 B} cg SEL
CADDR3 2 ici 2
REF RADOR3 41ic2 'Y
REF CADDR3 l1c3 AL
RADORE 181oce 4-LINE
CADDRE lliac) MU’;Y q
REF RADDRR2 1215co
REF CADORPE 2C3 gTRB
16 26
{4 |
14 2
A B
rRaDDR] ——— 8 |cg SEL
CADDRI —————=2{|C| vl
REF RADOR) ———H c2
REF CADDR1 ———————341C3
DUAL
rappre———AR12cg 4-LINE
CADDR® Ulacy MUX |
REF RADOR® ) a2y
REF CADOR® 1315c3 g1RE
‘ 16 26
1

FIG. 56A



4,386,399

Sheet 120 of 427

May 31, 1983

U.S. Patent

830av_dIoH

yYiaavy gioH

4G 'Old

OID0T T0HLNOD ANV ONIWIL HITTOHLNOD MNVE

434 034

hlwnnl

4 3d

el

A8Ng

ld¥ul8 08

82 1LNNOoJ

o4 A0

JAN

mmu.—.ZDOU

—m €
42 2

at
41 1

El
40 @VN3 o

m+u‘1u{m

it

i 4Nnog
1

B

5

4 3d

o4 AO
mxu._.ZDOU

g €
ar e

®

|
El
O 8YN3E o

m 4| N O o

¥ 4NNo3

JH‘-.:I

1
Wl&.’.lumm HN I

UX13 848



U.S. Patent May 31, 1983 Sheet 121 of 427 4,386,399

+5V
CORR ENAB— “70
___ERROR—Z BB BeERRoR
CONT CORR—2 N

RFR DAT. ey

SAMVE 13
BC 8TART
START ENA

47@

DFRD 8TRT

%d.. j
:

+5V
47 J3-17 ,
BAME {  BC REJECT
+5u
70 3ee,
BUSY { BC BUSY
+5V
70 3epe,
DATABACK {  BC DATABACK

FIG. 57A



U.S. Patent May 31, 1983 Sheet 122 of 427 4,386,399

BC START

+5V

5YS CLK OR=

D1)8Y8S CLKA

8YS CLKB
CrRAZ—E(
WRI TE BACK BEL
CRAT ——=Q 14AD
WRI TE BACK SEL
CONT cunk————I:i:
{ CORRECTI NG
CORR ENAB
ERROR—13. CORRECTI NG

FIG. 57B



U.S. Patent May 31, 1983 Sheet 123 of 427 4,386,399

VLDTA-3 +5V
ULoTha-2
vLOTA-L

VALID DATA §
4 BIT

SgIF T REG 1K

Hiii

HIF

8Y8 CLKA
HIF

© H1P

ENAB

CONT RFR
BET CRA@

8ET CRAl

SET CRA2
SET RAS

SBET CAS

SET LDIN
SET RFR DATA

up————18

CRA 11
CRA1 12
CRAR- 13
RFRS 14

FTTITTTT

ENAB

SET LDOUT
SET BUSY
PRECHARGE
08 ENAS
RFR ENAB
CLEAR VB

11
18
13
14

T

BANK CONTROLLER TIMING,
REFRESH AND CONTROL LOGIC

FIG. 58



4,386,399

Sheet 124 of 427

May 31, 1983

U.S. Patent

sSoy

89d

inoan

N 107

ASNH
Asng

NS 8UYN3 80

BUN3 LYULS
H83d 434

V&8s ‘Old

ivo ¥ 135
t—ﬂm 44 VQN~
5T|*O3441-a
1€ avno 8v0 138
—T[EO
120
TE2 zafz LN007 138 a1 1w
e 'a
] 101 135
T30 v =
A
rx._u 8A8 AHYLS
IH
pm N3d Yy
LIS Q¥4d 135
—rivo LHVIS
= 44 ¥Q
|md¢0mﬂ_>._.|o BS08 L3S
1iee “avno
MeR calay auN3 80
gjel vHOAY QTIOH
zo 2diz mA-1910\ AR CN.% .
e \a sy
2" yo
i M

TIlll.mv_.._u g8

4 138



4,386,399

Sheet 125 of 427

May 31, 1983

U.S. Patent

VS

3Juus
viv0 ¥d4¥
viva d4Y
43803 INOJ
HHOO .LNOD
BUN3 N300

P

g8S 'Old

hlmnx

aV¥N3

IUVINODY
118 9S8

v8

€a8hr—5 10M/90
28—+ 101/93

18{5——€ 10M/83
ealy——= 10M/90

av ..ﬂ.ﬂ'ulrmjm (131

v |M4||vam(IUmm&

EViar—
A
Vi
evir—3=2

—FT(20
oo 34 ¥arET

&T|¥O3d41-a
—IT|ER avno .
—TpT|EC
—xg0

. 20 eaie

410

E o iats

2 1

rllmx._u SAS

-

»

£73503Y
213503y
1 13503
n3s03d

1v0 ¥Jd 138

vilud ¥4

9N 11333300

Hld.ran_ aglIien



4,386,399

Sheet 126 of 427

May 31, 1983

U.S. Patent

[ EEIRED]
ON3d ¥4
HSYH 4
HSa

am

m

ly¥18 Quida

086 'OId

434 O33N
.ﬂlIlIWIkI
..M‘|szn_ F-ET-]
|q||||bm 1LNNOD
. rg—=n

leDm

{

.ﬂll._.w.d.—.m a8

T —8UN3 LdU1i8

9

tﬂ.nll'.rm._.m s} ¥ 1]

ulllmkm LNOD

.N'lm(zu -EL
Mﬂl'LEI

WEFEECE

L4}

10

10

44 varET ————=an

¥O3411-q ——————u0uy3
€o”avno_

€0 gl

20

20 ea

a
AWUS
101
1lyyls 38
N LMIS Quid 135

FImv.._u 8AS

(.

U0 ¥y

=)




4,386,399

Sheet 127 of 427

U.S. Patent May 31, 1983

AJvav.iva

oYHO
=1-1-1¢}
\.4-"]
1-3-1¢}

El-e

ass '9id

—

—————nNS BYN3 80
——————9190 Q179N
————ON 11038800
TSN LLOIHHO0D

ULCZU aa

- vo MIIﬂOA.mlTaE.S
dvo, 33 FOET
s11¥©3441-a
€D O(DOMO a7 @QUudd 138
—T|E0
3|22 lyNg 138
—jeo ears
ele
1ats LYVIS
—l |
° y» T
£ Zvid 135

rm_v_._n. SA8



U.S. Patent  May 31, 1983 Sheet 128 of 427 4,386,399

oAl——— REF RADDR®
RFR PEND— o] o — REF RADDRI
> A
COUNTT 26—L&] ac——— REF RADORE
QD REF RADDR3
CLEAR
catl REF RADDR4
espH® — REF RADDRS
Ud > A
oc REF RADORSG
QD REF RADDR?
CLEAR
2
> us 3
QA REF CADDR®
ot REF CAOORI
Ll a
acl= REF CADDRE
QD REF CADCR3
CLEAR
L }
T
TO FIG. 58F

FIG. 58E



U.S. Patent May 31, 1983 Sheet 129 of 427 4,386,399

FROM FIG. 58E
1

11

QA REF CADDR+

opH@— REF CADDRS

QcC REF CADORGB

QD REF CaADOR7Y

CLEAR

H?c ®

MOD CLK

HIG——@ { p

MAX MOD3 o EE?QUANB:F oHt~—  REF w003
MAX MODB 4 | Hd—  REF woD2
MAX MOD |- 2lp o HE— REF MODT
MAX MOO2- &3 atl—  REF wooe
COUNTER
MDD CLK Bhok  TcHS '3D0*L—
PE R

L

FIG. 58F



U.S. Patent May 31, 1983 Sheet 130 of 427 4,386,399

Ra————2d
TRA—@—=2Q ‘l
ERC CLK

SBE—— S
>k QF2-SBE
8YS CLKB
+5V
t
2lp aHe-seE
R
ERROR 12 470
1
CORR ENAB ~13
s
Ubeok af?
UCERR 181p 618~ UNCORRECTABLE
R
1
HIE &
4
s
3bclk Q- PBE
PBE PBE CLK
PARG ERR
PART ERR 5 L (—
PARl ERR D e PBE
PARZ ERR 12 R
PAR3S ERR
i

18 4

PARITY LOGIC CONTROL LOGIC
FiG. 59



U.S. Patent May 31, 1983 Sheet 131 of 427 4,386,399

Re 1
READ—4Q
=
ok
Q|_la
124p| St
Qa_ls
13)pe I
o3 t—— ES
R —_—
RxD4 D3 quap G3LE
D-TYPE nul2
Q4 EH

CLK 12
Qi FEP®

I § -4 Pk
RX04 D Q|_ll
o2 et FEPI
RX 05— &al6
13|p3 aafs FEP2
RXD6 QUAD Qa4

0T fFPEaB——  reP3
RXD7T— Sal3

SYS RESE'T'—————J

PBE CLK

9

\4
cLK

Y10 U I BPE®
PARD ERR——LEDI =

Qi
oE— PEI
PART ERR— D2 o513 °
QaHS ———  peee
13 =
PARZ ERR ®3quap aa}i*

D-TYPEqulz BPE3

FIG. 59A



4,386,399

Sheet 132 of 427

May 31, 1983

U.S. Patent

09 ‘OI4
SHIAIHA TYNDIS TOHLNOD

24aav

[R-1¢ls, 4

ENAQY

ryaav

10
[14
[]
2

P~ [Ty Ln <+ m
m | | o
a <a Lus a <

o

oyaav

2480Qv

o
a

T‘smmna

13009

2300Y

€300v

INARELENEN

P00

Sy00v

¥00Y

L2009

€13SAoN

1 T3ISAON

213SaoN

10OQg7

1z
iy
-

Slalele

HS3M 43y

818

:

|
m

T £73sa0uW

1 S713800W
3 173S00W
T — 8713800
T 1Noan
9

T N 107

=T HS3¥ 43
=y S92

e Svy
MWIIAVIIIIOHI




U.S. Patent

(03)ERC CLK—@———

May 31, 1983

R4

Sheet 133 of 427

4,386,399

11
~
clk
18 119
50 Sv— 8 TXO1
SI sv——14 TxD2
S2 5V 3 TXD3
S3 SV 1: & ? 3 TXD4
:;, s. -+ -9 TXDS
v TXD6
56 5V 1 L6
R3
—]
<V
clk
MODg——— 4 TXD@
Moo —————& 3
Mope——14
MOD3——]
7 5
sBE———L1] 16
pPLe——13 & —$
—_— 18]
PLI 3 9 TXO7
1
SEL
B
FEPe—ILtiag 2
1 — 1YL
FEP] ———3] A alz
sPEl ———Bip)
Fepe——Ail{a2 q
z2
2
A
4
sPE3——3iga 20
ENAB

Al

CBUS INTERFACE LOGIC
FIG. 61



U.S.

Patent

READ_——T—"C

May 31, 1983

Sheet 134 of 427

3l

4,386,399

R1 STB
AT——— 154
o'k .
. QIR — MAX MODB
aif3
slpo Sf-g-——MAx MOD 1
oz}
121p3 Q3He X Moo2
QUAD Q3!
D-TYPE qall5 R W03
D4 FF 2%
Q4ll4
SYS RESET ?
24
3
* g
1
~
L CLK
RXD@ 18 12 INH REF
RXO1 ® 3 2 FES®
RXDE— > SN e FESI
RXD3 4 e FESE
RXD#4 14 e FES3
RXDS 1 e — FES4
RXDE 13 S FESS
RXOT 8 © I FESG
CLEAR
7
SYS RESET
RF—————
SEL
- B
MAX MOD?———{Ap P
INH REF pe 2° TXD®
MAX M])l—_—s-Al 7
Feep— Bl 2zl TXDI
MAX MOD2—————ALL{A
FESl_m_B: PR 7| o — TXDE
WA MoD3—— 4| Aatiox
‘ 12
e 1l 23 TXO3
ENAB
[ lg
TO FIG. 618

FIG. 61A



4,386,399

Sheet 135 of 427

May 31, 1983

U.S. Patent

Mmlllmzz g19 OI4

3 14%) e ————— 130
11d ) vommmm..mn_
glEQ avno -9107n
2d o €afe—@3NYd
#»11E0 2a
13NDTd  — 3T :
@3INvd 2 10T
—arll0 o
1-9107N0
-9107n
10 SAS(10S)
QH
nm T
1
avnN3
£ 9834
L0X1 (4
at mNW@&.m(.ﬂlla.Ex
9O%.1 — ez e 28lgr———-s8534
2YhT———0748
I:] $834
sax1 ]
I|'? IV f————H3
o8l,—€834
»OX1 P
%2 oV[y—83
a
13s
L oy

Vi9 'Oid NOHA



4,386,399

Sheet 136 of 427

May 31, 1983

U.S. Patent

974K

aaxL

8Ly

T

ns+

c9 ‘Old
019071 I0V4H3ILNI SNGD
36S 24
38d Y
31EGV.LOIHHOONN
-FR 4
38d
»
1
NS+

9748

434 HNI lm.OA.mui.._ma HN

laT—H3
QyvH sn@> 5

lwll.lu.._uI

=83
1408 SNg2 YY)




U.S. Patent May 31, 1983 Sheet 137 of 427 4,386,399

+5V

1K

¢ 31 31 39 3 37

NP SBS EPS NBI NB2
3¢ |cT XMT CONTROL
STRB
TX07—L8 1 pp)
01— T -7
1xn5———~_L 1 B3 BIT |pg _
TxDs———Ed 1 ppg 550'31‘5"
Tx03———381pg5  TRANSMIT
Tx0e——3 pBS Eoc |84
TxD1——32pB7
T%pg——o33 |
X0 pBs TeMTE8
TXDAT BTE————BdQ %‘-\r}é
XMT <
UART CLK M 3
L ¢
—————— ham uw
(e}
RO! 118 =
ro2 Hl—
91 13 RCV RD3
ceus cLk OR Ry e s .1!_5
BIT —— ros 14—
CBUS DATA SERIAL RD& H—
N rRO7 Hi—
RD8 Fi—
+5U & vee - -
'A% 1c orf
UNIVERSAL FE H4
1 ASYNCHRONOUS 3
1K TRANSMITTER PE |
Eount 14 & RECEIVER paHL- pav
O ENAB of %
! e STATUS DATA
2 2t RST RDA ENAB ENAB

3 3
COUNTER el 1 1
8Ys cLke——————Ebei k TCJS—?— RST
RDA

PE R
R8T 4 >f>E qy
UART CLK—1>0‘ RST

CBUS INTERFACE LOGIC
FiG. 63




U.S. Patent May 31, 1983 Sheet 138 of 427 4,386,399

+5V

E E— CBU8 DATA
FROM FIG. 63

11 19 RXD7
) & I-— RXD6
13 y RXDS
B SL NN RXD4
15 s RX03
-3 He RXDE
L 2 U8 Rrxpe
UART CLK 99—
1 ‘i
CLK OE
payv———t—-E i RDAV
RST pld——  FRS
4 AL TXDAT 8T8
RXD7 _— e VE
RXDE S_— S TX4D
RXDS O:;
RXD#4 B | D .
RXD3 3 R READ
1 'i
CLK OF
RKDE-———E‘ o¥ b I RO
RXD| —————] -8 R
RXD@————— plL—— ®Z
V5] ¢ ¥ - DEN— R3
RBT————E— oY — R4
7] o ¥ - M—— RE
8. pld Fé
FIG. 63A




U.S. Patent May 31, 1983 Sheet 139 of 427 4,386,399

—— T AAN B —woeve

30
—2AAN~E—wpEV!
WDE VENB——————————
K] | ap
L CE SAAN L —woEV2
W@ =X e
WD I 4 l ag
W2 7 &
3 8 .g—l_/\/\/\/_g__wogva
4 13 12
5 14 15 30
V06 17 16
o7 18 19 LAAA 2 woEva
30
L2 AAA 2 _woEVS
ag
——5—/\/\/\/'—6—‘WDEV6
Y]
*L/V\/\/J—WDEV7
ag
——ZJW\/J—WDEVB
3p
—2ANN~E—woEve
—
1 i 30
L OE AANN—L—woEVI8
8 3 2
o 4 5 22
WOl 2 7 6
Wi i 8 2 LAAA 2 —woEVHI
VoI 2 13 2
WO 3 14 15 32
W I 4 17 16
WIS 18 119 L/ \/\/\r—-—z WDEVI2
3p
L2 AAA~2—wpEVIa
TO FIG. 64A
30
3 AANE—wDEVI4
DATA IN REGISTER 63 )
' 7 8 WDEVIS




U.S. Patent May 31, 1983 Sheet 140 of 427

30
7 8
FROM FIG. 64 —\V\W\—2—woevie
30
—2AAN~ES—wpEVIT
~—
T . 30
L ok 3 4 _wpEvie
VoI 6 3 2
woI 7 4 5 30
oI B z &
w1 o g 2 LAAA 2 —woEvio
13 12
14 15 30
17 16
18 19
T
L ot
3 2
4] 5
7] 6
8 9
w2g— 13 12
o2 14 15
w022 17 16
w023 18 19

FIG. 64A

4,386,399

— L AAA~2—woEv2s

30

——32AAN~2—wbEv2!

30

—3EAAN S —woEve?

3¢

J?—/\/\/\,—e—woevz:a

302



U.S. Patent May 31, 1983 Sheet 141 of 427 4,386,399

—LANN~E—wpEv24

30
—2AAN~&—wpEV2s
WDE VENB——————
It I 33
ol
Lok SANN~L—wpEV26
w024 3 2
wo25 4 S Y
26 ! .
w27 & L LAAA 2 —woEv2y
w028 13 12
W29 14 1S Y
w30 17 16
Wo31 i8 119 UAAAN~2—wpEV28
30
L3 AAA—L—woEV29
€Y
L S AAAN~&—woEV3e
30
————-’——/\/\/\/—Q—WDEVSI
30
_7/\/\/\/—8—'WDEV32
3
—IAAN~8—woEVva3
1 [ 3%
L O 3 AAN~L—woEV34
W32 3 2
w33 4 =] ag
W34 1 6
W03 5~ & 2 LAAA 2 —woevas
"6 13 12
W37 14 5 3z
%038 17 16
'8 19 LAAN~2—woEV36
30
—3—/\/\/\/4—W0EV37
3

“—5—/\/\/\/—6—WDEV38

]



U.S. Patent  May 31, 1983 Sheet 142 of 427 4,386,399

.__l_/W\/_g_wooog

30
—3/\/\/\/4—WDODI
WD ODENB————————————
0 Y]
L Of S AAN~S—woop2
W& 8 9
wo! v s Y]
s 4 5
3 3 2__—7/\/\/\,_3__\”0003
" 18 19
oS 17 16 20
"o I4 5
W7 13 12 LAAN~&—wpoD4
30
___§J\/\/\/._5__w0005
3
———l/\/\/\/——“—WDODG
30
L AAA ~2—wpoD7
32
—AAA~2—woops
Y
_3_/\/\/\/4_WDODQ
~—
oo Y
L ot S AAA~E—wpoDig
5 )
> 7 s &Y
w1 @ 4 S
D! | 3 27 AAN~8—wooD!
o1 2 18 19
wWoI 3 - - 32
! 4 14 15
VoI5 12 H2 ZAAN~8—woopi2
Y
—5—/\/\/\/L—W000|3
TO FIG. 65A
30
___3__/\/\/\,_4_WDOD|4
DATA IN REGISTER 64
FIG. 65 N
L LAAA~2—wpoDI5

32



U.S. Patent

May 31, 1983 Sheet 143 of 427 4,386,399

——LAAA 2 —wpoDI6

FROM FIG. 85
30
—QJ\N\/—4—WDODI7
>
¥ I 30
L Ok 5 € _woopnla
01 6 8 9
wDI 7 7 5 30
wo!8 4 2
wDIo- 3 2 T AAA~E—woopI9
18 19
17 16 20
4] 15
13] 12
—— L AAA 2 —wpoD20
30
7
—2AAA~S—wpoD2|
L o€
8 »-9 g
7] 6
4 S —3IANAA~2—wpoD22
3] 2
w2 18 19 10
o2 17 16
w22 14 15 f'—J\/\/\,L—wooozs
w023 13 12
30

FIG. 65A



U.S. Patent

May 31, 1983

Sheet 144 of 427

4,386,399

—LAAA~2—wpoD24
30
—3AAA~2—wpop2s
WDODENB———
1 I 1o}
L ©E EANAN~E—wooD26
w24 e 2
W25 7 o Y
w26 4 3
w27 3 27 AAA~E—woop27
V028 18 19
W29- 17 16 32
V038 14 s
w31 13 12 LAAN~2—wooD28
3
—S/V\/\/—G——WDODQQ
Y
—3/\/\/\/_4__w0003g
Y
L AAA~2—wpoD3!
30
—LAAN~2—wooD32
20
—3AAN—2—wDoD33
T - ;I; 30
L ©e 2AAN~L—wooD34
w32——— 8 2
waz— 1 5 3
Wo34 4 5
Wo3s——— 3 27 AAA 8 —woop3s
D36 18 19
W3 7——— 7] 16 Y
W38 la 15
'3, 12 LAAN~2—wpoD36
30
;_i/\/\/\,_6_wooo37
FIG. 65B 30

30

3 AAA 2 —wpoD38



4,386,399

Sheet 145 of 427

May 31, 1983

U.S. Patent

v99 'OId OL
AZI+
99 ‘OI4 aaa aga aaa
WVH N Wvd WY WY
S 8 INVId 3m Uumll:mu;na u 3M P—83mpd Y 3M PF—83med
SVO Dzr—8SVv2ed SvD Um_|mm<usa Svd Oq»mm‘\usu
SVH D5—8SYYod SVHD-—8SV¥ed SYY D5—aSVEad
OV = YOVRd OV er——vOVved OV | vovdd
SV FT—YSved SY (5T——V5Vad SY [T Y5V@d
SA30H —10C vV YPYOd  €A3Q¥ —10a PV vrved IA3Qd  ——0q PV vV Bd
€Y | YEVRd eV [z——VvEVad €Y |3 vEVRd
evig vevod evis vZved v g vZvead
IV b VIVod IV vIV@d IV v IV@d
ov (= vovad ev e VOV Rd ov (= VBV Od
1/05——SA3aM 1/Qfz——€A3am 17015 1A3AM
20A  88A 20A  88A 2OA 88A
5 H 3 H 5 ﬁ
veo o1 0L - —@ & @—VvLvod/ NG+  NST
ﬁ Hw ﬁ, A2+
aan aaA aan
nY Nvy WY
y IM DV 3IMed 3M D=—VY3MBd ¥ 3MPDE—Y3med
SYODer—YSvo0d SVODer—VYSV8d SVO Der—YSVI08d
SYY-——VSvied SVH D——VSVvHod SVH DY SYYHBd
oV b vOvod OV ey YOvad OV = vOvQd
SY | gT——VSved SV |gT—VSvod SV (g YSVed
vA3Qd ——r{oa vV vPVed  2A3QH  —7100 vV voved  OA3QY  ———p 00 vV vV e
v | YEVOd Y b= YEVSd M VEVEZd
evig vZvod evlg vavod v g vZvod
v 7z Y IYad v 7 VIv3d v 7 YV IVad
oV < vV ad ov | vOvod ov = V@V Od
/0= PAIAM 1/Qz—=eA3am 1/Qs—=BA30M
20A 88A 22A  €8A 20A  88A
2! | I
v99 'Sid OL
._“ - O—VLVBd/AG+ NS




4,386,399

Sheet 146 of 427

May 31, 1983

U.S. Patent

899 'OI4 OL

A H[ Jﬁ 99 'Did WOH
v99 'O/ aaa aan aan
wWwvd Y WY
VY 3m O=——83Mad Y am De—83med ¥ am O-e—83Mmed
SYIPer—8SV20ed SV Pe—8SvI0d SYID-o—8Sv2ed
SYYD--——8SVYHed SYY D —8SVied SY¥ D —B8SvYHed
OV =—vBVad OV er—vOved OV | =r——Vvoved
SV | oT—VSVad SV LT —vSved SV [T—vSved
I 1A30Y 57109 YYT—VrYed  6A30Y 57109 PYT—VbVEd  LA30Y  ——7{0Q PV Vb ved
€Y 5 ——veved €V 5——VEVDd €V |s—Veved
Vg vevod evis vevod vy veved
IV 1 Y1 vad IV v ived v | v Ived
ov (& vavod oV = voved oV [ vOVad
/0 11A3AM 1/G[z—6A30m /a5 LA3IOM
20A  HEA 20A  @8A IOA  88A
5 __ __ s __
899 ‘914 01 —— —o- 99 'DI4 WOHS
aaA adna QaaA
W Wy WY
vy 3IM DF—VY3IMed 3Im Omlku;an_ y IM DF—Vv3Imed
SV P-er—¥Sv2ed SYI Pe—Y¥SV2ed SVIDer—¥SVed
SY¥P—VSvHed SY¥Ps—vSvipd SV¥D——VSvied
OV f=r——VOvRd OV ber——voveRd OV [er—vovad
SY Vs vad SV [g—Vvsved SY [Zr——VSVad
@ IA30Y 57100 YV Vb Vad 8A3ay 57100 vV ——VbvYed  9A30Y 57104 YV H—Vtvad
€Y f5—VEvad EY [5r—VEVRd EY (5r——VEVDd
evi5 vZvod Vi vaved evig veved
v vived IV vived v vIVad
ov = vovad ov | vovad ov = voved
1/Q5—din3am 1/05——eA3am 1/05——on3am
2OA  88A 20A  88A 20A  @8A
6 ! 5 f 6 __
- : ou4
999 ‘D14 OL Aﬁ - e e 99 914 W




4,386,399

Sheet 147 of 427

May 31, 1983

U.S. Patent

99 ‘O/4

S IA30Y

v IA3QY

1

V99 'Did WOH4

v99 ‘Oid WOH4

:

aan acA
NYY oM D-=—83M0d WYY am Oc—83med
SVI PDe—8SVIRd SYIPe—8SVORd
SY¥ D5 —B8SvYad SVY D-—8SvHed
OV [gr—voved OV f=i——VOVOd
SY f—vsved SV |——YSvad
—r{o0 YV —VPVed €1A308 —57100 P TV Ved
€V [57——VEVDd EV f5——VEVRd
evis veved ev s vZvad
IV | vived IV v1ved
ov = vovod ov (< vevad
1/0l5—=61A30m 1/a[——=¢€1A3aM
DA €aA I0A  8EA
_ E
: !
aaa aaA
N S De—Vamed VY oM D—Vv3med
SV Pe—V¥SVIed SVO Per—VYSV0ed
SV D——VSVvied svi Uv|<w<man.
OV f=r——VOVBd OV t=r——vovad
SV [5——YSVad SV |gT—VSvod
—oa PV HT—VPvVed 2IA3Q4 ——r{00 vv | —voved
EV [5——VEVed €V [s———VvEved
2vig vZVad evig vevod
IV v1voad Y v IVad
ov |- VOVod ov | vovad
/a5 B IAIAM 1/Qz——=1A3aM
20A  88A 20A  88A
5 __ s

w. V99 'Oid WOH




U.S. Patent May 31, 1983 Sheet 148 of 427 4,386,399

sy +5V/POATA 9
T 9 |
VBB  vCC VBB  vcce
WDEVI16——21p /1 WDEVI7T—21p /1
PBAGA—2] Ag POAGA——2] Ag
PEAIA—L A POAIA—L Al
Pea2A—8] a2 Pea2A—S] a2
PoA3A—2] A3 POA3A—I2| A3
PeAdA— L ag poH4 RDEVI6 PBAsA—LL Ag poH4- RpEVI 7
PEASA—2] A5 PeASA—2] a5
Pos6A—3] Ag PoABA—I3] 4q
PORASA—I RAS PORASB—LQRAS
m—%c cAS m—'}c CAS
POWEA—3qwe _ POWEB—2qwE _
VDD VDD
S {
-
T 1 4
VBB vCC VBB vCC
wWDEVIeE—2{p /1 WDEVIo—21p /1
POABA——2] Ap PBABA—2] A
POAIA—L] Al PEAIA—L] A|
PeA2A—S8 a2 Paa2a—] a2
PEAIA—IZ] A3 PBA3A—I2] A3
Peasa—Il ag poH2—RrpEVia Poasa—LLAg ooH4— ROEVIQ
PoAsSA—I2] A5 PoASA—2] a5
Poa6A—13] A6 PoasA—I3] Ag
PORASA—2dRAS PORASB—2RAS
m—'—;c CAS m—'—:c cAS
PoWEA—3qwe POWEB—2QWE _
VDD VDD
i o

FIG. 66C



4,386,399

Sheet 149 of 427

May 31, 1983

U.S. Patent

a9g9 ‘oid

399 "914 OL
ﬂ ﬂ ﬂ ACI+

aan aan Qaaa
vy m nVlﬂ.IDW))Q& vy am Olﬂ|l0w>>ﬁn_ vy am Ulﬂ'.lou;&&
SV Ulml_lll'om(UQ& Sv2 Ulml_II'OW(U&m SvO U.ﬂﬂllﬁm(oal
Svyd U.-m!..l.lOW(&&m Svy Oﬂllllcm(.m&m Svy Olv.llDW(ms&
ov d_llllls(ﬁl ov 1(&& ov 1(&&
sv |Q|_|||lmm<&& svY J&._Ilmn(Qn_ sv IW-Imm(Q&
SeA3aY I.|¢|_IOO rv I__|||m¢(Qm €2A3QYH T [e]¢] 144 |:||mv(Q& 12A30S |VI_'OO rv T evvaod
€Y IN!lﬂ(&& (2 4 nM..IllDﬂ(Qm eV ﬂl‘lﬂﬂ(&&
v |OIQN<QA. ev ,l0I|I|.mN<Qm rA 4 |0|.QN<QN_
Iv 1_(3& I l\||l.m_(&n_ v 1_<Ql
v mIIGQ(Qn_ v 1&(&& ov m|I|lmQ<Q&
1/7Q NII.ﬂN)UO\S 1/7Q MIIIMN)WO\S 1/Q 5 12A30M
o 7, aan o 20 7, 8aA jo)o 7, aaAn
] 1 i
300 ‘14 OL —o- ® O——aLvBd/AG+ NS
1 : —
aQaA aan aan
nvy Im Udlluu;Qn_ vy am nv.|m D3IMPBd vy 3Im nTlﬂ D3MBd
SV OM_IUWI.\UQQ SV 0|m_|.|UW<UQL SvD 01W|_|nUW<UQm
sSvy OVIIIUW(.G&& sSVY Ul#l'lum(m&m Svy UuVI.UW(w_G&
ov 1(&1 oV d_ll.a,(am ov ,.M.IB(Q&
1 4 |‘w.m|mm(an_ SV 14&& Sv Iﬁ_llmm.-(am
ren3agy i (e]e} v I_l_||.llm¢<3n_ 2en3ay Iﬂlﬁ.OO 4 J._I|nlmv<8& PeN3IqY lﬂoo 144 1v<am
€V jﬂ(ﬂ& €v ,IN_|||QN<Q1 {4 4 |W_|Imm<&&
FA 4 |O||||IQN(Q& v lOlIIQN(Qn_ eV 5 acved
Iy lhl.llﬁ_(Ql v Ih'llm_(ﬁl v 1.(&&
av lnlma(&& ov lmlll.m&(&& ov 1&(&&
174 3 PEATIAM 1/QG NINN>NO>> 1/Q IN.IIQN>UQ>>
o 7, agn A 9aAn JOA a8A

3 I & 3 &

-9 —&- O —ALYPd/AE+ NI

399 'O1d OL ﬁ




4,386,399

Sheet 150 of 427

May 31, 1983

U.S. Patent

499 'OId OL ﬁ’ ﬁ ‘ﬁ a99 'Oid NOYd
mmm .G\m Aan QAN aan
Wy WYY WY
¥ 3m Oe——3g3med 3MD=——a3med ¥ am De——a3med
SY2 O.QIQW<UQQ SV2 Om_low(UQ& Sv2 Um_lom(UQm
Svyy OVIIQW(KQ& Svy UVIIOW(KQ& Svy D5——asvyed
ov m_IIB“Q& ov ,1{&& ov |ﬂ_|||8(Q&
Sv BT 9svad sY BT 8sveod sv BT ——8svod
TEAIOY ¥ [o]e] 144 __I.GV(Q& 62A3QY ) [o]e] PV IDI&?(Q& Len3qy ¥ og rv l_|_|'m¢<am
(42 1(&& £V .M_IQM(Q& €V ﬁ'llﬂﬂ(&m
ev |0||0N<Qm v ql'ﬂm(&& v lOIl'lI.QN(Gn_
v IMIlm_(Q& Iv .Ihllm_(Q& A4 M'Ilm_(am
ov |mll.lllma<a& ov lumulclllmad«@m av m||l.lmQ<Qm
a\QiMIll_m)uD\S 1/7Q MIION)MO\S 1/a NIith)MQ\S
J0A agA 20A aan JOA a8
6 h _ __
499 914 Ol J‘f @ a99 'Old NOHd
QoA aan aan
WY WYy (a) 4
u m U!ﬂl.lnlUN\SQ& Im Olﬂlllum\san_ u L O|m|ltuw>>8&
SVYI Drar—2SVY28d SYO D=——28V¥D2d SVYID=—2SVYI0d
Si S| == [
Svi “Tllv -ISVHOd Svy UIIV DS VS d Svy Ullv QS VY HEd
ov 1(&& ov MI_'Q(QQ v ml_lg(&l
Sv |Q|_|mm(ﬁn_ oV d_llmm(ﬁm SV lﬂllmm(ﬁa
2EA3QY vi 0Q v 1?(&& 82A30y BT og 144 |Z||Q¢(Q& 92A30Y |v_|00 rv T rvad
ev .N_Ilmm<&& eV an_lmm.c.QQ €V 5 —a8evad
cv qlﬂN(Qn_ v S gcvod v 5 CrAL T
A4 -hIlﬂ.(Qn. v (Nl..lﬂ.(&n_ (A4 1_<®1
v mllﬂ&(ﬁ& oV Im|||.|ma<&m ov m|l®&(&n_
1740 lNIIl&m>u0>> 17Q 3 BSA3IAM 1/Q S——92A30M
20A aan 20A 89A DA a8A
| 6 ﬁ __
499 '9l14 OL A—. + H* Q99 'Oid WOHd




Sheet 151 of 427 4,386,399

May 31, 1983

U.S. Patent

SEA30Y

Y EA3QY

499 ‘D4 T ﬂ 399 'DI4 WOHA
aaqn aan
WY v
u am nvlﬂllllowgam b ELY OIMI|I¢..IDN>>Q&
Svo U|ml_|||0m<UQm SVvo 0|m_|0m(UQn_
Svyd Uﬂllom(mam Svy U.ﬂll'OW(m&n_
ov m_|$<&m oV IMI_I'IB(&&
Sv ﬂlm(&& SvY .|Q|_|mn<ﬂn_
o leld} v |__|m.v<ﬁn_ €EAIQN B oa 1 44 |__|QQ<Q&
[4-4 glﬂﬂ(&n_ ev |m\4_llllllmm<an_
A4 °|.|||IQN<Q& rAJ lU'ul:IlmN(Qn_
(A4 1.(@1 v 1.(&&
v m|mQ<Q& ov |m||||mQ{Qn_
174 lMlllnmm>w0>> 174 |N||ﬂN>UO>>
DA 99A JOA g98A
5 | 5 __
* 399 ‘D14 WOHA
aan [e[e]N
(204 nWvy
¥ am De—23med 3M DF—23Med
SV UﬂJl]UW(UGn_ SV UQIUW(U&&
Sy UanUW(IQ& SYy nvlﬁlllUW(EQn_
ov ..m._llla(ﬁn_ n.( 1(&&
svY Im_llmm<ﬁi () 4 im(&&
B lelq] v :|0V<Qn_ SEA3QY |I¢|_I,OO 1 44 I_ﬂlnlm?(ﬁm
eV Mdlllmﬂ(ﬁm 144 lM.lI.mﬂ(Q&
v qllﬂN(&n_ v 5 92vad
(A4 |h||m_<Qn_ v 1_(Q&
ov Iml.llmﬁ(&n_ ov NIQQ(Q&
/4 3 YEAZOM 17Q MII.INM\/NO\S
J0A agA J0A aaA
5 |

Tur

n._v 399 '9id WOH4d



4,386,399

Sheet 152 of 427

May 31, 1983

U.S. Patent

999 'OId

: 1 .

aan G0A aan
WY Wvy WY
¥ am Ds—23Mod 3IM Ppr——a3amed Y am De——23M0d
Svopg—2svoed SV Pe—aASV2ed SVO Pe—2S V2024
Sv8ps——2SVied SVH p-——asvyed SVH P-——OSVH8d
A — L oV = fOVed e
SV [z——8sV0d SV [aT——8SVod SV [5——85Vod
8EA3Q8 —7]00 PY ——8PVed LEA3OH sTloa vV b arved 9EA3qN 5700 PY [r——a8rvod
] — €V |5——8Eved €V |5——eeved
2V f5——82Vod evis azvod evls a@2ved
IV H——81vad v alved IV f———8ived
oV [-——aeved ov = a0vod oV |———80vod
1/Q}5——=aEA3am /0 LEAIAM 1/Q}5——9EA3aM
20A  @8A DA 88A 20A  88A
5 I 5 w ‘ 3 &
L @—BLVYBd/ NG+ NG~




4,386,399

Sheet 153 of 427

May 31, 1983

U.S. Patent

gt

1

ot

U4

49 'Ol4
SLNJNI TOHLNOD ¢ INVId

U9 dy

18OV S 1dY

asvog

asvye

ot

ot

ot

HAv@dy

MIdY

YO VY



4,386,399

Sheet 154 of 427

May 31, 1983

U.S. Patent

o€

V49 '9Ol4

aLV0d/ NG — —

s

«

YLiV@d/ NS - -

-
AG+

— D — — —e
AG+

Qo€

Ve

vove

ot

o€

o€

2874y



4,386,399

Sheet 155 of 427

U.S. Patent May 31, 1983

v89 ‘94 OL e
89 'OI4 ﬁ ﬁ H |

aan aaA aaA
NY WYy Wvy
SIVH | INV1d ¥ 3m D-=—=83MId IMPe—83MId IMpPe—83mid
SV o.m_|umm<u_& svd o.m_lmm<u_l SVO om_llmm<0_n_
sSvy hv|v|lmm(m.& Svy Oﬂlllmm..(m_m Svd Qﬂlﬂﬂ(m_m
ov ] YOV id 0<,m_ vovid ov o YoV id
SV g Vsvid SV [z—VsVId SV lgr—VEV1d
[-{e ele}.] IIqOQ vv T vivid €Qoay ||v_|00 vy T YiVYid 1000y ||v_|00 v T YoVid
€Y [5—VEVid €Y f5—VEVId €V [T VEVId
2>
v is vZvid evig vZVid 2V fg——V2Vid
IV [ vivid v vivid IV 7 YIVid
ov = vavid ov % vOVid ov % VoV Id
170 |N||mQOQ; u\OiMlOOO\S 170 5 190QM
20A €8A 20A  €8A 20A €E8A
5 ﬁ b & 3 __
AG~
YLV NG+
48 .0_1 O.P ‘ ‘ T \r -&\
ﬁ ﬂ ﬁ ASI+
[s] a7, aan Qan
Wyy
vy 3am nvm|.(W>>_n. Hvy M U.mlll(u;_n_ M U.Ml(m;_n_
SYID=—VYSVId SVYI D=—VSVIId SVYIPD=——VSVIId
q —— Q| —m— g —
SVHDe—VSVHId SVHP-—VYSVHId SVY P——VSViid
v v
ov 1 vovid oV T YQVid o i Yovid
SV la—Vevid SV g —Vvsvid SV {m—VSVid
|- Jeslel ] o3 oa 144 T vbVid r{e ola}.] ¥ oa v T ViVvid 200QH X o]4] rv T YoVid
EY 5—VEVid €V [5——VEVId EV = VEV ld
2v |- V3V
2v iy vavid 2Vl vZVid Vis d
IV Vivid 1Y vivid v | vIvid
ov 1= vovid v 1= voVid oV = YoV id
1/7Q 5 QOOM 1/Q |N||NOOO\$ 1/Q INI.'..&OOO\S
20A 88A 20A  88A 20A  88BA
5 __ 6 k 5 k
v89 '9ld 01 * Py Py —@—vLvid/As+ NST




4,386,399

Sheet 156 of 427

May 31, 1983

U.S. Patent

889 'DId OL H Iﬁ’ ﬁ 89 'Old NOJ4

ve9 .mu /4 aaa aaAa QaA
v M Pe—83mid v IM De—83MId vy 3M DF—83mid
SYIDE—8SY2Id =1 %] Uqlmma‘u_n_ Svd U@Imm(ui
Svy U.v|lmm<m_a SVH[D5—8SviId SYYO-—8Svild
v I YOV I d o Iy vovid oV e Yovid
SV o YSYid SY 137 Y6V id SY o vEY Id
110008 —{oa v Yvid 6000y —s7109 vY oY id 4Q0Qy $T10a vY vYid
EV | YEY Id €Y |57 YEVd eV = YEV Id
evig vavid evis vevid vl vZvid
IV 7 vivid IV 7 vivid IV vivid
A VoV id oV = YooY |d A vavid
1/Qrg——1100aMm 1740 5——600aM 170 5 L3OGM
20A 89A J0A a9A 20A aaA
5 E 5 | h
89 OI4 0L - -o- 89 ‘D13 WOY4H
aga aqn QagA
nvd 3IM DE—¥3Mid nvy 3M PE—V3Mmid nvd IMPDE—Y3IMmid
SYOPDE—YSVIld SYOPDg—VSVid SYOPDer—YSVOld
SYHO5—VYSvHid SYHD-—VSvild SYHD-—VSvyid
v I vOvid oV = VOV id oV e VOV | d
SV |5 vSYld SY |5 Y&Vid SY a1 vEYid
2 100Qd —0a vY vovid 2aoay s71°a vV o vevid  900Qy —3710q YV T—vrvid
BV = VEVId €V |57 YEVId EV b= YEV I d
eV rs vZvid A V2V id eVt vevid
v vivid IV vivid IV ViVid
oV = VoV id ov & vovid ovle YoV id
1/Q0—@idoam H\o,mlmoooz 1/Q——900am
224 gaA J2A a98A 22A 88A
I <] __ !
989 ‘014 OL ._w P - °- wv 89 "Hid4 NOHS




4,386,399

Sheet 157 of 427

U.S. Patent May 31, 1983

889 "OI4

$ 1000y

¥ 100qy

i

Pl

=~

7}
aan Q0A
vy IMm ONI’GU;_& nvy IMm OMlmm;_n_
SYOPDgr—ESVO!d SYOPD&—8Svolid
SYYD5—8SVYYId SYYD5—8SvHId
o | YoV id oY feT—VoVid
SY lgr—V&Vid SY [gT—VSVid
joq oY b Yevid € 1000y —57100 vV 7 voVid
€Y f= VEVId EV |5 VEVid
evig vavid evig vV id
IV 7 YIVYid VT vivid
v ¢ vYovYid oY g vovid
1/Qfz—=s100am 1/0z——€1a0am
20A €€A 20A 88A
3 I &
>
: !
QoA aan
nvy IMPDE—Y3amid WYY oM DF—Y3Mmid
SYODE—VYSV2id SYODer—VYSVYIId
Sy Unﬂ.||<m<m_a w«m Ds—YySviid
D(.im_l.llé<_& ov 3] YOV id
SV [gT——VsVid Y gT—VsvId
oQ Y vevYid 21000y $T109 PY b vovid
€Y = YEVId €V fsT—VEVId
evis vavid eV vavid
v vivid IV vIVid
oY | vYovid ov s vovid
/015 £100aM 1/0[z——=2100aMm
2OA €8A 20A  88A

!

V89 'Dld WOH4



U.S. Patent

May 31, 1983

Sheet 158 of 427

4,386,399

-5y +5V/PIATA—@— -
! T
VBB VCC VBB  VCC
wDODI6—2{p /1 wDOD | T——2p /1
PIAGA— 3] Ag PIABA—3| Ag
PIAIA—T] A PIAIA—Z] A
Pla2a— 8 a2 Piaza—S] a2
P1A3A—I2] A3 PIA3A—I2] A3
PlasA—Ll Ag poH4 RDODI6  PiagaA— ag ooH4—rpoo1 7
PiaSA—12] A5 PlAsA—I@] a5
Pla6a—13] ag Plasa—12] 46
PIRASA—3YQRAS PIRASB—2qRAS
m—‘:q CAS m—'gc CAS
PIWEA—2qwe _ Piwes—2gwe
VDD VDD
+12v i i
"
i 1
VBB vCC VBB vce
wDoDi8—2{p /1 wpoDIio—21p /1
PIABA—2 Ag PIAGA—2{ Ag
PIAIA—ZL] Ay PIAIA—] A
Piaza——S8] a2 Plaza—S1 a2
PlA3A—I2] A3 PIA3A—I2] A3
Piada— Ll Ay poH4 RDODIB  PlA4A—LLAg poH4- roooi 9
PIASA—L2] a5 PIASA—2] a5
Pia6A—I2] ag Pia6A—13] ag
PIRASA—2RAS PIRASE—2(RAS
m—';c CAS m—%c CAS
PIWEA—3Qwe _ PweEs—3qwe _
VDD VDD
i g

FiG. 68C



4,386,399

Sheet 159 of 427

May 31, 1983

U.S. Patent

389 'Otd Ol
ﬂ ﬂ A1+

Q%@ .mu \ l agn aaA aan
NV nvd
¥ o3m Og—a3mid nvy 3M DE—a3mid VH am Os—a3mid
SV D —ASV2Id SYODe—AasSvaid SYODg7—AaSv2Id
Sv¥—asviid SV D—QSviid SVYY¥ D———aSvild
OV f—aOvid OV {89V Id OV fFT—89VId
SV [—asvid SY [g—8svId SY [gT—8sVvId
52000 $T109 PV H——arvid €2000y 51109 vV T—8Pvid 12000y sT]oa vV —arvid
€V [5T—aEvid EV [z7—8EVId EY [5—8EVId
evig 82vid 2v [g—8evid evrg azZvid
v 1_<_& v |_P|.m_<_n_ v l\||m.<_n_
oY [ e——aovId oV |s——80Vid oV =——a0VId
1/0[z——5200am 1/a}z——€2d0am /0t 1200aMm
oOA  88A I29A 88A 20A  €8A
3 & 3 E 6 w
< + >m|. ,
389 '©14 OL o L L 2 ALV |d/ NS
)3 )3 e
0aA Qan aan
NY Ny WY
Y aIm U.w||uuz:a Y 3IMPDe—23Mid Y 3m U..mll.uu\s_a
Svd Uﬂlnum«.u_n_ SV Dg—2SVOld SV PDer—2SVld
SY¥PD—0SvuId Sv¥D-—OSViId SVHD-—D0SVild
OV feT—80VId OV tsr—EOVId OV [F—8OVId
[ 4 &_|.mm(_& ov ﬂlmm<_n_ SY &_|mm(_l
vzaoqy 57109 vV ——arvid 22000y $T109 vV T—avvid 22000y 57109 PV f—avvid
€Y |z—HEVId €V 5—8EVId €Y —8EVid
2V (g——a2VId 2vis azvid 2V g——aevid
IV ——8Ivid IV ——aIvid IV H——AaIvid
(A4 ,1&(_m ov m|¢&(.& ov Im|m&<_n_
17015 $200aM 1/0[z——=22a0am 1/Qz——@2a0am
20A  88A 22A  88A 20A €8A

= ! ]

389 ‘914 0L A_” . Py ALVId/AG+ NS




4,386,399

Sheet 160 of 427

May 31, 1983

U.S. Patent

489 914 OL lﬂ lﬁ Jﬁ 89 ‘Oid WOH4d

aan aagn aga
\ 4 WY NV
nvy am nvmllous.)_n. ¥ am Umllowg_a u 3Mm Oﬁllou\s_n_
mmm .w\l SvO Uﬂom(u_m Sv2 Um.laQW(U_m SV U|n_llom<u_n_
Svy Odlom(E& sSvy OvIcn_m(m_a Svy Oﬂlom(m_&
v ﬂ'ﬂo(.m ov .ﬂluﬂ@(.& ov ,.ml_lmoz.:n_
sv jm(.m Sv a|_|umm(_& Sv im(i
1€00Qy BT [e¢] rv |_|_||||mv<_n. 62000y o [oe] v T——8rvid L2000y 71 oda v ——9rVvid
v M.lllmm«:m eV .Mﬂlmm(i €V N[_lmm<_n_
F4 4 9 92V id A4 ) 8eVid 44 5 8eVvid
(A4 \-||-m_(_m v .bul.lmu(_& v 1_(_l
av W.IImB(_n_ oV .ml'mn(i ov g——8evid
170 ) 1€EQ0aMm 170 MIIONQOO\S I/7Q 3 L2000M
J0A a8A 2DA agn DA 9aAn
3 % H B |
489 'OId OL * —e —e Qg9 'Oid WOY4
aan aan aan
Ny vy WV
Y am U.mluug_n_ 3Im Urﬂluu\s_a y 3am Oq|um>>.a
SVOPDer—2SV2Id SYOD—2SVold SYOPDE—3SV2Id
SVH Uﬂl’UW(&.& Svd Uv':um(Em Sy 0vl|um<m_n_
ov m.’mv(.m ov |n|_'lg<_m ov reT—89vid
1 4 r&l_|||mm<_& sv B —8svid sv g7 asvId
2E00ay ¥ (o]¢] v T ——8vvid e2a0ay ¥ lele} rv I_._llllmv<_m 92000y B oda v T—arvid
€ev ﬂlmm(.m eV 4] gEVvid €Y ST 8Evid
A4 dlcmm‘._n_ cv dlmm(.m. cv 5 82Vid
v 7 qivid A4 1.(:& A4 1.42&
av g 8dvid A4 dla(.m ov g——80vid
170 M’&NOOO\S i/7Q NIIQNOOQ\S 94 ¢] N[l.DNQOD;
20N agA J0A a8A joJo 7, gaA

mouor | . s .Flw

. - -

Q89 'Oid WOH4




Sheet 161 of 427 4,386,399

May 31, 1983

U.S. Patent

aan aga
- WY WY,
489 'OI4 ¥ oam O=—03mid ¥ oam D+—a3mid
SV2 U|m_||QW(U_n_ = go] Uml_ulom(u_m
Svy Uﬂlch(m_m Svd U|v|om<m_&
ov ,1{-& ov 1(_&
(24 lal.llmah(_& GV dﬂl.mm(_&
SEQOCgY 57199 rv T—arvid EEQOQY b oq v MT—8rvid
€Y IM|_|.||mm<_n_ [ 4 IM._I.IImﬂ<_n_
A4 5 a2V id A4 o 82V d
_<,1_<_& v INIIIG_(_&
v |m|||lmﬁ(_l av 1<_&
170 MIImNOOO\S u\O,.MlIﬂMOOO\S
20N 98A J0A 88A
[ 3
- - 389 'DI4 WOHS
aan aaa
W W
vy m D3IMId v Im 23mlid
SVvd Om.lum(u_m =3 fo] QQ]UW(U_&
Sy O.W|Uw<~:n_ Svy Qﬂ'Umg\m_a
ov lﬂIE(_n_ ov Im_||8<_n.
ov 1,(_1 [\ 4 lal_lnllmm(_n_
b 4{¢ ole}’] 400 rv l_..._ll.lmv<_n_ 2E00QaY P l0Q vv |q._|l.l|mv(_n_
(44 IN.ﬁILﬂM(_& €V 3 g3Evid
2v UlnmN(_m v 3 32V id
v hllm_(.& v \ll.lm_,l_&
ov Iﬂ(l& A4 5 [0V | d
174 3 PEACAM 170 M'Il&mooog
o0 To¥ a9A DDA =12 N
5 __ 5 __
—- 4




4,386,399

Sheet 162 of 427

May 31, 1983

U.S. Patent

989 ‘OI4

E 13 T~

Qan QaA Gan
WY Wl Y
¥ oam D+—23Mid “m D+—a3mid ¥ oam D=—23M!d
SVO D=r—2SVDId SYI D7 —0dSV2Id SYOP=—2SV2id
Svip——DSvuld SVYp-—asvuid SY8D——0SViiid
ov 1(_& ov -m_l'$<_n_ ov ,1‘2&
cv im<_n_ Sv ,J.B_Imm<_& SvY o SV 1d
8€00QY —5{0a YV r——arvid £€00aH —{oa bV ——avvid 9€00aN —5{0a Y ——arvid
€Y |57—8Evid €Y [5—8Evid €Y |5T—=aEvId
2v [5—a2vid 2V [g——=aevid 2V [g——82vid
IV [ ——aivid v | —aivid IV ——a1vid
oV =——aovid . oV =—80Vid oV (z—8oVd
1/0{5——8€aoam 1/0|5——L€a0am 1/0|5——9€a0am
29A  88A A 88A 20A  88A
| & __
® O—QLVId/AGH NS




Sheet 163 of 427 4,386,399

May 31, 1983

U.S. Patent

69 ‘Old
S1NdNI TOHLNOD + INVd

o€
aIvid—s T
5
o€ 9
= 1¥QV 1 ad
vIvie—ag AN
o€
80V d

Vevid

asvoId—5\\/\~

YSvDlI

Syl

VYSvil

g3mI|

asvol

8Svol

asvyl

gsvil

gt

ot

ot
QL2

ot

Y 17dd

d17dd



4,386,399

Sheet 164 of 427

May 31, 1983

U.S. Patent

ot

V69 'Ol4

- —
AS+

QLVvId/ NG —_—

(FJQQ\)ﬂ'IHIMI
—_— |®|.I

(R-1s) dlul:.]

o€

mc(i’@\/\/\( s

ot

vovie—s AN\ <
o€

asvi

VSVl d-

acvi

1>

acevi

VEVYid-




4,386,399

Sheet 165 of 427

U.S. Patent May 31, 1983

SWVYH 2 ANV d ’
v0Z '9id OL 0. "9ld
H. ﬁ ﬁ Azi+
QoA QGA aaA
WY WY
u M Uﬁll'ﬂU;Nm nvy I Olﬂllmm;Nm Y am Ulﬂl‘lmugmn.
SYIPs—8SVvied SYODgr—8Svded SYOPDg——8SVed
SYY D——8SvYed Sv¥ D—8Ssvy2d Svy D-—ASvied
ov IMI..I(O(N& ov ﬂll(ﬂ(&& ov d.lll(@(&&
SV |QI_I|<M<N& v IQ'-lII(ﬂ(N& (4 B vSeved
GA30Y ~——0qa PV VP Ved €A3OY sTioa PV ——Vrved 1A30Y —57109 PV b virvad
£V |M|_||<M<N& €V ,ﬂl{ﬂ(&& M( 5 YeEVvSd
evig veZvad v fg——veved 2V fg———VY2Vv2d
IV {——VIvad I¥ | vived ¥ [——Vv1ved
oV |e——vovad BY [e—VBVed ov e vaved
1/7Q |M||||m>w0>> 174 d|||.ﬂ>w0>> 174 ] IN3QMm
IA a98A jou 7, a9aAn DDA a8aA
- ] ]
AG-
v0L ‘914 Ol . L4 O—v.ivV2J/NGH
)4 14 14 21+
QaA QaaA aan
Ny WY, W
IMPe—Yamed Y am P-e—Y¥3med VY M Oe—vY3amzd
SYODg—YSVI2d SVIPer—VSVI2d SYOPe—V¥SVI2d
SYY¥D—VSvY2d SYY¥pD-—VvSVH2d SvHpp—VvSvied
OV | =——VoVved OV —Vovad OV t=r—VOVv2d
SV [——VEved SV [zr——vevad §Y [r——VSVed
rA3AY ——oa PY b vovad 2A3ay —571°0 v vrv2d 2A3aY —7100 PV [ VPVed
€V |5—VEvad €V [5—VeEvad €V [r——VEved
2v s vavad vty vZved vl vavad
v 7 vived IV vived IV vived
ov = voved ov = vovad ov < Yav2d
/0 Y AIOM 1/7afz—=_A3aMm 1/Q{5——0BA3aM
20A  88A J0A  98A 2OA  88A
3 F 6 H 6 &
VoL 914 OL ._” & Py @—vivzd/AS+ NS




4,386,399

Sheet 166 of 427

May 31, 1983

U.S. Patent

Y0/ "Ol4

904 'OI4 OL [ﬁ ﬁ Jﬁ 04 'Old NOH

aan QaA aan
¥ ampr—aamzy "™ ampr—aamad " am pe—aameg
SVOPs—BSVD2d SYOP=r——8Svd2d SV Pgr——8SVD2d
SV¥D——8SvHZd SV po——8Svuzd Svdp———8Svyzd
oV ,lﬂl(ﬂ(N& oV .ﬂdll(@(ml v ql(ﬂ(N&
SV |z——veved SY [g——Vsvad SV gr——Vvevad
l1A308  —5r{oa vV ——vrved eA3ay —7{oq Y vbved  (A3ad —oa vV vovad
€Y fgr——vevad €V [gr——veved €V fgT——Vveved
v [g——vavad 2V |g——vavad vz vaved
IV f——viv2d v f vivad IV |——Vvivad
ov (= vov2d ov|z——vovad ov vevad
1/0fz——11A3aM 1/05——6n3am 1/Qfg——iA3am
29A  @8A 20A  88A A  88A
: I I
80, DIdOL | —@— —e L 02 914 WOoH4
gan aaA AMM
¥ I pr—vImad Y 3 pe—vImzd "W 3m pe—vImza
SYODer—¥SVOZd SYOP=r—V¥Sv2d SYO D —v¥Svd2d
SV¥ p-—VvSvH2d SY¥D5—YSvy2d SYY PD-—YSvizd
OV ber—Vvov2d OV Ler—WVovad OV L VOVEd
SY 1] veved [ 4 Bl vSved GV & VSvZd
01A308  —prfoa YV —vpvad 9A30Y —57{00 PY eV V2d oAl —50a PV vbved
€Y [5—Vveved EY ls—VEvad €V [z—VEvad
2V [g——vevad 2v [g——vavad v fz——vavad
Iv 7 VIved v 7 Vived v 7 Yived
ov s voved ov (3 VYavad v 3 voved
1/a .IN||I&_>UD>> N\O,INIQ>MD>> 17Q NI:O)ND\S
J0A 8aA 20A a98An o0 7N [8A

1 ; ]

._Hclﬁ *— o— % 04 '9id4 WOH4

904 'Oid 0L




Sheet 167 of 427 4,386,399

May 31, 1983

U.S. Patent

g0/ "OI4

S IA3QY

¥ IA3QY

-

]

V0. "Did NOHA

i

aga [e[e7,N
nvy am U.m|.mw>>mn_ Wvd 3IM Unnllllmuz,mu
Svd oqlmm(uwa SV im(uwm
Svy U#I'.lmm(mum svi U!ﬂull.lmm(mma
ov ﬂl'll(@(Nl ov ,du.l(ﬂ(N&
Sv I”.MI_IIA(m(N& oY |&w_l|<m<N&
[o]¢] 144 jll(@(Nn_ € I1A3QY v [o]a] vy |:|'<Q<N&
eV .M_||(M<N& (2 4 .ﬂ.ll(ﬂ(&&
v dl|<N<N& kA 4 d|(N(Nm
v yi vived Iv T Vived
. oV uﬂl(&(Nn_ ov 3 viaved
170 |N|||lm_>w0\$ n\olMlllﬂ_\/wO\S
DDA aan J0A e
3 __ 3 E
R V0L 'DId WOHS
aan aan
nvy am ﬁTlm Y3IMed nvy Im ﬂvﬂlllx\w;N&
SYOD—V¥Svoed SYIPDgT—YSvaed
Svd D5 —VSvH2d SYYD—VSVied
v | i voved ov .ﬂﬂlll.(ﬂ(Nn_
[} 4 21 A4 £A-1 1) 4 TWﬂI(ﬂ(N&
l0Q v T viVved S 1IA3CGY I.l»qoo v T Veved
€V Al YEVZd eV Al VveEved
2v | ) Yeved ev 7 veved
A4 7 vived (A4 7 vived
ov 3 vaved ov S Yaved
1704 z £ IAIGM m\OiM'lllN_)wO;
20A g9gA o 7. agA
e I 3 ﬁ
® w v0L "DId NOYd




U.S. Patent May 31, 1983 Sheet 168 of 427 4,386,399
-5V +SV/P2ATA—@ ‘Y
T T
veB  vce VBB  vcC
wDEVI6—2{p /1 woEVI7T—=2]p /1
P2ABA—2 Ag P2ADA: =1
P2AIA 71 Al P2A1A LAY
P2A2A 6l a2 p2az2a——S1 A2
P2A3A 121 a3 p2A3A—2] A3
P2A4A P ooH4— ROEVI6  P2asA—t{As ooH4—Rpevi 7
p2asaA—2] as paasA—12] s
p2a6A——2 a6 p2aBs——3| Ag
PERASA——2(RAS PPRASBE—L(RAS
P2CASA-—|§-G CAS P2CASB—I§-O CAS
FEWEA: oW w
PEwEA—3qwe _ PawEB—3qwe _
VDD VDD
+i2V i i
xl 9 |
VBB VCC VBB VCC
WDEVIB——=21p /1 woeVIo——=2dp /1
P2AGA Sl A P2AGA——2] AB
P2AIA——11 Al P2AIA—T A
p2a2A——E] a2 peaza——S a2
P2A3A—2] A3 P2a3a——2{ a3
peasaA—H g poH4— RDEVIB  P2A4A 1 ag poH4—RoEVI @
P2asA—2] a5 P2asA——2] a5
P2AGA 131 A6 P2AGA A6
P2RASA—2RAS PERASE—2CIRAS
P?_CASA————%C CAS P2CAsa——'3"’—c CAS
FEWEA. FOWEB. wi
PaweA—3Qwe _ ZwEs—2Qwe |
VDD VDD

FIG. 70C



4,386,399

Sheet 169 of 427

304 'OI4 OL

%

May 31, 1983

U.S. Patent

AZI+
aga Qan QaA
nvy Ny WY
ao’l ‘o4 3M Pr—a3med ¥ am Ds—a3med ¥ 3m De—3g3med
SYO D5 —QSvI2d SYODer—asvoed SYO Dg—asvozd
Sv¥Dp—asvued SV D-—asvyed SvY Dp——asvHzd
oV | Bved oV I HVZd OV fe—89VEd
SY |5—8svad SY | z—8sved Y g—8svad
G2N3IGY 57109 YV 8rvad €2A3QY —57io9 vV ——arvad 12A30Y —$71009 vV 8Yvad
€V [5—8eved €Y b=y aEved e > [€v2d
evls aeved eVl a2ved 2V g——82ved
My a1 ved IV 8ivad IV 81vad
ov | aovad oY [e—80v2d ovls 80VZd
1/7Q lm.|mw>u03 170 Mlmm>u0>> 1/al 5 12A3aMm
2oA  88A ODA  88A JDA  @BA
1 . &
-
30 914 OL o —@— L 2 -@—aLVY2d/AST
ﬂ W ﬂ AZl+
QoA QaA Qan
nY NV nY
Y am De——23M2d ¥ o3m Og——23med ¥ oam Dg—23mz2d
Sv2 Odwllluw(UNa sSVYd Od_IUWd‘UNn_ Sv2 Olm.lUW(UNn.
SVYY D——DSvH2d SVYY§ D-——D0SvH2d SYyD5——DSvHed
OV Fr——89ved OV faxy——B9V2d OV fer——E0V2d
SV [pr——85ved SY lz——8sved SV {85 V2d
v2A30Y 57109 vV arvad 22na3ay 57100 vY ——arved  @2A3aY 57100 YV ———8bv2d
EV t5———8EV2d €V 5——8Evad €V 5———8EV2d
2V t5———=a2V2d ev p——a2vad 2v g——82vad
IV ——81v2d IV ———81v2d IV ———aIvad
oV 1= 80vad oV l=——80v2d ov 1 |0V 3d
I/Q———v2A3am 1/Qlz—=_2A3am /055 @2AIAM
J2OA  @8A OOA  €8A 2OA  88A
5 H b __ 6 E
302 'OI14 OL
*.11? ® O —8LY2d/AG+ NS~




4,386,399

Sheet 170 of 427

May 31, 1983

U.S. Patent

404 "Oid 0L ﬂ’ ‘ﬁ’ lﬁ Q0L D14 WOHS
QQA acA aoA
. W WY
30, 'Oid VY am De—a3med u 3IM De—a3med Wvy D+—3a3med
SYO PDw—asvo2d SYOD&—asvi2d SYO P —9Svo2d
Svd D——asvigd SY¥D—asv¥2d SY¥DH—0Svi2d
OV [Fr—a9ved OV b——a0ved FT—99vad
SY |gT—=asvad SY ——asvad FT——8sved
1EA3QY —%7i00 vY H——8rvad 62A308 —0Q YV ——arved L3A3QY —51100 T arvad
tY ,.M_Illﬂﬂ(N& €V .M_I.NM<N1 Ml.llﬂM(N&
2V [g——aeved 2V [z——8zvad o——€2ved
IV ——8Iv2d IV ——aIvad T 81vad
oY [=——B80VZd oV |z——80v2d fg—8oved
/05 tEA3aM 1/Qlz—62A30Mm 3 LEAIAM
20A  €8A D0A  €8A 20A  88A
| i B
402 'OI4 OL L F[ J&I QoZ 'OId WoH4d
aga aan aoA
[ad 4 WYY (2) -4
¥ 3M De=——D3med 3M De——23med Y Udl'uuamn_
SYID=——0SV22d SYID=—2SV22d SYI P28 Vv22d
3 3] (]
SY¥De=——DSVi2d SY¥D-——DSvu2d SVY¥ Dp—2Svyed
OV Fr——a0ved OV [er——EOV2d ST ——8eved
SY |gT——asvaed Y |gr——6asv2d rgT——asvad
PEA3QY 57109 vV [T——8rvad 82A3ay $T100 PV H——arved 92A3aY $7100 HT——8rvad
€Y yr——BEV2d €V [5——8€vad ST—8Eved
2V [g——a2vad eV [5——azgvad 5———82v2d
IV ———aived IV T——@1v2d ya 8ived
BY = 80vad oV te——aoved ov aovad
Fs——0EA3AM 1/0|7——a2A3am I/Q——92A3aM
20A  88A J3A  €8aA 2OA €8A
I ) | 3 |
40 '9i4 Ot *. 0L "Old WOHA
— : } oo



Sheet 171 of 427 4,386,399

May 31, 1983

U.S. Patent

40/ ‘©|4 T ﬂ 304 ‘DI4 WOHA

aan GaA
nWvy WvY
am Ud-III.OIUEI&l 3M OdIQM\SN&
Svo Olmn_nll.ﬁm(UN& Svd Qm_|0w<UN&
WN“. Oﬂllﬁm(KN& Svy OVIQWJ‘ZN&
1(N& ov WVed
! €1
SY ll:_ GVZd SvY 'IQQ_ Sved
SEAZQY 57 100 tv llm_ i vVved €EATQY %7 [e]e] vv ,Illlm_ i vved
ev ﬁlﬂﬂ(wm (44 ﬁulllmﬂ(ma
A 4 .0I|0N<Nn_ FA 4 qllmN(N&
_<,.Hll|lm_(N& v 1_<N&
v 1(&& ov 3 80Vved
I/7Q |N.|Imﬂ>w0>> 1/Q M'ﬂﬂ\/wog
0N a8A JOA aan
__ 3 __
@ — 304 'DId4 NOYd
aaa QaA
nvy [ad£-]
M OdII|IUU>>N& Im O.WUN\SN&
14 Jo] QQIUW(UN& SVO Oﬂ’UW(UN&
Svy UQIUW(ﬁN& Svy OI.V!IIIUW(EN&
ov ﬂlﬂ(mm oV 1(N&
oV JQ-.I.'..EW(N& SY Im~||ImD<N&
PEAZQY l'lvl._l,OO v ,jl‘.‘ﬂ?(ma 2EA3qY B oa 144 l_l_lllm_v<Nn_
€v .Mﬂlllmﬂ(N& ev Mﬂ'luﬂ@(N&
v IOIIQN(N& A4 dlnl'»lmN(Nn_
Iv \n||m=<Nn_ v 1_(N&
ov ,ml.ﬂ&(Nn_ ov .mIl(lmQ(Nn_
170 .Nln|vm>u0>> 1/7G |.N|l|||.Nm>wQ>>
J0A aaA JIA gaA

P H*v 304 "©id WOYd



4,386,399

Sheet 172 of 427

May 31, 1983

U.S. Patent

QEAICY

vi

90, OI4
T ﬂ W AZI+
AoA QoA QaA
nvy WV WY
3m Odlumkma 3M De—03amed Y 3M D=—23med
SYIPDe2SV¥22d SYIDgasSvoed SY2 De—2SV22d
SY¥D-—2SVH2d SY¥pD-—asvyed SVHD-—2Sv¥2d
OV far—B9V2d OV = —8Ved OV tr—aovad
ov IQl_llmm(Nl SV gllﬂm(N& 534 J.W_lllmm(mn_
0a vV —avvad LEA3QY 57100 PV —avved 9EAIQY 57100 vY —ervad
€Y =T —8evad €V r—8€vad €Y [z —8evad
2V [z—8eved eV [—a2ved 2v f5—8eved
IV |—S1ved IV —=81vad IV (——8Ived
oV =—aBved oY [s—80vad oV —B8oved
1/0}—REA3aM 1/7Q[z—LEA3OM 1/0[5—9EA3aM
I0A 88A 20A  EEA 20A  €@8A
B I s & H
-9 @———aLVEd/AG+

AS~



o)) - L. 'OId4 o
N SINdNITOHLINOD 2 ANV Id
“
O
o0
o
L)
4
~
o
4
ot
o
o
=
o
Q
£
7
- asvoze—ANN,
o0
<)
yo—
—_
e 14Qv21dY
=
S vSv22
o€
o
m dSVHSd— 3
Swd
3 z
A LI@«
. yavedy o€ _ yZdy
)
U. vsvizd— NN\ ¢



4,386,399

Sheet 174 of 427

May 31, 1983

U.S. Patent

VLVZd/AG+ - - o

Vil 'Ol

o€

oc

- 00—
AS+

GLVZd/NS - — o

é&oég

0]
I
!

¢

AS+

o€

aA3me

83me

ot

(4

asvyd—r )>>\ =

¥ dy



4,386,399

Sheet 175 of 427

U.S. Patent May 31, 1983

2L 914 O
mM.oI P b t ¥ hett

aan QA Qagan
SWVH € INV1d . Wy Y
Im Udll.muz,mm ¥ AM 0|mllmm_>>mn_ Y 3IM O.w]mugma
=3%0) Um._.lmm<umm SVO D —ESVIEd SVO PDg—8SVIEd
SYH - —8SVHEd SYH Dp—8SVYEd SVY D —8SVYEd
OV |sr—VOvEd OV [e—VavEd OV (e VOVEd
SV lg—VSvEd SV [——VEvEd Y |gT—VSVEd
SQoQH 57109 vV Y VEd €00ay 57109 v Yo VEd 1g0GY $T100 vY YirYEd
EY f5——VEVEd €Y f5——VEVEd €V |z VEVEd
Vg vZVEd ey vZvEd ev s vZved
I |- vIVEd IV vIVEd IV v IVEd
oV = vOVEd oV = voved ov e VOVEd
H\Oiwll.llmQOO\S 1/7Q 1N.IMOOO>> 1/Q4 3 1QOOM
IDA  88A O3A  €8A 5OA  88A
: ! ]
vZ. 'Oid 01 |||‘ ‘ T(Fd\m&\\/m... NG—
ﬁ ﬁ ﬁ AZI+
Qan qQan aan
Wvy WY WY
IM Pe—v3med " 3m pe—vamed ¥ 3mpe—vamed
SYO PDgr—Y¥SV2Ed SYIOg—VYSVOEd SYO Dgr—Y¥SVvoed
SY¥ D —VYSvVHeEd SY¥D5—VSVHEd SYH D—VSVHEd
OV = VOVEd OV |=——VvOVvEd OV [ VOVEd
SV |5—VSVEd SV 5——VSVEd SY g VSVEd
vQoay sT1oa v Y VEd 200Qd  —{0d vV v ved 200QY —5100 vV vyvEd
€V f57——VEVEd €V [5T—VEVEd EV f5r——VEVEd
2V fg———veVved eviy VEvEd v 5 vZVed
v v IVEd IV 7 vIVEd v | vIvEd
ov v@vEd oV 1= VOVEd ov 1= VOVEd
/0 >a0aMm 1/05——2000m 1/Qr=——e0oam
20A 88A 29OA  88A I0A  8EA
! ] !
vel-
o4 04 A_MIG L3 O —V.ivEd/AG+ NG~



4,386,399

Sheet 176 of 427

May 31, 1983

U.S. Patent

822 914 0L ﬂ W ﬁ 24 'Old WOY 4

aan QOA aan
WY WY WV
vel ‘o4 Y am D+—83Med ¥ oam Or—83med ¥ am O.mllmukma
SV Dg—8SVIEd SYOPz—8SVIEd SV Uﬂlnmméunn_
SYY D-—8SVHEd SYHO-—8SVYYEd SV D5——8SvHEd
OV f=——VOVEd OV e ——VOVEd OV FT—V9VEd
SV |5r—V&VEd SV [5—VSvEd SV [gT—VSVEd
1 100QY 57100 vV VoVEd 6000y $T109 vY VPVEd L00QM —r0d vV vrVEd
EV 5T——VEVEd €V l5——VEVEd €V |o—VEVEd
vy vZVEd A VZVvEd evis VZVEd
v v IVEd v v IVEd IV b VIVEd
oV s YoVvEd ov |5 VOVEd ov i< VOVEd
1/Qf5 11g0aMm 1/Q=——e6a0am /a5 LQOaM
2OA  8|8A 20A  €8A DDA  88A
& 5 __ 5 __
922 914 OL T 2L 'Old WOoH4
aan aaA QaA
WV WY WYl
¥ oam D+—Y3MEd ¥oam D—Y3IMEd Im Udl.«u;mm
SYODEr—VYSVOEd SYODe—VSvoed SVvD UQI,qm(uma
SYYD5—VSYHEd Svy Ud||<m<mma SYY D-—VYSVYEd
OV Fe—VOVEd OV [FT——VOVEd OV fer——VOVEd
SY 5T VSVEd SY [FT—VSVEd SY (5——VsvEd
2 100ay sT10a oV Y vEd 800Qy —od vV b P VYED 900QY 5100 vV T VrvEd
EV [57——VEVEd EV [5—VEVEd EV (5T—VEVEd
v s vZvEd v 5 vZveEd evig veveEd
(A4 yA VIVed v 7 YIVvEd v Z YIVEd
ov e Y@VEd ov s VavEd ov e VOVEd
1/Q |N.IIQ_QOO\$ 17Q .MI'OOOD; 1/Q N[I.OOOOB
20A  €®8A DA  €8A ODA  88A
6 E 3 # _
922914 01 H_. 24 "Did WOHS
*IQ —e o




4,386,399

Sheet 177 of 427

May 31, 1983

U.S. Patent

gc¢/ "Old

T vZL 'Ol4 WOH4
aqaa aan
Wvy
3M De—83MEd IM Pe—83IME
SVODzr—8SYEd SV D& —8SVIEd
SV D5—8SvHEd Svy lelmw,qmma
oV b YOVEd oV = wvoveEd
SY 5 YSYEd SY [T VvSVEd
toT] vV vYYEd vV YiYEd
€Y = VEVED €V = YEVED
Y5 vaveEd evim VvZVEd
IV 7 vIVEd IV 7 v IVEd
v vEVEd ov YOVEd
3 3
1/Qts—6130aMm 1/Qfz——€100am
20N  @8A |8/
5 __ &
vZZ 'Old WOHH
qaan
wvyd
3IM D-=—V3MEd aIM 0d|<u>>ma
SYODgr—YSVOEd =3 4o Um_|<w<umu
SVd Dp—VSviEd Svy U.m.l..<m<mmu
ov |ﬂ.||(0(ﬂn_ ov IQ_I,«@(mm
SY g VSVEd SV (gT—VSVEd
leTa] vV ey VPVEd 210008 —— vV VYVEd
€V sy vEVEd €V = YEVEd
iy veved evig v2VvEd
IV b7 vIVEd VT VIVEd
ov |5 vIVEd ov = vYOVEd
/05 #100aM 1/0z——=21q0aMm
D2OA  €8A aan

w vzl 914 NOH4




U.S. Patent

May 31, 1983

Sheet 178 of 427

4,386,399

FiIG. 72C

~5V +SV/P3ATA: ——
r . T
VBB VCC VBB  vCC
WoOD I6——21p /1 WDOD I 7——=21p /1
PIABA— 2 Ap P3ACA—— 2| ag
P3AIA EAPN PaAtA— L1 A
P3A2A 6l a2 P3A2A 8 a2
P3A3A——I2] A3 P3A3A—2]{ A3
Y Py sm— N P poH2 RDODI 6 P3adaA——L ag poH4-RooDI 7
P3ASA—12] A5 P3ASA 18] a5
passa——I3] ag pasea—13] a6
P3RASA— 2 RAS P3RASB—2JRAS
P3CASA—%C CAS m——'—;’-c CAS
PawEA—23qwe _ PaWEB—3qwe _
VDD VDD
+12v j i
—+
I 1
VBB  vee VBB  vce
wooD Ie——2&1p /1 wooplo——2p /1
PIAGA— 2] ap P3AGA—— 3] Ap
P3AIA AP PIAIA——L A
P3A2A 8 a2 p3aza——S81 a2
P3A3A—I2] o3 P3A3A——12] A3
Passa—1llag poH4— RDODI8 P3A4A—L] ag poH4— Rrpopi o
PaASA—I2] a5 Paasa——18] a5
paasa——13| 4g P3a6a——13| ng
P3RASA—2CRAS P3RASB—2dRAS
??EA_S'K—':‘:’C CAS Pac»\ss——':c cAs
PaWEA—3qwe | PIWEB——2Qwe
vOD VDD



4,386,399

Sheet 179 of 427

May 31, 1983

U.S. Patent

32, 914 0L
A+
Qan aan aan
WY WY N7
QNN G\l Y am Ulmllomgm& Y am Udllﬁw\smn_ u am nvnmlnlougm&
SVvD {m(Um& SvD O.W_Iow<umm SvYD O.m..lO.m(uma
Swvy Uiﬂ(mmu Svd U|ﬂ||0m<mma Svd OlWllOW(tﬂn_
v |m|_||lmo(ma ov 143& ov ,|ﬂ|_|.mm<mn_
Sv .al_llmm(mm oV -Q_Ilmm(m& ev 31 |Sved
$200Q4 00 vV H——8vved €200ad  —0Q vV ——arved 120008 100 vV H—8rved
€V ,glnlmm(m& €V ﬁl.mm(m& €V ,lwallmm”(mm
v IOII'mm(mm ev .0|I|mm<mu v 5 |Zved
v .Ihlllm_(m& v |N|ll|m_<ﬂn_ A4 |\|||m~<m&
oV =——8oVEd oY r——a0oved BV (=——B8BVEd
17Q ,..N'.l..IﬁNOOO; 17Q MIMNOOOB 1/7Q lﬂill_ 200aMm
DOA g8 JOA a8A J2A a8A
3 & . & 3 &
f NG~
322 914 OL L 2 -@——QLVEJ/AG+
1 1 ) —
aan adA aan
Ny nY WY
Y 3am Clmluugmm u 3aIm nvnﬂlllumgmm u 3m Ul@'numz,mm
SvD Onn_'lum<umn_ SV U;n.l.UW(UMn. SVY2 OﬂllUM(UM&
Svi Olvl.luwxu.mmm sy U;qlum<¢mn_ sSvy U.w.llum(mmm
ov d-..ll.S(mm ov rm_|8<mm oV d_l.e(‘ma
ov dln(ma ov d_Imm<Mn_ Sv t&l.u‘&ﬂ(ﬂ&
v200QY Iﬂ._|00 v l__|.mv(mm 22a0ay ﬂuoo vv l_4||'mv<mn_ 22a0ad lﬂ._lOO v |:|mv<mm
€V Nl_|mm<mn. €v .Mlmm(mn. €Y lmlm||.mm<mm
2V [g——a2ved 2V [5——a2gved 2V [g——a2Vved
IV ———=@IVEd IV l——aIvEd IV |7—=8IVEd
v d!lmﬁ(mm ov rw||.ms<mn av ,ﬂllm&(ma
17 5 r2a0aMmM 174 :NlNNOOQ\S 1I/7G |N|QNQOD>>
DDA agA oo . agA DDA ggA
! ! :
3z OI4 oL ﬁ AS-
—e -@ O—ALVEL/ NG+




4,386,399

Sheet 180 of 427

May 31, 1983

U.S. Patent

427 914 OL ﬁ ﬂl ﬂ gz 'old Wod4d

QaA aaA aan
3¢l ‘B4 WY am D=—303Mmed WY am O-c—3d3med WY am O-c—93Mmed
SYO D —QSVDEd SYO D —aSvEd SV PDe—QgSVIEd
SVY¥D-—asvued SY¥pD+—asvyed SV D05 vHEd
OV [=—E9VEd OV [=——89vEd OV fe—8IVEd
Sv ,1(”1 (44 gl@ﬂ(ﬂ& (44 ,GI_.Imm(m&
I1€00QY  —HoQq vY —avved 620008 —;rfoa PV - ——arved L2ooQy  —od PV ——8rVEd
€V |5—a8eved €V |5——8EVEd €V |5—aeved
v |g—=a2ved ev g——82ved A 82vEd
Iv ,H.Ill.@.(ﬂ& v aMIILm_<Mn_ Iv |..r||lm_<mm
oY fz——BBVEd OV F=——aBVEd OV =——8oVEd
/a5 IEQOaM 1/Q}z——6200am 1/Qg——L200aM
20A  88A 20A  E@8A J0A  ®8A

| ! L

d2201401 {—@ ® 4 QzZ 'oi4 WOHA
aan aan aan
Wy Wy vy
¥ am D=—D23MEd ¥ am De—23MEd 3IM Dx—D3IMEd
SVOPe—2SVDEd SVID=—2SVDEd SV D=—DSVOEd
SVHP5—DSVHEd SVH D——DSVHEd SVHD-—DSviEd
O [=r——E9VEd OV tr—8OVEd OV [=r——EOVEd
&V f5T—=@sved SV |5——85VEd SV |g——8svEd
PEOQ 00 PY 8 VEd 820008 —7{0Q PV ——arvEd 9200Q¥ 57100 vY ——8rVed
€V 5—aeved €V |5—aeved €V 5T—8eved
gv 5——aeved 2V [5——83VEd 2V [g——82ved
v .hll.ﬂjﬂﬂl 154 \llulm_‘.m& (A4 ,hll.m_<m&
oY [=——a8oved oV [=——8oVEd oV f———BoVEd
1/Q}5——2€a0am 1/05——8200am 1/afz——9200aM
20A  88A 20A  E8A 20A  88A

'y 1 aw

424014 OL .ﬁ
—® *- —&

* Q2. "Oid WoH4



Sheet 181 of 427 4,386,399

May 31, 1983

U.S. Patent

4¢/ ‘Ol4

SEQOQY

v€00ay

aaga aqa
WY, WY
¥ ampe—aames ¥ 3mpr—aamed
SV Oun_luom<um& SV nv.uml_lluow{nvm&
Svy Olvllﬁm(mmm Svy O.Ivlam(mm&
ov .lﬂl_l...ls(mm oV ..m_lg(ma
Sv jm(ﬂ& SvY d.l.ﬁm(ma
——100 1 4 4 1Q<m& €€00Qy .|¢4|00 rv l-_|.m¢<m1
€Y .ﬂ.lllﬂﬂ(ﬂn_ (344 M_I.ﬂm<m1
av iOil.IlmN(mm ev 1(@&
v ls.lllm_(m& (A 4 h|nm_<m1
ov \W.ll.ﬁ&(ﬂ& ov ,.lmlnlllm&(mm
1/Q .Nlnlmmooo\s 170 .NIIﬂMOOQ\S
A agA A g8A
__ 3 E
\ 2
aan QaA
W WY
vy M Oﬂlluwgm& u 3m QMIUN;M.&
Svd oln_lum(nvmn SV2 UM_IUW<Umm
Svy Qﬂliuw(mmm sSvy Ov[|40m<mm&
ov ,|m|_||$(m1 ov 1(@&
Sv .IQ_ll.mm<m& sv 1(0&
oaQ rv |_|_.|m¢<m1 2Ea0QY .IqOO 144 I_ﬂulm#(mm
v jﬂ(ﬂn_ |44 N~l.mﬂ<ﬂ&
ev .q.llmw(mn_ v qlﬂ&(ﬂ&
v lh|m~<ma (A4 ..\.lll.m_<mm
oV |ﬂ||||ma<mn_ v dl.ﬂ&(ﬂ&
1/Q; 3 YEQOAM 174 iMIIllNMOOO;
joJo 7, aan DA aan
3 __ 3

32,914 WO

321 'Old NOW4d

H—w 32, 'Old WOH4



4,386,399

Sheet 182 of 427

May 31, 1983

U.S. Patent

8€Q0ay

vi

B ﬁ W AZ1+
aaa aan aaga
W WYY (a) 4
vy 3am Q.m'lluw;mm am OIMIQU;mm y 3Im Om'Uu;mm
Sv2 ON_IUW<Uﬂn_ Sv2 U.ﬂﬂﬂ(num& Svo Ud_'0w<umm
Svy OﬂlllUW(Iﬂ& Svy Ul.vl.'om(mm& Swvy UIQIIUWJ«IM&
ov lm_le.(ml oV |ﬂ|_||l|8<mm : ov 5] FOVEd
ov 'Q._lllmm(M& Sv dﬂlllmm(mm 14 lﬁll'ﬂm(m&
[o]e] 1 44 T —avveEd L€Q0QYH |V4.00 144 ,I__llmv{mm 9€00ay .lﬁl_.OO rv T —8vveEd
144 .ﬂ'lﬂﬂ(ﬂ& eV iﬂ(ﬂ& (%4 .IN_IIQM(M&
v ﬂlmN(m& v 0||0N<ﬂl v .q|lmm(m&
v FIIIQ_(M."_ v ——8IvEd A4 ——alved
v .W.llﬂ&(mm ov g——80ved ov g—8aved
170 J&IIﬁﬂOOO\S I7q 5 -LEQOOM 7@ ,M..I@MOOO;
20A [an A gaAn A g
| 3 __ 3 h
NG~
@—8LVED/AGH



U.S. Patent

May 31, 1983

RPL3ADR 9
18|

RPL3ADRI 4
5

RPL3ADR2 4
5

RPL3ADR3 l2
13

12

RPL3ADR4
13

RPL3ADRS 9
12

RPL3ADR !
2

Sheet 183 of 427

32

PLANE 3 CONTROL INPUTS

FIG. 73

30
SAANE—r3a2a

O
SANN~E—+3a28

EY
EANN—L—P3A24

O

| RE7
& S p3a38

30
SANNE—+3a4a

BIR
SAANE—p3a48

30
8 AAN~L—+3asA

L
8 AAN~L—rp3asB

EY
INAA2L—panea

O
INANL—ranee

30

4,386,399



4,386,399

Sheet 184 of 427

May 31, 1983

U.S. Patent

veL "Old

o€

asv¥edr——A\AN % ;
¢ ]Hl.w«
o€ H ¥EdY

asvued——A\A/N, 3

QSVYoEd

85voed

BLVED/AS o —~ — S

S
9
r LHAVETdY

2t

VIVED/AS S - - ©

dedy




Sheet 185 of 427 4,386,399

May 31, 1983

U.S. Patent

vl .m_u_u oL 69 LINN XNW ANV 43181934 1n0 viva
i L

Lvivay o ] 00y

2 LA3QY
gvivaoy 5 Eq] 90040y

] 9A3aY
Svivay G 4 SQOQy

Z

3 —— 6A3QaN
vY1vay 5 v '\ baoay

. - - " bA3AH

~ xhvw ML YN NIAS e € owew MLb MLD
I ] I | | I | i
AG+

Ev.ivay &7 €1 €qoax

o7 —§— €A3QY

>4

2vivay i Eq] 9 200ay

T # 2A3QY
Ivivay 7 S —® lqoay

3 IA3QY
ovivay 5 4 * pAOaY

€ m e 5 b

LY SINY MLY ALY ML
P W
I | ) i |
ﬁ 8 M7 93y qQy NG+
OrZ '9i4 01 73S XrW ay




4,386,399

Sheet 186 of 427

May 31, 1983

U.S. Patent

Sivivay

v IVLlvQy

€ lvivay

¢ IVivay

L Ivivay

@ IvivQyd

6v.ivay

gv.ivay

ar. D14 0L
1

Sl

21

Vvl 'Old

€l

S 100Qy

vi

S IAN30Y

el

¥ 100Qy

¥ IA3QY

€ 100QY

€ In3QY

P!

2 1000y

™ ¢ ©f 0|

Sl

ALY

5

[1]

ALY

ALP

v

AL'P

¢ IA30Y

NG+

€l

1 1Q0QY

vl

1 1A3QY

el

2 130ay

@ |1A30Y

—6000Yy

¢

| < ©

T —¢

|
v. '9id WO

ALy

S s

ALY

o LY

ALY

LY

3

ALY

ALY

NG+



4,386,399

Sheet 187 of 427

May 31, 1983

U.S. Patent

cev.ivay

2evivay

12vivqayd

22vivay

6 Iv.lvQy

8 ivivay

L1Ivivay

9 Iv1vay

Sl

o

gyl "9l4

€200Qd

€l

€2A3QY

vi

€200ay

cl

€2A3QY

120004

12A3qY

$2000Y

™| | ©] 0|

—T

SSNn30Y

ALY

[l

1}

ALY

E v

E wp
>

ALY

ALY

e AP

ALY

—I_

19 XM70 934 QY (EQY )

NG+

-6 1 QOQY

€l

-6 IA3QY

[4l

L 2

8 1000y

el

-8 1A3QY

L 1Q0Q0Y

L IAN3QY

-9 1Q0QY

o 9 ©] 0] —

MLP

!

ALY

€ v

B ey

<~

ALY

ALY

W ALY

ALP

1A30Y

i
YvL Old NOY4

AG+



4,386,399

Sheet 188 of 427

May 31, 1983

U.S. Patent

lEVLVvQY

BEVLIVAY

62vivay

g2v.ivay

LSvivQaY

92vivay

Sevivad

vev.ivQay

avl'Old oL
|

sl

ai

ovl 'Ol

€l

| €a0ay

vi

1€A3QY

cl

2E€Q00Y

PEAIAY

620004

—62A30Y

o 3 ©

ALY

ALY

€ v

HL'v

iy B osew

ALY

22000y
8SA30Y

AG+

el

L 200QY

vi

L2A3QY

cl

92000y

?

Q2A3QaY

w

S200gy

§2A3ay

™| <] ©

=

:

ALY

MLy

€ v

5 e

sy B

AP

ALY

Vi 4

2000y
PSA3QY

18 M0 934 QY

AG+

¥, 'Old WOH4



4,386,399

Sheet 189 of 427

May 31, 1983

U.S. Patent

eEv.iIvVaY

LEVIVQOY

9EV1VvQaY

SEViVQY

PEV.LIVQY

€EVLIVAY

cEVLYQY

.

sl

[l

€!
v 1

arl "oid

]

. 4 QECOQY

—@- BEAIQY

9- LEQOQY
LEAIQY

9€000aY

™| < ©] 0

¢

€A30d

Si

[}

ALY 5 v ALY AL HLY ALY

AG+

€l

. 4 SEQOQY

i

4 SEAIOY
v €00QH

cl

Y EA30Y

—§- €€Q0aY

L 4 €EA3QY
2E00ay

@

2EA3QY

o <] O] v —

——

| o

1
O¥L 'Old WOHS

ALY W ALY LY LY MLy 2 LY ALY MLY

NG+



4,386,399

Sheet 190 of 427

May 31, 1983

U.S. Patent

Al
G/ "DI4 ~. 1
SH3AIHA ® SIHILVT
AVHHY AHOW3IW £¥aQvEIdy I .._m_ ey €HAV | dY
J 43 -
el % Ity 2HAY2IdY — 5130 3y 3 28av 1 1dy
2130 xan 3¢, 14Qv21d8 ——7{a0 Qe 18OV 1 Y
LYQVEId——{00 ats £HAVZ Iy puaveidy <o oty YAV | 1dy
LYAVZ ldt—5 (20 =] LHAV 1Y 9HAV 1 1dY {80 8 QHAVS1dY
L¥QV 1 Vde— 80 85 L1HAVSIdY SHAVY 11dY "0, VI3 SHAVE1dY
LHAVE Idy——{VO Ve O Luav N
i) o8
A B
T I‘
m * PHAY | dY 57130 uo.._ e b HAYS 1Y
EHAV 11dY ——1{30 33 3 5 €HAVE 1dY
430 43 4t 2YQY | 1dd —51a0 Ot 28avedy
S| 3o a 3 vl 14Qav 1 1dY 7120 g 18avedy
2117YX3H ey o
ouAVEId— o af; QNAVZdY mn”nﬁ__m“ m,ww w v ouAvETdY
SHQVE 1Y — 150 Yo SYaveldy ] RV S suavr
¥V EdY 180 85 rHAV Sy 4
€8AVETIQY v v €HAVZ Y B
Sl ' Twm [T
[ 1
44
hm SYQVEId —5r40 A 3| Sev0 SHav
B YHAVEIdY —— 303y 3 cav© vEavY
THAVEIN—5ri40 A 4t 2yav2dy EHQVEIdY —— (A0 a4 $Ev0 Euav
_mQMJ&mllllm_ 30 yqy 3 5 14Qv2dY 2HAv8IdY 7 20 o) 5 mmﬂo cyav
PHAVEDY |m_..oo a g 2HAYZIdY 1Hav21dy 5 a0 -] v Nmﬂo 1dQv
9HAVZ 14 —51{00 St SHAV | 14y puavEdY 3 <oxd vie T O e
$¥Qvedy— {80 8ty SYQV 119y A
YOV E 1dd ——51VO V5 2 ARET 6
NR~)
\_/m & MIoHavY



U.S. Patent May 31, 1983 Sheet 191 of 427 4,386,399

JADRG

FIG. 76

RAM SEL LOGIC 68

22K

22K

+5V




4,386,399

Sheet 192 of 427

May 31, 1983

U.S. Patent

4/ "9ld

21907 TOHINOD ITNAONW
AHOWIW ANV HOLVHYdNOD T3SAOW

viL 94 0L Wﬁ’

wzz AG+
& 570 £13Sa0N
? ®——=0O E€AIgOW
[ AL ao
/
AAM_ O_MO 2 13SA0ONn
T
T L STg0  2a1aon
/
_ 570 113SaoW
S € IQOW
\d S
2
/
w 5 A 213SQON
5 Tg0 2aIaon
i B o B o P
f ! j
AG+



U.S. Patent May 31, 1983

+5V

O

axs oB22 |
REFRESH OB26

)
Tas 022 ——llg /

FROM ® 2 d

FIG. 77
oIN 0B24 39

‘——-—— MODSEL

Sheet 193 of 427

4,386,399

SYS CLK———
9
clk
12 QI __rpLORAS
DI ~il — e
on—-5 RPLORAS
Q2H3 _RPLIRAS
RPLORAS—2]D2 i
Q3|2 RPL2RAS
RPLIRAS—HD3 0, 53[3
D-TYPE q4 7
Qall ___ RPL3RAS
RPL2ZRAS—2{D4 FF —/g

.

SYS CLK ® gl
VvV
CLK
13 WA oaH2 _RrPLBCAS
3lg QBF2—RLOIN
RLDI N 141 ¢ acH2 —rPLOVE
RPLOVE 13fp ooH2—RPLI VE
| RPL2WE Sle HeEXae L —RPLIWE
RPL I WE 41F Fr OFf>—RPL2VE
LDIN
|
TO FIG. 77B

FIG. 77A



U.S. Patent May 31, 1983

Sheet 194 of 427

4,386,399

FROM FIG. 77A
\Y4
6 CLK 7
RPLBCAS A QA RPLI CAS
PLILDOUT 14/ g osp2 PLALDOOUT
RPLI CAS e acH2 RPL2CAS
RPL2CAS 131p oo}-2 RPL3CAS
PLZLDOUT: e HEX oE 2 FL3LOOUT
PLBLDOUT. AF g off PLTLDOUT
9
s
Lib ok of® 5
6 DRI VE E@
4
‘__9_
DRIVE NEXT 121p ate 8 DRI VE BI
R ‘ 13
! o3
dl ORI VE B2
612

+5V K

FIG. 77B



U.S. Patent May 31, 1983 Sheet 195 of 427 4,386,399

>CLK QP 34
' WOEVENB
_20

s 6
T 9 e
L 4 PCLK - Q 4 WOODENB
30

R
o]
k!
DI NCLK &
HI L g
CoouT oB23 54

PLBLDOUT

€ pRIVE NEXT

PLILDOUT: 2
3 RD MUX SEL
PL3LDOUT '

FIG. 77C



4,386,399

Sheet 196 of 427

May 31, 1983

U.S. Patent

JI1D07T ONINIL ITINAOW AHOWIWN

231
A"AY
o2
NNN—o
NG+

1IN IQ 'vATmI.’l’»
- g-62 9l
pe
HIDHAY 5 5 =
a-62 1]
v
el
e
€1
o

&

~—NMT OO~ DO

NI

8. "Old

g ®0 934 ao

28 M0 934 Q¥

A

AG+

A0 SAS

nMO AD SAS




4,386,399

Sheet 197 of 427

May 31, 1983

U.S. Patent

{S3HOLS "LOMd / "SNvdL O1)

6,914

> y Ie~8l'v-@an
niv SNE VIVA AHOWIN TYNNILNI I1€-81'p'E AW
SLINN REL
. . NIHI0OL ViIVa 4N
12 SN8 vd [ 3
{938 wwva / M 1€-81 ¥ € ddD I€-¢ ¥V
1 }
01 rsow3w (AMOW3W OL) ! Sh8 043 o Se _
I£-8 / _nuwd. 180d U . B o .
| 'v-@ WdD —_— 0g-92's2's1- 9l | - 934
. SNIAKA SNE V €I'01-8'9-€'® ad2 ﬂ% ‘SNVANL
{ 02 sng Wdd ¥AQV "AHd _N-m:i._:_ ﬁ
. O4INOD © 43AING I LiHniv
STYNOIS (NOLLYINW3 SovNOLS [oN21S __, ad o QA (g2
JOHINOD : alvis ovl
NAWI ¥O3) QOW /43 4v =
NOLVINNS g2iH+{ o3y STYNOIS 31V1S el LLELLY
0 oon8 1 TVNY3LNI aN3x3’
21907 | 1= ad3d}’ o (128 AHd ] ¥3HLO0 eN3ay \
108 1NOD : D I€-22 AHd c135 ool v
NOILVINW3 9l 12-8 AHd —_— p s m._ v
NdWW LI18-91 [~gJ 12-8 AHd _ XOW 821261
: i2-8Ad | ¥4344n8 IE-08VA |} 139410 add [ 51907
¥3ONINOIS OMIINW XNNW ¥aay AJOW SAHd , [eor % | 108d ON1Y
WON 4 WJms. m~0<& «wo_ v | 12-€1] {21- -1 e a3
LHALY  ig-eign| 40! - €0l EAlE A W30S 330] | s
- - c-
'dWOD | IE-8IV] L3 Q1A= 3waLs 93y SSIHAAQY a2 m:j 21907
I ~ AHd o ALIQITVA WII907 STYNSIS NOILI3L0¥d
-2 oVl - 001 ] r 7
SO wwavnaasl—— IND13S o 31907 | o
3YOLS 12-GiV1 n_<.~:
Wols = NOILVISNYHL I™OLS
ovi niv 21901 0 v J1901 NOILD3L0Nd Ol
\2- X ¥ 2- ] ¥ 394nd —_— n_<am.r ¥
ZE vz uva 3| ig-sraw NOILVISNWYL l2-giv1| -2 OW
X — = " 1g-22v1 92

(J1€-@ v1)IsSng SS3¥AAV 1VII901 \.M




Sheet 198 of 427 4,386,399

May 31, 1983

U.S. Patent

219071
NOILD3104d
" ONIY
€1 ¥3IN3ND3S
-OMIIN
oL —— HY3430 — _31nJ3x3,
L 4¥I XYW —
NH3 A 135
¥300ON3 QA
¢-¢ad 114 —q 3000 dOTd | ¥¥3I X3 138
nnyy Y93I XI— g4
M43 HM 13S
R ER L)
N3 Oy 443 Q¥ 13S
av 3y

NdWW
LIH N1V
434 ONd
guHl ZONIN
HNI IDW3N
LISNYNL
— S10 0Nd ¥M
— M
-
434 '00Hd N3 NM—
LIHNLY 0! 3¥OLS
8N3 X3—> NOILD3L0Nd
~— @N3 QN— WOy

HM
——  LIHNLY .
ol




4,386,399

Sheet 199 of 427

May 31, 1983

U.S. Patent

43430

—— ONVYN39

— 1l H1S

440 v1

T

\ ¥¥3 430

] \

—— 40av 379v3

————— ONVHNLY hl

9-+ ONVH

HY3 XVIN —

Wr enLy
—  INS)
— 2ZWSD WUulr ||_
¢WSI gn3 a1
— dWSD ¢l1Qadd L 8N3 440
— 2WSD 82 QdJ — | S1Q04d HM
L E€NSD 42 Qdd —
— 2NSD
¢ smaadd ¢
EWSD
2NSD
PWSD
¥S3 19V1 [T
=N R
¥S3LIVI | HS3 ETR)
b 1774 471D dNO)D =
— LSNI M3N —
— 34D a1
- 14A08 40
— 4343a 3D IV T es
—NO Nl woow| | v
—
34D L9V -1 I oe-1ys
341 |
S174
135S dJ3D 14A0 43430
d43 ¥4a —g Ele]
XVW d22 NI




U.S. Patent

May 31, 1983

MEMORY DATA REGISTER

CP CLKC \ d 1;L §
1
clK OE 1%
ceMa OAR £ A2 MD®&
cpm1 OALR 3 18 | MD1
crne OBLE 4 Ol 90— MD2
CPM3 0914 5 D.I.ﬁ_,_‘.___._ MD3
ceme ORIE 2 D12 L 4 MD4
8_| 13
9_| 12
INU-REG
[ 4
1 111
TO FIG. 828
c’k o [—
e_] 0_19
3 18
cemig Ofst 4 L * VHIT:)
cpMig OR=B = A8 4_
cpmee Of28 & "15 ?
cemar OREE L o ‘
cPMaa ORER 8 e
cpmey ORBE 2 12 ?—
INV-REG
CmP—H
TRI ST st——q ‘
1 —
c'k OE T_
cPmes O9E8 £ o2
ceres 0818 2 o8
crmae ORLE 4 o
cpma? ORIE 2 Gfg
cemes ORLE & 314
cpmeg oAB2 L O
cpM3a OREBE 8 o2
cem3r 0RB% 3 o
INV-REG
1
‘_cpo‘z—ic{>"5 =

PHYSICAL PAGE TABLE MUX 107
PHYSICAL MODE BUFFER 108
LAST BLOCK REGISTER 116

Sheet 200 of 427

+5Y

4,386,399

MD19
MD22

MD21
MD22

MD23

- TO FIG. 828

MEMORY DATA REGISTER 106

LMP DATA REGISTER
TRANSLATION STORE 100

1
TO FIG. 82A

FiG. 82



U.S. Patent

CmP—Lg

TRl ST DIS—EQ

May 31, 1983

Sheet 201 of 427

FROM FIG. 82
1

SEEEbEEE 3

CPD3! B

LMP BUFFER

FIG. 82A

4,386,399

— TO FIG. 82C




U.S. Patent May 31, 1983 Sheet 202 of 427 4,386,399

+5V
AN —Hi-23
1K
TRANSLT \ 4
LD TBUF * a1
WRT TB -
CE2 CEI OEF
=veriwm— 3] JE—
SYSCLKB . 20 4 wE
RELA1 L 4 4
CATS y A
CAIE » =¥
fustnid 1
CATT 3
5 ADRS
CAIB 4? EH 4
LAIS ® 5
CAZG * Bl e
TAZ—e 7
U pn poi He
oz po2 He )
- 131 p13 DO3 L"—} o
12 pra poa e[ &
o
=
@
‘—
L
19 i
17
FROMFIG.82 — CE2 CEI OE
¢ 20 o we
® o]
. 2|
¢ Bl
|
'S 3
> ADRS
L [ 2l 4
® Slg
[ 3 &6
- MDZ4 ® u 7]
_.——’——_—_——_
* 3352 2 o pol H€-7 a
o . et L o1 po HE— | %
s . il L3 p13 poaHd— | &
L - 121 14 poatHe— | R
P 9 MDZ29
(g
I T——MDBZ b i
L MD3] J
TO FIG. B2C

I
TOFIG. 82C

FIG. 82B



FROM FIG. 82A

U.S. Patent

May 31, 1983

Sheet 203 of 427

FROM FIG. 82B

4,386,399

T+

FIG. 82C

11
CE2 CElI OE
FROM FIG. 828 T R we
f 1 ‘ 4 é_
al
2] 2
L3
+ 2l , »ADRS
+ A
- Bl g
H7]
2 b poi He-
1 p12 poz2 HE—
13, 013 po3 Hi—
12/ 14 Doa He—
v A
e CE2 CEl OE
—‘ _
L 20 wE
o] —
o 5 ‘?
2o
L3
& 21 4 > ADRS
Slg
&l g
H 1]
2! o1y poi He—
Upr2 poz2 HE—
L b1z po3 i
121 D14 D04 He—

TRANSLATION STORE

TO FIG. 8B2E

TO FIG. 82E



U.S. Patent  May 31, 1983 Sheet 204 of 427 4,386,399

PAGE TABLE ADORESS MULTIPLEXOR

S8
)
SEL B
2
AR 4
2
:-C se %P
(Al 7
E'C Bl ZIp
tAls B—itdaz sobi2
mpiB——-13dB2 ~
tae —lidas |
woio——H2.ge3 [~
ENB
q
1
SEL B
FROM FIG. B2B -[ LAZ0 B Ldae L g
MD 25~ 18 42P
LAZ2l B 1t qal 71b12
MD3T 124g) ~
LAZZ Ejaz sobt
MD22 dde2 [~
[AZ3 S QA3 sab T
MD23 Yo [-X) "
ENB
L___“%j
i
SEL B
- 2
LAZ4 n A
MD24 e -
LAZS 2qAl b
D25 Vo 1Y
FROM — LA2E 12 a2 7oDLB
FIG.82B | — MD26 130a2 O
— LAZT a3 s3b2
MDZ7 18 g3 i
ENB
J
L =
1
TO FIG. 82E

FIG. 82D



U.S. Patent

May 31, 1983

Sheet 205 of 427

4,386,399

FROM FiG 82C
'

FROM FIG. 82D
1
' L
1
SEL B
2
LAZ8 ST PV .
Wwo2s———3dpe 2P
CA2————3 Al 7
MD2———LE0B) zip
er 14
LAse——1t Az ST
wo3e——t—13cge 2%
LA3l 1l a3
3
Mo3——'2dgs  ? >
ENB
L 1
CAT=PHY
b—.—
L 3
&
&
&
L
&
s |

FROM FIG. 82C
—L—
l ‘ |

FIG. 82E

TO FIG. 82G



U.S. Patent  May 31, 1983 Sheet 206 of 427 4,386,399

PHY SICAL MOOE BUFFER

PHY MODE- &
1 ll
g
HI—23—t—U-C -
_Llc 0.7
LAB 1203 o)
TA—1Q oF
LAle—20 LB
CATI £ 14
TA—42( 16
WYE! £ 18
1% 1|
CATe———E9 128
CAs B—2(g o
(A6 B—g o
CAr7 B—13g O
CAB B—I120 D2
LA B 3
(AZS B 18
LAzl B—2Q N6
[AST BLK—@
]
11 l
4
cak ©E
4. 5
Hi-2 I8 oy ?
B4 o 9
13 7 [ 12 ¢
TPD5- 17 A N 16 ®
OB 18 7 19 +
[ ]
|
TO FIG. 82G

FIG. 82F



U.S. Patent May 31, 1983 Sheet 207 of 427 4,386,399

FROM FIG. B2F
l
l[ | ]
DO0B CLK L i
i
ok ©E
TPD7T—2Q & 9
TPDe—Q -2 9
TPo——Q oo ¢
croie—Eg -2 *
CPDIT- 12 ? ]
cPo—i4q -1 ¢
TPoI3—LLg olﬁ——?
TPoTa—ad O>-Llle
LAST BLDCK REGISTER
[ @ PHYS8
PHYQ
- PHY 1@
09— PHY {1
& PHY 12
. 2 PHY I3
-9 PHY |4
FROM FIG. 82E -~ ‘ PAY S
FHY 16
. 3 PHY 17
- PHY |18
PHY |G
@ PHY 20
| *— PEY 2]

FIG. 82G



U.S. Patent May 31, 1983 Sheet 208 of 427 4,386,399

TRANSLT »—
B d 1 1
tHl—E? 17)
1K CE2 CEI OE
WRT TB ® 28 4 we
4] —
RELAL 2
N o) 3
J3-18 o
s : 1
J3-20
CAI8 ® 2Ll 4 (ADRS
E‘AT?;QJ}E] > =T
o 324 ©
M{JB—EB ? 7 6
LA ? ?_
MD2 2 pry polHe—  RoENB
MD3 1] p12 po2 HE— WR ENB
MD4 131 p13 posHt —— EX ENB
TARZ 12] p14 posHE TAGS

CE2 CEI O©OE
# 20~ wE
annmesk
]
. f 2
21 3erRs
5
o &l
# 7]
DI

LARS 3 pol Hé—— TAGS
LAR4 L prp po2HE TAG4S
LARS 13/ p13 po3HE TAGS
LARG 12§ p14 posHe—— TAGE
L ]
|
TO FIG. 83A

TAG STORE 102 AND PROTECTION STORE 104

FIG. 83



U.S. Patent May 31, 1983 Sheet 209 of 427 4,386,399

FROM FiIG. 83
|
| b
‘-—
¢ x; 1
17
CE2 CEI OE
¢ L2 we
- =1
[ 2 =N
»- B2
¢ L3
. 21| , PADRS
[ 215
bl g
¢ 7]
LAR7 oIl poi He&—— TAG?
LARS ] p12 po2 H&—o TAGS
LARG 13/ p13 poaH4t TAGY
LARID 121 p14 poaHe — TAGI®
19 1
17
\/ CE2 CEI OE
LY eedwe
5
3
2l o
Lia
21 4 > ADRS
2 5
Bl g
7
7]
LARI 3 pn po! He— TAG
CARIZ 1] pr2 po2 HE—— TAGI2
LARI3 13} p13 poaHt TAG3
CARI4 13! p14 poaHe TAG 4

FIG. 83A



4,386,399

Sheet 210 of 427

May 31, 1983

U.S. Patent

ch3av

—&19Y

NI3

1No3

v8 ‘Old
S0L LINN HOLVHVAIWOO OV

LM NLY |JﬂAHAM“wm
gvce

203v7
iIH NiY
103V
i alA
NI3
L8DgT—90vL
98 Py SOV.L
S8 ¥OVv.L
Y80 EOoV 1
€80 F—————29v.L
8y L2-1H
g
29p7
103v1  —grginos

LYy ov1
IV Oy —Sv T
m(OﬂlJllll‘i#WJ

Yy
Yy <D

).
EVDg ms:;/N(l_
2VDy ¥y3 V1 L3S
I O
VD= < A8 J31v 420




U.S. Patent May 31, 1983 Sheet 211 of 427 4,386,399

TRAP B —4
P cLk—4 :
L0 LarR—-

DRV TRAN——@—
4
L O©OE
Ji-2
LAD - 150 ol:—  Tars
LAl B 173 ol& &R
LAZ B e’ ols LARZ
TA3 B——p 134 >le———  TARs
LAZ>—— 8¢ 04—  TAR4
LAS (Ta—a 1% e LARS
LAs%B_B —4 9 O=——  TAR6
CA7 ) i of——  [ART
‘._
1]
L OE
J3-6 _
CAB——— 39 0f——  TARs
LA 5s = pi—  TARS
CAI8 )= q pb—— LARI®
CATI =5 84 L CARTI
CAT )= 13 5 e CARIZ
LAT3 )>— 14 5 ols CARI3
CAIa) . ole LARI4
(A5 B 18 g ol CARTS
TO FiG. 85A

LOGICAL ADDRESS REGISTER 101

FIG. 85



U.S. Patent  May 31, 1983 Sheet 212 of 427 4,386,399

FROM FIG. 85
{ 2
14
L ©OE
A6 B =Ve e LARI6
LAI7 B 4.9 = CARTT
LAIB B 4 e CARIB
A9 B 8.9 -3 — CARIG
LAZ0 B 13 e LCAR22
CAZT B3~ 144 ol TARs
LAZ2)——— 8o o g R LCAR22
LAZ3 /( g o9 TaARzs
1 SL
L OE
. J3-38 5
CA24 q o — LAR24
= J3-29 4]
LAZ5 )= e o5 R LARZS
CABES — 16 o8 — LARZ6
CAZ7 & L4 o — CARZT
J3-36 13
CAZS q o R — LARZS
= J3-35 14
LAZ9 e o Eu— CARZG
CA30 ) 5-=o O o e N W Y-
LA31) 184 o2 —  [&rR3

FIG. 85A



U.S. Patent

May 31, 1983

Sheet 213 of 427

SEL OFF@
SEL OFF1 7
14 2
A
WYL £ ico SEL
5
d1c 7
CARS tqic2 Y
LARIS 3dica
DUAL
TAZ3 12 5oce 4-LINE
1 U
dz2ci
vol
LARS l8doc2 2
LARI4 137d2¢3 g1rp
162G
|1 Es
~——
‘_
I;l g
A B
WYX & icop SEL
5
-dJIcl 7
LARG— td icz e
LARIS 3dica
. DUAL
WY 2¢8 4-LINE
1 MUX
dz2ci g
CART 18d2c2 2Y
LARIE IEC 2C3 STRB
16 26
L 1S
 S—
._
14[
A B
LAZE Eqce SE-
5
dc 2
ry pf——
LARB *dce
LARIT ddic3
2 DUAL
CAST qece 4 LINE
1
-g2ci g
— vy —
LARG— 12 doc2
LARIB 13q2¢3 grprp
16 26
15
[N }
T
TO FIG. 86A

PHY22

PHY23

PHY24

PHY25

PHY26

PHY27

PHYSICAL ADDRESS OFFSET MULTIPLEXOR 109

FIG. 86

4,386,399



U.S. Patent May 31, 1983 Sheet 214 of 427

FROM FIG. 86
1
| 1
‘_
14
A B
LAZ8 Edico SEL
S
-q ICl 7
LARID td ic2 IYE
CARIO- 3qic3
DUAL
CAZo 18 Hoce 4-LINE
1 MUX
J2aci - g
CARIT ledace 2y
LARZ® 32¢3 gTre
16 26
s
14 d
A B
CA3e——LBq ico SE-
5
qic
LARIE————% q Ic2 Ye
(AR ——3IC3
DUAL
[A3———— 19 doca 4-LINE
1 MUX
|
gzc o2
+50 LSCC acz
s "AAY 2C3 sTRB
16 26
1K
i 5

FIG. 86A

4,386,399

PHY28

PHY 3@

PHY31I



U.S. Patent May 31, 1983 Sheet 215 of 427 4,386,399

DRV LAR + TRAN

P2A0
LARG—
CART
CARZ
LARS
CARS
LARS
(ARG
CART
CARS
LARS
CARID
CARIT
CARIZ
TARIS
CARI4
LAR IS
L
1o
LARTE g CPDI6
CARIT 154 CPOT7
LARI® Lag CPDI8
LARTS ¥ CPD19
CAR20- g4 CPD22
LARS! Ve CPD2]
LCAR2Z =No cPD22
LARD3 249 CPD23
ARG G—— L1 ¢ CPD24
{ARPE————I15 1 CPD25
TARZE CPD26
AR F————— 11 cPD27
LARZE CPD28
LAR CPD DRIVER UNIT  Txmag 5575
LAR3 CPD30
FIG. 87 ARSI CPD3]




U.S. Patent

+5U

PPA OFF——— &

START ——L

MW

1K

e

[

May 31, 1983 Sheet 216

HI-12

!

v

PHY&——]

!

PHYS—

!

3

PAVI——

PHY 11

Fk ok

PHYI

PHYI

PHY 14

PHY |

PHY |

PHY T

k

PHY 18—

£

PAYI0———&(

of 427 4,386,399

CPORTAS8

CPORTAS
CPORTAIZ
CPORTAIT
B, CrorTAIZ
30 CFORTAR

b5—53—50 CPORTAI4

B37~ CPORTAIS

T

B4~ CPORTAE

B43~ CFORTAT7

¥

450 CPORTAIB

¥

470 TFORTAIS

Y

PHYSICAL ADDRESS BUS DRIVERS

FIG. 88



U.S. Patent May 31, 1983 Sheet 217 of 427 4,386,399

START ——43,

FA OFF— 12/
PPA OFF. 8
DRV PPA

849 CPORTAZD

PHY 28O
Bl CPORTAZI

PHYZ R’
BS5 CPORTAD2

PAvee——&d
Ba7 CPORTA23

PHY23 Bd
B8 CPORTAZ4

PHY24 14
853 CPORTAZ5

PAY25——L1Q

—'d
868 CPORTAZ6

PRvEe———8(
Bél CPORTAZ7

PHYZT —£.0
CPORTAZB

PHY28 |14

=3
Be3 CPORTAZ9

PAY26——A—1Q

+—d
864 CPORTA3®

PHYae———2(

_I_C
BBS CPORTABI

PHY3————&(

FIG. 88A



U.S. Patent  May 31, 1983

ENAB
LOW | ANY
INPUT| NONE.

2

AQ

Al
A2

NO O A WN—

8 INPUT
PRIORITY

D_IS

oL

i

ENCODER

FIG. 89

Sheet 218 of 427 4,386,399

FLT CD3
FLT Cb2
FLT CDI



4,386,399

Sheet 219 of 427

May 31, 1983

U.S. Patent

1€40d2
2edd2
6230dD
g2add

06 Ol4

¢lt SH3IAIHAQ aO 174

—a719d 114 ald
——a7G 11714 18194
g7 C 174 ©d

1€0d2
2eqadd
624do
824d2

L1

61

@l

1714 AYHd

43 10Hd




U.S. Patent May 31, 1983 Sheet 220 of 427 4,386,399

LD CRE
SYSR5TB
[
CP CLK
éEK
- 4 Qile__"]
LAl B — DI Sils
—— Q21—
CAZ B Aar— 212 o
119
CA3 12ip3 a3 "
QUAD O3}
D-TYPE n4]15
13pg FF 2407
+5U 1
N\ i——m—n
1K
a - TO FIG. 914
ENE LD ESR
RST ESR
“YSRSTB
PO ]
RST ES 9
~7
CRET 3 2
4
CRE2 & -
< |7
CRE3 11
12 e
14 -
13] —

RING PROTECTION LOGIC il
FiG. 91



U.S. Patent May 31, 1983

Sheet 221 of 427

4,386,399

9
— 18 ‘CRE=R
1
N J4 :a< —

J4-20 - ‘

o+—————< Trez [ !

J4-21 - q 4
B ' ( TRes - [rce A= A58

b L 12 27

— dof A2 A>BOFE—
10]a5

—j A=BOHE—
—Llpo

121 g A<BOH—
Ulas
2183

E %

a 4
FROM FIG. 87—
A<B A=B A>B

MMPU 154 A
AT 131 A

(WY ® 121 2 A>BOFE—
AT o+ a3

A=Bo}®

HI-14—— &L 1o

141 g, A<BOH—
T
2 1p3

FIG. 91A

LR GT CRE

LA EQ0 CRE

LA LT CRE

LA LT ESR

LA GT ESR



Sheet 222 of 427 4,386,399

May 31, 1983

U.S. Patent

453 d7 8N3
HY43 V1 13S

HY3 v

d43 XV
¥Y3d H40

g16 'Ol

XUW 4N3

_ dd3 ©7
—4d ¥71D

IWIJ& NG ¥40

b
IﬂllmuhmD
51 —=— N3 Y443 v7
2

%719
30
1 _~
UM13 da

14

¥3 ¥40 400
4
T

S174 138 430

¥3 XOUW 433



Sheet 223 of 427 4,386,399

May 31, 1983

U.S. Patent

MX8D 135

¢6 '9l4

21907 dvH1L DNISSOHD »0014d
JHOVO ANV NOILO313a 11Nvd

mao0 135

dx80 135

¥E> L3S

H43 108d L3S
1v7 L3S

BT

a1 &

T

1 MXB8J &8N3

H34X UM

T MX83

)|

T 19

TT

T AXEI BNI E.LSHSAS

g T )

5 HddX Y LXN gv

. 4X82
T—YX8D
e —02-1H
g—L74 aid

ATTdS 5 414 18.19d

——. 74 Od
Fg———LV¥]
T 34X 0
rlvlllme



Sheet 224 of 427 4,386,399

May 31, 1983

U.S. Patent

X€0§ 13§

X80 13S

H43 10Md 135
1v1 135

ve6 ‘Old

114 ¥
L1dS

XxX8d

17d8 BN3 433

§174 138 430

MX832

Ay X83

@2 -IH

DWW

BONIN

—— /MBD 135

_¥Aad 135S

1V
|§!
34X ¥ M



U.S. Patent May 31, 1983 Sheet 225 of 427 4,386,399

ESRI RIS +EU
4
CRE
ESR
CRE2-
ESR3
CRE=ESR
CRE
APND CRE i
tREl ———3¢ e AT
CREZ2 —¢—1—2Q D8 —— TA?
CRE3 * 1o >t TA3
HI-22 29 18
ORY PC
1q
17 g 3 TPDI
134 o U U5
L 15~ 0_5__.___ C€PD3
T —— -3
OFR ENG
DEFE
10}
Eount 14
0 ENAB of
| 3
5 o e
3 5 11
COUNTER
CP CLKA Selk TeH2———pFR OUFL
PE R

BT7 T

NEW INST O

FIG. 92B



U.S. Patent May 31, 1983 Sheet 226 of 427 4,386,399

TRAP B —E0
MIC A0DR oFF——2(

TRP——— L]
HI-1 = }5250 RAIT
CBXW RATZ
TAT: 12 5 ) °
PROT ERR—— ‘
19

12
CAT 0 RATS
13

TRnP—T——i

Lav

4 FRC ABORT

TRA TRAP

CP CLKA—————
1
ok O 14
MODER—& gls
MO DE1—3 an
START ROTS
o - Dldn ROTI
WR—E-
5557 e EnNB CcBXR
5558 >3 eNB cBXW
o8 TA MGDT
PHY3 —2
H19.
FAR CNTRL

FIG. 92C



U.

+5V

S. Patent May 31, 1983 Sheet 227 of 427 4,386,399

HI1-24

& - ‘ ‘ \
2 > >
n — m

P CLK—————B@

SNGL REF——= 8l

LB ENg———p2

r
>
];
o
w

TAIe——15 B4

tAlo—4ms

IV — - VY
Az ——18 157

EQUT

EIN

3 [ST BLK

aTu ON

LARE————ECAG
LARE—C Al
TART———B(Qa2
LARB——2-qA3
LARG—Lldas
LARI—L3dAs
CARTI—2(as
CARIZ—LL A7

B@
Bl
82
83
B4

5

i

4

B6
B7

EIN

S8R VLD
PTD CK

PTD OK

LAR4

FIG. 92D



4,386,399

Sheet 228 of 427

U.S. Patent May 31, 1983

43 X3 13S-g

iV 13%

£€6 'Ol4

31907 dvd1l NOILD3L3A 1NV4

q NdWN
93 ¥ 135S
. LIH NLY
5 = _ N3 dvHL
5 4ngl a1
5 174 ¥712
Lvl 13 v LV
T C] i Si74 L3S 40D
5 1v1 d22
€
Fer—8N3_X3 N3 843 QY
e Yi11SNO
T 1IH N1V
H—¢—J3 dd a7A
) AN
g
r 1v7
BT——S174 135 &30 N3 dvil
g———tH3 X3 ddD
= 174 ¥1D
5——y§3 X3
174§
114 41D



U.S. Patent May 31, 1983 Sheet 229 of 427 4,386,399

CPMQ—Q—E‘- 2
cPmi————-£ PTA TC
HI-14 13
>
9
cPM4 3
°-
[
WRT®
cPM2 OFAD TC
WRT®
CPM3—
(11B4)CCP PG FLT 9
(IBA7)CCP SET FLTS L
(C3)PG FLT e
(DS ICLR FL.T‘—“"““a‘ 46A1 N8 SET PG FLT
(C3 ILAT——2 2182
(207 YWD 5
(2A1)VLD PR REF— S
{C3ILAT '
{2D7 YWD 1
(BDB)OF‘AD——-—:%
+5V

ANV HI-29

1K

ccP PGTBL FLT———2

ccP SET FLTS——12

PGTBL FLT———&
CLR FLT—— 8 SET PGTBL FLT

LAT———— 3

LPTA—— 3

MT————2

T

12

13

FIG. 93A

o (o [ |w




4,386,399

Sheet 230 of 427

May 31, 1983

U.S. Patent

Y43 LO¥d L3S wOA

H43 1O¥d L3S

dvdl 13S

g€6 ‘Old

343 ¥M 13S
y§3 QY L3S
¥§3 X3 135

U3 QA L3S

434 ¥d a1A

IXN 8v

134 dld 13S

Fave

QREE

¥43 a4 135

AS+

443 1°4 L3S

L3S

Sh A

NAQO 14A0 X4 13S

gee

el
el

]
9
[
[4
3
| &

e
a1

6

W\

AS+

443 1A L3S

O dld

Ak
T as

1V¥1

Y IR-R]

174 dld
S174 13S 420

174 dld d20



4,386,399

Sheet 231 of 427

U.S. Patent May 31, 1983

O€6 "9l

rianiy 13S

€ianily 13S

174 d71A d22

443 QA L3S

443 QA L3S

2i-ir 9

434 DOl SVM

434 d4d SVYM

434 O1 SVYM
< HES

a8 1v7 —

S1714 135S d90

43 Q1A 402

1m dvdl
g 2¥1
|m||||.|.¢mw

1V




U.S. Patent May 31, 1983

Sheet 232 of 427

CP CLKB
9
Vv
- 4 CLK Ql B75
SET LAT: Di a3
7
—_ 5 Q2L
D —
SET PG FLT 2 3516
I
—_— | a3
SET PTD FLT——2—03QU AD QAL
SET PGTBL FLT D4 b _L‘_
.
HI-2
CP CLKB
9
VK
_ 4 L QU
SET EX ERR——HDI a2
- 5 Q2L —
SET RD ERR——>|D2 Qzle
qape

SET WR ERR———L2

SET VLD ERR——13]

D

Squab @M

5V I
* AN j—HI'-ZS

K
CP CLKA
g
\Z
Lk ql2 PROT ERR
4 2
SET PROT ERR——21DI pubd —_
P & OI%— PROT ERR
5|po Q- TRP
SET TRAP——2{D: 536 <5
12 —
T e 12 @3 CBXR
SET CBXR—— {03, .5 &3lul
D-TYPE 4l 15
=T awun 13|pg FF Q4= CBXW
SET CBXW Q4|4 CBXW

g__J
HI-2

FiG. 93D

CAT
LAT
PG FLT
PG FLT
PO FLT
PTD FLT
PGTBL FLT
PGTBL FLT

EX ERR
EX ERR
RD ERR
RD ERR
WR ERR
WR ERR
VLD ERR

VLD ERR

CBXR

4,386,399

LD ASM



U.S. Patent May 31, 1983 Sheet 233 of 427 4,386,399

RD ERR— 2]

CLR FLT 3
CCP RD ERR—————2]

CCP SET FLTS—— 12 -
SET RD ERR

WRTO———

Y —1
oPAD—— 8

RD ERR EN '
ATU HIT 1

Wi
RD ENB

13

WR ERR———Q—

CLR FLT <
CCP WR ERR——2
T
CCP SET FLTS—&] —
WRT® 4 SET WR ERR
MD3

WR PRO DIS
11

TRANSLT '; . oPAD———8
| \ |

(786 ) WR——2] WR ENB
TNH TRAP———:—i-

ATU HIT

MMPU

FIG. 93E



Sheet 234 of 427 4,386,399

May 31, 1983

U.S. Patent

wm .O\l 43 LNNO0D 393Nd
01907 39HNd ANV €01 IHOLS ALIQINVA
92-1H
_ Al
: H E ——o 1AM\,
gvN3 4 3d
NO Jad l:ﬂdl.U._v W04 =]
———=rdez,  SHrETEV] ¥3ILNNOD
2
a7 @ Z8lgr—2evd _ 2
59 2V | |
18 f—61 V1 0 @¥N3 o
E—n® ¥4 ¥ e {NNOJ
Qm.‘mlllm_<4 T~ 4
—3Qqe?Z ov - —
g
T3s
7
ELSHSAS
| , % iy
. M 3d
w96 'OId_| avNg sr]oL  Moghy Fllmx._u d3
oL 1| o v cHILNNOD c
o g LA T
— 1 e _ I
- dez 2 ffar—2Lvd - |
5 evh 1ND —3r{©® 8vN3 o
18 lg—=SI v hno2
1z =
v = m_ ”
.11 A88 Jad
E
» o2z avi,
g
13s
! ASE Old

AND T3
10 dD



U.S. Patent May 31, 1983 Sheet 235 of 427 4,386,399

FROM FIG. 94

WR ve—Il&gd A9
U 14 dwe
syscLk—idQ o—LCce

VALIBITY STORE

VLD

<
IMS

FIG. 94A



U.S. Patent

TRANSLATION REGISTER

FIG. 95

May 31, 1983

DRV TRA

CP CLKC

f

Sheet 236 of 427

) O

™
)

ol
)

¢

¢

ko
)]

.

TTI T N

000

vV
clk ©F

s

!
i

-
>
T

-
>
T

344
>

E(JF(EZH:

cpP CLKB_—T—_j
I

Vv
clk ©F

FEPFFTIT

N
)]

¢

kD [~ |n

QA

-
I
q(
9

ol o

W

2 (

¢

x
T
g
(Y]
-

-,

fol®)

o N

it

-
>
Pl
N
w

a’k ©E

FEFPTTTT

4,386,399

LARB
LAR9
LARIG
LARII
LARI2
LARI3
14

r-
»
b

>
Pl
4]

LARIS
LAR|7
LARI8
LARIQ
LAR22
LAR21
LAR22




U.S. Patent

May 31, 1983

Sheet 237 of 427

4,386,399

RF W E—
TP CLk—&
INH RMWE —=1
SYSCLKE—
CP CLKB
1
C\L/K Ot SET RF D/I
PHYE—1Q 02— 1
PHY: o= ' * &
PHY ig—-0 o8 * 3
PHY 1T—4g R PN
PHY1 08— s
PrY 13—L30 p-12 » o/oH RFD
PrYTa—ed >3 ' 17
PHY D3 16
> 15
¢ 14
® 1
12
cS WE
e
1% eP
RM CE@ TO FIG. 968
¢
¢ PHYS DL
[ 2 PHYG DL
.- PHY 1@ DL
¢ PHY 1T DL
Lp /1
9 1
[ &
‘ 3
* 4
¢ S
' e D/oH RFI
’ 1
[ 3 ? 4
[
® 1
CcS WE
O
1 a
RM CET TO FIG. 968
L I
i
TO FIG. 96A

REFERENCE/MODIFY STORAGE AND CONTROL LOGIC

FIG. 96



U.S. Patent May 31, 1983 Sheet 238 of 427 4,386,399

FROM FIG. 9
f —
+‘ PHY 2 DL
PHY I3 DL
PHY 14 DL
PHY S5 DL
— Wip/1
!
2
3
4
L 5
# & p/oH—RF2
17
16
- 15
14
13
+ 12
cs we
e
1 aR
RM CE2- — TO FiG. 96C
PHY16 DL
PHYI7 OL
PHYIE DL
% PHYTQ DL
Lip /1
!
2
3
4
5
cpP CLKE——“] ,f b/olL- 775
ck O k 16
FrAvie-Eg 12 15
PHY 17440 15 14
PHY 184G 1B 13
Privig-20 H12¢ 12
PHY22—2( e PHY28 DL €S WE
PAYaI—Q =2 — PHYZ] DL
START—-Q 08— Las sTART 1
ur—Eg b2 Was WR
RM CE3 TO FIG. 96C

FiG. 96A



U.S. Patent May 31, 1983 Sheet 239 of 427 4,386,399

MO WE—d,

CF cLr—&
TNH RMwE—L2]
SYSCLKB—a-
SET MO———@- Lip/1
1
2
3
4
5
B D/OH—MOS
17
16
15
14
13
12
CS WE
x%
FROM FIG. 96
| 2
L Lip /1
‘ 1
> 2
- 3
* 4
® S
[ 3 £ D/oH— MOI
® 17
® 16
15
T & 14
‘ 13
T 12
cS WE
of
FROM FIG. 96
|

I
TO FIG. 96C

FiG. 96B



U.S. Patent

FROM FIG. 96A

PHY16 DL-
PHY9 DL-
PHY12 DL-
PHY 11
PHY 17 DL-
PHY13 DL-
PHY 14 DL-
PHY 18 DL-
PHY8 DL-
PHY T2 DL-
PHY15 DL
PHY IS DL-

May 31, 1983

FROM FIG. 968
]

Sheet 240 of 427

4,386,399

Ldb /1
1
2
3
4
5
’ £ D/oH—MG3
17
16
15
14
!
f 1e
cS  WE

DL

i

DL

bL

DL

DL

DL

DL

DL

DL

DL

DL

FROM FIG. 96A

D/1

o/oH— Mo3

FIG. 96C




U.S. Patent May 31, 1983 Sheet 241 of 427 4,386,399

TRAPD
TNH RMWE
CD ABORT
DRV OTHER— 16 oF WE
PHY29 DL 12 N WE
PHY21 DL 18 —_—
CP CLKB—3 RM CER
CPD27 M3 . R’Rm cEl
WAS START —B- B——  RM CEZ
WAS W -
oS ¥ NN CE
cPD26— 15 —
SET RF/MO—L- SET MO
REF/MOD
FHY2( DL
PAvVET OC \
14 o
A B
Mos—Eod 1ce SEL
moe——ad 1C! S
e 1y pL— MOD
WMo T —d 1c2
Mog—ag1c3
o DUAL
rFa—ild2ce ALL(JI;E
rre—Ald2ci —
RF< 2vp2i— REF
RF —i&d2c2
rRFre—Lidacs gtrp
16 26

S

FIG. 96D



U.S. Patent May 31, 1983 Sheet 242 of 427 4,386,399

DRY OTHER &

14-0
0—3~C{ >i 9 I DRV OTHER
! ﬂ)
WRT® 20 18 PDE
TODED - '
MODE®@( 4.9 D—Lﬁ— CPDO
MODE 10 :¥e e CPDID
WAS PR REF 1l g o B CPD4
WAS 1C REF 13 A TPDS
CBX 129 . CPD6
USR MD INTR E4 oI L CPD23
WAS SNG REF 17 4 o - — CPDI13
l i
HI-as——LLg H-3
WAS 1PST o M— CPDD
MO! L cPD26
REF——ILQ - cPD27
RFe——E.( o T - CPC28
rRFI——& op - — CPD29
RFe—3g e CPD3B
RF3——E( 18 CPD31
DRU OTHE -
1
Esri—LQ o m— CPDI7
Esre—I12Q o=2— CPDIB
Esra—LLQ oF CPDI9
RESTART—I2Q L CPDIG

STATE SAVE DRIVERS

FiG. 97



U.S. Patent May 31, 1983 Sheet 243 of 427 4,386,399

CFP CLKC ; lg
ak CF

2 o T SETEIE WMMPU
onas e ER ENB
Y — 16 us
SNGL_REF——4 bt e swRT
ATURS T—=
CPD31 B—&- —
D31 & 7 e TOPLS
croz! 13 BJ8s INH INTR
sTaRT—5 18
TRANS———2 19
MMPUL

CP CLKC ‘I “J)
~7 : 7
ck ©F

— ¥ L SR
RANDS OAt2 3 AF CRE
ANDE OAt3 4 o8 (5 SPAR
NARNVD A7 oF U A
ATURAND————=2 SEL NaC
S -
LA OFF -
MR APN CRE
START —— 1
o— 8 42—
a9 ple—
ot -
RANDEC#
INXZ DEL
VLD PR REF:
TNG.XADR
EGL ADDR ORES3 R
L ADDR
SBR- 2

WR SPAR

16 BIT MMPU EMULATION CONTROL LOGIC
FiG. 98



U.S. Patent May 31, 1983 Sheet 244 of 427 4,386,399

9.
B__Aee  FnOL
18
MMPU
_j-iL APN CRE

APN CRE .y
APND CRE
TRI 8T DIs—=2Q
CPD OFF——2Q
CPDS ENB
TRl 8T Dis——18(
LEF MODE——1g
LEF MD
ATU ON—=2Q

10 E
10 ENAB
ATU O
5B
TBL ENTRY
TBL ENTR
CP CLKC
1 li !
&t& OE
e oPaD
RANDZ——+ s YA ENTR
- 3
RANDI e PROC REF
RANDZ2——34 17 T
RAND3——=-
RAND &——&
o) (D TBUF
ATURAND—I 13
10 ENAB——E ST
CAT—2 his
RANDEC3
TRUE OBLE
CP CLKC
TRAP

FIG. 98A



U.S. Patent May 31, 1983 Sheet 245 of 427 4,386,399

CP CLKC
1
oog o’k OF
CPDSB)—-— ;f Q o0& CPDSRD
CPDS | o= g b= CPDSRI
CPDS2)= 50 o9 3 CPDSR2
CPDS3 —— =29 & —  CPDSR3
CPDS4 > Q 16— CPDSRa
SET ow———— 149 SRR oW
ING.XADR. 134 oay — TNX@ DEL
LD CRE ————£&Q 34— LD CRE SV
CPDSR—2
TPDS ENB—=Q ENAB —_
oe— 44 ) :)-15————”5 DRV _OTHER
| plt——8T735 1o IN
2pld DRV TRAN
cPosre—N o aple SPAD
CPDSR3 £ |seL aplb—-o-— DRV FLT CD
CPDOSR4———2{ 2 58— DRV PC
spl — DRV LAR
77 :
| OF 8
DECODER
@2n0
DRV TRAN—LC{>; DRU TRAN
DRV LAR -
DRY LAR + TRAN
DRV TRA

a2a0
bRV Pc—L b’“ DRU PC

FIG. 98B



FiG. 98C

U.S. Patent May 31, 1983 Sheet 246 of 427 4,386,399
CP CLKC—
!
1
a’k 9
RANDG ORS7 24 013 TORN oFF
RANDT OA25 34 o8 . TRV oN
RANDZ 0B=3 Al I5GRE
RAND3 O82L 54 e ATU PRG
RANDZ 0947 B4 s CHK MOB
ATURAND———LQ g - RST ESR
MMPU————E ¢ o g S CHK MAX
PROT ERR———2 RraNDECE are 6 ouT
TURN OFF —— 2. ¢
A OFF
TRAP — 1€
CP CLKC
!
1
v
ck ©E
RANDZ—&-Q o 3L RN LPTA
RAND I——3( M8 AT
RANDZ—0 plr B424 WAS 1PST
RANDI——=20 e LD STAT
RANDA——EQ o g R SET RF/MO
ATURAND——I( o1t RSTRF
NEW NS T—E.0 43 oMAP
CPDE——30 RANDEC! AR vPoN



U.S. Patent May 31, 1983 Sheet 247 of 427 4,386,399

ATUON — 1A 3
2 LA ERREN
—

¢ 159 e AB NXT
MEMCT———&0
Vm——ic}
13
} TNH TRAP
VLD PR REF—L&

46E
TBL ENTRY 24 /8 TBL ENTRY

46-€ }3& 5
MEMCd——l{{:::>jL—~——————Ji TRAP B —3 = ULD PR REF
PROC REF

S |
ENB SNG REF
START —H SNGL REF
4B-L
(DA+STA O30
CP CLKC—————
| u
ck ©F
| o5 EEEENEE— LD LAR
o Z; Ji-18 o¥ - N SPAD-LA
t:CI i-17 e 10 ENB
e LEF MODE
ATURST
(AF——8 12
TA——1 13
CPo25———— 8 18
CPD26 B——3 19
Lac LEF [

LD CRE SV

LA OFF
WAS PR REF
S8R

FIG. 98D



U.S. Patent May 31, 1983 Sheet 248 of 427 4,386,399

—QCD-‘; TRANSLT
ATU ON——1 # TRANS
TBL ENTRY——L3
v—18 -
nne TRANSLT
SNGL REF——3 g
TBL ENTRY————F—24(
CAT—PHY
e 9~
LST BLK 10
LAST BLK
TRI ST ms——‘—m-d
TRANS 4
TBL ENTRY————2 BV oBE
ST BLk————&]
TRI ST DIS 1
)
SEL OFF®
LPTA
WAS IC REF
TP FLUSH
LD STAT
CP CLKA
J o V7
C\L/K OE
- pt ATU ON
A B ATUON
TR o3 12— T ABORT
VMPUENG OBEE 4 | 18— R XFER
—_— Ll WR XFER
P FLUSH———S4
Q*_ﬁ_. —
___DEFER I8 B4 ATU IFLUSH
USER ENB————1
ATURST———8 P _
SNGL REF———— 3 013
MMPUR
MEMCE OB16
MEMCT oB44
MMP ON—

FIG. 98E



Sheet 249 of 427 4,386,399

May 31, 1983

U.S. Patent

486 ‘©OI4 434 O SYM

Al 121

F MAN—
1
434 DI SYM 214"
—— 44 Vvd[F
438 91 SUM —=T{¥© 344 1-a I
434 Hd SYM —r{EQ avno 1V L3S
434 ad suM —aT1le0 cl 8 434 Hd SVYM
912t T
uy3 1714 II...INO =] [ ]wg._-twm 434 ¥d QA
X823 —i0
— X
xan ™ afg—— 890 L3S
— 2 w1
A
J F&xd dd
L4
Y %13 voa
40 a
2]~ 3 2
,( 105 1440 135
X110 80a =10 WGE——07d A7
S Hi
: AN\
#-1 NS+
AT
= dvyl
=}
XUW N3 XYW MHO 2 - AYLNZ 781

NS+

lyvisS



Sheet 250 of 427 4,386,399

May 31, 1983

U.S. Patent

986 OI4

43181938 woa

uul'l.vlnI

1ro
:-mm 41 vakey
S - 8 v2add
11ER avNo .., —
s Illu.mww = ° 2adD
g 5
;2o cqa 5
v_HSn —
W |gy——8 62add
5 d 62ddd
v _u3sn LISNUNL Ao
dH M i
F LSHNLY
vo
oy 24 Yares
Al-a
N3 81— —Heo ° BS18 gN3_ 81
aNa g1 =2 QVMOeq -4 g
—BTIED n-ai |
LELER-Eis] —l2o Ol
8N3 ¥40 llh,mﬂ <dig 8 820d>
S1a Old HM 1
SIO Qdd ¥ M J._.m arg a9 /2ad>
W
A
oua
»12 woo W

M1D 4D



Sheet 251 of 427 4,386,399

May 31, 1983

U.S. Patent

66 Old
01907 ONIWIL N1V

15

FW‘@O 18301

34881
1S8NLY T
LSHSAS
@aea
I
o
S10 1S Id1 . .
o
LSHSAS o
m -
¥
Sig 1S Idl arl
014 M1 .
€11
a3-1H g

=

—N®m T OO0

NI JA.MJIQOJ& A1
g9-~12




U.S. Patent  May 31, 1983 Sheet 252 of 427 4,386,399

CLK FLOP———m——— Dle CP CLK
CLK FLOP——@—& <L T CP CLKA
SYSCLK 2 ol8 8YBCLK
ATURST 8 o8 — ATURST
Ei o S CP CLKB
o 5 T CP CLKC

N et 5
HI~- -3

syscik——=EC 18 SYSCLKB
- 16
N —— O
SysreT of2— B o ¥ LAN— SYSRSTB
SET FLTg——H8Q o ¥ ¥ — CCP SET FLTS
+5U

HRD INT
CPU MSI 3 1y ofr— CLK FLOP
PHASE

Svscik ORe—l ek

of— CLK FLOP

:

FiG. 99A



U.S. Patent May 31, 1983 Sheet 253 of 427 4,386,399

A oFF——¢—2
8i3 TPSTART
START l
BLS CPWRITE
WR 4
867 CPMODES
MODE® 3
13
871 CPMODE |
MDDEl— L&
CP CLKA 1 li
C\L/;< CE ;;
MEMSE OB & % ;T_;; ©
MEMST oB=@ 3 O o
MEMSZ OB48 ¢ >
5 | A WRT
INH ATU MST——— B
CCP PPA OFF——1— O SET INH MST
TCACRE OBZ4 g OO CLR INH MST
FBUSY— 9 48 SET DM
MEM CNTRL pHA3— PPA OFF
CP CLKA 1] li
c’k ©F .
- 2 14 BBl MODE |
LD STAT 3 >S5 AR3n MODEB®
ikl @ 1 T— WRT
START —— 17
CPWRITE———=
CPMODER———2 12
CPMODE ——————( 13
o — '8
oy
CFD "
MEM CNTRL2

CPDI—

SYSTEM CACHE INTERFACE LOGIC
FIG. 100



U.S. Patent May 31, 1983

Sheet 254 of 427

4,386,399

CP CLKC
 u
~7 ;;
ck ©F 1.
SYSRSTB—= -
MEMS] MEMSZ———3 s
-] 4 e
e iz
MEMS MEMCE——2-
MEMC ———&- e
FRC ABORT——L
sTART —& %
e 9] 18—
W INH 1P MsT pAa——
WAS PR REF
TRAP—~
EFA
3a-0
CPBUSY oéi———ic{::>>h______ PBUSY
34-Q
CPWATT oﬂ‘-l<{>9* U AIT
34-0
WRTG-———JR{::>41————— WRT @

STRT WT
EFA DL
RESTART

~Hi8
¥ N AN
o3 1- U
o ¥ 1 NN,

STRT @ ——1 15

MEM
CNTRL3

5

BY—————J

STRT
LAT

FIG. 100A

~l2 BEBO-

2
, 3B20 & WHPMeT
WAS PR REF

H R
MODE®
MODE!

START
ENB MDB®




Sheet 255 of 427 4,386,399

May 31, 1983

U.S. Patent

g001 'O14

vl
LMdD 33X HM
(B

T
L¥oEY D4
]
LHdD =T
¥
Ill’E‘OAﬂI..Eo Ydd 429
D~-+€

ASNEdD

34X _ad

Y

T

Al

Al

m m W
=14 NS+ nS+

NISN NdD 7 ¥ ASNSd2
3
m/ LSA N1V HNI

=1eC

dlS NOD
dlsS dl




U.S. Patent May 31, 1983 Sheet 256 of 427 4,386,399

NAcT oES8 -
NACS OBE&Y »-
m 78
'
S@ S 52
CRE=9— e
CRE=ESR— EL
LA GT ESR 2lz
LA LT CRE L3 -
LA EQ CRE 151 4 B3 TESTT
LA BT CRE 415
SBR ULD PTO OK 1316 |oF8
PROT ERR 12]7 MUX
STRB
1 o
5S¢ S 52
PrATe—— 4lg
Fre—— 3
oPAD TC———— &2
PRG BSY————1{3 -
ATU ON IS14 BE4 TESTE
MMPU—— 1415
LA MODF—————13{6 |1OF8
LA LT ESR— 1217 MUX
STRB
HI-3
o
s
SET INH MsT— 1L 1 a3 INH ATU MST
[ e — Ty O
CLR INH MST——— 18 Kk oH—m— INH ATU MST
R
14
SveRSTE

FIG. 100C



Sheet 257 of 427 4,386,399

May 31, 1983

U.S. Patent

(SN8 4dJ VIA NV OL) AININIDOVIdSIQ —

{SN8 v101) INIWIDVIdSIA +2d

101914

21907

ININ3OVdSIa
8 H3INNOD WVHOOUd

— 22l
'y
21901
219017 SNIVLS ONIWIL
8 01907 | anNv
“INOD QV”1s TONINOD d°1
\l\
7 S¥OLJINOS3a
c2l 300240
\ 21901
€1 43ON3NO3S » zo_wmuﬂwmmu_ 300230 NOLLOMYLEN] (AHOW3I W
Z0mOIN oL —— 934 Qumis e NOILONH LSNI | 21907 | WOHd)
e ONILYVLS IVIISAHd
vzl
/ /
12l ozl



4,386,399

U.S. Patent May 31, 1983 Sheet 258 of 427
I P
M DATA RDY
CPM REG cu<—| _MPDATA RDY
WRT ICH 120
134 ~— WE OE
CPM /
CPM @-31°- REG DI
(CACHE BLOCK / ICACHE ! ID @-3i TO DECODE
FR.MEMORY Z DATA D,  LOGIC 2]
ID¢‘3| STORE
L 130
ADDR
ICP 23-27 ADR 28,2939 =
T o ] AR —
PHY - DI
ICACHE IcAT
F 55— do. sToRE
ICP 23 D1 ADDR ) ZERO — SET IDRVLD
CP23,28 ——3 13
H | — cP2
MDATA RDY
ICPX 28,29, 30 ———
139 137
1D 26-~3| WRT VLD IDR CLK A — 4
L/ 132 WE SYSCLK
1 IDR CLK B —
ICACHE IDRGLK c— 1DR/
AOR 29 VALIDITY VLD IFTER
-39 STORE Sv WORD REQ.
CONTROL
SETONE AD :l
PRG BLKj INH VLD SV LENGTH O) I
VALIDITY
STORE e /mn vLD
ADDRESS
Z UP DATE
136 IP START —|
WRTICH —] IPOP — o NEWINST
ICAT —| SKIP —— STATUS
LD ICP ——] ICACHE/ ALC SKIP — NEXT
INCICP — |cp OPCD TYPE— STu AD
IFETCH — CONT.
PHY ICP CLK ——
INH ICH RD
FIG.102




Sheet 259 of 427 4,386,399

May 31, 1983

U.S. Patent

—V ¥0I

-~

¢0I'9ld

y
o) | agv
ssayaav 7’ Ot 3¥0LS viva 3IHIVDI
ONILHVLS WON 4
aNv
4950 G240 wordiliosag i—{ o000
Stl — d T0HLINOD
L HSMd | wnwmn_o NM3LHHS ¥al
oasn’ avon [ LddiNI
_ 114 0/ 3007340
oL avris— Q30aN3IX3 1
, — 1VH XD o
—— Q0¥ LVOI 3 348 I
— aoyvi3 p s1-¢
L | Q- oM Ql 2510 yal
z_\ln. a0 L _ _ _ _ISroosw4 -
- i [43L3HS
yaay R LR auar [2XD yal
03 GI-0 8SV3
avrls " - - — — =1 vy Nl —
N 7 ssadaav Sl-¢ «
14 avnis ONILHYLS VHO | vyal \ 30 [
(
L avris w15 any \ SI-9 VSV VOHS
19X
4014 142s3Q 2l ¥31S1938 300730
43S0 4240 330940 LONMLSNI yaNT
SWOY¥d
30073a psI 1ox
ovi Jisve [
30 21901
T LA 1€-91 add
(SN@ OdD WOXJ)
-3ud
NOILONHLSNI




Sheet 260 of 427 4,386,399

May 31, 1983

U.S. Patent

IADH Z A ONI
¥0I'914 24N

m\n_ ——— ‘D aNQal
I€-@ Qd)~— X3Z ~¢ sanosou3z [ b-@ 43sa
.—. Sy3ANa SI-@ oua|
(SN 0dJ OL) =— ™ 4] 81-0 auq|
1€ & dd) HOWV1 [ i€-@ asig Gi-@ vNQl
{S¥3AINa SN8 ado| dsia
| 1901 v -¢ Y¥ISQ
&bl 6% 3d [ ININ3OVIdSIa
y 319 d9+ dod | IS-@ dSIa
q +— %12 d) adJ -dsig ovl
H3AINQ
(sngvioL) 8 HALY — ..w:m ~|m wxlum:oza »1)
Ig-1 V1 ) a -
. 4SI0 o ONI dSIa
8bl _ e—— X30 ‘X3S
I€-G ¥ONI 20907 fe— Q1A ¥QI
_ €- 0 x3S -
L \_m | 9dN A X3S |le—— @ udsa
1 wigay| o £-1340 L WNONd %712 /, ov|
M3AING
8 HOIN
- a +
Y Lol
ds10 + 2d /
Jd ¥ONI (SN8 v WO 4 )
L NI ANNVYD Ig- v
H nmuhm_oumﬂ —
o HOY 7 &-p 3d > LaLsdl
dsia +2d L34 w10




U.S. Patent May 31, 1983 Sheet 261 of 427 4,386,399

PHY ICP CLK —

152
PICP
CPA 8-21 =™ TRANSLATION —l- PHY ICP 8-2I
REGISTER
ICP 22-28 ——
ICPX 28,29,39 1 CPAB-30
5] DRV CPA (TO SYSTEM CACHE)
ICP 28,29,3p —
FETCH
IFETCH — REQUEST -
T DETERDT CONTRoL P—BY PASS VLD
FMCLK — vLD b—INH VLD SV
S STORE S—
TEST ICN — b—
e CONTROL SET ONE FIG. 105

{FROM ICACHE __CP 27-30

>

POINTER) ICACHE
DATA STORE
ADDRESS [ ADR 27-39
(FROM PRE-  1CPX 28-30 INPUT (TO ICACHE DATA STORE)

FETCH CONTROL )

INC ICP
{ FROM PC+ DISP
ICP- LA LATCH & DRIVERS ) ENB INC | s
LA 24-30
cp l ICACHE

- - POINTER T,
ICP4-23—q LA PpP—LA4-23 ThAasp | LoGiC PIcPa-30

DRIVER

LOGIC SYSCLK—9 | p

LD ICP J

FI1G.106



Sheet 262 of 427 4,386,399

May 31, 1983

U.S. Patent

0tl 34OLS Vivq IHOVDI
V0L 'Old OL V.04 'Oid OL
F A L) 1 nl
m.-n_ula.ﬁ. jgelel via T -6 101 mnn.ﬂﬂ ¥Oa vIia =Y €01
@101 5y{€0a €10 |y 8101 301 y{coa €10 bpy zal
¢101gy{20a 210 |y 4101 1014yr{200 21a |y a1
9101 7] 100 10 | 101 @l ] 10a Ha | ——ea1
o —QEN0aY 21 @E0
Q el —- -63¥0Y Q g — 6380 Y
S |e -8340Y 8 b= —s3uay
v L2dDI v ' S L2dD]
2 13
suavd e [ o 9zdo1 sHavq ¢ . - 92401
2ty 524l 2 g ® —52doI
| e ¥2doI I e 2Dl
(215 -£2401 L5 £2d01
IM Dz M Dpze—
XSAS
30 13D gD 30 _IP 2B»d ‘
L o ol Lum
1 1 I I O 3LINM
1-IH
2 @ AQY vlvau

ns+



Sheet 263 of 427 4,386,399

May 31, 1983

U.S. Patent

eadqr
c2al

1201
eza]

9201 'DI4 OL
1
r
—g{¥00 #10 ey €201 Lol
—r]€0a €10 tpy 2201 901
—r{ 200 210 by 1201 soI
—a1 100 114 @201 +a1
I
e  J
gE ?
SHAVC L g
|
2
£ oﬂL
30 13D 2D
% 1 . 21
L
.
201 'Bi4 WOYdd

a.0L 914 OL
— |
llmdl?OO 1Q ST LO1
—7{ €00 €10 |y 2a1
—s7{20a 210 My 501
—pT] 100 110 g »01
n
9 | ®
S | ®
SHAVC i
€ \ d
¢rs
"t
L2 5
M O
30 13> 2
T L
! I
101 'Oid WOHS



Sheet 264 of 427 4,386,399

May 31, 1983

U.S. Patent

4201
ga2al
Ssaal
+a0l

~—zTi¥Cd 10
—37] EOC €I1a
—=7icoa cla
—a1] 100 {I1d
[z

9

G

v

meJL e

e

!

2

am

30 135 231D

ﬁ . , 11

T
V.01 "Old WOYS

¥
Y.10L 'Ol NOYd

0401 OId OL 0401 914 OL
1 1
- MumE 1101 —yp{ ¥0Q Y10 by 1ai
- 9301 @101 —-{ €0a €10 fgy 1a1
T —S301 &01 IMA...NOD i t] T —501
. 201 801 - 100 1 | —8&al
T ﬂ T
5 4 ML
: 4 N L ¢
T2 4 mmoL L
T 4 En
z ers
T It
¥ Kdx3
30 1P ZI?d
%_ Y



Sheet 265 of 427 4,386,399

May 31, 1983

U.S. Patent

1E0l
8e0!
6201
8201

+oa
€£04d
204a
104

30

¥1a
£1d
clia

—
@]

SHAV<

|a—t\1m¢mwt~l

L
o
o
RES

51

5101

[

$ 101

:

£101

voQ #10 by IEQL S101 -]
£0a €10 ey EQI +101
2oda 210 6201 €101 =]
10q 110 8201 2101 4]
s
99
§re
mmoL v ITe
€
¢z
"t
1215
M Ogz
30 13D e
L1

=

t
8201 'Ol4 WOHA

- 101

T
8201 '©l4 NOHd



Sheet 266 of 427 4,386,399

May 31, 1983

U.S. Patent

BENOY

e3u0y

820V

L340

801 "OI4
LNdNI SS3HAAY 3HOLS Y1vVa JHOVOI

1444




U.S. Patent May 31, 1983

CPM RG CLK——@—

cpMe
CPM1
ceme
cPM3
CPM4
CPH5
CPMB
CPMT

cpPM8

CPHM3
CcPMiB
cpPMil
cpPrll
CPMI3
CPM14
CPM1S

Sheet 267 of 427

MDR

13

N

CLK

8 18 19
Cﬁlﬂ 16
CﬂlE 3 2
0914 5
CﬁlE 9
Cng T <]
CBEE 13 12
0924 1 15
$ *

13 l

X
0928 £

@ 4 S
OBBE -]
0934 1 3]
OQEB I8 19
oﬁiﬁ 17 16
CA4E 1 15
0344 13 12
T J
TO FIG. 109A

CPM REGISTER 134

FIG. 109

100
1D1

D&
103
104
105
106
107

ine
109
[{)}-)
1011
012
1013
1014
01s

4,386,399



U.S. Patent

May 31, 1983 Sheet 268 of 427

FROM FIG. 109
. *
11 i
"4
clK
cpvie o481 3 2
cpMi7 OA3E L 4 3
cpvig o892t 1 8 2
cemig ORsB L T £
cPmea OASHE 118 19
cevar ORE8 11T 16
crmep OABR |13 12
cpmey ORB4 |14 15
11 i
A4
clk
crves ORBE 3 4=
cPmes ORT@ 4 SN
cPmes OAIE B & N
cpmey ORTE T L T—
cPmes OATB 18 Si-I——
CPM 3 09_3_4__1;1_ s

FIG. 109A

D16
IDt7?
1018
1013
I02e
1021

I0g2
10e3

1024
10es
10g6
inoev
10e8
1De9
1038
1D31

4,386,399



U.S. Patent May 31, 1983 Sheet 269 of 427 4,386,399

+5V
1-3
1K
1
o !
CE2 CEl OE
WRT I1CH oL g we
4|
P23 ®
1CP24 P |
ICF2% ® =P
1
ICF26 3
>
1cPaT L 3 Bl| 4 (ADRS
ADREB B 4 25
r2°
7]
PHY ICPE- 2 b poiHe TAGB
PHY ICPO L] p12 poz HE TAGO
PHY ICPI@ 131 p1a poa Ht TAGIO
PHY 1CP1 1531 p14 Do4 HE TAGII
HI—?—-—I
CE2 CEI OE
o2 d we
o
L 2 |
’- Bl o
3§ aoRS
* e,
¢ 5
¢ 8
7]
PHY ICPIZ 2 pni polH&——  TacGi2
PHY ICPI3 1 pr2 pog HEB——— TAGI3
PHY 1CPI4 13! p13 posHt —— TAGI4
PHY ICP15 151 p14 posHE—— TAGI5

L

TO FIG. 109C FIG. 109B



U.S. Patent May 31, 1983 Sheet 270 of 427 4,386,399

FROM FIG. 1098

HI-3—
17 ’4) !
OE

CE2 CEI
o2 we
+—H o]
i
£l 2
nE > ADRS
I 2,
[ s 2g
t—i 6
7)
PHY ICPI& 2] o1 poi H&—— TAGI6
PHY ICPIT L] pi2 po2HE— TAGIT
PHY ICP18 13} p13 posHt TAGIB
PHY ICPI® 15] p14g posHb TAGIO

HI-3
17} li !

CE2 CElI OE \/
f% WE
o]
a
Bl o
3
21| , PADRS
25
s
7]
PHY ICP20- 3] pu pol H&—— TAG2G
PHY ICP21 1l p12 poaH& —— TAGZI
ICP22 13/ 513 posHt — TAG22
151 p14 DO4 B

+5U

FIG. 109C



U.S. Patent May 31, 1983 Sheet 271 of 427
WRITE vLO—E&] ,
Syscik ——4
HI-1
l_;l 1 1
CE2 CEI OE
__EH.Q WE
e
|
aprer————E{ 2
1]
ADR24 3|, ons
aDREs————EL] 4
QDRE&—S' 5
apRe?T————B{ 6
ADREE——14 7 |
SET VLDB—2 DI poi H&— vLDo
SET vioi———] p12 po2 HE— vLDI
SET vioe————13] pIa poszHt— VLDZ
SET vioa——13] p14 po4HE— viD3
BYBCLKA
. 1
VLDo—F 1t VD@ SV
VLD I———3 s VIOl SV
ViDa——4 Dle ViDZ SV
VLD3—= @ VLD3 SV
aDR2G——E- ol8 SET VLD@
A DR3G——— 3 SET VLDI
CLEA 8 SET VLD2
INH VLD SV—2— 13 SET VLD3
1cPo———————
TCP3———
14
A B
vLD3—2b] co SEL
VLGZ—2jiC| wH——  TAG VAID
VD1 Ic2
vioe—3]ica
‘l“’- 2ce
1
42CI 9
ia- ac2 2y
3
12C3 sTRB
16 26
o)
15

4,386,399

ICACHE VALIDITY STORE 132

FIG. 110



U.S. Patent May 31, 1983 Sheet 272 of 427 4,386,399

CPMIRG CLK —q . :)L PRG BLK

MDATA RDY:
SEL 1CPX
SWIT MUX
PRG BLK ——
B5-J
0——'-‘<Do-‘-"— PRG BLK
1
SEL
- o B
1CP23 A
1086 “5 bo zepI— ADRE3
ICP24 Al
0o 1: B zipie— ADR24
1CPo% A2
1028 1: B2 z2p3— ADRES
icP26 A3
1026 3|aa z3pt— ADREB
ENAB
1
1]
SEL
B8
IcP27 AD
038 o 2° o U ADRE?
P2 Al
1031 31 B zpt— ADRES
1A2 9
lm_ B2 z2p-
4
“1A3 18
13/p3 piclog
ENAB

1
PRG BLK—J VALIDITY STORE ADDRESS INPUT

FIG. 111



Sheet 273 of 427 4,386,399

May 31, 1983

U.S. Patent

. dWd
clLl 'Ol
QYA Hal 13S ANV €€} HO1LVYHYJdWOD -IH
A _SSYJAE
——memes yvao
o ERS) wA —
~IH (0244
a1n ¥0l1 138
[dND DAD WI
49310 30N
a1A ¥AI L3S AA 3 L3 di
0-e+
r QI VA 9VL
¥ HOI HNI N3 d48 d03
__ __
NI3 NI3
\lmlmnﬂlm_n_nvm AHd FmIDJ|mI~I
98 gr——2Iddl AHd 98 gT—22421
S8 pT—EIdOl AHd S8pT——I2ddl AHd
4] |M.-|N_ d2] AHd 8 .lMAII'lIQNn_Ua AHd
€8f———11dJl_AHd €8———61dDl_AHd
2881 ddl AHd 281—=8Id2l AHd
18 m———6d21_AHd 1@ g—L1d2l_Akd
28 dol AHd A
8D  —gydLno3 T8 . dinoa  @8fe—8lddl Ahd
LV|—pr——510VL LV—p—HOLd HNI 1¥2l
N —AL LA V=229Vl
SVer—El9VL . SVl pT——l29VL
PV T———2lovL YV r——22ov.L
EVig—1IovL EVg—610V.L
evg—2lovl avig——819v.l
IV —69VL IV ——LIOV.L
oViy——8ovL BV e—SIoVL




Sheet 274 of 427 4,386,399

May 31, 1983

U.S. Patent

ELL Ol
eyl 43LJIHS

(HQ1) H31SI193Y
300034 NOILONHISNI

AlvSvd
glasvd
81asv4d

11os5vd
1gsvd
1108vd

-
=1
T

Si

T
av
2

s1

VELL 'DI4 OL VELL 'DI4 OL
e
3 T !
30 ETe)
EA €1t LR —r €A €l $ 183501
2A 2l iy 18804 ——1{2A 2l |y ¥ 13401
1A e $10504 —r 14 11}e $ 101
BA 21t s18A 215 -PEQI
-1 1-1
r E
2-Ty 18401 21t
€-Ihy 210201 €-Ity
IS oS 1ai IS @S
W_ 201 W_
= ) —
11aNo1
110801
— 1101
——a201
%, Hﬂ 3
guvsl
30 30
EA €1ty S198Y4 —r{eA €l 518301
2A 2l |y stasv4 —ar{2A 2l by 510801
1A 1t S12894 — 14 1 b 5101
A 215 s12A 21t5 1EQI
L ol
i e
e-1y 9-H e-1h
s oS s oS
5 T 5 ﬁ_
IHS
L 3 & 1eHS
9-1
A1

ns+



U.S. Patent

May 31, 1983

Sheet 275 of 427

4,386,399

FROM FIG. 113 FROM FIG. 113
r—t ——
— | SE—
4 o
1 = IDRPG—— 18 =
sg sl 09— S@ s
L3 10RC9— Li-3
Rl1-2 I0RBY 2l1-2
E 1
1029 410 ye H3 41p vo s
1013 S v H&+— Fasci3 I vi H4+—Fasca
IORC1 2 12 yoHE—Fasels 12 vy2HE— Fasea
IORBL3 13 Y3 FASAL3 113 vyall—rFasag
OE OE
¢ 12 1§)
1Q 9 i 9
s@ sl se s
-3 -3
1-2 -2
-1 I-i
D28 419 voHS 1024 410 yo >
1012 3411 v He 108 21 vi H4+— Fasce
I0RC12 Bio y2 HE IDRCB 12 y2HE— Fases
I0RBI 2 113 v3 H— IDRBS 13 yaHl— Fasas
OE OE
O O
13 13
Fascie
FasBi2
Fasale
®

FIG. 113A



Sheet 276 of 427 4,386,399

May 31, 1983

U.S. Patent

OELL 'OI4 0L
r—r—

geLl ‘ol + 0811 914 OL
8301
1§01
Py al
AT 8101 ,
30 ETS)
2vSv4 ——r{EA €1 {7 598y — €A €1y 9gy01
28sv4 —r2A 2l | ECELE —={8A 2l | 52801
3594 —r A 11 938v4 —r 1A ITHe 301
<24 21 51 @A o1 |- =zat
I-1p I~1te
2-1If= -1y
€1y €-Ify
s s IS S
mﬁ 1
-
T
£ Ju0!
—edl
——6 101
10% M_ % w NA\(—
o0wsi
J0 30
EYSY 4 S €1 LusOd —rEA €l |y — @¥a1
€889 4 —=r2A 2l by LESYA —=r{2A 21 by L9080l
£9594 e T b L3544 —1{ 1A T b )
s @A o1 s 2A o1 - €201
-1t 1t
2-If M 2-1i=
e-It 9-IH -1 g-1H
IS @S s @s
Tm, A %n
HIHS
—® ® —& HBHS

~1OX



Sheet 277 of 427 4,386,399

May 31, 1983

U.S. Patent

BusS v
2asuvd
83s5vd

Ivsu4
18504
10844

28301

QIN0I
——801
9101 .
o€LL 'Old
nmﬂ ¢ %
30 30
— 171 M> MM T *Gmwdm -] M\r el L_|||I|.‘»vmmn:
—=17 A -1 +HSVA 10 G cl Iﬂ|¢UdD~
—%T] IA 11 = LAELE 3T 1A 11 ﬂIvDH
51 @A a1 T 511 2A ) s 8201
-1 I-1
€-1 €-1j
15 s 1S [
2 W— 5] W«
2
1801
—10N01
~—101
L ) ——4 101
Wﬁ El
Q
30 30
“Ten af P A zoa
—3T] A g sSu4d —=T] g 53301
—T] A 1T = S3sud 5T 1A 11 T =10}
a1 SA 21 1 517 SA a1 3 12a1
-1 T -1 =
c-1 = -Ip=
€-1 1 €-1 T
IS @S IS @S
P -
= ¢
. —— -

8€L1 "Oi4 WOYS

ge11 'O1d WOH4d



U.S. Patent May 31, 1983 Sheet 278 of 427

4,386,399

PRST
FRC VLD
PC 4
SHAL 3 S s
IDR CLK A D>CLK Q@ ULo A
SHIL
1;| 9
sg s
-3 2ip ot Vio A
-2 R
I-1
d 12 vo S )
1l y) He
uLo c—B{12 y2 HE
uLp B—H 13 v3 Hl )
OE
s
1 IDR CLK B Ubok aetF—vuwn B
FRC SET UL
+5y
—o—NAt—e9 | o 12p otf—Vvio B
R
470
L—L’\/\/V —j)
3 o
470 4l
] 5 s
MWy IDR CLK C 3i5ak of—uvid c
470
Bip ate—vip ¢
R
lT
H -5 L 2
SET IDR vLD—=]
INH DR VLD—H
SET ULD

FIG. 114




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































