FIG. 1

(START )

ENABLE ODT CIRCUITS OF A PLURALITY OF
MEMORY RANKS INTO AN INITIAL STATE WHEN A
MULT I -RANK SYSTEM S POWERED ON

——35100

ENABLE THE ODT CIRCUITS OF THE PLURALITY
OF MEMORY RANKS DURING A WRITE OPERATION
WITH RESPECT TO A WRITE TARGET MEMORY
RANK AMONG THE PLURALITY OF MEMORY RANKS

——S5200

DISABLE THE ODT CIRCUIT OF A READ TARGET
MEMORY RANK AMONG THE PLURALITY OF MEMORY
RANKS DURING A READ OPERATION WITH
RESPECT TO THE READ TARGET MEMORY RANK

——S300

END

1/23




EINE.

vl €l

¢l I

3L 14M _ m NO | L¥43d0

T

)

8L T TR !
Qv

T18VS1@ V  T8NI7 /) |

718YS10

140-430d NO-H3MO

_ 43mod

¢ 9Yld

2/23



FIG. 3

RNKM

RNK2

RNK1
MEM
MEM

MEMORY
CONTROLLER
0

3/23




(0

a8y

B0V
U0y /

0L ,
4300090 77—
o0s N0y L/ 800Y 100 ooy
]
= 431S 1934
LIN0Y1D — 01907
0/1 |rt ON|1Y9 0/ | 06t ~OHING? y [ SS34aay
v | e Nvg 40V Ve
SEEIRERIESES ;
\) 0cY
esgy
Usg \ 1
AVHEY 8300030 | vy [y (oarron 21y~ 43151935 300N |
AHONIW T —
VYNV o /| W y 91907 [4300230
4Oy 434 T0HLNOD | ONYANOD
Oty
H3INNOD \\\mqq rwq
HS 3443
] T Oy
Uosy  e0sy Y09y ®E09Y,
08t 09%
00%
7 "9l

4/23




009

0LL

JMm O@m
LINN LINN |
HOLS 153d 104IN00 | |
NOILYNIW3L | SO | NOILYNIWAL =
LINoH10 100 |

G 914

N30
aos

iy

44

0¢.

5/23




r— 1
R - C AN - S
_ﬁ L U _._ | /AH |
| 19801 | Jr "
| | lgpe NBO! DSSA |
| L— 1 I8 _
| AN 1
0L6— 150 Jr “
8 JF—— 2] He—JH 1 ppe naol bssa |
| _%S_ . _
| I | L :
9y GY vy | _
006 _r|||m||1||||n|.m|||||||uu.M:L_ Lo NOY N
X A i

ERE IS RSSO | (PSS N P S e e | PR _.
"ﬁ 3/ 3/ lmmmou_.“ ﬂ “
| | 9ge |c|o_% |
I I _ [

I I

| hg _NmS_ 5 H |
_ 0 _
| IS
| ey 2y R . baan |
_ | _ ﬁﬂ\ _
£96— |p— 29— 198— | p—1s51S 0 |
09/ L——{-————————{————————- - %m\rﬁ 1
DaaA DAaA baan oee” L ———p DAOA__

00 N30

9 9l4

9d9S

Gdos

¥00S

€3d2s

¢dds

1Q0S

6/23




Ldvd

NO [ 1v¥H3d0

Mo14
TYNDIS

HLVd

- S O S M -

7/23




m L A N " “ I\ | W " " _
| N S — — S I /71— —
BRI BB E R e
] I — e I —
! i | m i _" ! i i | i i
i ! ] _ : _ : “ “ “ _ m _
“ _ i " | ! | m m “ q i
m ) 0000 | — — | M
i ! ! i | |
HD SE ) GEECHD S HD EHD wmom X mucm wmgw ) SEECHD @G
# “ ﬁ
EL& mmom ) GEEUHD G xu\hmwo = O

| NN S e S

>

€l ¢

0 — . -
S
[SF. S S——

- = e e e e e

>
O-pe-—-

191 0

V8 "Dl4

><

m
X

cEl

—

2MNd™ 100
LINY ™ LJ0

[0:61]700
0O
L 40M

ZYNd awo
2INd SO

IING QWO
IMNY SO
I
1M

8/23



i i\ i ! i i i i i i i (I | W i i i _
— ,w m ,& e e s j SicoB L — : —— 210
100-IN z\:_mzé; m i MEO-E z\:_m_m_é; E\H Eo,;w K\ m W IMNY 130
1 2210 0/@0 wm| - : | = | I L [0:51]700
| AN (AN AN VL S s G
- I | 1\ T Loom
m D Sl SE(0D @E( mmgm ) = mmom X muom meo X SIS EHD mwam wmgm SO 2INY AW
! ! ! m ! ! ! ! ! m i ! I OINESO
| X530 X S3q X390 X =l E S EEEIHD S xu\m%m SECHD @ESECHD @[ FECHD G D GRS HD G o\t 4]
I 1 ! " __ i “ | | " w “ n i “ _
T T W N B T
W “ u_ X m ( _h " _ﬁ X _n X m X W _ L A__A u X X w X _‘ l oHv_o
| EL/ i i . : [_[/ _ : ! r 1 X0
l1®l 0°L IPL OPL €91 ¢91 91 091 291 9L 09L ¢€ei cel el OEl

g8 'Ol4

9/23



[ e e o o )

o

e ———————

NEL] | avd
Wd ul
_||||.I". ||||| 1
! |
_ |
W49 oS | |
- i ezl _
: _
[
. - |
ZZ _
cH3l mmo,& "
\\_ | _ NO | Ly43d0
2ud H _ GED
L ——— 4
_ | \H
" _
244 o m
HHHHHHHHHHHHHH“ _ MOT14 “ ..........................
REENN | | 915 > m ommh\
L lavd ! _ oavd ! y
7 _ ; W77,
[ ﬁ ) ) L 0Ha
—_— F————— [ ||||f||||NrI||||“||N|II||"|||L
E: T | ON 1l Hivd | 049
.......................... | INFHHND oz

10/23




i .\ i i | A\ i i i i\ i i CH | W i i i
| 1 1 | M- m m | 100-IN | - | m m
RN IR B
T00-IN | XN [LTSNVELY i O TTTSNVALX m ! I om I !
1 e | R
! ] m ] . ! !
m _w m Rl R
! _ ﬁ X | ] ! !
| | _ | ! | i i |
I CELCHD 8| SEID ) 510D e X ST XSOOSO S0 XS]
U S5 L‘m 530 X mmom Mmm”i wmom I GEECHD mmam X5 xu\‘a%m XS] muam ﬁ\“mmo. X aTX @am X mam
m \ AN | 5 m m N ™ T
| I | | I 1 | | | 1 | I |
(N 1 S . 1 R A T
A& Al _ A X XX X X X _ i ) W W
= [_f/ ! /0 ! [.,I/ ! ! ! !
0sL IPL OP1L €91 &9 191 091  <¢91 14l 04L ¢€el ¢el el Qel

OMNY 100
NG 130

[0:5L170A
D OHIOM
1 I0M

2INY QWO
ZANd SO

LINY QWO
IINY SO
M
130

11/23



i
=>

MC
MxRt t
DISABLED

11

12

RNK_NT
M*Rtt
MRt t

VDDQ

FIG.
FIG.

RNK_TG
M*Rtt

VSSQ

12/23

DISABLED

READ
WRITE

||||||||||||| M1 bemmedacaad pe=——rm—m— o
I I I
I I I
" | |
[}
AM— W
= =+ | i o=
+—
= - Loz F|
X X
&l = | " o= =
IIIIIIIIIIIII Jd b e e
||||||||||||| 1 &) T
| = 1 1
“ | |
—AW— —W—
o _ | — oyl
x| I | +— S|l
— I T 2
=l = _ | = =l
||||||||||||| 3 | = et e 2L s
||||||||||||| N I
| I |
| | |
| | |
A— W
— = | | ol
b +— 1 | +— x|
Z £ T Z
o
= _ | = |
||||||||||||| Jd | e s g i e
=
S
T\!
Ll <t S [
— o
— Ll
o oo
= O




13

F1G.

IIIIIIIIIII

e e i e

NC

et e

VDDQ

e O |

READ
OPERAT\I ON

vssQ

IIIIIIIIIII

13/23




as

44

434A

Savd

e e o o e o e e i L

i

914

1S

14/23




FIG. 14B
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FIG. 15B
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