



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fast Page Mode Read Modify Write Cycle

RAS

Address

110

110

420

trasp tre
ViH- ! .
Vie- \ 4
trRWC
torel treo tcas tcp tcas tep tcas _teen
Vi ) 4 b f \ ’
IH- /
Vi j \\( Jz \ J/ \: £/
traD tRAL
tasr| [tran tasc tcaH tasc | | tcan tasc| | tcan
il A ] |y sl ! L—-l
ViH- 4 b 4 \ 4 \ s
Vi x Row 50; Col. Col. Col.
= / N b N b
trwo I tace tcpwp [ tagh tewo towL
tawn tow tawp tow 1™ tawp tRwL
y tﬁfs fowp : twe, | tRCS towp : twp | | 1Rcs towo : Twe,
IH-
Vie- \ \ \
trac
taa taa taa
tcac toen, teac toEH tcac toeu
}4—» | =] L—-I
Vi toea toea [toEA| v
iH- 4 4 Y\
ESANNNNNN\\ I\ N NN
tez | |toen tewz toeo tcz
Voh-
VoL-
ViH-
Vi-

Remark In the fast page mode, read, write and read modify write cycles are available for each of the consecutive
CAS cycles within the same RAS cycle.



CAS Before RAS Refresh Cycle

Vir-

RAS Vi

Vin-

CAS -

RAS Only Refresh Cycle

Vin-
Vie-

Vin-

CAS Vi

Vin-

Address Vi

trc trc
tras tre tras tre
\ i / \
trec tcsr tcHr trec tcre
tcsr tcHR tcen
) , \ / WA
Remark Address, WE, OE : Dontcare I/O: Hi-Z
trc trc
tras L trp tras trpP
I / b / ‘
4 ( ; N
tcae
tRPC [
tcre teen
!\_/( )s
tash tran tasr tRAH
"\
Row Row
N A

Remark

WE,(—)_E: Don't care 1/0: Hi-Z

421




422

Hidden Refresh Cycle (Read)

RAS

CAS

Address

110

Vik-
Vie-

Vik-
Vie-

Vik-
Vie-

— T T
e
i, AREARARRRARANNY

I

AN

trac
tan toFF
tcac toez
toz
tez
Hi-Z f
--------------------------------------- X>§ Data out



Hidden Refresh Cycle (Write)

Vin-

RAS Vil

ViH-

CAS Vi

Vin-
Address Vi

= Ve
Vie-

Vin-

110 Vi

tre trc
tRas trp tras trp
\ jg \ N
\' J \( \__
tcrp trcD tRsH tcHr tepn
4
/ ) / ___
traD
tasc tean

tasr| | tRaH
[

y X
Row
X 7 X

AN

Z

I

tos

XXXXRXXKXN)

Data in

Remark OE : Don't care

(XX KRR XXXRRRRXXXRX

423




424



Timing Chart 5

425

i)




426



Read Cycle

RAS

CAS

Address

/0

Vis-
Vi-

Vin-
Vie-

Vin-
Vie-

Vib-
Vie-

Voh-
Vor-

tre
tRAS tre
\'t ﬂ \____
tesH
tcrP tRCD tRSH teen
\ tcas 4 Y
/ Y /
tRAD tRAL
tasr| | tRAH tasc tcan
e e e
r \
Row Col.
X X 7
tRCH
e
tRcs tRRH
L[/, AAANANN
L trac
f taa toFF
tcac
toz

Hi-Z

mf Data out

427

I




Early Write Cycle

5 XN e XN e XRXRXKXKXIKXKXIXRN)

R \\\\\\\\\\\[i L/

tos toH
o3 4—-————»1

o i XXRRORRR s

428



Fast Page Mode Read Cycle

tRasP trp
J— -\ k
RAS Vin \ tRHCP Z
Vi- . 7
tesu tec tRsH
tere tRCD tcas tcp tcas tcp tcas tePN
]
cAs U 3 iR R f ’1\_
Vi- X 7 K 7 X Z /
tRAL ]
tRAD 1
task | {tRaH tasci tcaH tasc tcaH tasC | tCAH
Vik- N \ 4 \ y ﬁ
Address
v W O e XX e KXRN e KKRRX
tRcH
tRcs tRCH|  ftRCS] tReH|  [tRCS|
r<___, le— tRAH
e Yk 4 /
E
WE o \/ \/
. trac tace tace
! taa taa taa 1OFF
[ torFF tcac torr tcac
toLz tciz tcuz
Von- Hi-Z i X Hi- Hi-Z
l tug P2 d Y Dataout Ne-eee-cieeeas
/O VoL LData out ?- Data out 1?— Data out E

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles

within the same RAS cycle.
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Fast Page Mode Early Write Cycle

trasp trp
AAS ViH- ﬁ\ tRHCP ; %
Vi- N W,
tesH tec tRSH
tere tRcD teas tep teas | ter tcas L feen
~= VH- ! at ; / \ ’ /
Cas Vie- _/ \\ J \t )]Z Sﬂ 7
tRAL _'
traD - 1
t:s_ru m‘_;m Es-ﬂ tcaH tA-si‘ tcaH ‘tg)‘sc tean
ViH- p A \ / y 4 !
S T3, S .0 WD 010 D 010
I I AVAY \ Y, \ Y
twes tWeH twes twer twes twer
o V-
fos ton Jos| 1 tow tos ton

/10 xr__ m Data in ;mz Data in 1 Data in ‘X‘X‘X‘X‘I’I‘X‘XX

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles
within the same RAS cycle.




CAS Before RAS Self Refresh Cycle

. tRASS trps
—— V- { 3
RAS . « / Lcl‘i\_
N
tRPC
tcHs teen
]
tCSR

S , /X

Remark Address, WE : Don't care  1/O : Hi-Z

Cautions on Use of CAS Before RAS Self Refresh

CAS before RAS self refresh can be used independently when used in combination with distributed CAS
before RAS long refresh; However, when used in combination with burst CAS before RAS long refresh or
with burst long RAS only refresh, the following cautions must be observed.

{1) Normal Combined Use of CAS Before RAS Self Refresh and Burst CAS Before RAS Long Refresh
When CAS before RAS self refresh and burst CAS before RAS long refresh are used in combination, please
perform CAS before RAS refresh 1,024 times within a 16 ms interval just before and after setting CAS
before RAS self refresh.

(2) Normal Combined Use of CAS Before RAS Self Refresh and Burst Long RAS Only Refresh
When CAS before RAS self refresh and burst RAS only refresh are used in combination, please perform
RAS only refresh 1,024 times within a 16 ms interval just before and after setting CAS before RAS self
refresh.

For details, please refer to How to use DRAM User's Manual.
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CAS Before RAS Refresh Cycle

ViH-

RAS Vi

Vin-
Vi~

tRC

tRe

-\

tcsh

tRAS

tRP

tRAS

trp

tCHR

N\

/ N

_

—

tRPC tcsr

tCHR

tRPC

teen

\_/

Remark Address, WE : Don't care I/O: Hi-Z

RAS Only Refresh Cycle

tre tRC
tras | trp tras | trP

e ZP———x v X
RAS | N\ N\ \
tcrp
tRPC [~
tcrp teen

=~ V- ;F Y\ 4

CAS Vie- 5 \__/

tsn | | than tsR | | thar
" \ \
Vie- -

Remark WE : Don’t care

CRP \——

1/0:

Hi-Z




Hidden Refresh Cycle (Read)

RAS

CAS

Address

/0

Vin-
Vi-

Vin-
Vie-

ViH-
Vie-

Vin-
Vi~

Voh-
Vou-

tre tRe
tRas trp tras | trp
h\ N Jz X
N X
Il% tAcD tRsH tcHR teen
\ \ - \
X \_
tRAD tRAL
tasr tRAH tasc tean
| p—] [
\ .
K b
tRCs twhHr
‘ NNANRRRRNRRNRNY
tRac
r taa OFF
tcac >
tewz
Hi-Z X Hi-Z
Data out )

433
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Hidden Refresh Cycle (Write)

RAS

CAS

Address

3
m

e}

<<

<<
TF

X VAR I} N
ljcﬂ; - \ = 4 : N
_/ ) y \

trRaD

tRAH

- XXXX

Row jKXx

Col.

tweH

XKKXXXRKXXKXKXXXN)

% AN

T

Data in

XXX XXX XXX




Timing Chart 6
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Read Cycle

RAS

CAS

Address

/10

Vin-
Vie-

Vin-
Vie-

Vik-
Vie-

Vin-
Vie-

Voh-
Vou-

trC
tRAS trp
i i X
tesH
tcrp tRCD tRSH tcpN
\ teas 4
/ \ X j AN
trAD tRAL
tasr| | tRaH tasc tcaH
[
A p! 4
Row Col.
. 7 ¥
treH
<1
tRes tRRH
L trRaC
! [ toFF
teac
tez
Hi-Z Hi-Z
- {_ Data out E ---------------

437
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Early Write Cycle

tras trP

RAS N

CTS:”

<<
—
Wt
=4
g
<L
\‘N

\/
A

XXX

XXXX

H
p s \
Row Col.
" 7 X -

<<

g T
I
B

Address "
IL-

KXXX

XXX

S
m
<<

w \\\\\\\\\\\ﬁ T

" RRARRRN o KURKKRHAKKKKRRX

/10

<<




Fast Page Mode Read Cycle

RAS

CAS

Address

110

ViH-
Vie-

Vin-
Vie-

Vin-
Vi-

Vin-
Vie-

tRASP trP |
5\ tRHCP ZZ *
N 7
tesH tec tRsH
teap treo teas tep teas | Lter teas teen
1
N\ AR ik N
X 1 Y £/
tRAL |
trRaD 1
tash | [traH ASC] tcAH tasc tean tASC | tCAH
e ] 2] <
N \ y/
Row Col. Col. | Col.
V. y, N\ N
tRCH
tRcs tRCH|  ftRCS) treH|  [tRCs|
] le tRRH
ZIT7 \ / NAANN
trac tace tace
= taa taa 1aa toFF
teac torr tcac torr tcac
tcLz tez ez
% X\ A / \ Hi-z
'-"-""-----"ﬂ'--z--------w Data out E---"-- Data out E---'-- Data out E -------------
X 7 x 7 X

Remark Inthe fast page mode, read and write cycles are available for each of the consecutive CAS cycles
within the same RAS cycle.
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Fast Page Mode Early Write Cycle

tRAsP L trp |

RAS Vik- \& tRHCP
ViL- K 7 ;
tesu tec tRsH
T'C:‘_P_ treo tcas tep teas || tep teas | teen
cAs \ \ \ /
Vi- X 7 X X 7
trRaL l
tRAD 1
tasr| [tRaH itasc teau . tasc tcaH tasc | tcan
- ] | (‘D‘
ViH- 4 p! r X X 4
.0 20 ) G 1000 S0 145 I8 100
a X 7 N 7 7 N
twes twer twes twe twes || twen
WE Vik- . /
Vie- i 7 7
tos toH tos tos toH

(XX (XXX

e toH
o b TR T

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles
within the same RAS cycle.



CAS Before RAS Self Refresh Cycle

trASS tres
J— — \ 4
RAS xm \ Z tCﬁP\
- X —
N
trec
teus teen
tcsm
——= V- '4
CAS "~ ﬂ ; L / \
I N '
twsh| |twHR

- ,
/A INTI11111FALILERRRARERRRRRRRRRRNNY

Remark Address : Don't care 1/0: Hi-Z

Cautions on Use of CAS Before RAS Self Refresh

CAS before RAS self refresh can be used independently when used in combination with distributed CAS
before RAS long refresh; However, when used in combination with burst CAS before RAS long refresh or
with long RAS only refresh (both distributed and burst), the following cautions must be observed.

(1) Normal Combined Use of CAS Before RAS Self Refresh and Burst CAS Before RAS Long Refresh
When CAS before RAS self refresh and burst CAS before RAS long refresh are used in combination, please
perform CAS before RAS refresh 2,048 times within a 32 ms interval just before and after setting CAS
before RAS self refresh.

(2) Normal Combined Use of CAS Before RAS Self Refresh and Long RAS Only Refresh
When CAS before RAS self refresh and RAS only refresh are used in combination, please perform RAS

only refresh 2,048 times within a 32 ms interval just before and after setting CAS before RAS self refresh.

For details, please refer to How to use DRAM User's Manual.
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CAS Before RAS Refresh Cycle

tre trC

trRAS trp trAs tRP

Vi Y !S K

Vie- S Z
trrC tesm tcHr tRPC tcre

=
&Syl \ / W\ / \ /' \

RAS

tcsm teHr

=
-

tWSR. twHR

W [1]] A11111111111EELEEERRRRRRRRRRRRANY

Remark Address: Don’t care 1/O: Hi-Z

RAS Only Refresh Cycle

trc tre
tras L tre tras tre

e [E——s v Y
RAS V::” N N N
tcrp

tRPC [
teen

~—= Vi \ 4 \
CAS Vi- / \_/
tasr tRAH tash than
y \ s \
Address Vin- Row Row
Vi " 4 X 7

Remark WE: Don't care 1/O: Hi-Z

tcre

r

442



Hidden Refresh Cycle (Read)

RAS

Address

110

ViH-
Vie-

Vik-
Vie-

Vin-
Vie-

Von-
Vor-

tRC

tre

trAS L tap tras L tre
- C
X / JA \
lerp trco tRSH tCHR | tepn
7 ) N
N\
tRAD tRAL
tasr tRAH tasc tcaH
[
r
m Row Col.
K -
tRCs twHR
i 3&\ 3\3\\\\\\\\\\\
tRAC
r tan tOFF
teac -
tewz
Hi-Z \ Hi-Z
%@g Data out E
b — b,

443
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Hidden Refresh Cycle (Write)

tRas

m 1H-
1L

tRSH

<<
voF

)
L
]

tcan

Address

<<
O
één
<]
<]
2
L
’.EE

D

(DX XXRRRRRRR

tweH

g

<<

Z

T

SAANNNY

/0

<<

(o
e s
- -

XXX RRRRRROORXKXXRX



Timing Chart 7
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Read Cycle

ViH-

RAS Vie

Vin-

CAS Vil

Vin-

Address Vit

= V-
WE Vie-

/o VoH-

tre
tras tap
N 7
7 \__
tesH
{crP trco tRsH tcen
tcas
4 \
J \\t / &
traD
tasr | | tran tasc toan
-
=X
ow 7 g Col.
treu
[
trcs tRRH twez
X
1111111/ \_Y///
: ! trac twez
torc
tcac torR
i- / \ i-
e reneenen HEZ L eoeeeeeeeeeeeeemeeemeeenn e e @; Daaost  Je--Zeo.
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Early Write Cycle

tre

tras

trp

tesH

trco

tRsH

=& V-
CAS Vi /

Address :“

tRAH tasc
o

tcas

N

tepn

XX

Col.

=
m
<<

—
.

L

[l[e]

<<

s 1 TXRRRRORY, |

& XXXXKXXXXXX

tos
ey

toH

Data in




Hyper Page Mode (EDO) Read Cycle

RAS

Address

l[e}

Remark

ViH-
ViL—

Vin-
Vie-

ViH-
Vi

Vin-
Vi

trasP trp
N =
tcsh thpc trRsH
tcre) trco tHcas tcp tHcas . tcp tHcas teen ]
/ ik i [ 7\
\t X X C /
traD trRAL J torr
tasr| |tran tcan tasc| | tcan tasc| [ tcan ! torc
[ >
s s
DL S 0 S 0 D
7 N X
trel
tRes tRRH| twpz
) —>
/ tace tace S‘ 7/ /
trac tan tan twez
[ j—>
taa tcac tcac
tcac toHe toHe
touz
Hi-Z s X 4 7 \
------------------- ESCTTEPRRS , Dataout }--<>§( Data out }}---Q Data out ,}---'

In the hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles

within the same RAS cycle.
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Hyper Page Mode (EDO) Read Cycle (WE Control)

trasp trp
— trHCP
— VH-
RAS - N\ /]
tesH trsH
tore taco tHeas tHeas tHeas teen
> >
=R V- N Y X 4 y 4
CAS Vie- / \\_s 72 % / %c i/ / \
traD tRAL torr
tash| [tran  [tasg tcan tasc | |tcan tasc tcan | torc
'4—»{ 1.] > F—J et »—ja

Address g'“' m Row :Pog‘ Col. §<XX>§ Col. "§<XX>§‘ Col.
L= X 7 - re——

twez .prz l trcu
tes tacy) + | trcs  thow,] _i- | lcs tren | twez
\

w I \ 74

» . twez]
taa
tcac twez twez
tez
1o Vou- Hi-Z \
VoL— "TTTmTmmmmemsmesssefieceneeene Data out Data out Data out ,E’ Rhbd
I

Remark Inthe hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles
within the same RAS cycle.
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Hyper Page Mode (EDO) Early Write Cycle

Address

110

Vin-
Vie-

ViH-
Vie-

Vin-
Vie-

ViH-
Vie-

Vin-
Vi~

trasP L tee |
51\ trRHCP }é #
- 7
tesu tHpc trsH
torp trco tHcas ter tHcas , [ ter tHcas , . feen
I |
N /) /N
\ X 7 X X
traL r
trAD 1
ta t [t tasc
| o s Lo sAji osp Lton
XK e XX KOO XXX
Row Col. Col. Col.
K 7 K. 7 - 7
twes twew twes twen twos | | twon
NN : S
tos toH tos toH tos toH

\

\
Data in
7

\
Km Data in
7

Remark Inthe hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles
within the same RAS cycle.
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Hyper Page Mode (EDO) Read and Write Cycle

RAS

CAS

Address

110

110

Remark

Vin-
Vie-

Vin-
Vie-

Vin-
Vie-

Vin-
Vie-

Von-
Vou-

Vin-
Vi-

tRasP trp
— S
tesn thpc trsH
tcrp trco tHcas tep [ tHcas L teen
i U T s
7 X N
traD traL I
tasn| |tran  [tasc] toan tasc| | tean tasc tcan
[ (> e "—b
-\ s r ‘_’]
DD D L D .0, G 00
I v N 1 1
trcs tReH|
o g twes twen
/ tace *\ V ; ; ; ; ; ; ;
-
trac taa
" taa teac
teac }P: c twez
tewz
i X \ i
----------------- Hl-z------------ax Data out }-<>§ Dataoutj}--------------H-'-Z---------------*
tos ton

i Datain = re-sese-seneciann

Inthe hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles
within the same RAS cycle.



CAS Before RAS Refresh Cycle

trc trc
tras trP tras | trp
=+a V- - X
RA
s N Vi N \
tcRp
}*D
tcsr tcHR trrc tcsr tcHr trec tcen

s v\ / N\ / N/

Remark Address, WE: Don’t care 1/O: Hi-Z

X Z

RAS Only Refresh Cycle

trc trc
tras | trp tras | tre
v ) — ; :
RAS " N\ N\
tcrp
trrC [
tcrp tcPN
s VH- * D
CAS Vie- \_/
task tran tasr tRAH

Vin- L \ \
Address Row Row
Vie- y, X 7

Remark WE: Don't care 1/0: Hi-Z
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Hidden Refresh Cycle (Read)

RAS

CAS

Address

l{e]

ViH-
Vie-

Vin-
Vie-

Vin-
Vie-

Vin-
Vie-

tre tre
tras ._trp tras tre
—_— I
A 4
tcrp trco tRsH tcHR tcen
\ \ /!
/ \ A A | U
traD tRAL torr
t
tasn| | traH tasc tcan 0Fe
> (> -
y 4 X
Row Col
\. N /
treH
trcs twhR twez

Data out




Hidden Refresh Cycle (Write)

trc tre
tras . tep tras trp

ms W\ /N

S'T:
|

™
1

g

E:Té:"

<<
/y
ot

Address

<<

& X0 XXK_enXXXO0QROORN)

twes tweH

S AN LI

tos tou

<<

lle}

1 XXXOXKXK)

Data in

(KRR KRR XXX KRR

<<
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Timing Chart 8
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Read Cycle

RAS

CAS

Address

WE

tre
trRAS trp
ViH- \
Vi- | W
tcsH
tcrp trco tRsH tcen
Vin- X \ tcas n'4 ‘
Vie- \ X / \_
trAD tRAL
tasr | | traH tasc tcan
ViH- 4
tReH
trcs tRRH twez
Vin- \
e LY \_L///
1 trac twez
I taa torc
tcac torr
tez
- \ i-
VOH= e 'i‘.Z. ....................................... Dataout ..-.':‘!.Z..-..
Vor- ~
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460

Early Write Cycle

RBRAS Vk-

CAS

Address

Vi-

Vi-

Vik-
Vi-

= Vik-

/{¢]

Vie-

ViH-
ViL-

tre

tras

trp

tesH

tRsH

tcrp trco

tcas

XXX wor KXY

Col.

twes

twen

AN

tos
st

toH

y
K

XXXRXXXX

Data in

XXXXXXX

YXRXXXXXX




Hyper Page Mode (EDO) Read Cycle

RAS

Address

o

Remark

tRasP trp
Vie- x Z
tosn tuec trsn |
, tcre] tncn) thcas tep ticas |, tep tucas - teen
H— ‘ s t 5
V- / %5_7 N s( Z \_
traD tRaL J torr
tas| |than  ftasg toan tasc| | toan sl | toan ' torc
ViH—
Cf
trcs tRRH| twez
{ e
Vin- Y
w LU { //
trac tan taa twez
™ taa tcac toac
tcac toHe toHC
toz
Vo e O pamon X )
VoL- Data out ! ata out ! Data out

In the hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles

within the same RAS cycle.
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462

Hyper Page Mode (EDO) Read Cycle (WE Control)

RAS

CAS

Address

110

Remark

trasp tre
—
tRsH
tHeas tHcas teen
1
’
N A N X
traL i torr
LC_‘EI tasc _]&A‘ﬂ L torc
¢
Col Col.
1 t 1 re—
twpz tr
| tcs  thck | trcs AR | twpz

)

/7

.
taa tan twez
] teac teac
le teiz
twez twez
Data out }--- Data out } ----- Data out

‘E—----

Inthe hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles

within the same RAS cycle.



Hyper Page Mode (EDO) Early Write Cycle

ViH-

RAS ViL—

ViH-

CAS Vi

Vin-

Address Vie

Vin=
Vi-

Vin-

1o v,.-

trasP trp
\ trHCP
\ } \
tcsH tHPc tRSH
tcrp trco tHeas ter tHeas L ter tHcas ) teen
\ - N /7
\_S___) R___J
traD tRAL _r
tasr ER_AE 2_3_3‘ toan &A_SC. tcan tasc| | tcan
L p p
LSS O BEED 000 S VA8 D 000
2 K A | 7
C; twen twes twen twcs| twen
NARAANY N\ N L1
T T T
tos toH tos toH tos ton
> (>
p

Remark Inthe hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles
within the same RAS cycle.

T AR e T

463



464

Hyper Page Mode (EDO) Read and Write Cycle

RAS

CAS

Address

/10

/10

Remark

tRasP trP
Vi
tesH thrc tRsH
torp trco theas tep treas [ tHcas e tOPN
Vi 4 3 Y\ ‘St /
H=
Vi %k 72 y(___JZ \S(
traD tRAL I
‘tﬂ tran  tasg tcan tasc| [ tcan [hsc| 1] toan a
- s \ s
Xm0 = eo XXX e KRXRRX
[ K 7 d ( I
tres treH
Vin- r g twes twen |
Vu.—-/ tace \( K;Z;;;;;
trac tan
™ tha teac
teac toHC twez
|
tewz
Vor- Hi-Z Hi-Z
Vou- P LCTTTTRIILA P RTPRE E x Data out i}-()g Dataoutj}*--- -----------------------------

U AT S

Inthe hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles
within the same RAS cycle.



CAS Before RAS Refresh Cycle

trc trc
tRAS trp tRas | trp

AAS x:: —'—\( Zl—\ 7( CR:F

tesr tcHr trrc tcsr tcHR tRpC (;;N
W N / N / NV

twsr twhR twsr twHR

Vi i B | ]

w w [[/] \ /0 RN

RAS Only Refresh Cycle

Vis-

RAS Vi

Vin-

CAS Vi

ViH-
Address Vi

Remark Address: Don’t care 1/O: Hi-Z
trc tre
tras I tre tras | tre
!\ * Sx 4 )‘
tcrp
trrc <
tcrp tcen
_/ ‘ \_
tasr traH tash L
- \
X
1/0: Hi-Z

Remark WE: Don't care
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Hidden Refresh Cycle (Read)

RAS

CAS

Address

lle}

Vi-
Vie-

Vin-
Vie-

Vin—
ViL-

ViH-
Vie-

Data out

trc trc
) tRas . _tep tras trp
-
X N N
tcrp trco tRsH tcHR tcen
)
__/ \t / \__
trap trAL
torr
tﬂ tRaH tasc tc’:u torc
4
R e KR
k 7 —
L | Thon
tros twhr twez
' (/////.
trac 2 /
b tan twez
tcac
towz
Hi-Z



Hidden Refresh Cycle (Write)

RAS

CAS

Address

[l[e]

ViH-
Vi

Vin-
Vi

ViH-
Vie-

Vin-
Vi-

ViH-
Vi

tre tre
tras trp tras trp
\ N
" 7 N
torp trco trsH tewn topn

_/

trAD

.

g

tasr| | tran tasc tcan
i —]
\
Row Col. ]

AN

tweH twsr twhR

QRXKXXKXKXIKXIKXIKXKXXX
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Timing Chart 9
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Read Cycle

RAS

CAS

Address

lle}

tre
tras trp
Vin- \ / \
Vi &—( N
tesk

tcre trep tRsH teen
Vike Y tcas 7 \
Vi \ N \

traD tRaL
tasr| | tran tasc toan
! ]
—\

Vin- L
Vi " Row

\ s
@ COL
V. -

tres)

trcH

tRRH

w /L1 L1

trac
taa torr
tcac
tcz
Von- Hi-Z
VoL Data out
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Early Write Cycle

s7a V- \

CAS

Address

Vie-

Vin-
Vie-

Vin-
Vie-

w= Vb=

l[e]

472

Vie-

Vin-
Vi~

tre

-

T

tras . tre
\ / i
F 7
tesH
r}ﬂ‘f, treo trsH tcen
X toas 7
_/ \\ [/
Z
trAD
ta
SR| | tRAH tasc teaH
"\
Row Col.

X 7

NN\ I 777777/ /111111
SRR, oemr HXXKKKXXCKXXRX




Fast Page Mode Read Cycle

RAS

CAS

Address

1/0

Vin-
Vie-

Vin-
Vi

ViH-
Vi

ViH-
Vie-

Von-
Vou-

trasP tee
5\ trRHCP ZP dg
N 7
tosu trc tRsH
tere treo tcas tep tcas tcp tcas teen
il
I\ N\ /N [/
7 7 X 2
traD o ‘!
tasr | [tRan tasc| tcan tasc tcan tasc | tcan
j— ] i
y \ —\ \
Row Col Col. Col.
- 7 7 N y, N
treH
tres tReH RCS| treH|  tRes|
I<——> le{ tRRH
\/ \V N\
trac tace tace
! taa taa tan torr
toac torr tcac torr tcac
oz teiz tcz
i A X i X i A Hi-Z
- .- HEZ {X Data out }----- Data out }% Data out E -------------
K 7 7 -

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within

the same RAS cycle.
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Fast Page Mode Early Write Cycle

Address

l[e}

ViH-
Vie-

Vis-
Vie-

Vib-
Vi-

trasp L tp
N\ trHce }_—t
\ ,
tosH tec tRsH
terp trcp tcas tep tcas ﬂ_‘ tcas , . tern
Y \ F £\
J/ \ \ N
traD toa :]
tasr| |tran tasc| tcan tasc tcan tasc | tcan
el I e [t

<=
4 X 1 4
e 0 KRR oo HRRR
|0 7 \N 7 7 N

twes twen twes twen twos | | twen

NN NN 200 720 N 77/ 4444
os | ton fos ton tos ton

XXMXL Datain 4; Datain ‘X’X’X‘X‘X‘X‘X‘I’I

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within

the same RAS cycle.



CAS Before RAS Refresh Cycle

tre tre
tras | tre tras ! tre
=7a VH- \ / \ 4 \
RAS |~ \ / N
CRP
l‘—b
tcsr tcrr trrC tcsr tcrr trrc toen

7w\ / \! / NN

Remark Address, WE: Don’t care 1/O: Hi-Z

RAS Only Refresh Cycle

tre tre
tras P tre tras | tre

—— V- \ - X
RAS | ° N\ ) s\ / N\

tcap

trpC <

tcre teen

== VH- ?F p 4 \
CAS Vi \_/ \

task tran tasr tRAH

oo 32 KQOK_mo XXXXOOUK__r JOOOK_—

Remark WE: Don‘t care 1/O: Hi-Z
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Hidden Refresh Cycle (Read)

RAS

CAS

Address

110

Vin-
Vie-

Vis-
Vie-

g

tac trc
tras tep tras o tee
N \ ‘Z' %
fore taco trsH tewr teen
_/ PRt ‘ ‘
trap traL
tasm traH tean
[

A
L

[ iE
I

p|
2

trcs

twhr

trac

ANNARARANANNNANY

77771777

taa

torr

tcac

AN

\
Data out 75---

Hi-Z




Hidden Refresh Cycle (Write)

Address

110

i \ 7N J*_’ \__
) '_tci’. trco ) trs [ ) toe

w F Y J/ N
v XXX o

NN\ 771/
v SRXXRXRXRXA oo XXRXRXRXKKCKXXXRXKXKRK
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Timing Chart 10
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Read Cycle

RAS

CAS

Address

110

trc
trRas trp
Vin- # / 51
Vie- %( 2 \
tesk
terp treo tRsH topn
Vire X tcas 4 X
Vie- / \\ / \
traD tRAL
)(‘A_s_n, tRAH tasc tcan
ViH- p \
trRoH
tres trRRH =
Vik- 4 \
Vie-
L trac
! taa torF
tcac
ez §
Von- Hi-Z X Hi-Z
VoL~ Data out )
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Early Write Cycle

RAS

CAS

Address

110

v N i AN
v A\ /] AN
- [ rov XX oo ]

v \\\\\\\\\\\f L
Ve oatam XXOOOOOXXXXXXX

K




Fast Page Mode Read Cycle |
1
tRasP tRe ;
RAS ViH- 5\ tRHcP Z 4
Vie- N 4 ;
tcsH tec tRsH
tore trco tcas tep tcas tep tcas toen
>~
~—= Vmk- ;K y / \ N\ '4
CAS Vi~ \\k 7? \‘ 7‘2 \K / Y\_
tRAD tRAL | (
tasr | (tran tasc| tcaH tasc | | tcan tasc | tca
ot ﬂ—h e
Vin- 4 p! B [ - L )|
Address | X)E Row Col. KXXX)] Col. §<XXX>§ Col. E(XXX)(
- - 2 Y| N 7 Y,
treH
tres treH | RC| trRcH|  ftres|
— o [ tRRH
H 4
— Vh-
=\ 77077 Y / AN\
trac tacp tacp
I taa taa taa torF
[ torF tcac torFF tcac
toLz tez torz
Vor- Hi-Z Hi-z A\ X Hi-z X  Hi-Z
1 4 HizZ 24X Dataout [-e--osieeeen-
0 o !yt Data out 15- Data out @- g Data out 12

Remark Inthe fast page mode, read and write cycles are available for each of the consecutive CAS cycles within
the same RAS cycle.
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Fast Page Mode Early Write Cycle

RAS

CAS

Address

I}

Vin-
Vie-

Vin-
Vie-

ViH-
Vi-

Vin-
Vi

Vin-
Vie-

trasp L trp
_—'\\ tRHce * *
N 7
tos i tec tRsH
terp taco tcas | _tep teas , | ter toas L teen
‘ a2 a X
_/ \\( J \E \( 1/
tRAL I
traD 1
tasr| |tran  [tasc] toaH tasc | | toan tasc | tcan
[ [ ] <>
D y X 4 )
R 00 YRR == R == JRRRN
VX 7 K y N 7
twes twen twes twen twes| | twen
N YN Y7
) \ f o ¢ R "AVAVAVAVAYAVAYAYAY,
Datain @( Data in @t Data in y ‘A‘A‘A‘A‘A‘A‘A‘A A

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within
the same RAS cycle.



CAS Before RAS Refresh Cycle

tre tre
tRas trp tRAs | trp
== Vi \ 4 \ {
RAS | " N\ / N / CRPR
[y
tcsr tcHr tRPC tcsr tcHR trpC tcen
= V- \ \
CAS \ !
Vie- X Z _\\: 7/ \ / \
_twsr twrr _twsr twir
[ 1 I |
— Vm-
w v [//] \ / ALRRARRRRARRNRANY
Remark Address: Don’t care 1/O: Hi-Z
RAS Only Refresh Cycle
trc trc
tras L trp tras trp
== V- \ ; \ 4 Y
RAS Vi~ S‘ 7 S( Z \
tcrp
trpC [~
tcrr teen
CAs Vin- 4
Vi- \_/ \—
tasr traH tash than ]
Vie- K
Remark WE: Dontcare l/O: Hi-Z
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Hidden Refresh Cycle (Read)

RAS

CAS

Address

/10

Vin-
Vi-

ViH-
Vie-

Vin-
Vi~

Vik-
Vi

Vou-
Vou-

tre

tre

tras

trp

tras

tre

treo tRsH

traD tRaL

tcHrR ,

teen

tasr tRaH

tasc tean

X
N

)w \
y, /

trcs

trac

Z77T1ITT7

taa

teac

torF
e

torz

Hi-Z X
Data out )

Hi-Z




Hidden Refresh Cycle (Write)

RAS

CAS

Address

l[e]

Vin-
Vie-

ViH-
Vie-

VK-
Vie-

Vin-
Vi-

Vin-
Vie-

tRc trc
tras trp tras L tee
-—\.\_ 1 ZF—\;( —
F_Cﬁ', trco : tRsH town ) toen
_/ A\ \__
th Row :§<X>§ Col.
twe twsr twhHr
twes ama
ANV L/ ALRARRRRRRRANY
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Purpose

Readers

INTRODUCTION

This manual is intended for users who understand DRAM functions and design applica-
tion systems using DRAMs.

This manual explains the basic properties of DRAM and their use.

How to read this manual It is assumed that readers of this manual have general knowledge in the fields of

Legend

Related documents

electricity, logic circuits, and memory. For further details on the functions of each device,
please refer to their data sheets.
DRAM devices can be divided into 5.0-V and low-voltage operation devices. This manual
concentrates on 5.0-V operation devices (For information on low-voltage operation
devices, see CHAPTER 10 LOW VOLTAGE OPERATION).
This manual uses the following abbreviations for refresh functions:

CAS before RAS refresh — CRB refresh

CAS before RAS long refresh — CBR long refresh

CAS before RAS self refresh — CBR self refresh

RAS only refresh — ROR
Long RAS only refresh —» Long ROR
Active low ¢ XXX (top bar over pin or signal name)
Note : Footnote
Caution : Points to be noted
Remark : Supplementary explanations for main text

Numeric representations : decimal ... xxxx

Document related to the uPD4216100

e uPD4216100, 4217100 Data Sheet (1C-2923)
Document related to the uPD4216400

* uPD42S16400, 4216400, 42517400, 4217400 Data Sheet (IC-2922)
Document related to the uPD42S16160, 4216160, 42518160

* uPD42516160, 4216160, 42518160, 4218160 Data Sheet (IC-3217)
Document related to the uPD42S16160L

e uPD42S16160L, 4216160L, 42S18160L, 4218160L Data Sheet (IC-3218)
Document related to the Hyper Page Mode (HPM)

* 1PD4216165 Data Sheet (IC-3378)
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CHAPTER 1 DEFINITION OF DRAM

1.1 Classification of IC Memory

The CMOS IC memory can be divided into two main categories, namely RAM (RWM) and ROM (Read Only
Memory).

Figure 1-1 shows the classification of the CMOS IC memory.

(1

(2)

Figure 1-1. CMOS IC Memory Classification

HAM—EDRAM

(RWM) SRAM
CMOS IC memory

PROM
RoM—(_ Mask ROM

RAM (Random Access Memory)...RWM (Read Write Memory)

The RAM can be broadly divided into DRAM and SRAM (See 1.2 DRAM Features). The RAM memory freely
enables high-speed reading and writing.

The ROM also enables reading freely but the RAM generally enables both reading and writing freely. All
data in the RAM are lost by turning off the power.

The DRAM can be further divided into conventional DRAM and high-speed DRAM. High-speed DRAM refers
to synchronous DRAM and Rambus™ DRAM operating in synchronization with a clock and page access
time enabling as compared with conventional DRAMs. This user’s manual describes conventional DRAMs.
See each user’s manual for the details on the synchronous DRAM and Rambus DRAM.

ROM (Read Only Memory)
The ROM can be broadly divided into PROM and mask ROM. It is a memory exclusively used for reading
only. Data contained in ROM are retained even if the power is turned off.

As its name indicates, the ROM (Read Only Memory), once written, can be read only and hence cannot be"

generally rewritten. However, some PROM (Programmable ROM) can be rewritten.
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CHAPTER 1 DEFINITION OF DRAM

1.2 DRAM Features
The DRAM has the following features:

(1) Memory cell strumuW‘i@?ﬁ ——Large density easily provided

(2) Refreshing required
(3) Address multiplex method

The following explains the features (1) to (3) of DRAM in comparison with the SRAM.

(m

)

Memory cell structure

The memory cell stores one-bit data. One 16M DRAM has 16,777,216 (224) memory cells. Figure 1-2 shows
the memory cell structure of DRAM and SRAM.

The DRAM memory cell consists of one transistor and one capacitor and hence is highly integrated as
compared with the SRAM in 6-transistor configuration.

The SRAM memory cell consists of flip-flops (in 6-transistor configuration) and does not use any capacitors.

Figure 1-2. Memory Cell

(a) DRAM (b) SRAM (CMOS)

Word line |  Wordline |

Digit line

_ Digit line Digit line
apacitor
Flip-flop

Refresh operation

The DRAM uses capacitors in memory cells and hence must be refreshed.

The electric charge accumulated in DRAM capacitors tends to discharge little by little (leak) when left as
itis. Therefore, data cannot be saved simply by providing power supply voltage.

Let us call the condition of a cell filled with electric charge as a “high level”. If such a cell is left as is, the
electric charge contained in the cell will be lost through leakage and the cell will change to the low level.
The high level must always be maintained to retain data. Refreshing is the operation for constantly amplifying
electric charge to retain data.

The SRAM does not use capacitors and hence does not require refreshing.

Caution  Forsome cells, the condition of a cell filled with electric charge s called “low level” andrefreshing

is also required for those cells to maintain the low level for the same reason explained above.



CHAPTER 1 DEFINITION OF DRAM

(3) Address multiplex method

Figure 1-3 shows a diagram of the address multiplex method.
The address multiplex method uses two select inputs. For example, if an address line requires 20 bits, these
20 bits are read in two packets of 10 bits each. By thus reducing in half the number of address pins, high
integration and package miniaturization can be achieved.
The DRAM uses this address multiplex method. For this reason, it can be packaged more compactly than

SRAM for an equal memory density.

Although the SRAM does not use the address multiplex method, it enables easier timing design than DRAM
as data can be transferred using one select input only.

Figure 1-3. Address Multiplex Method (for address line requiring 20 bits)

(a) DRAM type (address multiplex method)

Select input 1

Select input 2

Address {AGito A9) > Row address >X¥Coumn addresg<

(b) SRAM type (address non-multiplex method)

Select input

Address (A0 to:A18) X _Row/Column address

A comparison of DRAM features and other types of memories is shown in the table below.

Table 1-1. IC Memory Features

Type
DRAM SRAM Mask ROM EPROM Flash Memory

Feature

Large density ) A ] O )]
Compact package (@) A A AN A
Data-retention capability VAN @] O (@] O
Bit unit cost (@) A ©} A O
Access time @) O O ] O

©: excellent  O:verygood A: lacking
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CHAPTER 2 WORD AND BIT ORGANIZATIONS

This chapter describes word and bit organizations using an example of 16M DRAM.

The word means a memory density controlled by one data I/O pin.

The bit organization means the number of data whose I/O can be controlled at one time. The x 4-bit device has
four data I/O pins and can control I/O of four bits at one time. The x 8-bit device has eight data |/O pins and can
control I/O of 8-bit data at one time. Therefore, word x bit organization forms an entire memory density.

For example, the memory density of 4M words x 1 bit is 4M bits and that of 4M words x 4 bits is 16M bits. The
word x bit organization may be different for the same memory density.

The word and bit organization may be called depth and width, respectively, when Figure 2-1 is viewed from the
side.

Figure 2-1. Simplified Block Diagram

16M DRAM (x 4-bit device)
(4M-word x 4-bit)

16M DRAM (x 8-bit device)
(2M-word x 8-bit)

4K 4K
Word ‘

Bit
organization

-
-

Four
Data I/O pins

\j '
Eight

When a certain address is defined, 4-bit and 8-bit data are selected for x 4-bit and x-8 bit organizations, respectively.
Therefore, if there are address pins available for defining all words (x 4-bit device: 4M bits, x 8-bit device: 2M bits),
the data of all addresses of memory can be selected.

S —]

Data 1/O pins

Table 2-1. Number of Memory Cells and Number of Address Pins

Items X axis Y axis
DRAM type Number of memory cells | Number of address pins | Number of memory cells:| Number of address pins
16M DRAM (x 4-bit device) 4K 12 1K 10
16M DRAM (x 8-bit device) 4 K 12 512 9

Because the DRAM uses the address multiplex method, the number of address pins is 12 for both DRAMs in

X 4-bit and x 8-bit organizations.

e et
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This chapter describes DRAM pin functions based on the uPD4216100 (16M-word x 1-bit device) and uPD4216400

(4M-word x 4-bit device).

3.1 Pin Configurations

(a) uPD4216100LA
(26-pin Plastic SOJ (300 mil))

CHAPTER 3 PIN FUNCTIONS

Vee 0—
Din 0—=f

A11 o—

-/

vi00L9Lzvad”’

(b) uPD4216400LA
(26-pin Plastic SOJ (300 mil))

o
26 f—o GND Vec 0—| 1 26 }—o GND
25 |0 Dour /01 0+ 2 25 |0 1104
24 }—o NC 1/02 0~ 3 24 o 103
23 [—o CAS WEo—~a §  23p—00TAS
22 }—o NC RAS 0o—{5 =4 22 }—o OE
21 o A9 A110—16 § 21 [—o A9
(-4
19 |—o A8 A10 0—{8 § 19 f—o A8
18 p—0 A7 AQo0—{9 ; 18 p—0 A7
17 |—o A6 A1o—]10 17 f—o A6
16 [—o AS A2 0—{ 11 16 f—o0 AS
15 [—o A4 A3 0—{ 12 15 f—o A4
14 —o GND Vec 0— 13 14 —o GND

3.2 Pin Functions (common to yPD4216100 and uPD4216400)

Pin name 110 Pin functions Remark
RAS : Row Address Strobe In {Signal that activates chip and fetches row address
CAS : Column Address Strobe In | Signal that fetches column address
WE : Write Enable In | Signal enabling write
Vec : Power Supply — | Power supply voltage pin
GND : Ground — | Ground pin
A0-A11 : Address In | Address input pin
Din : Data Input In | Data input pin uPD4216100 only
Dout : Data Output Out | Data output pin
OE : Output Enable In | Signal enabling output uPD4216400 only
1/01-1/04 : Data Inputs/Outputs | 1/0 |Data I/O pin

NC : No Connection

Not connected to internal memory
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CHAPTER 3 PIN FUNCTIONS

3.3 Pin Function Explanation
The pin functions of RAS, CAS, WE, and OE are explained below.

3.3.1 RAS: Row address strobe

This is a signal that activates chips. When the RAS is activated, DRAM operation begins. When the RAS is
activated, a row address is latched, the corresponding word line is selected, and the sense amplifier circuit is
activated.

The sense amplifier circuit is used to amplify signals in the capacitor.

The RAS is activated when it is low. The “ " (bar) indicates that this signal is activated when it is low.

3.3.2 CAS: Column address strobe
This signal fetches a column address, selects the digit line connected to the sense amplifier, and activates the
data I/O circuit.

3.3.3 WE: Write enable
When RAS, CAS, and WE are activated, write operation is enabled. Write operation is divided into two major
groups.

o Early write : WE is activated before or at the same time CAS is activated.
e Late write : WE is activated after CAS is activated.

3.3.4 OE: Output enable
This signal is used to switch between data input and output (for devices with multiple-bit organization only). The

DRAM is divided as shown in Table 3-1 depending on the word and bit organization.

Table 3-1. DRAM Word x Bit Organization

4M DRAM 16M DRAM
x1-bit device 4Mx1 16Mx1
Multiple-bitdevice | 1Mx4,512Kx8, | 4Mx4,2Mx8,
256 K x 16 etc. 1M x 16 etc.

In multiple-bit devices, the I/O pin serve both as the input and output pins and therefore I/O switching signal (=OE
signal) is required. In x 1-bit devices, OE is not required because the data input pins and data output pins are separate.
The data |/O pins used for multiple-bit devices and x 1-bit devices are shown in Table 3-2.

Table 3-2. Data I/O Pins

x 1-bit device | Multiple-bit device,
Input pin Din 1/01-1/On Note
Output pin Dour

Note n =4 : x 4-bit device
=8 :x 8-bit device
= 16 : x 16-bit device




CHAPTER 3 PIN FUNCTIONS

In multiple-bit devices, read operation is enabled when OE and then RAS and CAS are activated. At this time,
when WE is activated, OE changes to ‘don’t care’ in the memory and read operation is disabled. Therefore, read/
write operation is enabled only through the control of WE, with OE held active.

Remark Intheread modify write cycle, data are output and input once eachin one cycle. Fordetails, see 4.3 Read
Modify Write Cycle.
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CHAPTER 3 PIN FUNCTIONS

3.4 Block Diagram
The following two types of DRAM block diagrams are shown.
4#PD42S16160 (1M-word x 16-bit, 4,096 refresh)
1PD42S18160 (1M-word x 16-bit, 1,024 refresh)

(a)

(b)

Figure 3-1. Block Diagram

pPD42S16160 (1M-word x 16-bit, 4,096 refresh)

O0— Clock Ilower byte — ODE
UCAS O—| generator M
Upper byte  Data | |
control —1buffer (Lower byte)
VecO— I&_ﬁg before '/?1
GNDO— AS counter| 5 Data 1108
° —] input
Sl 8 Fbuffer
—I’_ 3 >|Memory cell array,
mo Tl T1 2L s
A0 address {xox11 o< s X X Data
| bUﬁer loutput]
AT Column 1 ["]buffer (Upper byte)
aggfrfess Y0-Y7 - I/CI)S
r
2 I |_[Deta yo16
input
Column decoder buffer
pPD42S18160 (1M-word x 16-bit, 1,024 refresh)
Il
O0— Clock ower byt —O0D0E
UCAS O0—| generator control
D
Upper byte| | —f JE7% |
control buffer (Lower byte)
VeeO— %YTSS before 101
GNDO— | |RAS counter] = ‘ I
k5 Data o8
J gl « input K
2| 8|Memory cell arra er
o | 9 y Y
Row __I——I 3 I
A0 address [xgxe & 1,024 x 1,024 x 16 Dot
| buffer oL npl It
A9 Column — 11 1,024 x 16 11 11 Fbuffer (Uppveégvte)
aggf’?;s | Sense amplifier Ki% |
Data /016
input
Column decoder buffer




CHAPTER 3 PIN FUNCTIONS

3.4.1 Block diagram explanation
The block diagram is explained below.

(1)

(2)

(3)

(4)

When RAS is activated:

When RAS is activated, the signal travels to the row decoder, latches a row address, selects the
corresponding word line, and activates the sense amplifier. The RAS also enables activation of CAS (Signal
priority is: RAS>CAS>WE>OE).

When CAS is activated:

When CAS is activated, the signal travels to the column decoder, latches a column address, selects the
corresponding digit line, and enables data I/0. The CAS also enables activation of WE and OE.

The UCAS and LCAS control the upper and lower bytes, respectively, thus achieving control in units of bytes
(See CHAPTER 8 BYTE CONTROL).

Also, when the CAS is activated before RAS, the CAS before RAS counter is activated, thus automatically
generating a row address.

When WE is activated:
When WE is activated, data are input.

When OE is activated:
When OE is activated and WE is inactivated, data are output.
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CHAPTER 4 OPERATION MODES

&
!

Operation modes can be generally divided into read and write. Read consists in extracting effective data from
memory and write consists in inputting effective data into memory.

In this manual, a series of operations required for read operations is called read cycle and a series of operations
for write operations is called write cycle. Before each operation mode is explained, legends used in timing charts
are provided in Table 4-1.

Signal names listed higher in timing charts have precedence over ones listed lower (RAS > CAS > WE > OF). ‘
If WE is low, OE is “don't care” in memory.

Table 4-1. Legend

Notation Meaning

Low or high level can be input and level can be changed from high to low or vice versa at any

m time.

Input of undefined levels (neither high nor low) is prohibited.

m High level can be input and level can be changed from high to low atany time. However, low-
to-high transition is prohibited.

M Low level can be input and level can be changed from low to high at any time. However, high-
to-low transition is prohibited.

Don't care Signals of all levels can be input. (Low, high, and undefined levels)

Hi-Z The output state is neither high nor low level.
(High Impedance)

507
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4.1 Read Operation

4.1.1 Read cycle

Read cycle is executed by activating RAS and then CAS while WE is not activated and OE is activated. The RAS
latches row addresses and CAS latches column addresses.

Figure 4-1 shows the timing chart for the read cycle.

Figure 4-1. Read Cycle
— e
RAS N __<2> /] N
e
elee. tcD tasH -—-—E!N-——.l
CAS i R\t tes ] A 1\_
: 184D fRaL
ash] | trany Ltasc|  ffoay
Address X)X, Row J Col,

\<1> ,<4>/ '_;w;_;] . » i

w 777777, NANNRY
<> toes
— PO, (- N——
GE \\\\\\I \\\I\\\\\\\\ ! Y.
| Eoem— e
loz
) _-<7> )

O reecmeccemmnenaesd 2 S iw Data out . E--m"z"
<1> Defines row address. RAS Active
<2> Activates RAS to latch row address. CAS Active
<3> Inactivates WE to select read mode. WE Inactive
<4> Defines column address. OE Active
<5> Activates CAS to latch column address. 110 Output

<6> Activates OF to enable output buffer.
<7> Start of data output.
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4.1.2 Access time
The effective access time in the read cycle varies depending on the conditions as shown in Table 4-2.

Table 4-2. Access Time in Read Cycle

Input Conditions Access Time Access Time from RAS
(1) | trap < tRAD (MAX) and tRCD < tRCD (MAX) | tRAC (MAX) tRAC (MAX.)
(2) |traD > tRAD (MAX) and tRCD < tRCD (MAX.) | tAA (MAX.) tRAD + tAA (MAX)
(3) |{trco > tRCD (MAX) tCAC (MAX) tRCD + tCAC (MAX)

The traD (MAX) and treD (Max.) are specified as reference points only; they are not restrictive operating parameters.
They are used to determine which access time (trac, taa, or tcac) is to be used for finding out when output data will
be available. Therefore, the input conditions trap > trab (vax) and treo 2 treb ivax.) will not cause any operation problems.

Assuming that the specification is as shown in Table 4-3, an example for Table 4-2 is shown below.

Table 4-3. Specification of a Certain Device (for read cycle)

MIN. | MAX. | Unit
tRAD 12 30 ns
tRCD 14 45
trRAC - 60
tAA - 30
tcac - 15

(1) When trac becomes valid (RAS access):

RAS Y | -/ \

—/

! trac = 60 ns

PO wmmmee e e -<X>]: Dataout y-it&-..

Remark WE: inactive, OE: active

When trap is equal to 30 ns and treo is equal to 45 ns, trac becomes valid. Data are output in 60 ns after
the RAS is activated.
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(2) When taa becomes valid (address access):

A

EA_S_/._mﬂins_q&__—-/ .

1‘
J

Remark WE: inactive, OE: active

When trap is equal to 31 ns (trap > trab (Max)) and trep is equal to 45 ns, taa becomes valid.
Therefore, data are output in 61 ns after RAS is activated.
The access time from RAS becomes (trap + taa) and is delayed from RAS access.

(3) When tcac becomes valid (CAS access):

RAS / \

taco =46 ns

as __/ \ / A\

tra = 121046 ns
|

Address Wﬁow )<Z>§ Col.
teac = 15 ns

/O ===ee-- o e TR R EERERE @: Dataout y-H%-.-

Remark WE: inactive, OE: active

The tcac becomes valid regardless of the value of trap when trep is equal to 46 ns (trco > tReD max.) (the
value of trap (min) and address setup time need to be observed).

Therefore, data are output in 61 ns after RAS is activated.

The access time from RAS becomes (trep + tcac) and is delayed from RAS access.
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4.2 Write Operation
Write operation is enabled by activating RAS, CAS, and WE.

4.2.1 Early write cycle

The early write cycle is executed by activating WE before or at the same time when CAS is activated.

Figure 4-2. Early Write Cycle

1rg

1Ras f e
RAS L<2> / :
Tesm
18D tash teen
R RO\ <82 _tos /ﬁ
1RaD
ast] |taay lotasc] oy

We \WWSS?K;\E 7777777

I/

O

XXXXXXKN T KXXXXXXXXXXXXX

Remark OE: don't care

<1> Defines row address. RAS Active
<2> Activates RAS to latch row address. CAS Active
<3> Activates WE to enable input buffer. WE Active
<4> Defines column address. OE Don't care
<5> Activates CAS to latch column address. /0 Input

<6> Sets input data.
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4.2.2 Late write cycle
The late write cycle is executed by activating WE after activating CAS.

CAS

Address

I/0

Figure 4-3. Late Write Cycle

Lre

1ras
S‘ —<2> ’{' ;
Yesu
',[cm:. 1rCD tasH te Tcen -
i \\ - <4>  teas / \_
(esa) Lm:w Luse]  |gouy
\<1> <3/ tacs | .
LT

| Y YIS

[toe:

<1> Defines row address.

<2>
<3>
<4>
<5>
<6>
<7>

AAMMNNNNNNNNNNNNNN

Datain

KXXXXXXXXXX

Activates RAS to latch row address.
Defines column address.
Activates CAS to latch column address.
Inactivates OE to select write mode.
Activates WE to enable input buffer.
Sets input data.

RAS Active
CAS Active
WE Active
OE Don't care
110 Input
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4.3 Read Modify Write Cycle

Read modify write cycle is a cycle that outputs and inputs data from/to the same address during one cycle (RAS/
CAS cycle). Write is enabled by activating WE while RAS and CAS are active. Read is enabled by activating OE while
RAS and CAS are active. Because x 1-bitdevices do not have OE, write and read operations are controlied by activating
or inactivating WE.

The timing charts of the read modify write cycles of x 1-bit and multiple-bit devices are shown in Figure 4-4 and
Figure 4-5, respectively. In either case, if 'WE is activated after a delay from TAS that exceeds CAS-WE delay time

s R R B -

(tewo i), the read modify write operation is enabled.

Figure 4-4. Read Modify Write Cycle of x1-Bit Device

tawe —
tRas
RAS N _<2> /| k
tesH
1cre, 1RCD {rsH teen
AS J \\ teas \
1RAD. \
XA_SEJ tRaH tasc 1 <4>
Address @ Row i Col.
\1 o o tow ]
<1> <3> " M: v T
We LU s N[/ ]/
} T 1nsc <8>
taa
—fe ] (sl
D Data in JOOOUQUORKKK,
6
teuz, ‘/< > 3
o Data out -
<1> Defines row address. RAS Active
<2> Activates RAS to latch row address. CAS Active
<3> Defines column address. WE Inactive | Active
<4> Activates CAS to latch column address. DATA Output | Input

<5> Inactivates WE to enable output buffer.
<6> Start of data output.
<7> Activates WE to enable input buffer.
<8> Sets input data.
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Figure 4-5. Read Modify Write Cycle of Multiple-Bit Device

fras e —
RAS N _<2> / l ‘:
ngg. — tesH =
trap \

Address ZX>] Row m Col.
Y L tawo
<1> <3> lawp

] e e

W [LL11] N L
[!g(b

oF AN

<1>
<2>
<3>
<4>
<5>
<6>
<7>
<8>

\\\\\I ANRAANY i
i |

/0 m ------------- 1 - Datain

O +se=memamanaaad HZeaeemnenne ¥ Data out J---=====-==-= 7 SR——.
Defines row address. RAS Active

Activates RAS to latch row address. CAS Active

Defines column address. WE Inactive | Active
Activates CAS to latch column address. OE Active Don't care
Activates OE to enable output buffer. /0 Output | Input

Start of data output.
Activates WE to enable input buffer.
Sets input data.
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4.4 Page Mode

4.4.1 Fast page mode (FPM)

In the fast page mode (FPM), column addresses are latched by repeatedly activating and inactivating CAS after
RAS has been activated and the row address has been latched. This mode is available for read/write or read modify
write operations and allows the simultaneous use of read and write operations.

Taking the read operation as an example, during normal read operations, data can be output only once during each
RAS cycle, while in the fast page mode, data can be output repeatedly. For this reason, during read operation in
the fast page mode, the access time of the data output first (data output 1) is the same as the access time of normal
read cycles, but the access time of the second and later data output (data output 2, data output N) becomes
successively faster.

Figure 4-6. Fast Page Mode Read Cycle

— lrase AP
_trce

RAS N
tesn % SO K  CoStk CERIE G 1\
jiced treo tas | B A i N
s f R\ ' i
R taaL
fasy R Tasel | toan ase] | tean | P&& | toan
Address X)]zﬁow EO]: Col.1 ] Col. 2 ) Col. N

#“—S—J ( ‘“‘"»4-1‘)‘—‘1- \ "‘“’H—“ﬁ—sl- \ LW

W [[L[] % §3\> S \

toes

IAARANNN \\w\ TN\ [\l 47777
l tuc {Lz . oz | foz

T 11
3

! taa
toxc L tore | [ teac - ltoxz

/O cmememeee- e ata out === ata out ----;%ataout -

<1> | : CAS toggle operation (operation to repeat activating and inactivating)
<2> Data output 1 corresponding to column address 1
<3> Data output 2 corresponding to column address 2

<4> Data output N corresponding to column address N
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4.4.2 Access time in fast page mode
The access time in the fast page mode varies depending on the conditions shown in Table 4-4.

Table 4-4. Access Time in Fast Page Mode Read Cycle

Conditions Valid access time
(1) [tasc 2 (taa (MAX) = tT = tCAC (MAX) CAC (MAX)
(2) |tascMIN) < tASC < (tAa (MAX) — tT — tCAC (MAX)) | tAA (MAX)

Assuming that the specification in Table 4-5, an example in Table 4-4 is shown below (tr = 5 ns).

Table 4-5. Specification of a Certain Memory (for fast page mode)

MIN. [ MAX. | Unit
taa - 30 ns
teac - 15
tasc 0 -

Figure 4-7. CAS Access and Address Access
_ 7—_\ tr=5ns
tasc = 11 ns l )
Address Z)(ROW)O( Col. 1 )@i Col. 2

3

O
Ol

fteac = 15
/O te=eemmesed HZ........ L Xpata out === ata out 2)----- ata out@-’-"—'z-
(1 (2

Remark WE: inactive, OE: active

(1) When tcac becomes valid (CAS access):
Dataare outputin 31 ns (tasc + tr + tcac) after the column address is defined and in 15 ns after CAS is activated.

(2) When taa becomes valid (address access):

Data are output in 30 ns after column address is defined and in 25 ns (taa~ tr) after CAS is activated (in the
case of tasc = 0 ns).
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4.4.3 Hyper page mode (HPM)
Hyper page mode (HPM) is one type of page modes and is equivalent to EDO. The following describes main
features of hyper page mode in relation to how it differs from the fast page mode (FPM).

A et AR e

(1) Data output time is extended
In hyper page mode, output data are held until the falling of the next CAS cycle rather than the rising of CAS
to extend data output time (extended data out function). In normal fast page mode, data output time is !
reduced when CAS cycle time is shortened. However, in hyper page mode, the extended data out function
increases the timing margin at the reading side even if the CAS cycle time becomes shorter.

i
:
L
:

(2) Further shortening in CAS cycle time (tupc) as compared with fast page mode
According to (1) above, the CAS cycle time can be further shortened in the hyper page mode as compared
with the fast page mode if the timing margin at the reading side is the same. For example, the CAS cycle
time in the hyper page mode is 25 ns while that in the fast page mode is 40 ns for a device with trac = 60
ns.

In hyper page mode, read operation (data output) and write operation (data input) can be repeatedly executed
during one RAS cycle as in fast page mode. The read and write operations can exist at the same time with the
performance being equivalent to that of the fast page mode.
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Figure 4-8. Hyper Page Mode Read Cycle
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4.4.4 1/0O Hi-Z state
In page mode, when 1/O is set to Hi-Z state in read cycle, valid signal specifications differ as shown below.

(1)

(2)

Figure 4-9. I/O Hi-Z State

(a) Fast page mode (b) Hyper page mode
P RP
RAS _,ﬂ k RAS __J? k
{asH LRsH
teas PN theas teen y
s\ X Tas L
[CAH. _M.i
Address  Col. N Address Eol.N

YO  weem- r i o X

Fast page mode:
The torr and toez are applied to set I/O to Hi-Z state and the faster becomes effective.

Hyper page mode:
The RAS, CAS, WE, and O need to be controlled as follows to set /O to Hi-Z state. Valid signal specifications
differ depending on the state of each signal.

« Both RAS and CAS are inactive (at the end of the read cycle)
WE: inactive, OE: active
torc is effective when RAS is inactivated before CAS is inactivated.
torr is effective when CAS is inactivated before RAS is inactivated.
« Both RAS and CAS are active or either RAS or CAS is active (in read cycle)
‘WE, OE: inactive - toez is effective.
e Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle)
WE, OE: active and either traH or tacH must be met - twez and twez are effective.
« WE: inactive (in read cycle)
CAS: inactive, OE: active - tcHo is effective.
CAS, OE: active - tocH is effective.

In short,

(A) The slower of torr and torc becomes effective.

(B) The faster of twez and toez becomes effective.

Please note that I/O will not become Hi-Z state even if CAS changes from active to inactive in case of hyper
page mode with RAS: active, WE: inactive and OE: active.
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4.45 Access time in hyper page mode

When taa is applied in the hyper page mode, tHpc cannot be operated at the' minimum value (See 4.4.2 Access
time in fast page mode for CAS access and address access).

Assuming that the specification in Table 4-6, an example in Figure 4-10 is shown below (tr = 2 ns).

Table 4-6. Specification of a Certain Memory (for hyper page mode)

MIN. | MAX. | Unit
tHPC 20 - ns
taa - 25
tcac - 13
tasc 0 -
tDHC 5 -

Figure 4-10. CAS Access and Address Access (for hyper page mode)

RAS \ . bec=20ns

l-tr =2 ns
R/ \

)
I r

tasc = 10 ns|
Address XX Row)O( Col. 1 XXX Col. 2 ‘x‘I’X‘A |
]luc=13ns taa = 25 .
|t = 5 ns ige=5ns
//OBNREEEEELLELY LSRR ’ ----Q Data out 2 E---'a Data outN E’ii"z
(W} vi]

Remark WE: inactive, OE: active

(1) When tcac becomes valid (CAS access):
Data output time is equal to 10 ns when trc is set to the minimum value.
Data output time: (tHpc — tT = tcac) + toHc = (20-2-13) + 5= 10 ns

(2) When taa becomes valid (address access):
Data output time is equal to 0 ns when tHpc is set to the minimum value and hence 10 ns cannot be secured.
Data output time: (tHpc — taa) + toHe = (20 -25) + 5=0ns

Therefore, tHrc needs to be set to 30 ns (address access) or tasc needs to be set to 10 ns (CAS access) to secure
10 ns data output time.



CHAPTER 5 INTERNAL MEMORY OPERATION

This chapter describes the internal operation of memory devices, taking read cycles as an example.
Figure 5-1. Simplified Diagram of Internal Memory

1/2Vee

- -
PDL
(Digit line precharge signal)

Word line / M?mory cell
\ Cs
=

I L
== +

Sense amplifier circuit]

SE
(Sense amplifier drive signal)

Column switch

Digit line Digit line

Let us assume that the high level (= 5.0 V) is held by the capacitor in the memory cell and is to be output to the
outside of the memory (read operation). When RAS is not activated, PDL (digit line precharge) is activated and the
digit lines and digit lines are at half of Vcc potential.

Assuming that the word line is selected with the row address, activating RAS makes PDL and the word line inactive
and active, respectively, followed by SE (sense amplifier drive) being activated with some delay time. When PDL
is inactivated, the digit lines and digit lines are separated.
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When the word line is activated, the transistor (Vs) is turned on, transferring electric charges in the capacitor (Cs)
to the digit line. Then, the potential of the digit line becomes 1/2 Vcc + «, resulting in some voltage difference (=a)
between the digit lines and digit lines. The difference is amplified by the sense amplifier to 5.0 V and 0 V. When
the capacitor (Cs) holds the low level (= 0 V), the reverse operation is performed (i.e., Digit line = 1/2 Vcc — o and
Digit lines = 1/2 Vcc. The potential difference is amplified). The column switch is controlled with CAS.

When CAS is inactivated, the column switch is inactivated. When RAS is inactivated, the transistor (Vs) is turned
off, SE is inactivated, and PDL is activated. The digit lines and digit lines amplified by the sense amplifier to 5.0 V
and 0 V gradually reach 1/2 Vce.

The time it takes for the digit lines and digit lines to change from 5.0 V and 0 V to 1/2 Vcc at this time is the RAS
precharge time (tre). When the RAS precharge time runs short, the sense amplifier may malfunction because the
next operation (the transistor (Vs) is turned on) is made without causing the digit lines and digit lines to reach 1/2
Vcce.

Digit lines are connected to the transistors at the output stage. The transistors are controlled with OE (WE in
write operation).

¢ When Tr1 = ON and Tr2 = OFF, the high level is output.
e When Tr1 = OFF and Tr2 = ON, the low level is output.

Figure 5-2. Simplified Diagram of Memory Output Stage

Inside memory

Vee

Digit line —D_‘l ™
Digit line _D__| -
GND

Outside memory

= 1/0
L
AiL
OE WE



CHAPTER 6 REFRESH

This chapter describes the refresh operation, taking the uPD42S16160 (1M words x 16 bits) as an example.

6.1 Refresh Cycles and Distributed/Burst Refresh

The refresh cycle of the uPD42S16160 is 4,096/128 ms.

This expression means that 4,096 refresh cycles are required during each 128 ms interval. The requirement should
be strictly observed, otherwise data stored in memory may be destroyed.

Refresh can be executed in two ways.

(1) Distributed refresh:

Refresh cycles are executed atintervals. Inthe case of the uPD42S516160, refresh cycles are executed every
31.3 us (128 ms/4,096).

(2) Burst refresh:
Refresh cycles are executed in succession. In the case of the uPD42S16160, 4,096 refresh cycles are
executed in succession.

6.2 Refresh Types
Refresh can be categorized into two main types and further into five sub-types as shown below.

Figure 6-1. Refrésh Types
— CAS before RAS refresh (CBR refresh)
I— CAS before RAS long refresh (CBR long refresh)
L— CAS before RAS self refresh (CBR self refresh)

Refresh

— RAS only refresh (ROR)

- Long RAS only refresh (Long ROR)

In normal (read/write) mode, CBR refresh, CBR long refresh, ROR, or long ROR are generally used; in data retain
(with battery backup) mode, CBR self refresh is generally used.
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6.3 Refresh Operation
This section describes refreshes used for DRAM. The control method for these refreshes and refresh cycle ratings
are shown in Tables 6-1 and 6-2.

(1)

(2)

(3)

(4)

CBR refresh:

Refresh is executed with (memory) external clock and (memory) internal address signals. In this case, the
refresh cycle rating is 4,096/64 ms. ‘

Addresses are generated by an internal counter which counts automatically. Therefore, 4,096 different
addresses are generated automatically.

CBR long refresh:

Refresh is executed with external clock and internal address signals. In this case, the refresh cycle rating
is 4,096/128 ms. Compared with the CBR refresh (64 ms), the refresh period is longer (128 ms). Therefore,
the number of refresh times per time interval is smaller than in the case of the CBR refresh, resuiting in
lower power consumption (lower average current consumption per time interval).

ROR and long ROR:
Refresh is executed with external clock and external address signals. In this case, the refresh cycle rating
is 4,096/64 ms (4,096/128 ms forlong ROR). 4,096 different addresses must be created outside the memory.

CBR self refresh:

Refresh is executed with internal clock and internal address signals. Memory executes refresh automatically
under control of the internal clock (no refresh cycle). Therefore, CBR self refresh cannot be used when read
and write operations are executed together and cannot be controlled externally.

Memories that can assure CBR self refresh can also assure CBR refresh, CBR long refresh, ROR, and long
ROR.
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Table 6-1. Refresh Control Methods

Clock

Address

CBR refresh

CBR long refresh

External Clock

Internal Address

ROR

Long ROR

External Clock

External Address

CBR self refresh

Internal Clock

Internal Address

Table 6-2. Refresh Cycle Ratings

DRAM with self refresh

DRAM without self refresh

Refresh cycle 4,096/128 ms 4,096/64 ms
CBR refresh O O
CBR long refresh O X
ROR @) O
Long ROR (@) X
CBR self refresh O X

Remark O: Assured, X: Not assured
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6.4 CBR Refresh, CBR Long Refresh Cycle

By activating RAS after CAS has been activated, the internal counter is activated and a row address is generated
automatically. One row address is refreshed through this operation (in Figure 6-2, refresh is executed twice).
Refresh is executed with the external clock and internal address signals.

Figure 6-2. CBR Refresh Cycle

CAS

(TAS activated before RAS )

Remark  Address, WE, OF: don‘t care  1/O: Hi-Z

Although the refresh period for the CBR long refresh cycle is longer than that of the CBR refresh cycle, its operation
is exactly the same.
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SRS g o =TT T T

6.5 ROR and Long ROR Cycles :
After RAS has been activated, the row address is latched and refresh is executed. Through this operation, refresh
is completed for one row address.
Figure 6-3. ROR Cycle
tre tre

| p—Team— T T o T :

RAS N N N |
rlﬁﬁﬂ.

s __/ SO\

e e by
address X )OOk Row OO0 Row  KXXXXXXX)

Remark WE, OE: don'tcare  1/O: Hi-Z

Although the refresh period for the long ROR refresh cycle is longer than that of the ROR refresh cycle, its operation
is exactly the same.
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6.6 CBR Self Refresh Cycle

6.6.1 Executing CBR self refresh
In the same way as for the CBR refresh cycle, after activating CAS, activate RAS. By keeping RAS activated for

a set period (trass (ming = 100 us) or longer, the internal clock and the internal counter are activated and the memory
repeatedly refreshes itself.

Figure 6-4. CBR Self Refresh Cycle

s (, / \

) REA
(Hold for set period or longer )

trec
teus
tesh l
(e /
T

Remark = Address, WE, OE: don'tcare  |/O: Hi-Z

O
>
ol

r
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6.6.2 Cautions on use of CBR self refresh

CBR self refresh can be used independently when used in combination with distributed CBR long refresh;
However, used in combination with burst CBR long refresh or with long ROR (both distributed and burst), the following
cautions must be observed (For information on distributed and burst refresh, see 6.1 Refresh Cycles and Dis-
tributed/Burst Refresh). The uPD42S16160 is used in the following example.

(1) Normal Combined Use of CBR Self Refresh and Burst CBR Long Refresh
Let us assume that CBR long refresh is used as shown in Figure 6-5. The RAS must be kept activated (=
trass) for 100 us or longer to execute CBR self refresh (See 6.6.1 Executing CBR self refresh).
In the CBR self refresh, it is not known how many seconds are required to refresh all memory cells.
Therefore, if the CBR self refresh is stopped without refreshing all memory cells, an inactive period of up
to approximately 2 trer occurs, the trer (= refresh time) requirement cannot be satisfied and data may be
destroyed.
To prevent this from occurring, normally, when CBR self refresh and burst CBR long refresh are used in
combination, execute CBR refresh for 4,096 times within 64 ms just before and after setting CBR self
refresh. Through this CBR refresh, the period when any refresh is not executed will be within the trer
requirement.

Figure 6-5. Example of Burst CBR Refresh Use

( No-refresh period (trass 2 100 us) )

Burst CBR long Burst CBR long
refresh (128 ms) thass |refresh (128 ms)
4,096 X tre 4,096 x tac
g o ¢
7 R
4
— (¢ («
) )
CAS
i i§ et
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(2)

Normal Combined Use of CBR Self Refresh and Burst Long ROR

The address control method for ROR and CBR refresh differ (ROR: Control from outside memory; CBR
refresh: Control from inside memory).

Let us suppose that refresh is executed in the subsequence word line 1 (W1) to word line 2 (W2) with ROR.
When refresh has been executed up to word line 4,095 (W4,095), CBR self refresh begins. At this time,
if the internal counter (it cannot be controlled from the outside) happens to be set at word line 1 (W1), the
refresh operation is executed in the subsequence word line 1 (W1) to word line 2 (W2). Under these
conditions, an inactive period of up to approximately 2 trer occurs for the word line 4,096 (W4,096) (See
CHAPTER 5 INTERNAL MEMORY OPERATION and 6.8 Internal Memory Operation During Refresh).
Execute ROR 4,096 times within an interval of 64 ms or less just before entering or exiting CBR self refresh
to satisfy the trer requirement.

Figure 6-6. Example of ROR Use

W1 W2 W3 - W4,005 W4,096
W4,096 was skipped for
"\ _one refresh operation.
,ROR —————— -

CBR self refresh

Remark W: Word line



CHAPTER 6 REFRESH

6.7 Hidden Refresh Cycle

If CBR refresh cycle is started after a read/write cycle or read modify write cycle operation, it is possible to enter
CBR refresh cycle with CAS activated.
Hidden refresh read cycle is shown in Figure 6-7 as an example.

Figure 6-7. Hidden Refresh Read Cycle

Read cycle CBR refresh
tre J_ﬁ 1re ‘,
tras e tras RS
RAS N
e trco W, - I——
s _/ A N
k1)
ase] [t | tasc| ‘k CAS rise unnecessary ’
Address

&
2
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é

= 77777 7TF EARARRANRRRARNRN

toes

— N7
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1 (o34
YO mmmmmereeemnnnnd HZ.o... 'j% ora ot Y- HZ e

Refresh operation hides
in one read cycle

531

|
|
|
i



532

CHAPTER 6 REFRESH

6.8 Internal Memory Operation During Refresh

This section explains how the memory operates during refresh using Figure 6-8 as an example.

As explained in CHAPTER 5 INTERNAL MEMORY OPERATION, when RAS is activated, a word line is selected
and activated. The charge in the memory cell connected with this word line is transmitted to the digit line. The signal

voltage difference generated at this time is amplified by the sense amplifier. Refresh consists of the above sequence
of actions. i

Figure 6-8. Simplified Circuit Diagram of 16-bit DRAM

Digit line balancer Timing generator

- CAS CAS
RAS
SE

Row decoder

~—RAS
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L Word line
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I~ Digit line

|- Sense amplifier

/ Column switch
Hi 1C-9
Low OFF
i - Dour
ON/~Data output
ow
GND

Column decoder [

Address input

Din
A0 JI"-L Cg‘ljumn 1 Data input
|~ address
Al latch
- circuit

Figure 6-8 shows 16-bit DRAM (DRAM with 16 memory cells).

Let us suppose that the high level and the low level are input to the addresses AO and A1, respectively, to select
the word line (W2) while the high level is retained for all memory cells. Then, the IC-2 becomes the high level, the
word line 2 (W2) is selected and activated, and all memory cells connected to it are refreshed (Because the output
of the IC-6 is also at the high level, the column switch connected to the digit line 2 (D2, D2) is activated. However,
because the column address latch circuit is inactivated by refresh, all column switches are off.). Therefore, all memory
cells are refreshed by selecting all word lines.

In a memory device with 4,096/128 ms refresh cycle, execution of read/write cycle at 4,096 different kinds of
addresses is equivalent to refresh.



CHAPTER 6 REFRESH

6.8.1 Not cell and true cell

Even if data within a memory cell are read after refresh fails and all data are destroyed, they are not always at
the low level. The following provides an any explanation.

There are two types of memory cells, namely Not cell and True cell.

(1) Not Cell
The Not cell causes the data retention state of a memory cell to be reversed from the data input from the
outside of memory or output to the outside of memory.
In Figure 6-8, when the output of the IC-2 and IC-6 reaches the high level, the column switches connected
to the word line 2 (W2) and digit lines 2 (D2, D2) becomes active, and digit line and digit line become the
low level and high level, respectively. For read operation, the output of IC-10 becomes the high level, the
transistor at the ground side is turned on, and hence a low-level signal is output from Dour although the
memory cell retains the high level because WE is inactive and OE is active.
Therefore, the output becomes the low level when the Not cell retains the high level at the memory cell
and the high level when it retains the low level. The same applies to write operation. When a low level
signal is input, the memory cell retains the high level. On the other hand, when the high level is input, it
retains the low level.

(2) True Cell
The True cell causes the data retention state of a memory cell to be equal to the data input from the outside
of memory or output to the outside of memory. The True cell causes the output to be the high level when
the high level is retained at the memory cell and to be the low level when the low level is retained. The
same applies to write operation.

In Figure 6-8, the memory cell connected to the word lines 2 and 4 (W2, W4) is Not cell and that connected to
the word lines 1 and 3 (W1, W3) is True cell. The following table summarizes the I/O data state and data retention
state of memory cell of Not and True cells.

Table 6-3. /O Data State and Memory Cell Data Retention State

/O Data State Data Retention State
of Memory Cell
Not Cell High level Low level
Low level High level
True Cell High level High level
Low level Low level

According to the above, even if data are destroyed without observing refresh cycle (trer) and electric charge is
lost from the memory cell, the data output from the inside of the memory is not always at the low level. Also, the
high level cannot always be retained even if a high level signal is input from the outside of memory to all memory
cells.

The above is designed to minimize the interference between adjacent memory cells. In an actual device, the True
and Not cells are aligned carefully, namely the True and Not cells are not always aligned alternately. See CHAPTER
5 INTERNAL MEMORY OPERATION for basic internal memory operation.
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CHAPTER 6 REFRESH

6.9 DRAM Refresh Cycles
Various DRAM refresh cycles are shown in the table below.

Table 6-4. Various DRAM Refresh Cycles

Density |Bit Organization| DRAM with Self Refresh Function | DRAM without Self Refresh Function
1™ x 1 512/8 ms
x4 .
4M oox1 1,024/128 ms : 1,024/16 ms
x4
x8
x 16 512/128 ms 512/8 ms
16 M x 1 4,096/128 ms 4,096/64 ms
x4 2,048/128 ms 2,048/32 ms
x8
x 16 4,096/128 ms 4,096/64 ms
1,024/128 ms 1,024/32 ms
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CHAPTER 7 TEST MODE

By using the test mode, the test time can be reduced. The reason for this is that, in the case of 16M DRAM for
example, the memory emulates the x 16-bit organization during test mode (In the case of 4M DRAM, the memory
emulates the x 8-bit organization).

Figure 7-1. Test Mode Set Cycle (WE, CBR Refresh Cycle)

1R

RAS N B ] : |
RS Mﬁ]’\ /“'m
We 7777777777777 7777777777

( CBR refresh performed with WE activated )

Remark  Address, OE: don'tcare  |/O: Hi-Z

(1) Setting the mode
Executing the test mode cycle (WE, CBR refresh cycle) sets the test mode.

(2) Write/read operation
When either a “0” or a “1" is written to the input pin in test mode, in the case of 16M DRAM, the data
are written to 16 bits of memory cell and in the case of 4M DRAM, the data is written to 8 bits of memory

cell (independent data can be written to any input pin). The case of 16M DRAM is illustrated in the example
below.

Write Operation during Test Mode for 16M DRAM
* x 1-bit devices: “0" or “1" input from Din is written sequentially to all 16 bits of memory cells.
e x 4-bit devices: “0" or “1"” input from 1/O1-1/O4 is written sequentially to all 16 bits of memory cells
in four-bit units.

Next, when the data are read from the output pin at the same address, the memory cell can be checked.
Output = “1": Normal write (all memory cells)
Output = "0": Abnormal write

(3) Refresh
Refresh in the test mode must be performed with read/write cycle (See 6.8 Internal Memory Operation
During Refresh) or with the WE, CBR refresh cycle. The WE, CBR refresh cycle use the same counter as
the CBR refresh’s internal counter (See 6.3 Refresh Operation).

(4) Mode Cancellation
The test mode is canceled by executing one cycle of ROR cycle or CBR refresh cycle.
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Concerning DRAMSs with x 16 bits or more, controlling I/O data in byte (8 bits) units is called byte control.
The byte control mode can be used for read, write, or read modify write operation.

8.1 Byte Read/Write Mode
It is possible to read and write in byte units. Byte control is executed by the following two CASs.

» L CAS (LOWER CAS) : Controls read/write operations for 1/01 to 1/08 (Lower I/O).
e UCAS (UPPER CAS) : Controls read/write operations for 1/09 to /016 (Upper I/O).

Figures 8-1 and 8-2 show examples controlled by LCAS and UCAS, respectively.

RAS

UCAS

LCAS

Address

3l

O
m

UPPER I/O

Remark LOWER |/O: Hi-Z

CHAPTER 8 BYTE CONTROL

Figure 8-1. Upper Byte Read Cycle
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CHAPTER 8 BYTE CONTROL

Figure 8-2. Lower Byte Read Cycle
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Remark UPPER I/O: Hi-Z
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CHAPTER 8 BYTE CONTROL

8.2 Page Mode of Byte Read/Write Mode

In the page mode, there are the following four types of control methods of I/O data according to the toggle

operation (repeated operation of activation/inactivation) of CAS signal.

Table 8-1. Method for Controlling Byte Read/Write Mode

UCAS LCAS I/O Data Control
(1) Toggle operation Inactive 8 bits
(2) Inactive Toggle operation 8 bits
(3) Toggle operation Toggle operation 16 bits
(4) Toggle operation Toggle operation 8 bits

(1) UPPER |/O Control

RAS

UCAS

LCAS

trasp G
S truce ) ;
‘_Icng_ 1 — h I Teas e tep | tc:ss "
D Gas
N\ / / 7&(
j tcre tven

The UCAS is toggled while LCAS is inactive to control the UPPER /O 8-bit data.

(2) LOWER I/O Control

RAS
UCAS

LCAS

A

trase.
\ thnce / k
Egg tmeH
j fesH f tec " 1asH
teap 1ReD. teas IE l teas l tep teas

The LCAS is toggled while UCAS is inactive to control the LOWER I/O 8-bit data.
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(3) Al 1/O Control

RAS N — we ;K
tes \ tec o tas
,.ICEL tRCD teas cp teas
UCAS/ \ F‘:L] / y/~ f *
LCAS } ‘

The UCAS and LCAS are toggled simultaneously to control UPPER I/O and LOWER I/O (all I/Os) 16-bit data.

(4) Mixed Control of UPPER I/O and LOWER I/O0

_trasp.
RAS N\ tRHcp
tesh_ tee B |
3 feas
= A
s tese | ot ! tcas ltce |
A  J / \

The UCAS and LCAS are toggled in a mix to control each 8-bit data of UPPER I/O and LOWER I/O (No alternate
control is required).

Remark Inthe page mode, read, write, and read modify write can be used in a mix by continuing CAS signalduring
the same RAS cycle.



CHAPTER 9

INITIALIZING

After turning on, the state of internal DRAM circuits is not known. It is therefore necessary to initialize them to

ensure normal operation.

When turning on power, allow a 100-us or longer pause (RAS signal inactive) and then be sure to execute eight
or more ROR or CBR refresh cycles as dummy cycles to initialize the internal circuits.

45585V

Figure 9-1. Initializing

Veeming = 4.5 V-, /

Power supply
voltage

AT it S
(RAS signal inactive); S ¢ycle or more period

Input signal

Remark

LU

This dummy cycle of 8 cycles or more is just a dummy cycle and does not guarantee refresh operation.

Unless initializing is executed accurately, the memory may not operate properly even during guaranteed operation

period.
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CHAPTER 10 LOW VOLTAGE OPERATION

DRAM are divided into 5.0-V operation devices and low-voltage operation devices. The main differences between
5.0-V and low-voltage operation devices are shown in Table 10-1 using 16M DRAM (X 16-bit device) as an example.

Table 10-1. Main Differences between 5.0-V and Low-Voltage Operation Devices

5.0-V Operation Devices

Low-voltage Operation Devices

Part number uPD42S16160-60 uPD42S16160L-A60
Power supply voltage 50V£10 % 3.3V+03V
(45Vt05.5V) (3.0Vto36V)

Input voltage

ViH=24VtoVcc+ 1.0V
ViL=-1.0Vto+08V

Vih=20VtoVcc+03V
ViL=-0.3Vto +0.8V

Output voltage

Vou = 2.4 VoL = 0.4V

Vou = 2.4 VNoL = 0.4 V

Operating current 100 mA 90 mA
CBR self refresh current 250 pA 150 pA
(data-retention current)

Pin configuration Same

The 5.0-V operation devices of 16M DRAM all adopt an internal voltage-drop circuit. The internal voltage-drop
circuit causes the power supply voltage (5.0 V) supplied to the memory externally to be dropped inside the memory
and 5.0-V operation devices also operate on 3.3 V inside the memory. Therefore, there is almost no difference

between the current consumption of the 5.0-V operation device and that of the low-voltage operation device. The-

low-voltage operation device of 16M DRAM does not adopt any internal voltage-drop circuit.
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CHAPTER 11 CURRENT CONSUMPTION CALCULATION

The following examples explains an approximate current consumption calculation according to timing.

(1) Example 1

f RAS/CAS operation _;_Standby Refresh operation \_Standby A

é

tRP MIN) tRP MIN) ()\

|

RAS @ R

C_AS_-\——/

In the example 1, after RAS/CAS operation (read, write, or read modify write cycle) is executed first, refresh
(ROR) is executed. When the RAS precharge time (tre iviN.) exceeds the specification (tr > Tremin.), standby ‘
current is applied. I

(2) Example 2

RAS/CAS RAS/CAS

| operation Page mode | operation
RAS 1R (MIN) i
J
|
=N\ |
|

The example 2 executes the page mode. In the first CAS cycle, RAS/CAS operation is applied and the page
mode is applied from the second CAS cycle or thereafter. The RAS precharge time (trpimin)) when the page
mode ends becomes the precharge of RAS/CAS operation. Therefore, the RAS/CAS operation is obtained
by merging the first RAS active period and the RAS precharge period when the page mode ends.
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CHAPTER 11 CURRENT CONSUMPTION CALCULATION

When the timing shown in the example satisfies the conditions shown in Table 11-1 (extracted from data sheet),
each current consumption (per unit time) is added.

Table 11-1. uPD4216160 DC Characteristics

Parameter Symbol Test Condition MIN. | TYP. |MAX.| Unit
Operating current lcct | RAS, CAS Cycling trac = 50 ns 110 | mA
tRC = tRC (MIN) trac = 60 ns 100
to=0mA trac = 70 ns 90
trac = 80 ns 80
Standby current lccz- |RAS, CAS 2 ViH miny, lo = 0 mA 2 | mA
RAS, CAS >Vcc-0.2V, lo= 0 mA 1
RAS only refresh current | lcca | RAS Cycling, CAS 2 ViH MiN. trac = 50 ns 110 | mA
tRC = trc (MiINY, lo = 0 MA trac = 60 ns 100
trac = 70 ns 90
trac = 80 ns 80
Operating current lccs | RAS < Vi max), CAS Cycling trac = 50 ns 100 | mA
(Fast page mode) tec = tec (MINJ, lo = 0 MA trac = 60 ns 90
trac = 70 ns 80
trac = 80 ns 70
CAS before RAS lccs | RAS Cycling trac = 50 ns 110 | mA
refresh current tRC = tRC (MIN.) trac = 60 ns 100
lo=0mA trac = 70 ns 90
trac = 80 ns 80
Input leakage current hw [(Vi=0to5.5V -10 +10 | pA
All other pins not under test = 0 V
Output leakage current low [Vo=0to55V -10 +10 | pA
Output is disabled (Hi-Z)
High level output voltage| Vox |lo =-2.5 mA 24 Vv
Low level output voltage | Vou |lo = +2.1 mA 0.4 \

Current consumption varies depending on operating conditions (See CHAPTER 12 MAIN DRAM CHARACTER-
ISTICS for the details). Appendix A shows the ratio and compensation which is required for each operating condition.

546



CHAPTER 12 MAIN DRAM CHARACTERISTICS

12.1 Current Consumption Waveform Diagram

In DRAM, as its name implies, consumption current flows more dynamically as compared with other memories.

There is actually a peak current as shown in Figure 12-1.

Figure 12-1. Current Consumption Waveform Simplified Diagram of RAS/CAS Cycle

s

—

CAS I

Guaranteed value of N

current consumption / \
M
AV

a b c b a
Period Signal State Current Consumption
a |RAS/CAS = inactive Almost 0
b |RAS/CAS = from inactive to active or vice versa | Peak current
¢ |RAS/CAS = inactive Slight

When RAS changes from inactive to active state, the sense amplifier becomes active and hence current
consumption is maximized at that instant (peak current). The guaranteed value indicates an average current

consumption and hence the peak current may exceeds the guaranteed value.
As RAS/CAS cycle becomes longer, the average current consumption becomes smaller.
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12.2 Current Consumption Dependence on Power Supply Voltage

Figure 12-2. Current Consumption - Power Supply Voltage Characteristics‘
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Current consumption decreasés when the power supply voltage is reduced, and increases when the ambient
temperature decreases. As ambient temperature decreases, resistance decreases and internal memory operation
speeds up, resulting in increase in current consumption. The current consumption should be roughly estimated when
the power supply voltage is higher (the worst case).

123 Access Time Dependence on Power Supply Voltage

Figure 12-3. Access Time - Power Supply Voltage Characteristics
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The access time is slower when the power supply voltage decreases, and is faster when the ambient temperature
decreases. The access time should be roughly estimated when the power supply voltage is lower.
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12.4 Current Consumption Dependence on RAS Cycle

Figure 12-4. Current Consumption - Cycle Time Characteristics

Large RAS pulse width = fixed

Current consumption
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The current consumption per unit time is reduced as the cycle time becomes slower.
Figure 12-5. Average Current Consumption on Fixed RAS Pulse Width
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Fixing the RAS pulse width and increasing the cycle time result in increasing the RAS precharge time. As the
RAS precharge time becomes longer, the inactive time of RAS is extended and hence the average current

consumption is reduced.
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12,5 Current Consumption Dependence on RAS Pulse Width

Figure 12-6. Current Consumption - RAS Pulse Width Characteristics
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As the RAS pulse width becomes longer, current consumption per unit time increases.

Figure 12-7. Average Current Consumption in Fixed Cycle Time
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Fixing the cycle time and increasing the RAS pulse width result in reduction in the RAS precharge time. As the
RAS pulse width is increased, the inactive time of RAS decreases and hence the average current consumption
becomes larger.
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12.6 Refresh Time Dependence on Ambient Temperature
Figure 12-8 shows the duration for which a high level can be read, supposing that the high level has been written
and no refresh operation is performed.

Figure 12-8. Refresh Time - Ambient Temperature Characteristics
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Ambient temperature (°C)

Remark  The data were obtained by measurement using a sample extracted from a specific lot and do not
indicate entire characteristics (they are not the assured values). Use them only for designing
reference.

As ambient temperature rises, the leak in the capacitor tends to increase. In Figure 12-8, all memory cells
(16,777,216 cells for 16M DRAM) are targeted rather than only one memory cell.
Therefore, the above figure indicates a point out of all memory cells where one or more data are destroyed.
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12.7 Soft Error Rate (SER)
A memory can fail in the following two ways:

(1) The memory itself (hard) breaks due to application of some kind of stress.
(2) Data (soft) retained in the memory cell breaks.

Generally, a memory failure is due to (2) above.
Such a failure is called a soft error. Data are broken by alpha rays in the physical world. Data breakdown due to
specification violation (any one of specifications listed in the data sheet is violated) is not included in category 2.

The soft error rate (SER) indicates the extent that data are broken under the above conditions and is normally
expressed by FIT (Failure In Time). The FIT indicates the probability for failure per unit time, and 1 FIT is equal to
1 x 10°® failures/time.

The FIT is a predicted value and varies depending on the memory usage conditions such as power supply voltage
and access time and used environment such as ambient temperature.

Figure 12-9. Power Supply - SER Characteristics (5.0-V device)
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Power supply voltage (V)

Remark The data were obtained by measurement using a sample extracted from a specific lot and do not
indicate entire characteristics (they are not the assured values). Use them only for designing
reference.
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Figure 12-10. Power Supply - SER Characteristics (3.3-V device)
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|
Remark  The data were obtained by measurement using a sample extracted from a specific lot and do not E
indicate entire characteristics (they are not the assured values). Use them only for designing
reference.
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Figure 12-11. RAS Cycle Time - SER Characteristics (5.0-V device)
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Figure 12-12. RAS Cycle Time - SER Characteristics (3.3-V device)
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Remark  The data were obtained by measurement using a sample extracted from a specific lot and do not
indicate entire characteristics (they are not the assured values). Use them only for designing
reference.
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APPENDIX A DRAM DATA COLLECTION

The following shows the main characteristics of DRAM using 16M DRAM as an example.

The data were obtained by measurement using a sample extracted from a specific lot and do not indicate entire
characteristics (they are not the assured values). Use them only for designing reference.

Normalization indicates the ratio of a value with a certain another value as 1.0.

A.1 Current Consumption Dependence on Power Supply Voltage

Figure A-1. lcc1-Vee Characteristics (3.3-V device)
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Remark

Figure A-2. Icc2-Vcc Characteristics (3.3-V device)
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Standby refers to the memory condition where no operation is possible (RAS/CAS inactive). Because,
in the case of DRAM, refresh is required for retaining data, data cannot be retained in the standby mode.

Figure A-3. lccs-Vec Characteristics (3.3-V device)
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Figure A-4. Iccs-Vce Characteristics (3.3-V device)
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Figure A-5. Iccs-Vce Characteristics (3.3-V device)
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Figure A-6. Iccs-Vcc Characteristics (3.3-V device)
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Figure A-7. lcc7-Vcc Characteristics (3.3-V device)
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Remark

Figure A-8. Icc1-Vcc Characteristics (5.0-V device)

trc = 130 ns
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Figure A-9. lccz-Vcc Characteristics (5.0-V device)
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Standby refers to the memory condition where no operation is possible (RAS/CAS inactive). Because,
inthe case of DRAM, refresh is required for retaining data, data cannot be retained in the standby mode.
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Figure A-10. Icc3-Vce Characteristics (5.0-V device)
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Figure A-11. Iccs-Vee Characteristics (5.0-V device, fast page mode)
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Figure A-12. Iccs-Vee Characteristics (5.0-V device, hyper page mode)
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Figure A-13. Iccs-Vee Characteristics (5.0-V device)
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Normalized CBR long refresh current lcce

Normalized CBR self refresh current lccz

Figure A-14. Iccs-Vce Characteristics (5.0-V device)
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A.2 Access Time Dependence on Power Supply Voltage

Figure A-16. Vcc-trac Characteristics (3.3-V device)
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Figure A-17. Vcc-tcac Characteristics (3.3-V device)
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Normalized access time from CAS precharge tace

Normalized address access time taa

Figure A-18. Vcc-taa Characteristics (3.3-V device)
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Figure A-19. Vcc-tace Characteristics (3.3-V device)
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Figure A-20. Vcc-toea Characteristics (3.3-V device)
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Figure A-21. Vcc-trac Characteristics (5.0-V device)
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The 5.0-V operation devices of 16M DRAM all adopt an internal voitage-drop circuit.

The internal voltage-drop circuit causes the power supply voltage (5.0 V) supplied to the memory externally to
be dropped inside the memory and 5.0-V operation devices also operate on 3.3 V inside the memory. Therefore,
there is almost no difference between the current consumption of a 5.0-V operation device and that of a low-voltage
operation device. The low-voltage operation device of 16M DRAM does not adopt any internal voltage-drop circuit.
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Figure A-22. Vcc-tcac Characteristics (5.0-V device)
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Figure A-23. Vcc-taa Characteristics (5.0-V device)
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Figure A-24. Vcc-tace Characteristics (5.0-V device)
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Figure A-25. Vcc-toea Characteristics (5.0-V device)
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A3 Current Consumption Dependence on Cycle Time

Figure A-26. lcci-trc Characteristics (5.0-V device)
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Figure A-27. lccs-trec Characteristics (5.0-V device)
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Figure A-28. Iccs-trc Characteristics (5.0-V device)
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Figure A-29. Iccs-tipc Characteristics (5.0-V device)
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Figure A-30. Iccs-trc Characteristics (5.0-V device)
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Figure A-31. lcci-tras Characteristics (5.0-V device)
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Figure A-32. Iccs-tras Characteristics (3.3-V device)
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Figure A-33. lccs-tras Characteristics (5.0-V device)
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Figure A-34. Icce-tras Characteristics (5.0-V device)
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A.4 Current Consumption Waveform

When RAS is activated, the sense amplifier is also activated and hence current consumption is maximized at that
instant (peak current).

The data in Figures A-1 through A-34 indicate the average current consumption. In reality, however, there is a
current consumption peak, as shown in Figure A-35.

Figure A-35. RAS/CAS Cycle Current Consumption Waveform
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1. BASIC PRINCIPLES OF RELIABILITY/QUALITY CONTROL SYSTEM

NEC'’s reliability/quality control of semiconductors is based on the thorough integration of the reliable management
in market analysis, development and design of the products meeting users’ needs, and manufacturing process design,
on one hand, and, quality control in materials and parts supply, each and every manufacturing process, direct and
reliable assurance of thorough examination and reliability test of the products, and shipment and after-sale service
management, on the other. Itis our pleasure and pride to serve our customers best through a product-specific efficient
management system to realize reliable quality and reasonable prices to the satisfaction of the users.

As the semiconductor application fields expand and develop, the amount used in those areas is increasing
tremendously. The needs of our customers for higher and higher product quality are inevitable results of the
development of the electronic industry.

To meet such users’ needs, the NEC concentrates on the following three key points:

(1) Master design of key aspects of the product characteristics
(2) Quality control system built in the manufacturing process
(3) Removal of fault products through inspection of the products
The followings are our routine practices assure high quality products:
(a) Standardized designing practices to built reliability in to the developed products.
(b) Thorough examination of potential factors that may cause fault products at the design examination stage.
(c) Exhaustive and thoroughgoing evaluation of the characteristics and reliability test of the test products.
(d) Automated manufacturing equipment to reduce variability in the product quality.
(e) Quality control at each and every manufacturing process meeting the process-specific requirements.
(f) Built-in learning process to increase workers’ awareness of the importance of the product quality through
small group activities such as the ZD (Zero-defect) groups or QC circles.
(g) Product-specific screening, inspection, and reliability tests.
(h) Analysis of quality information, including the field data, and feed back/forward of the analysis results.
Through these effective measures, we believe that NEC can satisfy users’ needs for its high quality products.
It is not, however, the end of our efforts: we still try our best to improve the quality of our products.
Figure 1 diagrammatically describes, our quality (Q) and reliability (R) control.
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Fig. 1 Q and R System Diagram
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2. MANUFACTURING PROCESS QUALITY CONTROL

NEC manufactures and sells its semiconductor products under the management policy of “Reliability Quality
Control” based on an accurate understanding of customers’ needs and operating conditions realized in the product
designs.

To secure the intended reliability and quality in the product design, possible causes of off-grade products in the
manufacturing processes must be eliminated in each step of the production line through qualified manufacturing
management.

For the purpose, we carefully control the quality of the parts, materials and related goods, manufacturing equipment
and environment. In addition, inspection processes are inserted in the manufacturing process to check the semifinal-
final products by referring to key control items at proper sampling frequency.

The above-described quality control system is explained in detail referring to the flow chart Fig. 2 - Fig. 6.

The following is a brief explanation of the material/parts control system.

First, parts, materials, chemicals, highly pure gases, and other related goods are purchased from specific
manufacturers authorized by NEC.

The results of the inspection are monitored and, when necessary, corrective measures are requested to the
identified suppliers or the plants are audited by the purchase division to maintain quality of the purchased items.



Fig. 2 Manufacturing Process Control Flow Chart:
Example of Plastic Molded DIP, SOP, SOJ and QFJ (PLCC)
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Fig. 3 Manufacturing Process Control Flow Chart:
Example of Plastic Molded QFP and TSOP
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Fig. 4 Manufacturing Process Control Flow Chart:
Example of PPGA
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Fig. 5 Manufacturing Process Control Flow Chart:

Example of Ceramic DIP (CERDIP)
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Fig. 6 Manufacturing Process Control Flow Chart:

Example of Ceramic DIP (SEAM WELD), Ceramic QFN (LCC), and Ceramic PGA
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3. RELIABILITY TEST
NEC’s reliability test is conducted periodically, considering various standards such as JIS C 7022, MIL-STD-
883, and other standards.
The following, section 3.1 describes an example of the reliability test, and section 3.2, fault evaluation criteria in
the reliability test.
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3.1 DESCRIPTION OF THE RELIABILITY TEST

Reliability Test: Example of Plastic Packages

Test Item

Test Condition

Sample
Size

Equipment Test Method

JIS C 7022

MIL-STD-883

Resistance to Soldering
Heat™

Soak the product in melted solder at 260 +5 °C with
no flux from 10 seconds. 1.6 +0.8 mm deep from
the product or its tab-stud.

18

A-1
Condition A

Temperature Cycle

Soak the product in a low temperature (Tstg min.)
bath for 30 minutes then another 30 minutes in a
high-temperature (Tsy max.) bath. Repeat this
cycle 10 times.

A-4

1010
Condition C

Thermal Shock

Soak the product in a prescribed liquid at 100 °C
for at least 5 minutes. Then, within 10 seconds,
soak it in a prescribed liquid at 0 °C for at least 5
minutes. Repeat this cycle 15 times.

A-3
Condition A
Method Ii

1011
Condition A

Solderability

Soak the device in noncorrosive flux up to 1.27 mm
deep from the product for 5 to 10 seconds then in
flux of melt solder at 230 +5 °C with a soaking
speed of 25.4 +6.3 mm/s, again up to 1.27 mm
deep from the device for 5 seconds. Wash away
the flux in alcohol and examine the soldered area of
the device.

A-2

2003

Terminal Bending"

Strength

Apply a weight'? to the lead of the product in a
vertical direction of the axis of the lead without
causing twist in it until the lead bends by 90
degrees, then release it. Repeat this operation
three times. Apply this operation separately to 3
randomly chosen terminals.

2004
Condition
B2

High-Temperature
Storage

Conduct the left test in an environment atmosphere’
at 150 °C for 1000 hours.

18

1008

High-Temperature Bias

In an environmental atmosphere at 125 °C, apply
the upper limit supply voltage of the recommended
operating conditions for 1000 hours to conduct the
bias life test.

24

1005
Condition
A,B,and C

High-Temperature/
Humidity Storage

Conduct the life test in an atmosphere with relative
humidity of 85 % at temperature of 85 °C for 1000
hours. )

26

B-5
Condition B

PCT

Expose the device to vapor having a pressure of
2.3 x 105 Pa (2.3 barometric pressure) in an
atmosphere at 125 °C for 96 hours.

18

*1) PLCC is not subjected to this test.
*2) The DIP and PPGA weight 250 grams; the SOP, QFP and QUIP weight 125 grams each.
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Reliability Test: Example of Ceramic Packages

’ Sample Equipment Test Method
Test Item Test Condition )
} ! Size JIS C 7022 | MIL-STD-883

Resistance to Soldering Soak the product in melted solder at 260 +5 °C with 18 A-1 —

Heat™® no flux from 10 seconds. 1.6 0.8 mm deep from Condition A
the product or its tab-stud.

Temperature Cycle Soak the product in a low temperature (Tstg min.) A-4 1010
bath for 30 minutes, then another 30 minutes in a Condition C
high-temperature (Tstg max.) bath. Repeat this

) cycle 10 times.

Thermal Shock Soak the product in a prescribed liquid at 100 °C A-3 1011
for at least 5 minutes. Then, within 10 seconds, Condition A Condition A
soak it in a prescribed liquid at 0 °C for at least 5 Method Il
minutes. Repeat this cycle 15 times.

Variable Frequency Fix the product on a vibrator and apply sine wave 18 A-10 2007

Oscillation oscillation in the X, Y, and Z directions that Condition A
logarithmically changes in the range between 10 to
2000, then 2000 to 10 Hz in 4 minutes, with a peak
acceleration of 20 G.

Mechanical Shock Mount the product on a shock tester and subject it A-7 2002
to a shock of 1500 G (500 G'1) in acceleration and Condition F, D | Condition B, A
0.5 ms in the pulse width, in the X, Y, and Z
directions 3 times each.

Constant Acceleration Fix the product on the tester and subject it to a A-9 2001
centrifugal acceleration of 20000 G (5000 G*?) is Condition C, A| Condition A
applied in the X, Y, and Z directions for 1 minute in
each.

Solderability Soak the device in noncorrosive flux up to 1.27 mm 5 A-2 2003
deep from the product for 5 to 10 seconds, then in
flux of melted solder at 230 +5 °C at a soaking
speed of 25.4 +6.3 mm/s, again up to 1.27 mm
deep from the device for 5 seconds. Wash away
the flux in alcohol and examine the soldered area of
the device.

Terminal Bending™ Apply a prescribed weight to the lead of the product 5 - 2004

Strength in a vertical direction of the axis of the lead without Condition
causing twist in it until the lead bends by 90 +5 B2
degrees, then release it. Repeat this three times.

Apply this separately to 3 randomly chosen
terminals. '

High-Temperature Conduct the life test in an environmental 18 B-3 1008

Storage atmosphere at 150 °C for 1000 hours.

High-Temperature Bias In an environmental atmosphere at 125 °C, apply 24 B-1 1005
the upper limit supply voltage of the recommended Condition
operating conditions for 1000 hours to conduct the A,B, and C
bias life test.

*1) Glass-windowed products. *2) Glass-windowed products and products with heat sink.
*3) The LCC is not subjected to this test.




3.2 FAULT EVALUATION CRITERIA IN RELIABILITY TEST

Example of Plastic Package Product

Testing Item

Fault Evaluation Criterion

Resistance to Soldering Heat*
Temperature Cycle

Thermal Shock*
High-Temperature Storage
High-Temperature Bias

PCT

High-Temperature/Humidity/Storage

Within tolerance of the electrical characteristics

Terminal Strength (Bending)*

Lead appearance

No breaking/Loosening

Solderability

Lead appearance

Above 95 % Solder Coverage of Tested Surface

*The PLCC is not subjected to this test.

Example of Ceramic Package Product

Testing Item

Fault Evaluation Criterion

Resistance to Soldering Heat*
Temperature Cycle

Thermal Shock

Variable Frequency Oscillation
Mechanical Shock

Constant Acceleration
High-Temperature Storage
High-Temperature Bias

Within tolerance of the electrical characteristics

Terminal Strength (Bending)*

Lead appearance

No breaking/Loosening

Solderability

Lead appearance

Above 95 % Solder Coverage of Tested Surface

*The LCC is not subjected to this test.
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