HM51W16405B Series
HM51W17405B Series

4,194,304-word X 4-bit Dynamic Random Access Memory
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ADE-203-543 (Z)
Preliminary
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Apr. 20, 1996

Description

The Hitachi HMS1W16405B Series, HM51W17405B Series are CMOS dynamic RAMs organized
4,194,304-word x 4-bit. They employ the most advanced CMOS technology for high performance and low
power. The HM51W16405B Series, HM51W17405B Series offer Extended Data Out (EDO) Page Mode
as a high speed access mode.

Features

o Single3.3V@0.3V)
s High speed
— Access time: 60 ns/70 ns/80 ns (max)
* Low power dissipation
— Active mode : 360mW/324 mW/288 mW (max) (HM51W16405B Series)
: 396mW/360 mW/324 mW (max) (HMS51W17405B Series)
— Standby mode : 7.2 mW (max)
: 0.36 mW (max) (L-version)
» EDO page mode capability
o Long refresh period
— 4096 refresh cycles : 64 ms (HMS51W16405B Series)
: 128 ms (L-version)
— 2048 refresh cycles : 32 ms (HM51W17405B Series)
: 128 ms (L-version)

Preliminary: This document contains information on a new product. Specifications and information
contained herein are subject to change without notice.

This specification is fully compatible with the 16-Mbit DRAM specifications from TEXAS
INSTRUMENTS.
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HMS51W16405B Series, HMS51W17405B Series

e 4 variations of refresh
— m-only refresh
— CAS-before-RAS refresh
— Hidden refresh
— Self refresh (L-version)
* Battery backup operation (L-version)

e Test function
— 16-bit parallel test mode

Ordering Information

Type No. Access time Package
HM51W16405BS-6 60 ns 300-mil 26-pin plastic SOJ
HM51W16405BS-7 70ns (CP-26/24DB)
HMS51W16405BS-8 80 ns

HM51W16405BLS-6 60 ns

HM51W16405BLS-7 70ns

HM51W16405BLS-8 80 ns

HM51W17405BS-6 60 ns

HM51W17405BS-7 70 ns

HM51W17405BS-8 80ns

HM51W17405BLS-6 60 ns

HM51W17405BLS-7 70ns

HM51W17405BLS-8 80 ns

HM51W16405BTS-6 60 ns 300-mil 26-pin plastic TSOP I
HM51W16405BTS-7 70 ns (TTP-26/24DA)
HM51W16405BTS-8 80 ns

HM51W16405BLTS-6 60 ns

HM51W16405BLTS-7 70 ns

HM51W16405BLTS-8 80ns

HM51W17405BTS-6 60 ns

HM51W17405BTS-7 70 ns

HM51W17405BTS-8 80 ns

HM51W17405BLTS-6 80 ns

HM51W17405BLTS-7 70 ns

HM51W17405BLTS-8 80ns
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Pin Arrangement

HM51W16405BS/BLS Series
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Pin Description
Pin name Function
AO to A11 Address input

— Row/Refresh address A0 to A1t

— Column address

AOto A9

{101 to /04 Data input/Data output
RAS Row address strobe
CAS Column address strobe
WE Read/Write enable

OE Output enable

Vee Power supply

Ves Ground
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Pin Arrangement

HM51W17405BS/BLS Series

HM51W17405BTS/BLTS Series

sy —

Veo| | 26| | Ves o[ 11O 26 [ Jveg

vo1 [ |
Vo2 [

>
o
[ ]
@

rof o 18| | A7 ro[ |9 18| | A7
a1 10 17(| | A6 at[ |10 17 ] Ae

En 16| | As Az |11 16| | A5

>

12 15[ | A4 3[ |12 15 [ | As

RE! 14| ] vg Voo |13 14| | v

2 25| | o4 vo1[ | 2 25 [ | wo4
3 24/ | vos voz| | s 24 [ ]woa
4 23| |cAs WE[ |4 23 | |cAs
5 22| |oE RAs[ | s 22| |OE
6 21| | A9 Ne[ | e 21| |9
19 | A8 Ao |8 19| | A8

cc
(Top view) (Top view)

Pin Description
Pin name Function
AOto A10 Address input

— Row/Refresh address A0 to A10

— Column address AQto A10
/01 to 1/O4 Data input/Data output
RAS Row address strobe
CAS Column address strobe
WE Read/Write enable
OE Output enable
Vee Power supply
Vs Ground
NC No connection

HITACHI
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Block Diagram
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Address A0 to A11: HM51W16405B
Address A0 to A10: HM51W17405B
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vg V; —0.5to V. + 0.5 (< 4.6 V (max)) \
Supply voltage relative to Vg Vee -051t0 4.6 Vv
Short circuit output current lout 50 mA
Power dissipation Py 1.0 w
Operating temperature Topr 0to +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 Vec 3.0 3.3 3.6 \ 1,2
Input high voltage Vi 2.0 —_ Ve +03  V 1
Input low voltage Vo -0.3 — 08 A 1

Note: 1. All voltage referred to V.
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DC Characteristics
(Ta=0to+70°C, V=33 V03V, V,=0V) (HM51W16405B Series)
HM51W16405B
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*'> ** lees — B0 —~— 70 — 65 mA ti,=min
Standby current foco — 2 — 2 — 2 mA TTLinterface
RAS, CAS =V,
Dout = High-Z
- 1 — 1 — 1 mA CMOS interface
RAS,CAS2V,-02V
Dout = High-Z
Standby current loee — 100 — 100 — 100 pA CMOS interface
(L-version) RAS,CAS 2V, -02V
Dout = High-Z
RAS-only refresh current*? leos — 80 — 70 — 85 mA tyi=min
Standby current*' lees — 5 — 5 — 5 mA RAS=V,
CAS =V,
Dout = enable
CAS-before-RAS refresh lecs — 8 — 70 — 65 mA t,=min
current
EDO page mode current™ ** |, — 100 — 90 — 80 mA t,c=min
Battery backup current lecto — 300 — 300 — 300 pA CMOS interface
Dout = High-Z, CBR
refresh: t,; =313 s
taas £ 0.3 us
Self refresh mode current leen — 200 — 200 — 200 pA CMOS interface
(L-version) RAS,CAS <02V
Dout = High-Z
Input leakage current Iy -10 10 -10 10 -10 10 pA 0V<Ving46V
Output leakage current lo -10 10 -10 10 -10 10 pA 0V<Vins46V
Dout = disable
Output high voltage Vou 24 V., 24 V., 24 V, V Highlout=-2mA
Output low voltage Vo 0O 04 0 04 0 04 V Lowlout=2mA

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

2. Address can be changed once or less while RAS = V..
3. Address can be changed once or less while CAS = V.

434 HITACHI



HM51W16405B Series, HM51W17405B Series

DC Characteristics
(Ta=0t0+70°C, V=33 V0.3V, Vi =0V) (HMS51W17405B Series)
HM51W17405B
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*'s *? lees — 110 — 100 — 90 mA t,.=min
Standby current loce — 2 ~—~ 2 -~ 2 mA TTLinterface
RAS, CAS = V,,
Dout = High-Z
-1 - 1 —_— 1 mA CMOS interface
RAS,CAS 2V, -02V
Dout = High-Z
Standby cuirent lees — 100 — 100 — 100 pA CMOS interface
(L.-version) RAS, CAS 2>V . -0.2V
Dout = High-Z
RAS-only refresh current*? lecs -~ 110 — 100 — 90 mA tg.=min
Standby current*' lecs — 5§ — 5 — 5 mA RAS=V,
CAS =V,
Dout = enable
CAS-before-RAS refresh loes — 110 — 100 — 90 mA t,.=min
current
EDO page mode current™"** |, — 110 — 100 — 90 mA t,,c=min
Battery backup current locro — 300 — 300 — 300 pA CMOS interface
Dout = High-Z, CBR
refresh: tyc =62.5 us
taas < 0.3 us
Self refresh mode current leon — 200 — 200 — 200 pA CMOS interface
(L.-version) RAS,CAS<0.2V
Dout = High-Z
Input leakage current Iy -10 10 -10 10 -10 10 pA 0V<Vin<46V
Output leakage current 1o -10 10 -10 10 -10 10 pA 0V<Vin<46V
Dout = disable
Output high voltage Vou 24 V., 24 V., 24 V. V Highlout=-2mA
Output low voltage Va 0 040 04 0 04 V Lowlout=2mA

Notes : 1.

output open condition.
2. Address can be changed once or less while RAS = V.
3. Address can be changed once or less while CAS = V,,,.

HITACHI
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Capacitance (Ta=25C, V=33V +0.3V)

Parameter Symbaol Typ Max Unit Notes
Input capacitance (Address) C, — 5 pF 1
Input capacitance (Clocks) Ce. —_ 7 pF 1
Output capacitance (Data-in, Data-out) C,, e 7 pF 1,2

Notes : 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS =V to disable Dout.
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AC Characteristics (Ta=01t0 +70°C, V=33 V03V, V=0 V) *! *2 18

Test Conditions

o Inputrise and fall time: 2 ns

e Inputlevels: Vy =0V, V=3V

¢ Input timing reference levels: 0.8 V,2.0V

¢ Output timing reference levels: 0.8 V,2.0V

¢ Output load: 1 TTL gate + C, (100 pF) (Including scope and jig)

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

HM51W16405B/HM51W17405B
-6 -7 -8

Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycle time tec 104 — 124 — 144 — ns
RAS precharge time tee 40 — 50 — 60 — ns
CAS precharge time tep 10 — 13 — 15 — ns
RAS pulse width tass 60 10000 70 10000 80 10000 ns
CAS pulse width toas 10 10000 13 10000 15 10000 ns

Row address setup time tasr 0 — 0 — 0 — ns

Row address hold time tran 10 — 10 — 10 — ns
Column address setup time tasc 0 — 0 — 0 - ns
Column address hold time toan 10 — 13 — 15 — ns
RAS to CAS delay time taco 20 45 20 52 20 60 ns
RAS to column address delay time tran 15 30 15 35 15 40 ns
RAS hold time thsn 15 — 18 — 20 — ns
CAS hold time tosn 48 — 58 — 68 — ns
CAS to RAS precharge time tonr 5 — 5 — 5 — ns

OE to Din delay time toen 15 — 18 — 20 — ns 5
OE delay time from Din tozo 0o — 0 — 0 — ns 6
CAS delay time from Din toze 0o — 0o - 0o - ns 6
Transition time (rise and fall) t; 2 50 2 50 2 50 ns 7
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Read Cycle
HM51W16405B/HM51W17405B
-6 -7 -8

Parameter Symbol Min Max Min Max Min Max Unit Notes

Access time from RAS taac — 60 — 70 — 80 ns 8,09,
19

Access time from CAS torc — 15 — 18 — 20 ns 9,10,
17,19

Access time from address ta — 30 — 35 — 40 ns 9 11,
17,19

Access time from OE toea — 15 — 18 — 20 ns 9,19

Read command setup time tacs — — — ns

Read command hold time to CAS tack —_ — — ns 12

Read command hold time from RAS  t... 60 — 70 — 80 — ns

Read command hold time to RAS L 0 — 0o — 0o - ns 12

Column address to RAS lead time tra 30 - 35 — 40 — ns

Column address to CAS lead time tea 18 — 23 — 28— ns

CAS to output in low-Z tez 0o — 0o — 0 - ns

Qutput data hold time tou 3 — 3 —_ 3 — ns

Output data hold time from OE tono 3 — 3 — 3 — ns

Output buffer turn-off time torr — 15 - 15 - 15 ns 13

Output buffer tum-off to OE tosz — 15 — 15 — 15 ns 13

CAS to Din delay time tooo 15 — 18 — 20 — ns 5

Output data hold time from RAS Lo 3 — 3 - 3 - ns

Output buffer turn-off to RAS tosm — 15 — 15 — 15 ns

Output buffer turn-off to WE twez — 15 — 15 — 15 ns

WE to Din delay time tweo 15 — 18 — 20 — ns

RAS to Din delay time troo 15 — 18 — 20 — ns
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Write Cycle
HM51W164058/HM51W174058
-6 -7 -8
Parameter Symbol Min Max  Min Min Unit Notes
Write command setup time twes 4] — 0 0 ns
Write command hold time twen 10 — 13 15 ns
Write command pulse width twe 10 — 10 10 ns
Wirite command to RAS lead time taw 10 — 13 15 ns
Write command to CAS lead time tow 10 — 13 15 ns
Data-in setup time tos 0 —_ 0 0 ns
Data-in hold time tou 10 — 13 15 ns
Read-Modify-Write Cycle
HM51W164058/HM51W174058
-6 -7 -8
Parameter Symbol Min Max Min Min Unit Notes
Read-modify-write cycle time tawe 149 — 175 199 ns
RAS to WE delay time thwo 82 — 95 107 ns
CAS to WE delay time towo 37 — 43 47 ns
Column address to WE delay time tawo 52 — 60 67 ns
OE hold time from WE toen 15 — 18 20 ns
Refresh Cycle
HM51W16405B/HM51W17405B
-6 -7 -8
Parameter Symbol Min Max Min Min Unit Notes
CAS setup time (CBR refresh cycle)  teen 5 — 5 5 ns
CAS hold time (CBR refresh cycle) tonn 10 — 10 10 ns
WE setup time (CBR refresh cycle) twae 0o — 0 0 ns
WE hold time (CBR refresh cycle) tynn 10 — 10 10 ns
RAS precharge to CAS hold time teec 0 — 0 0 ns

HITACHI




HM51W16405B Series, HM51W17405B Series

EDO Page Mode Cycle

HM51W16405B/HM51W17405B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
EDO page mode cycle time tupe 25 — 30 — 35 - ns 20
EDO page mode RAS pulse width taase — 100000 — 100000 — 100000 ns 16
Access time from CAS precharge tera — 35 — 40 — 45 ns 917,19
RAS hold time from CAS precharge teens 3B — 40 — 45 — ns
OQutput data hold time from CAS low toon 3 — 3 — 3 — ns 9,17
CAS hold time referred OE teor 10 — 13 — 15 — ns
CAS to OE setup time teor 5 — 5 — 5 — ns
Read command hold time from CAS trcke 3B — 40 — 45 — ns
precharge
EDO Page Mode Read-Modify-Write Cycle

HM51W164058/HMS51W17405B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
EDO page mode read- modify-write theawe 79 — 90 — 99 ns
cycle time
WE delay time from CAS precharge topw 54 — 62 — 69 — ns 14
Test Mode Cycle *'*

HM51W16405B/HM51W17405B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Test mode WE setup time tyrs 0o — 0o - 0 — ns
Test mode WE hold time by 10 — 10 — 0 — ns
Refresh (HM51W16405B Series)
Parameter Symbol Max Unit Notes
Refresh period taer 64 ms 4096 cycles
Refresh period (L-version) tree 128 ms 4096 cycles
460
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Refresh (HM51W17405B Series)

Parameter Symbol Max Unit Notes
Refresh period toer 32 ms 2048 cycles
Refresh period (L-version) trer 128 ms 2048 cycles

Self Refresh Mode (L-version)

HM51W16405BL/HM51W17405BL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
RAS pulse width (self refresh) tanss 100 — 100 — 100 — ps
RAS precharge time (self refresh) toes 110 — 130 — 150 — ns
CAS hold time (self refresh) tons -50 — -850 -~ -50 — ns

Notes: 1. AC measurements assume t, = 2 ns.

2. Aninitial pause of 200 us is required after power up followed by a minimum of eight initialization
cycles (any combination of cycles containing RAS-only refresh or CAS-before-RAS refresh). If
the internal refresh counter is used, a minimum of eight CAS-before-RAS refresh cycles are
required.

3. Operation with the t,¢, (max) limit insures that t;,c (max) can be met, t,, (max) is specified as a
reference point only; if t,, is greater than the specified t,., (max) limit, then access time is
controlled exclusively by tc,c.

4. Operation with the t,,, (max) limit insures that t,,. (max) can be met, t,, (max) is specified as a
reference point only; if t,,; is greater than the specified ty,, (max) limit, then access time is
controlled exclusively by t,,.

5. Either t,g, or to,, must be satisfied.

6. Either ty,, Or ty,c must be satisfied.

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

8. Assumes that tyop < taep (Max) and tp,p S thap (Max). If to Or ty,p is greater than the maximum
recommended value shown in this table, 1., exceeds the value shown.

9. Measured with a load circuit equivalent to 1 TTL loads and 100 pF.

10. Assumes that tpep = trep (Max) and oy + toac (Max) =ty + tay (Max).

11. Assumes that t,,, 2 thp (Max) and tog, + toac (Max) < toap + ta, (Max).

12. Either tgg, or tyg, must be satisfied for a read cycles.

13.tor (Max) and t,e, (max) define the time at which the outputs achieve the open circuit condition
and are not referred to output voitage levels.

14. tyes, tawos towss tawo @8N topy @re not restrictive operating parameters. They are inciuded in the
data sheet as electrical characteristics only; if tyes = tucs (Min), the cycle is an early write cycle
and the data out pin will remain open circuit (high impedance) throughout the entire cycle; if tqyy
2 tawo (MIN), towp = towp (MIN), @and tyyp 2 tawp (MIN), OF toyg 2 towp (MIN), typ 2 Ly (MIN) and te,,, 2
teew (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.
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15. These parameters are referred to CAS leading edge in early write cycles and to WE leading
edge in delayed write or read-modify-write cycles.

16. to.e defines RAS pulse width in EDO page mode cycles.

17. Access time is determined by the longest among t,,, t.,c and t.,,.

18.The 16M DRAM offers a 16-bit time saving parallel test mode. Address CAO and CA1 for the 4M
x4 are don't care during test mode. Test mode is set by performing a WE-and-CAS-before-RAS
(WCBR) cycle. In 16-bit paraliel test mode, data is written into 4 bits in parallel at each /O (1/01
to 1/04) and read out from each I/O.

I 4 bits of each I/O are equal (all 1s or Os), data output pin is a high state during test mode read
cycle, then the device has passed. If they are not equal, data output pin is a low state, then the
device has failed.

Refresh during test mode operation can be performed by normal read cycles or by WCBR
refresh cycles.

To get out of test mode and enter a normal operation mode, perform either a regular CAS-
before-RAS refresh cycle or RAS-only refresh cycle.

19.In a test mode read cycle, the value of tq,¢, ta, tcac @and te;, is delayed by 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.

20.1,-c (min) can be achieved during a series of EDO page mode write cycles or EDO page mode
read cycles. If both write and read operation are mixed in a EDO page mode RAS cycle (EDO
page mode mix cycle (1), (2)), minimum value of CAS cycle (t.,s + tp + 2 t;) becomes greater
than the specified t,,,c (min) value. The value of CAS cycle time of mixed EDO page mode is
shown in EDO page mode mix cycle (1) and (2).

21. Please do not use tg,q timing, 10 pus < to,ss < 100 ps. During this period, the device is in
transition state from normal operation mode to self refresh mode. If t,,.. > 100 us, then RAS
precharge time should use t. instead of t,.

22_if you use distributed CBR refresh mode with 15.6 ps interval in normal read/write cycle, CBR
refresh should be executed within 15.6 us immediately after exiting from and before entering
into self refresh mode.

23. If you use RAS only refresh or CBR burst refresh mode in normal read/write cycle, 4096 or 2048
cycles (4096 cycles: HM51W16405B Series, 2048 cycles: HM51W17405B Series) of distributed
CBR refresh with 15.6 us interval should be executed within 64 or 32 ms (64 ms:
HM51W16405B Series, 32 ms: HM51W17405B Series) immediately after exiting from and
before entering into the self refresh mode.

24. Repetitive self refresh mode without refreshing all memory is not allowed. Once you exit from
self fresh mode, all memory cells need to be refreshed before re-entering the self refresh mode
again.

25.XXX: Hor L (H: V,,, (min) £ V), £ V,, {(max), L: V,_ (min) £ V,, £V,  (max))

/i11f: \nvalid Dout
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Timing Waveforms*?>
Read Cycle
< tre
- tRAS < AP
RS N )
A
tesH tchp -
" tRCD 1RSH >
iy, tcas
\ /
CAS N /
N 7
tRaD | tRAL -
« teat
tASR tasd [ tcad
tRAH >
—
4
Address Row . Column
tRRH
tRCHR .
tRCSle| | <« RCH »
— l -
WE \
twep
tpzg _ tcoo >
< RDD -
o OOO0C 2 XX
<[ 1DZol | | JoEa - toED .
o X KXXXXX / XXX
X y,
o]:72
JcAC t?(;‘g: >
4‘ AA - <‘L toH f
tRAC - _ loFr |
lc L towR | _
tWEZ [y
S \
Dout (7. Dout 7}—

HITACHI 463



HM51W16405B Series, HMS51W17405B Series

Early Write Cycle
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Delayed Write Cycle
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Read-Modify-Write Cycle
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HM51W16405B Series, HM51W17405B Series

RAS-Only Refresh Cycle
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CAS-Before-RAS Refresh Cycle

-} tRC o
: RP | < tRAS >l |« tRP |
/N T\
RAS / N N
N
tRPC tcsr tCHR tRPc tcRP
- > |[—> | > <> >
_ A Y| Tl V X 4
CAS Z
/
1P o twrp| | twap tcp
7 Y
WE
Address
torFr
<_
toFF
Dout //5[ High-Z
Y,

* OE: HorlL
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HMS51W16405B Series, HM51W17405B Series

Hidden Refresh Cycle
- tRC »e 'RC . thre .
— tRAS | [«IRP, |4 tRAS| |tRR] | tRAS tRp
RAS X( 7{ N Z——x
tr
<IASH, tcHR | || |terp,
« IRCD
S N /
CAS & Z
- 4
<« 1RAD 1. | |tRAL
tasp [IRAH  tascl | tcan
Address Row i Column i
K
twaH “r™tRRH
- t ol e
tRCS 'RAH]| | twrp ™ vlfi - WaH tRCH
7 \'RYA A 1 \
W—E \X/ >( XM
/\ /
twep
tpzc, -
N | tcpD
High-Z N RDG
igh- “ 4
~ tozo| toED
tOEA
OE &_ 7|( ; ; >_<
_tcac _tOEZ
< -t
L R D
. !RAC . toFE
tciz < OH,
¥ \
toFR
toHR

HITACHI

469




HM51W16405B Series, HM51W17405B Series

EDO Page Mode Read Cycle
trp
— t
AAS tRasp HPC i \_
tr t Ypc tHpc tcpaK tcrp
CSH tcp CR 1CP | tasn
B! B 1 1 r
CAS tcas Z \ tcas icas tcas
: tRCHA : | thes tRCHC e
RCS| RCH
o] el —f *—*|tRCH
= T
tRAL .
tASR Ll f:i‘;,,tc‘i’] | tASC igt"" tﬁs tCﬂH tasc tCAM WED
Address XXX Row m Column 1D<X Column MW Column 3 (Column 4 X
toaL teal teaL I teaL
tRDD
tpzc tcoo
a1
oo T} i
tpzoy tcol tcop
| bt = {OED
oF \ I0(X
cpa oFR
toga tcpa . to
taA oz PA ™ HR
tcag L tcAG taa toez = loEZ
taa WEZ OH tcag cad ! tono
tRAC - loea togA torF
" tboH t
=+ | toHg OH
Dout { oout1 s —{Dout ‘E {oout 2 @Dout { opouts }—
[
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HMS51W16405B Series, HM51W17405B Series

EDO Page Mode Early Write Cycle

tRasp L tRP
- N\
RAS k
] Y, \
tr
tcsH tHpc tRSH
trep tcas tce | 1teas | tcp tcas | tCRP
—_ \ N . \
CAS
N/ \ \
tasq tRaH tasc| [tcan tascl [tcaH tasd ftcaH
Address ’4“)’1’4 Coium:m;umwommn W
twes| [twer twes | [tweH twes | [tweH
e /N1 000K
W\ /X\-k T/\K

High-Z**

Dout
* OE : HorlL
** twes = twes(min)
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HM31W16405B Series, HM51W17405B Series

EDO Page Mode Delayed Write Cycle

" trasp _
tRp
N
RAS \_
N 7
T tcp By 1 tcrp
" tcsH » tupc - « tASH
trRep ). tcas _ _tcas _ tcas
— \ /1
CAS P
&K_______?Z XK 7 &i 7Z
tasc L ltasc lJtasc
{CAH tcAH tcan
Column 1 Column 2 Column N
towd tewt tewl
- — tR
trcs trcs "
\ \ \
\ \ \
twp _ twel| | twel | |
T® Ll
tpze tp tpzc tosy| | tpzc tps

toED toED toED

LOEH e tOEHI=

J

High-Z

towz,) towz, ] o torz,|
loez S JoEz | 1OEZ
Dout }

Invalid Dout Invalid Dout Invalid Dout
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HMS51W16405B Series, HMS51W17405B Series

EDO Page Mode Read-Modify-Write Cycle

< tRASP .
tpp
RS
RAS
N 7 \_
tt]]. _ tHPRWC
tcp, | tcp «'ASH tCRF
tRCD tcas tcas « LCAS
_ \ . ' 4
s \ TN R A
7 N 4
tRAD
tAsR,| tasc oLl 1ASC tasc
tRAH tcan tcan tcan
Address Row \ Column 1 >§~ Column 2 >§ Column N
trwp  (towll tcrw  tewd topw :4\»_1\».1
-t > 4> |- > [ - .
tawp tawp tawp «— >
towo | [tresl [l |, town | ftRes) )l | towp | | TRWL
N i \ \
w x \ /X0
tRcs twe | e twe || 4 twe -
- tpzc tDSV » ‘tDZC tDS; _ tpzc tDSV
toH AL Ak
h N Gi K 6i K i
Din / 5 /) 2 / N
t t t
tpzo| | 22 tozg || | £ tpzg | | | £
tOEH e LOEH e LOEHe—>
4 / "4 \'
. f § N
v / t A
T OHO > OHO [ >HHetoHO
tOEA| || tOEA LOEA (>
tCACies tCAG e tcAq -
frac tepale— tepAle——
le e L
tciz loez  tc loez  tc loez
o £ 2 High-Z
N N K 19
Dout 4 y £
NA N N7
Dout 1 Dout 2 Dout N
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HMS51W16405B Series, HM51W17405B Series

EDO Page Mode Mix Cycle (1)
tap
ES— t p
S _ﬂ_ RASP / \_
' tcrp
T tcp tcp tcp
B R r Y R r
CAS tcas ] tcas tcas \lcas
tesH tasH
trep
t t t {RRH
wes | twen ACS RC§, sl tRCH
WE ; [CPW___Liwef \
A tawD [ ¥
t [ i
tASR fesl ‘Rﬂé'sf. 'cAH tasg| |toan EE toan tascl,, | toan
Address @ How~ Column 1 MColumn 2 olumn 3 Column 4 ><><><><><
teal tcaL tcaL tCAL tROD
to tcop
t t
tos DH DS
Din Din 1 High-2 Din 3 :XXX
oED
~ = "wep
oe JUOUOUOOUOUO \ JRO00N
icPA tcpa ] {3’3
™ lcPT toez taA 0
j—
toEA taa cac &z
il — toHo
{CAC ||t
tca OHO 10EA
S DQH | %’:’
Dout { Douz )@(rm Doutd [——
— 4
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HMS51W16405B Series, HMS51W17405B Series

EDO Page Mode Mix Cycle (2)
trp
ms | tRasP f \_
Y
t tcrp
T tcsH tcp tcp tcp
b N . ¥
TAS tcas \ tcas tcas Notcas|l |
trep : = = . n 1
RCHR RSH
tres tpcn|Wes] [twer tacs 'RC tRRH
e Rct WCS e+l tRCH
| N = Yo
It f tRAL
tasc
tash fes] | 1RAR .&M.l' tasc| |tcan tasc| {tcan s tean
Address @ Row m Column 1 xColumn 2 Column 3 m Column 4 ><><><><><
toal | teal tcaL % tean
tog)
tps toH t tRDD
03 oK tcDD
Din High-Z Din2 |) | Din 3> {XXX
A
toED
foep e |or =~ 'wep
i | leoll y :
o ] - | ‘ IOUOR
torr
tan tOEA tcpa Ll twEZ
10EA tcp ta 1
T toez taa o | OEZ
AC toEZ feag )
I c i+ tC AC - —wn OHO
= t t |<OEA lorr
OHO OHO ton
Dout < Dout 1 (Dm \ Dout 4 >—
A1 L
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HM51W16405B Series, HM51W17405B Series

Test Mode Cycle *'®

* Xk

Set Cycle™ Test Mode Cycle Reset Cyciek Normal Mode

SNV NN WA W
ANV VAAVAAVAVERVE

* CBR or RAS-only refresh
** Address, Din, OE: HorL
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HM31W16405B Series, HMS1W17405B Series

Test Mode Set Cycle

- tac -
- tRp - tRAS - tRp
£ \ / 3
RAS / X( \
tRPC tCcsR tCHR tRPC_ tCR
S - >
tt
7 \ / Y\ 4
oAs XX/ / \></
< ICP < IWTS | | twTH) | tep -

torr
tOFF|

%

-

[ g

High-Z

Dout

7,
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HMS51W16405B Series, HM51W17405B Series

Self Refresh Cycle (L-version)*?! 22324

- trp - tRASS . tRPS
— Y
RAS / \
\ 7 \
tr
e T tcrp
‘_
<|tcp | losm ot
CAS é/‘ )
twrp | [twRH
™ O XXX KX KRR
JIoFR
< {OFF
j A High-Z
Dout / % ?

*Address, OE : Horl
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