HM514102B/BL Series

4,194,304-word x 1-bit Dynamic RAM

The Hitachi HM514102B/BL is a CMOS dynamic ~ Qrdering Information

RAM organized 4,194,304-word x 1-bit.

HMS514102B/BL has realized higher density, Access

higher performance and various functions by  Type No. time Package
employing 0.8 ym CMOS process technology and
some new CMOS circuit design technologies. The
HMS514102B/BL offers static column mode as a
high speed access mode.

Multiplexed address input permits the HM514102BZ/BLZ-7 70 ns 400-mil, 20-pin
HM514102B/BL to be packaged in standard 20-pin  Hpm5141 02BZ/BLZ-8 80ns plastic ZIP
plastic SOF and 20-pin plastic ZIP. (ZP-20)

HM514102BS/BLS-7 70ns  300-mil, 20-pin
HM514102BS/BLS-8 80ns  plastic SOJ
(CP-20D)

Features

* Single 5V (x10%)
= 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)
* Static column mode capability
* 1,024 refresh cycles: 16 ms
1,024 refresh cycles: 128 ms (L-version)
* 3 variations of refresh
— RAS-only refresh
~ CS-before-RAS refresh
— Hidden refresh
¢ Test function
* Battery back up operation (L-version)
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HM514102B/BL Series

Pin Arrangement

HM514102BS/BLS Series HM514102BZ/BLZ Series
Hitachi pin No.
JEDEC pin No. T
— 1 A9
\ cs 2
Din 1 1 26 20 Vv 3 Dout
_' [ :l ss Vs 4
wE 2[ |2 25| |19 Dout - 5 Din
_ _ WE 6
RAS 3 [ || 3 24| ]18 Cs 7 RAS
A10 8
NC 4[ || 4 23| ]17 ne 9 NC
NC 10
ISCRCR I 22| ]16 A9 1 A0
A1 12
13 A2
a6 |9 18| ]15 A8 A3 14
15 Ve
At 7 [ |10 17| ] 14 a7 A4 16
17 A5
A2 8 [ |11 6| |13 As A6 18
19 A7
A3 9 [ |12 15| J12 As A8 20
Voo 10[_ |13 14 11 A4 | —
(Top View) (Bottom View)
Pin Description
Pin name Function Pin name Function
A0 — A10 Address input CcS Chip select
A0 — A9 Refresh address input WE Read/write enable
Din Data-in Voo Power (+5 V)
Dout Data-out Vgs Ground
RAS Row address strobe NC No connection
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Hitachi 65

HMS514102B/BL Series
WE

RAS

Block Diagram

Column Address Buffer

Address AO-A10

B 449L203 002k2L3 447 W

Row Address Buffer
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HMS514102B/BL Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg VT -1.0t0 +7.0 \Y%
Supply voltage relative to Vgg Vee -1.0t0+7.0 \
Short circuit output current lout 50 mA
Power dissipation Pr 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55t0 +125 °C

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

Paramete Symbol Min Typ Max Unit Notes
Supply voltage Vgs 0 0 0 \

Voo 4.5 5.0 5.5 v 1
Input high voltage ViH 2.4 — 6.5 \ 1
input low voltage ViL -1.0 — 0.8 \ 1

Note: 1. Allvoltage referenced to Vgg
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HMS514102B/BL Series

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

HMS514102 HM514102

B/BL-7 B/BL-8
Parameter Symbol Min Max Min Max Unit Test conditions Notes
Operating current et  — 100 — 90 mA  RAS, CS cycling tgg = min 1,2
Standby current loge — 2 - 2 mA  TTLinterface RAS, CS =V,
Dout = High-Z
- 1 - 1 mA  CMOS interface
RAS,CS>Vcp-02V
Dout = High-Z
Standby current — 100 — 100 pA  CMOSinterface, RAS,CS=V)y 5§
(L-version) WE, address, Din = V) or V)
Dout = High-Z
RAS-only refresh current  lgog — 100 — 90 mA  tgg=min 2
Standby current lccs — 5 - 5 mA  RAS=Vy,CS=V) 1
Dout = enable
C§-before-F{AS |CCG -— 100 — 90 mA tRC =min
refresh current
Static column mode lecg - 100 — 90 mA  tgo=min 1,3,4
current
Battery back up lccto — 200 — 200 pA tro=125s,tgag < 1 ps 5
operation current WE=V,,CS=V|_
{Standby with CBR refresh) Address, Din = V) or V)
{L-version) Dout = High-Z
Input leakage current I -10 10 -10 10 HA 0V<Ving7V
Output leakage current o -10 10 -0 10 HA 0V<vout<7V
Dout = disable
Output high voltage VoK 24 Voo 24 Voo V High lout = -5 mA
Output low voltage VoL 0 0.4 0 04 v Low fout = 4.2 mA

Notes: 1. ICC depends on output load condition when the device is selected. ICC max is specified at the

output open condition.

Address can be changed once or less while RAS = VIL.
Address can be changed once or less while CS = VIH.
Invalid address is prohibited during static column cycle.
VCC-02V<VIHS65V,0V< VIL 0.2V

s wn
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HMS514102B/BL Series

Capacitance (Ta = 25°C, Vee =5V £ 10%)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address, data-in) Ciq — 5 pF 1
Input capacitance (Clocks) Ci2 — 7 pF 1
Output capacitance (Data-out) Co — 7 pF 1,2
Notes: Capacitance measured with Boonton Meter or effective capacitance measuring method.

1.
2. CS = V|4 to disable Dout

AC Characteristics (Ta = 0°C to +70°C, Vo = 5V + 10%, Vgg =0 V) *1,*17,*18

Test Conditions

Input rise and fall times: 5 ns

Input timing reference levels: 0.8 V, 2.4V

Output load: 2 TTL gate + Cp_ (100 pF)
(Including scope and jig)

Read, Write, Read-Modify-Write and Refresh Cycles (Common parameters)

HM514102B/BL-7 HM514102B/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
CS pulse width tsp 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 tasw 0 — 0 — ns

Column address hold time taHw 15 — 15 — ns

RAS to CS delay time trcD 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
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HM514102B/BL Series

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

HM514102B/BL-7 HM514102B/BL-8

Parameter Symbol Min Max Min Max Unit Notes
CS hold time tcsH 70 — 80 — ns

CS to RAS precharge time tsps 10 — 10 — ns

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

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

Read Cycle

HM514102B/BL-7 HM514102B/BL-8

Parameter Symbol Min Max Min Max Unit Notes
Access time from RAS tRaC — 70 — 80 ns 2,3,19
Access time from CS tacs - 20 — 20 ns 3,4,19
Access time from address taa — 35 — 40 ns 3,5,14,19
Read command setup time trRcs 0 - 0 — ns

Read command hold time to CS treH 0 — 0 — ns 20
Read command hold time to RAS tRRH 0 — 0 — ns 20
Column address to RAS lead time tRAL 35 — 40 — ns

Output buffer turn-off time toFr 0 20 0 20 ns 6
RAS to column address hold time tAHR 15 — 15 — ns 16
Output hold time from address taoH 5 — 5 — ns

Column address hold time to RAS tAR 70 — 80 — ns

on read
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HM514102B/BL Series

Write Cycle

HM514102B/BL-7 HM514102B/BL-8
Parameter Symbol Min Max Min Max Unit Notes
Write command setup time twecs 0 — 0 — ns 10
Write command hold time tweH 15 — 15 — ns
Write command hold time to RAS twer 65 — 70 — ns
Write command pulse width twp 10 — 10 — ns
Write command to RAS lead time tRwL 20 — 20 — ns
Write command to CS lead time towL 20 — 20 — ns
Data-in setup time tps 0 —_ 0 — ns 1"
Data-in hold time tbH 15 — 15 — ns 1
Data in hold time to RAS tOHR 65 — 70 — ns
Column address hold time to RAS ~ tawp 65 — 70 — ns
on write

Read-Modify-Write Cycle

HM514102B/BL-7 HM514102B/BL-8

Parameter Symbol Min Max Min Max Unit Notes
Read-modify-write cycle time trwe 156 — 176 — ns

RAS to WE delay time trwD 70 — 80 — ns 10
CS to WE delay time tcwp 20 — 20 — ns 10
Column address to WE delay time  tawp 3B — 40 — ns 10
Output hold time from WE twoHr 0 — 0 — ns
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HMS514102B/BL Series

Refresh Cycle

HM514102B/BL-7 HM514102B/BL-8
Parameter Symbol Min Max Min Max Unit Notes
CS setup time tcsr 10 — 10 — ns
(CS-before-RAS refresh cycle)
CSholdtime tcHR 0 — 10 — ns
(CS-before-RAS refresh cycle)
RAS precharge to TS hold time ZRH 10 — 10 — ns
CS precharge time in normal mode tsin 10 — 10 — ns
Static Column Mode Cycle

HM514102B/BL-7 HM514102B/BL-8
Parameter Symbol Min Max Min Max Unit Notes
Static column mode cycle time tsc 40 — 45 — ns
Static column mode RAS pulse width tgage  — 100000 — 100000 ns
RAS to second WE delay time trRswp 70 — 80 — ns
Static column mode CS precharge  tg, 10 — 10 — ns
time
Write invalid time twi 10 — 10 — ns
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HMS514102B/BL Series

Static Colummn Mode Read-Modify-Write and Mixed Cycle

HM514102B/BL-7 HM514102B/BL-8

Parameter Symbol Min Max Min Max Unit Notes

Static ¢olumn mode cycle time tsrw 75 — 85 — ns 12

on read-modify-write

Access time from previous WE tarw — 70 — 80 ns 3,13,
18

Previous WE to column address twap 20 35 20 40 ns 15

delay time

Column address hold time to taHLw 70 — 80 — ns

previous WE

Output enable time from WE tow — 25 — 25 ns 19

Test Mode Cycle

HM514102B/BL-7 HM514102B/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

HM514102B/BL-7 HM514102B/BL-8

Parameter Symbol Min Max Min Max Unit Notes
CAS precharge time in counter tsiT 40 — 40 — ns

test cycle
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HMS514102B/BL Series

Notes: 1.

»

o orw®

N

10.

11.

12.
13.

14.
15.

16.
17.

18.

19.

20.
21.
22.

AC measurements assume tt = 5ns.

Assumes that trep < trep (Max) and trap < trap (Max). If trep or trap is greater than the
maximum recommended value shown in this table, trac exceeds the value shown.

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

Assumes that tgop 2 tgep (Max) and tgap < trap (Max).

Assumes that tgcp < tgop (Mmax) and tgap 2 tgap (Max).

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

Vin (min) and V) (max) are reference levels for measuring timing of input signals. Also,
transition times are measured between V) and V), .

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

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

twes: trwp, towp and tawp are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only: if tycg = twcs (min), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle;
if tgwp = trwp (Min), tcwp 2 towp (Min) and tawp = tawp (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 CS leading edge in an early write cycle and to WE leading
edge in a delayed wtite or a read-modify-write cycle.

tsrw (Min) = tawp (Min) +twap (Max) +tr

Assumes that t wap < trwap (max). If twap is greater than the maximum recommended value
shown in this table, ta yw exceeds the value shown.

Assumes that t\ywap 2 fLwap (max).

Operation with the t wap (max) limit insures that ta y (max) can be met, tiwap (Max) is
specified as a reference point only, if | \wap is greater than the specified t yap (max) limit, then
access time is controlied exclusively by taa.

taHR defines the time at which the column address hold.

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization
cycles (RAS-only refresh cycle or CS-before-RAS refresh cycle). If the internal refresh counter
is used, a minimum of eight CS-before-RAS refresh cycles is required.

Test mode operation specified in this data sheet is 8-bit test function controlled by control
address bits — RA10, CA10 and CAO. This test mode operation can be performed by WE-and-
CS-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 eight 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. Data output pin is Dout and data input pin is Din. In
order to end this test mode operation, perform a RAS-only refresh cycle or a CS-before-RAS
refresh cycle.

In a test mode read cycle, the value of tgac, tacs, taa, tow and tarw are delayed for2 nsto 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.

Either tgo or tgry Must be satisfied.

trag (Min) = tryp (Min) + tgyy (Min) + tr in read-modify-write cycle.

tgp (Min) = towp (Min) + tow (Min) + ty in read-modify-write
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HM514102B/BL Series

Timing Waveforms *23

Read Cycle
- tac
tras L RP
- \ / \
RAS XK 7Z \_—
tr tosit - tshs
trep tRsH o
tsp
cs x& a
S
tasr traD traL . taHR
tRAH tan
N 4 \
Address ROWJ s Column )
tRRH
tres trcH
___ 4 N
WE tacs ’
taa
trac
torF
Dout z Dout

Notes: 23. m :HorL (H: Vig(min) £ Viy £ Vig(max), L : Vy (min) < Vi < V) (max))

m : Invalid Dout
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HM514102B/BL Series

Early Write Cycle
tac
- tFIAS tRP
RAS { \
tr tesh tsms
- ]
trcp tasH
B tsp
_ \ /
Ccs %j
tASR tawr
tRan  tasw taHw
—
N
Address Row Column
/
. twer
twes tweH
we COOGRR
N 7
" toHR |
tps ton |
High -Z2*
Dout '9
* twes Z twes (min)
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HM514102B/BL Series

S S
= Y
= T o
D o
s
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HM514102B/BL Series

Read-Modify-Write Cycle

RAS

Address

Din

Dout

tawe
trp
3& tras ’; ;
tr tsrs
taco tsp
N
traD tewe
tasmr | tawL
tRAH
4
Row . Column
tres) tewp tarw
tawp
tRwo | | twe
N i
tps toH
Din
\ twon torF
ACS
taa
i Dout E
- trac

M 4495203 002L27?5 579 IA
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Power ed

, HM514102B/BL Series

tre
trp | tras | trp
_ / A
RAS N / \
tzry, | tcsr | | teHr tzAH tops
t tsin ’*’
-
- \ i
CcS tsiN
Vi
tws I‘tWH
_ 4 N
WE
Address
torr
High-Z
Dout 9
tre
tras | trp
\ /4 \
RAS & \
tr
tskRs | tzRH | tsrs
__ /4 Y 4
CcS
tasr tRAH
Address Row
High-Z
Dout g
* Refresh address AO~A9 (AX0~AX9)
** WE : Don't care
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HMS514102B/BL Series

Hidden Refresh Cycle

tre N tre tre
tras . tRP
(Refresh) (Refresh)
/ N
RAS
tsms
tcHR
— /
CSs /
N 7
tasr | trat
trAD J
tRaH| | [ taHR |
4
Address Row Column ><
N
trcH
tacs tRRH
L v \
ACS
taa
tRac toFF
[ |
Dout { Dout }~
\_
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HMS514102B/BL Series

Static Column Mode Read Cycle

trasc trp
\ / \
RAS
N _ 7
tr,| tASH ¢ ]
trep tg tsp tsprs
o /
cs < / N
trcs
tRAD tanm
tasr | |tRaH tsc tRAL
/ N/ y
Address Row Column 7X( Column X( Column
N\
trAH
tAR -~ tRCH tRCS tHCH
- y y
WE
tacs
tan
trac torr
Dout z Dout
80 Hitachi

Power ed by | Cni ner.

E 4495203 0026278 203 W

com El ectronic-Library Service CopyRi ght 2003



HMS514102B/BL Series

Static Column Mode Write Cycle (1)

trasc L tmp
. \ \
RAS N \
t N
.
trep L tsmrs
o \
CSs
towL
tasr| | tran tasw| [tanw trwL
Address Row Column Column Column
tawn - tanw tanw
twer tasw tasw
twes| |twen twi twe_, | twi twe
twp —
we XXX XN N N M?iii
N Y N_ i
tRswp tsc
tos| | toH tos| |ton tos| (ton
Din Wmn Din Din )
L {DHR
{ 1
High-Z*
Dout 9
* twes Z twes (min)
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HM514102B/BL Series

Static Column Mode Write Cycle (2)

trasc | trp
. —
RAS N \
N _/
. tesH tsc tRsH
trep tsp | ,_tsi tsp sl tsp , .. tsms
_ t \
cs N \ \
N/
fawe ' t t t t
w| (tanw asw| |taHw
tasr tran tasw tapw S
Address Row Column Column Column
twer twes twes
twes | | tweH tweH tweH
N / 7 N ¥i
taswo
toHR )
tps| |ton tos | |toH tps | |toH
Din Din Din Din
. High-Z*
Dout J
* twes 2 twes (min)
82 Hitachi I 4496203 002k280 9kEL N

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003



HM514102B/BL Series

Static Column Mode Read-Modify-Write Cycle

Y t
—_— RASC
RAS \;& : thp \
tr t
trco WL o tsps
. \ tsp Zz
CS
tRAH — 7
[ tspw , towL
tash tacs taHw tanw taHw
P =)
AddressX>i Row X Column "Column E@Z Column
. N 2 N
t
tRaD taHLW AHLW -
tCWD tLWAD tAWD tLWAD tAWD
[~
t
AWD, tres tres
4 N i
wE X twp% \K " W
trRwp
ton ton
Din Din Din
t t
tacs tanw ALW OFF
t taa tan
A7 tow tow twoH
trac twon twon
Dout Dout Dout

M 449L203 002kb281 &T2 HM

Hitachi 83

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



HM514102B/BL Series

Static Column Mode Mixed Cycle

trasc Llep
_ y
RAS N ]
tr [N
tosH , tsc N .
t i t t SRS
RCD s sp s tow,
\ 4
cs N\
X N Vi R
tLwap tRwL
tasr| |traH tasw
taHw tasw tanw
\ - N Y
Address Row Column >< >< >< Column X Column
/ N _1
tAHLW
tawr tcwp
t
tV\{CS tweH Ei? twp
. y \
72 XK
twer tsc tawp
t
S tps| |toH
tbs
N
Din
7
I toHR o tacs | | taa L torF
- tanlew] tAOH|anl ‘acs
taw twoH
| Zmem—
tow -
Dout g Dout Dout
N
i Write ,{‘ Read _Jr Read Modify Write i
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HM514102B/BL Series

—

Test Mode Cycle

* Ak

Set Cycle** Test Mode Cycle Reset Cycle | Normal Mode

NN AN AN A WA W
=\ |/ 1/ N\ I\
w0\ 00 /XX

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

Test Mode Set Cycle

) - %&)FF High-Z
Dout / /// i igh-
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HM514102B/BL Series

_lesn tchm | ftaiT trsH tsrs
tsp |

trAL tAHF{I

tr

/-
Address Column
N\
tws ’ twH tacs 1 treH
S Ll

tRRH
4 N 4
O X KX
tacs
taa torrF
Dout * Dout
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HMS514102B/BL Series

]
trp
- y
RAS X(
_tesm techr | laim tagH | tsrs
tsp .
cs
X(
tasw
tr tAHw ,
Address Column m
tws twH
twes twen
- O
" N U
N Z
lbs toH |
Dout
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