HM514410B/BL Series

1,048,576-word x 4-bit Dynamic RAM

The Hitachi HM514410B/BL is a CMOS dynamic
RAM organized 1,048,576-word X 4-bit.
HMS514410B/BL has realized higher density,
higher performance and various functions by
employing 0.8 pm CMOS process technology and
some new CMOS circuit design technologies. The
HMS514410B/BL. offers fast page mode as a high
speed access mode.

Multiplexed address input permits the
HMS514410B/BL to be packaged in standard 20-
pin plastic SOJ and 20-pin plastic ZIP.

Features

» Single 5V (+10%)
» High speed
— Access time: 70 ns/80 ns (max)
» Low power dissipation
— Active mode: 550 mW/495 mW (max)
— Standby mode: 11 mW (max)
0.55 mW (L-version)
= Fast page mode capabillity
» 1,024 refresh cycles: 16 ms
1,024 refresh cycles: 128 ms (L-version)
3 variations of refresh
— RAS-only refresh
— CAS-before-RAS refresh
— Hidden refresh
» Test function
= Write per bit capability
« Battery back up operation
(L-version)

Ordering Information

Type No.

Access
time

Package

HM514410BS/BLS-7
HM514410BS/BLS-8

70 ns
80 ns

300-mil 20-pin
plastic SOJ
(CP-20D)

HM514410BZ/BLZ-7
HM514410BZ/BLZ-8

70 ns
80 ns

400-mil 20-pin
plastic ZIP
(ZP-20)
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HM514410B/BL Series

Pin Arrangement

]

HM514410BS/BLS Series HM514410BZ/BLZ Series
Hitachi pin No.
JEDEC pin No. — .
. 1 OE
—\J CAS 2
3 Wg/I03
winor 1 [ || 1 26| |20 v W4/04 4
5 Vss
w202 2 || 2 25| ]19 wanos W01 6
WBWE 3 3 24 18 W3/103 — 7 W2102
_ L] | ]1s _3 WB/WE 8 o
RAS 4| |l 4 23|l |17 TAS 9 RAS
S A9 10
A9 s |is 22| |16 OE 11 A0
Al 12
13 A2
A3 14
NI 18| ]15 A8 15 Voo
Al 7 10 17 14 A7 A4 16
[ ] 7 As
A2 8 [ |11 16| _]13 Ae A6 18
19 A7
A3 9 [ |i12 15\ ]12 As A8 20
vee 10[ |13 14| 11 A4 —
(Top View) (Bottom View)
Pin Description
Pin Name Function
A0 - A9 Address input
A0 - A9 Refresh address input
W1/101 — W4/104 Write select/data-in/data-out
AS Row address strobe
CAS Column address strobe
WB/WE Write per bit/write enable
OE Output enable
Vee Power (+5 V)
Vss Ground
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HM514410B/BL Series

Block Diagram

Column Addrss Buffer

| L]

Address AO~A9

W 4496203 0026417 749

Row Address Buffer

4{7
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HM514410B/BL Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vr -1.0t0 +7.0 \
Supply voltage refative to Vgg Voo -1.0t0+7.0 \%
Short circuit output current lout 50 mA
Power dissipation Pt 1.0 w
Operating temperature Topr Oto+70 °C
Storage temperature Tstg -55to +125 °C

Recommended DC Operating Conditions (Ta =0 to +70°C)

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Vss 0 0 0 \

Vee 4.5 5.0 55 Vv 1
Input high voltage ViH 2.4 — 6.5 v 1
Input low voltage ViL -1.0 — 0.8 \ 1

Note: 1. All voltage referenced to Vgg

DC Characteristics (Ta=0to +70°C, Vcc=5V + 10%, Vgg =0 V)

HM514410 HM514410

B/BL-7 B/BL-8
Parameter Symbol Min Max Min Max Unit Testconditions Notes
Operating current loct — 100 — 90 mA  RAS,CAScycling 1,2
tgrc = min
Standby current leez - 2 - 2 mA  TTL interface
RAS, CAS = V|4
Dout = High-Z
— 1 — 1 mA  CMOS interface
RAS, CAS >
Vg —-02V
Dout = High-Z
B 4495203 0026418 TS5 WA Hitachi 223
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HM514410B/BL Series
DC Characteristics (Ta =0 to +70°C, Ve =5 V £ 10%, Vgg =0 V) (cont)

HM514410 HMS514410

B/BL-7 B/BL-8

Parameter Symbol Min Max Min Max Unit Testconditions Notes
Standby current (L-version) lcce —_ 100 — 100 pA  CMOS interface 4

RAS, CAS = Vi

WE, OE, address,

Din = VlH or V"_

Dout = High-Z
RAS-only refresh current lces — 100 — 90 mA  tgg=min 2
Standby current lccs — 5 — 5 mA RAS=Vy 1

CAS=V|_

Dout = enable
CAS-before-RAS refresh lccs — 100 — 90 mA  tgc =min
current
Fast page mode current lcc7 — 100 — 90 mA  tpg =min 1,3
Battery back up operation lccio — 200 — 200 pA trc =125 ps 4
current (Standby with CBR tgag < 1ps
refresh) (L-version) WE =V,

CAS =V,

OE, address,

Din = Viyor V)

Dout = High-Z
Input leakage current I -10 10 -10 10 pA 0V<SVin<7V
Output leakage current Lo -10 10 -10 10 pA 0V<Vouts7V

Dout = disable
Output high voltage VoH 24 Vg 24 Voo V High lout = -5 mA
Output low voltage VoL 0 04 O 04 Vv Low fout = 4.2 mA

Notes: 1. Icc depends on output load condition when the device is selected. lcg max is specified at the
output open condition.
2. Address can be changed twice or less while RAS = V..
3. Address can be changed once or less while CAS = V.
4 VCC—0.2V5V|HS6.5 V, 0VSV|LSO.2V

224 Hitachi M 44965203 0026419 531 WM
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HM514410B/BL Series

Capacitance (Ta=25°C, Vec =5V + 10%)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Ciy — 5 pF 1
Input capacitance (Clocks) Ci2 — 7 pF 1
Output capacitance (Data-in, data-out) Cio — 7 pF 1,2

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS =V|y to disable Dout.

AC Characteristics (Ta=01t0+70°C, Vec =5V + 10%, Vgg = 0 V) *1, *14,*15, *16
Test Conditions

¢ Input rise and fall times: Sns
* Input timing reference levels: 0.8 V,2.4V
* Output load: 2 TTL gate +Cy_ (100 pF) (Including scope and jig)

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters)
HM514410B/BL-7 HM514410B/BL-8

Parameter Symbol Min Max Min Max Unit  Notes
Random read or write cycle time tre 130 — 150 — ns

RAS precharge time trp 50 — 60 — ns

RAS pulse width tras 70 10000 80 10000 ns 21
CAS pulse width tcas 20 10000 20 10000  ns 22
Row address setup time tasr 0 — 0 — ns

Row address hold time tRaH 10 — 10 — ns

Column address setup time tasc 0 — 0 — ns

Column address hold time tcan 15 — 15 — ns

RAS to CAS delay time treD 20 50 20 60 ns 8
RAS to column address delay time tRAD 15 35 15 40 ns 9
RAS hold time tRsH 20 — 20 — ns

CAS hold time tcsH 70 — 80 — ns

CAS to RAS precharge time torp 10 — 10 — ns

OE to Din delay time tobp 20 — 20 — ns

B 4496203 002b420 253 W o
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HMS514410B/BL Series

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) (cont)

HM514410B/BL-7 HM514410B/BL-8

Parameter Symbol Min Max Min Max Unit Notes
OE delay time from Din tpzo 0 — 0 — ns

CAS setup time from Din tpze 0 — ] — ns

Transition time (rise and fall) tr 3 50 3 50 ns 7
Refresh period tRefF — 16 — 16 ms

Refresh period (L-version) tREF — 128 — 128 ms

Read Cycle

HM514410B/BL-7 HMS514410B/BL-8

Parameter Symbol Min Max Min Max Unit Notes

Access time from RAS trac — 70 — 80 ns 2,3,17

Access time from CAS tcac — 20 — 20 ns 3,4,
13,17

Access time from Address taa — 35 — 40 ns 3,5,
13,17

Access time from OE toac — 20 — 20 ns 3,17

Read command setup time tRcs 0 — 0 — ns

Read command hold time to CAS  tgoy 0 — 0 — ns 20

Read command hold time to RAS  tgpy 0 — 0 — ns 20

Column address to RAS lead time  traL 35 — 40 — ns

Output buffer turn-off time toFF1 0 20 0 20 ns 6

Output buffer turn-off to OE torF2 0 20 0 20 ns 6

CAS to Din delay time tcop 20 — 20 — ns

OE pulse width toep 20 — 20 — ns
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HM514410B/BL Series

Write Cycle

HM514410B/BL-7 HM514410B/BL-8
Parameter Symbol Min Max Min Max Unit Notes
Write command setup time twes — 0 — 0 ns 10
Write command hold time twcH 15 — 15 — ns
Write command pulse width twp 10 — 10 — ns
Write command to RAS lead time  tryy 20 — 20 — ns
Write command to CAS lead time  towy 20 — 20 — ns
Data-in setup time tps 0 — 0 — ns 1
Data-in hold time toH 15 — 15 — ns 1

Read-Modify-Write Cycle
HM514410B/BL-7 HM514410B/BL-8

Parameter Symbol Min Max Min Max Unit  Notes
Read-modify-write cycle time trwe 180 — 200 — ns

RAS to WE delay time tRWD 95 — 105 — ns 10
CASto WE delay time tewp 45 — 45 — ns 10
Column address to WE delay time  tawp 60 — 65 — ns 10

OE hold time from WE toEH 20 — 20 — ns

Refresh Cycle

HM514410B/BL-7 HM514410B/BL-8

Parameter Symbol Min Max Min Max Unit  Notes
CAS setup time tosr 10 — 10 — ns
(CAS-before-RAS refresh cycle)

CAS hold time tcHR 10 — 10 — ns
(CAS-before-RAS refresh cycle)

RAS precharge to CAS hold time  trpc 10 — 10 — ns

CAS precharge time in tepn 10 — 10 — ns

normal mode

M 449L203 0O02buyc2 02L N Hitachi 227
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HMS514410B/BL Series

Fast Page Mode Cycle
HM514410B/BL.-7 HM514410B/BL-8
Parameter Symbol Min Max Min Max Unit  Notes
Fast page mode cycle time tpc 45 — 50 — ns
Fast page mode tcp 10 — 10 — ns
CAS precharge time
Fast page mode RAS pulse width  trasc — 100000 — 100000 ns 12
Access time from CAS precharge  tacp — 40 — 45 ns ?71 3,
RAS hold time from CAS precharge trycp 40 — 45 — ns
Fast Page Mode Read-Modify-Write Cycle
HM514410B/BL-7 HM514410B/BL-8
Parameter Symbol Min Max Min Max Unit Notes
Fast page mode read modify-write  tpcm 95 — 100 — ns
cycle time
CAS precharge to WE delay time  tcpw 65 — 70 — ns
Test Mode Cycle
HM514410B/BL-7 HMS514410B/BL-8
Parameter Symbol Min Max Min Max Unit Notes
Test mode WE setup time tws 0 — 0 — ns
Test mode WE hold time twH 10 — 10 — ns
Counter Test Cycle
HM514410B/BL-7 HM514410B/BL-8
Parameter Symbol Min Max Min Max Unit  Notes
CAS precharge time in counter tcpT 40 — 40 — ns
test cycle
228 Hitachi
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HMS514410B/BL Series

Write Per Bit *18, *19

HM5144108/BL-7 HM514410B/BL-8

Parameter Symbol Min Max Min Max Unit Notes
Write per bit setup time twes 0 — 0 — ns

Write per bit hold time tweH 15 — 15 — ns

Write per bit selection setup time  tywpg 0 — 0 — ns

Write per bit selection hold time twoH 15 — 15 — ns

Notes: 1. AC measurements assume tt = 5 ns.

o

o0k w

N

10.

17.

Assumes that tgep < tgop (Max) and trap < tgap(max). If trgp or tgap is greater than the
maximum recommended value shown in this table, tgac exceeds the value shown.

Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

Assumes that tgcp > tgep (Max) and tgap < trap (Max).

Assumes that taop < tggp (Mmax) and tgap 2 trap (Max).

torF (max) defines the time at which the output achieves the open circuit condition and is not
referenced to output voltage levels.

V| (min) and V| (max) are reference levels for measuring timing of input signals.

Also, transition times are measured between V|jyand V), .

Operation with the tgcp (max) limit insures that tga (max) can be met, tgep (max) is specified
as a reference point only, if tgep is greater than the specified trop (max) limit, then access
time is controlled exclusively by toac.

Operation with the tgap (max) limit insures that tgac (max) can be met, tgap (Max) is specified
as a reference point only, if tap is greater than the specified tgap (max) limit, then access time
is controlled exclusively by taa.

twes: tRwbs tocwp: tawp and tcpyy are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only: if tycg > twes (min), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; if trywp 2 trwp (Min), towp = towp (MiN), tawp = tawp (Min) and topw 2 topw (min) the
cycle is a read-modify-write and the data output will contain data read from the selected cell; if
neither of the above sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.

- These parameters are referenced to CAS leading edge in an early write cycle and to WE

leading edge in a delayed write or a read-modify-write cycle.

. trasc defines RAS pulse width in fast page mode cycles.
. Access time is determined by the longest of toa or toac or tace.
. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization

cycles (RAS-only refresh cycle or CAS-before-RAS refresh cycle). If the internal refresh counter
is used, a minimum of eight CAS-before -RAS refresh cycles is required.

. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying

data to the device.

. Test mode operation specified in this data sheet is 2-bit test function controlled d by control

address bits ~ CAQ. This test mode operation can be performed by WB/WE-and-CAS-before-
RAS (WCBR) refresh cycle. Refresh during test mode operation will be performed by normal
read cycles or by WCBR refresh cycles. When the state of two test bits accord each other, the
condition of the output data is high level. When the state of test bits do not accord, the condition
of the output data is low level. In order to end this test mode operation, perform a RAS-only
refresh cycle or a CAS-before-RAS refresh cycle.

In a test mode read cycle, the value of tgac, tcac, taa, toac and tacp is delayed for 2 ns to 5
ns for the specified value. These parameters should be specified in test mode cycles by adding
the above value to the specified value in this data sheet.

B 449203 002ku24 979 W Hitachi 229
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HM514410B/BL Series

18. When using the write-per-bit capability, WB/WE must be low as RAS falls.

19. The data bits to which the write operation is applied can be specified by keeping W1/I01,
W2/102, W3/103 and W4/I04 high with setup and hold time referenced to the RAS negative
transition.

20. Either tgcy or tggy shall be satisfied.

21. tgag {min) = tawp (Min) + try (Min) + ty in read-modify-write cycle.

22. topag (Min) = towp (Min) + towy (mMin) + t1 in read-modify-write cycle.

230 Hitachi B 4496203 0026425 435 W
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HMS514410B/BL Series

Timing Waveform *23

Read Cycle
- tre
tras
- N — X\
RAS \ /| \
N /] trp
tr tRSH
treo tcas tcrp
tosH
\ 4
CAS \( Z/
tasn traD tRAL
tRaH| | tasc loan
v

Address Row y Column

tres tReH
o 4 v

tcac
taa torF1
W1/101 7Z 5(
Dout { Dout V
. trac o loFF2
tpzc toac tcoo
Din K High-Z 7
W4/104 / p
tozo . toop
_ toep
oe WLERN
N Vi

Notes: 23. m tHorL (H: Viy(min) < Vi < Viy(max), L : V) (min) € V) < V| (max))

[7///]  Invalid Dout
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HMS514410B/BL Series

Early Write Cycle
tac
tras
\ \
t
RAS ! ; AP
tr trsH
trep tcas | tcrp
tesH
- \
CAS N
N A
tasr
tran tasc tcaH |
tweH  twes twen
twes
- Y
WB/WE \
7 N 7
twon DS toH
twos |
W1/101
. —\
D )
High-Z*
Dout &
W4/104
* twesZtwes (min)
** OE : Don't care
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HMS514410B/BL Series

Delayed Write Cycle
tre
tras _trp
N /
RAS
™~ \i
fesH tcre
tr
treo tasH
— 3 tcas
o \
towr
tASﬁ tASIC tRwL
trRAH tcan |
Address Row Column
tweH
twes FSS» twp
o - JA
e L X0
N_ N Vi
twbH JoH
twos_, | s 1|
High-Z .
w1/|o1Din as }@* Din
| toen
toze tooo
tozo
Dout Invalid High-Z
wanos € :
toFF2
N 4 \
e VOO / QOOOXXX
* Invalid Dout comes out, when OE is low level.
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HM514410B/BL Series

Read-Modify-Write Cycle

tawc
tr 1r=ap—>1
_— 5\‘ tras ﬂt ;
RAS . ] \
| fcrp
treo tcas
chs A
CAS . 4
traD
tasr_ | tasc
tran tcan ;
|
/
Address Row . Column
tRes o] _tew ]
towp _ trwi .
tweH tawp
twes | i
= wP
- \ t N
WB/WE ~| 1AA N
tcac toH
tRac
' twoH _Ipzc tps |
WDS 1% n
W1/101 E High-Z 2 i
Din m % Din
High-Z
Dout §Dout 9
W4/104 toac toen
torFz
tozo | topo
— togp £ N
OE (' ’ F
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HM514410B/BL Series

CAS-Before-RAS Refresh Cycle

tac
. tmp tras | trp
RAS
CAS
WB/WE
toFF1

Dout T, High-Z
w1101 7771

I
W4/104 * OE : Don't care

RAS-Only Refresh Cycle

tre .
v tras | tap
- T
RAS \
tcap trrPc tcre
_ 4 Y
_tasr | |tRAH
Address Row
Dout High-Z
W1/101
|
wajlo4 " R_efr@ Address A0~A9 (AX0~AX9)
** WB/WE : Don't care
B 4496203 0026430 172 N Hitachi 235
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HM514410B/BL Series

Hidden Refresh Cucle
thc trc tre
tRAs tre | tRas  _ _tmP tras  _ trp
h Refresh
\ (Read) (Refresh) (Refresh) —
RAS / i{ AN
T | — il
tRsH tcHr
trco tcas
. \ %
cAs N /
\ tasc \ /
SR tRAL
tRAD
traH| | tcAH_
4 4
Address Row Column
K N
tacH
t
RCS et trmn
o 4 N
WB/WE tonc
t
trac M torF1
W1/101 4
Dout _QK Dout
torr2 |
tozc tcop
High-Z F
W4/104
tozo toac _looo
. JXXXX
N
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HMS514410B/BL Series

Fast Page Mode Read Cycle

trasc
trHCP trp
\ j
RAS N Y/
tr |
tcsh trc tRsH tcrp
trco “tCAS tep 'icAs,*1 tcp tcas
)X‘ (—Xx Z—X\ A
CAS L
~
tRAD
tasr tRaL
t
itRAHl tasc 4%.’ tasc tCAH; tasc 1 toan
/ 4 y
Address Column Column Column
N K N
! tres L‘HRH
)

trcs treH treH tRCcH

5
3
=
=

tcop_ tozc
‘ tpzc oz tcop tcop
w1101 x High-z | YN\ | High-Z | L High-Z | 4
— Din 4 tobp f { \
tcac, tcac tcac
-~ tobp
SELLLN taa taa
tRac tacp tace
L torF1 toFF tpzo toFF1
/S N /N
‘— Dout { Dout Dout E { Dout }
Wa4/104 ! _ N 7
toac ! | [topp
T
t tozo t
PZQ torF2 <—J -] torrz | =25 lesltorre
|
— | loep toep | toep
OF X N f \<
toac ‘
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HMS514410B/BL Series

Fast Page mode Early Write Cycle

trasc _tap
RAS \
w N
tr tesH trc trsH
trRep , _tcas tep tcas , | fcp tcas , . tcrp
} Y \ % \
CAs \ / \ N
tasr| |traH
tasc| |tcaH tasc| tcaH tasc| |tcan
Address Row Column Column Column
twes
twen twes| |tweH twes| | tweh twen
twes | -
e X{‘ m KK
T T ]

High-Z
Dout
W4/104
* OE : Don't care
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HMS514410B/BL Series

Fast Page Delayed Write Cycle

- trasc _ trp
RAS 7& X
trsH
tcas lcrp
R / 3 7L
CAS XY 7
tcan
- o} OTTY
!tCWL
twp
tRwL
XX
tRCS tDH
tps
Din
toEH
High-Z
Dout 'g
W4/104

o]
=
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Power ed

HM514410B/BL Series

Fast Page Mode Read-Modify-Write Cycle

trasc trp
N
RAS ;i
tacp - tpcm
ol fep P terp
\ e teas — tcas — teas
CAS tRAD, N / \( JZ \ ;
pan| | [T — tace| [
t
tasr_| tasc toan tasc, | LA fasc tcan
L‘x s v v
Address Rowj }@{ Column m((:olumn (Column
[T twens tawo  fowt tawp  towt | | tepw  _ tow
t t town t tewo tacs tawo
kil B ™ tawo o] [ | = " Ttcpw el et town it
WWEM“ N AN N N XXOXRY
_JW K
twon tos s tacp . los |
t -t 1 1 1 [l t
wino1 WDS DZC uthAc DH D‘Zﬁ lealtcac DH DZ‘Cl_ DH
Din %k High-Z 2 Din k| High-Z IS Din L | High-Z 4 Din
Data tan \ y tan ! 5 a 4
trac ] tozo :0"*0
t [e—lAA
toag| oEH toac  Joen, Tore toeH
y
Dout § Oout @ ]) Dout])
W4/104
t torr torrz torr2
bzo | | T bzo
_ s p s I y p
e NI AW OUOUAX)
5—{ toop A tooo toop
| lt— ] |
toer toep toep
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HMS514410B/BL Series

Test Mode Cycle

]

Set Cycle ** Test Mode Cycle Reset Cycle Normal Mode

S WA NVANYA WA WA WA
=/ S\ S

)

e O\ A /XXX

* CBR or RAS only refresh
** Address, Din, OE : Don't care

Test Mode Set Cycle
tre
tap tras | tap

N vy X
RAS / N N\

trPC tcsr toHr L topn trec tcrp

Y tr p 7
CAS topn W
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HMS514410B/BL Series

CAS-Before-RAS Refresh Counter Check Cycle (Read)
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HMS514410B/BL Series

CAS-Before-RAS Refresh Counter Check Cycle (Write)
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