HM51W16400 Series
HM51W17400 Series

4,194,304-word X 4-bit Dynamic RAM

HITACHI

ADE-203-649B (Z)
Rev. 2.0
Nov. 14, 1996

Description

The Hitachi HM51W 16400 Series, HMS51W17400 Series are CMOS dynamic RAMs organized 4,194,304-
word x 4-bit. They employ the most advanced 0.5 pm CMOS technology for high performance and low
power. The HM51W16400 Series, HM51W 17400 Series offer Fast Page Mode as a high speed access
mode. They have package variations of standard 300-mil 26-pin plastic SOJ and standard 300-mil 26-pin
plastic TSOP.

Features

e Single 3.3V (0.3V)
e Access time: 50 ns/60 ns/70 ns (max)
e Power dissipation
— Active mode : 324 mW/288mW/252 mW (max) (HMS51W16400 Series)
: 360 mW/324 mW/288 mW (max) (HMS1W17400 Series)
— Standby mode : 7.2 mW (max)
: 0.36 mW (max) (L-version)
¢ Fast page mode capability
¢ Long refresh period
— 4096 refresh cycles : 64 ms (HMS51W16400 Series)
: 128 ms (L-version)
— 2048 refresh cycles : 32 ms (HM51W17400 Series)
: 128 ms (L-version)
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HM51W16400 Series, HM51W17400 Series

¢ 4 variations of refresh

— RAS-only refresh

— CAS-before-RAS refresh

— Hidden refresh

— Self refresh (L-version)
e Battery backup operation (L.-version)
o Test function

— 16-bit parallel test mode

Ordering Information

Type No. Access time Package
HM51W164008-5 50 ns 300-mil 26-pin plastic SOJ
HM51W16400S-6 60 ns (CP-26/24DB)
HM51W164008-7 70 ns

HMS1W16400LS-5 50 ns

HM51W16400LS-6 60 ns

HM51W16400LS-7 70 ns

HM51W17400S-5 50 ns

HM51W17400S-6 60 ns

HM51W17400S-7 70 ns

HM51W17400LS-5 50 ns

HM51W17400LS-6 60 ns

HM51W17400LS-7 70 ns

HM51W16400TS-5 50 ns 300-mil 26-pin plastic TSOP 1l
HM51W16400T7TS-6 60 ns (TTP-26/24DA)
HM51W16400TS-7 70 ns

HM51W16400LTS-5 50 ns

HM51W16400LTS-6 60 ns

HM51W16400LTS-7 70 ns

HM51W17400TS-5 50 ns

HM51W17400TS-6 60 ns

HM51W17400TS-7 70 ns

HM51W17400LTS-5 50 ns

HM51W17400LTS-6 60 ns

HM51W17400LTS-7 70 ns
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HM51W16400 Series, HM51W17400 Series

Pin Arrangement

HM51W164005/LS Series HM51W16400TS/LTS Series
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Pin Description
Pin name Function
A0 to A11 Address input
— Row/Refresh address AOto A11
— Column address AQ to A9
I/O1 to I/04 Data input/Data output
RAS Row address strobe
CAS Column address strobe
WE Read/Write enable
OE Output enable
Ve Power supply
Vs Ground
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Pin Arrangement

HMS51W174008/LS Series
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HM51W17400TS/LTS Series
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Pin Description

Pin name Function
AOto At0 Address input
— Row/Refresh address AO to A10
— Column address A0 to A10
1101 to /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
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HMS51W16400 Series, HM51W17400 Series

Block Diagram (HM51W 16400 Series)

CAS WE
v

v

OF
v

Timing and control

v

A0 —¢— :> Column decoder
Al ——’_j Column
o : address 4M array G
. | buffers
A9
_ 4M array g
2 1/01
* g 1O buffers to
: b4 4M arra 104
. Row % y
o
address :>
buffers
A1 —P 4M array ¢
A1l —P
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HM51W16400 Series, HM51W17400 Series

Block Diagram (HM51W 17400 Series)

RAS AS WE OE
4 v v v
Timing and control

¥

A —9— :> Column decoder
A1 —T—®—1 Column
to : address 4M array
+ | buffers
Al10
4M array
3 1101
. § /O bufters to
=
* | Row z 4M array 104
address T
buffers :>
4M array
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HM51W16400 Series, HM51W17400 Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to V¢ vy ~-05toV,.+05(<+46V(max)) V
Supply voltage relative to Vg Vee -0.5t0 +4.6 Vv
Short circuit output current lout 50 mA
Power dissipation Py 1.0 w
Operating temperature Topr Oto+70 °C
Storage temperature Tstg -55t0 +125 °C
Recommended DC Operating Conditions (Ta = 0 to +70°C)

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Vee 3.0 33 3.6 \' 1,2
Input high voltage . Vi 20 — Vee +03  V 1
Input low voltage Vi -0.3 — 0.8 Vv 1

Note: 1. All voltage referred to V.

HITACHI
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HM51W16400 Series, HM51W17400 Series

DC Characteristics
(Ta=010 +70°C, V=33V 103V, V=0 V) (HM51W16400 Series)
HM51W16400
-5 -6 -7
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*'s *2 ler — 90 — 80 — 70 mA te = Min
Standby current lees -— 2 - 2 - 2 mA TTL interface
RAS, CAS =V,
Dout = High-Z
- 1 - 1 - 1 mA CMOS interface
RAS,CAS 2V, -0.2V
Dout = High-Z
Standby current loce — 100 — 100 — 100 pA CMOS interface
(L-version) RAS,CAS 2V, -02V
Dout = High-Z
RAS-only refresh current®® 1., — 90 — 80 — 70 mA tpe = min
Standby current™' fecs — 5§ — 5 — 5 mA RAS =V,
CAS =V,
Dout = enable
CAS-before-RAS refresh locs — 9 — 80 — 70 mA tac = min
current
Fast page mode current™*® |, — 80 — 70 — 60 mA toc = min
Battery backup current lecro — 300 — 300 — 300 pA CMOS interface
(Standby with CBR refresh) Dout = High-Z, CBR
{L-version) refresh; t,=31.3 us
thas 0.3 us
Self refresh mode current locts — 200 — 200 — 200 pA CMOS interface
(L-version) RAS, CAS <02V
Dout = High-Z
Input leakage current ly -0 10 -10 10 -10 10 A 0V<Vins46V
Output leakage current Lo -10 10 -10 10 -~10 10 pA OV<Vin<46V
Dout = disable
Output high voitage Vou 24 V. 24 V. 24 V. V High lout = -2 mA
Output low voltage Vo 0 04 O 04 0 04 V Low lout =2 mA

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,,,.
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HMS1W16400 Series, HM51W17400 Series

DC Characteristics
(Ta=010+70°C, V. =3.3 V203V, V=0 V) (HM51W17400 Series)
HM51W17400
-5 -6 -7
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*': *? becs — 100 — 90 — 80 mA tae = min
Standby current leca _ 2 - 2 - 2 mA TTL interface
RAS,CAS =V,,
Dout = High-Z
— 1 — 1 - 1 mA CMOS interface
RAS,CAS 2V, -02V
Dout = High-Z
Standby current loce ~— 100 — 100 — 100 pA CMOS interface
(L-version) RAS,CAS 2V, -02V
Dout = High-Z
RAS-only refresh current*® 1., — 100 — 90 — 80 mA thc = min
Standby current*' lecs — 5 — 5 — 5 mA RAS =V,
CAS =V,
Dout = enable
CAS-before-RAS refresh loes — 100 — 90 — 80 mA tpe = Min
current
Fast page mode current™ ** |, — 9 — 80 — 70 mA tee = min
Battery backup current lecio — 300 — 300 — 300 pA CMOS interface
(Standby with CBR refresh) Dout = High-Z, CBR
({L-version) refresh: t,.=62.5 us
taas £ 0.3 us
Self refresh mode current becn — 200 — 200 — 200 pA CMOS interface
(L-version) RAS,CAS <02V
Dout = High-Z
Input leakage current I, -10 10 -10 10 -10 10 puA ovV<Vin<46V
Output leakage current lo -10 10 -10 10 =10 10 QA 0V<Vin<46V
Dout = disable
Output high voltage Vou 24 V. 24 V. 24 V. V High lout = -2 mA
Output low voltage Vo 0 04 O 04 0 04 V Low lout =2 mA

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

I depends on output load condition when the device is selected. 1, max is specified at the
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HMS1W16400 Series, HM51W17400 Series

Capacitance (Ta=25°C, V=33V 03 V)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) C, — 5 pF 1
Input capacitance (Clocks) C. —_ 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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HM351W16400 Series, HM51W17400 Series

AC Characteristics (Ta=01t0 +70°C, V. =33 V£ 0.3 V, V(= 0 V) *! #2 %18 %19

Test Conditions

e Input rise and fall time: 5 ns

e Input timing reference levels: 0.8 V,2.0V

¢  Output timing reference levels: 0.8 V,2.0V
e OQOutput load: 1 TTL gate + C_ (100 pF) (Including scope and jig)

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

HM51W16400/HM51W17400
-5 -6 -7

Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycle time tac 90 — 110 — 130 — ns

RAS precharge time tee 30 — 40 — 50 — ns

CAS precharge time tep 8 — 10 — 10 — ns

RAS pulse width tras 50 10000 60 10000 70 10000 ns

CAS pulse width teas 13 10000 15 10000 18 10000 ns

Row address setup time tasn — 0 —_ 0 — ns

Row address hold time tran — 10 — 10 — ns
Column address setup time tasc — 0 —_ 0] —_ ns
Column address hold time tean —_ 10 — 15 - ns

RAS to CAS delay time treo 18 37 20 45 20 52 ns 3
RAS to column address delay time  tg,, 13 25 15 30 15 35 ns 4
RAS hold time trsn 13— 15 — 18 — ns

CAS hold time tesn 50 — 680 — 70 — ns

CAS to RAS precharge time tene 5 — 5 — 5 — ns

OE to Din delay time toeo 13 — 15 — 18— ns 5
OE delay time from Din tozo — — —_ ns 6
CAS delay time from Din toze — — — ns 6
Transition time (rise and fall) t; 50 50 3 50 ns 7
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HM51W16400 Series, HM51W17400 Series

Read Cycle

HM51W16400/HM51W17400

-5 -6 -7
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS taac — 5 — 60 — 70 ns 8,9,20
Access time from CAS teac — 18 — 15 — 18 ns 9,10, 17,

20
Access time from address taa — 25 -— 30 —_ 35 ns 9,11, 17,
20

Access time from OE toea — 13 — 15 — 18 ns 9,20
Read command setup time tees 0 _— 0 —_ 0 — ns
Read command hold time to CAS  t, 0 - 0 — 0 — ns 12
Read command hold time to RAS  tqg, 5 — 5 — 5 — ns 12
Column address to RAS lead time  t,, 25 — 30 — 3 — ns
Column address to CAS lead time  tg,, 25 — 30 — 3/ — ns
CAS to output in low-Z tos 0 — 0 — 0 — ns
Output data hold time ton 3 — 3 - 3 —_ ns
Output data hold time from OE toro 3 — 3 — 3 — ns
Output buffer turn-off time tore — 13 — 15 — 15 ns 13
Output buffer turn-off to OE toez — 13— 15 - 15 ns 13
CAS to Din delay time teon 13 — 15 — 18 — ns 5
Write Cycle

HM51W16400/HM51W17400

-5 -6 -7
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time twcs 0 — 0 — 0 —_ ns 14
Write command hold time | B 8 — 10 — 15 - ns
Write command pulse width twe 8 —_ 10 —_ 10 — ns
Write command to RAS lead time o 13— 15 — 18 - ns
Write command to CAS lead time 1.y, 13— 15 — 18 — ns
Data-in setup time tos 0 — 0 — 0 — ns 15
Data-in hold time ton 8 — 10 — 15 — ns 15
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Read-Modify-Write Cycle

HM51W16400/HM51W17400

-5 -6 -7
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time tawe 131 — 185 — 181 — ns
RAS to WE delay time tewo 73 — 8 — 98 — s 14
CAS to WE delay time town 3 — 40 — 46 — ns 14
Column address to WE delay time  t,p 48 -—~ 55 — 63 — s 14
OE hold time from WE toen 13 — 15 — 18 — ns
Refresh Cycle

HM51W16400/HM51W17400

-5 -6 -7
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS setup time (CBR refresh cycle) te, 5 — 5 — 5 — ns
CAS hold time (CBR refresh cycle) tg., 8 — 10 — 10 — ns
WE setup time (CBR refresh cycle) tyme 0 — 0 — 0 — ns
WE hold time (CBR refresh cycle) tuq, 8 — 10— 10 — ns
RAS precharge to CAS hold time  tg. 5 — 5 — 5 — ns
Fast Page Mode Cycle

HM51W16400/HM51W17400

-5 -6 -7
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode cycle time tec 35 — 40 — 45 — ns
Fast page mode RAS pulse width taase — 100000 — 100000 — 100000 ns 16
Access time from CAS precharge  tgp, — 30 — 35 — 40 ns 9,17, 20
RAS hold time from CAS precharge t.pq, 30 — 35 — 40 — ns
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Fast Page Mode Read-Modify-Write Cycle

HM51W16400/HM51W17400

-5 -6 -7
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode read-modify-write .. 76 — 85 — 96 — ns
cycle time
WE delay time from CAS precharge tee, 53 — 60 — 68 — ns 14
Test Mode Cycle *'°

HM51W16400/HM51W17400

-5 -6 -7
Parameter Symbol Min Max Min Max Min Max Unit Notes
Test mode WE setup time turs 0 — 0 — 0 — NS
Test mode WE hold time twr 8 - 10 -~ 10 — ns
Refresh (HM51W 16400 Series)
Parameter Symbol Max Unit Notes
Refresh taer 64 ms 4096 cycles
Refresh (L-version) taer 128 ms 4096 cycles
Refresh (HM51W 17400 Series)
Parameter Symbol Max Unit Notes
Refresh period : taer 32 ms 2048 cycles
Refresh period (L-version) taer 128 ms 2048 cycles
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HM51W16400 Series, HM51W17400 Series

Self Refresh Mode (L-version)
HM51W16400L/HM51W17400L
-5 -6 -7
Parameter Symbol Min Max Min Max Min 'Max Unit Notes
RAS pulse width (self refresh) taass 100 — 100 — 100 — us 21,22, 23,
24
RAS precharge time (self refresh) g0 90 — 110 — 130 — ns
CAS hold time (self refresh) tous 50 — 50 — 50 — ns

Notes: 1. AC measurements assume t, = 5 ns.

2. An initiat 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,,. (max) can be met, t,, (max) is specified as a
reference point only; if ta is greater than the specified t,c, (max) limit, then access time is
controlled exclusively by t.,..

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

5. Either tog, or oy, must be satisfied.

6. Either t,,, or ty,; 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 tge < tpey (Max) and to,p < ths, (Max). i tae, or tg,, is greater than the maximum
recommended value shown in this table, tp,c exceeds the value shown.

9. Measured with a load circuit equivalent to 1 TTL loads and 100 pF. (V,, =2.0V, V, =08 V)

10. Assumes that tyo, > tae, (Mmax) and toep + toac (Max) 2 tg,, + t, (Max).

11. Assumes that t;,p 2 thp (Max) and taep + toae (Max) < tpap + tay (Max).

12. Either tg, or ty,, must be satisfied for a read cycles.

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

14. tucs: tawo towor tawn @nd tepy are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only; if t,.s = tycs (Min), the cycle is an early write cycle
and the data out pin will remain open circuit (high impedance) throughout the entire cycle; if tyyp
2 tawo (MINY, towp 2 towp (MIN), and typ = iy (MiN), or towp 2 towp (MIN), by 2 tawp (Min) and ty, 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.

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.ty,ee defines RAS pulse width in Fast page mode cycles.

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

18. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data
to the device.
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494

19. The 16M DRAM offers a 16-bit time saving parallel test mode. Address CAO and CA1 for the 4M
x 4 are don't care during test mode. Test mode is set by performing a WE-and-CAS-before-RAS
(WCBR) cycle. In 16-bit paralle! test mode, data is written into 4 bits in parallel at each I/O (/01
to I/04) and read out from each 1/0.

If 4 bits of each 1/O are equal (all 1s or 0s), 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.

20.In a test mode read cycle, the value of to,g, ta, toac and tq,, 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.

21. Please do not use ty,g timing, 10 ps < ty,gs < 100 ps. During this period, the device isin
transition state from normal operation mode to self refresh mode. If o, > 100 ps, then RAS
precharge time should use t.. instead of t,,.

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

23. If you use RAS only refrash or CBR burst refresh mode in normal read/write cycle, 4096 or 2048
cycles (4096 cycles: HM51W16400 Series, 2048 cycles: HM51W 17400 Series) of distributed
CBR refresh with 15.6 us interval should be executed with in 64 or 32 ms (64 ms: HM51W16400
Series, 32 ms: HM51W17400 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 celis need to be refreshed before re-entering the self refresh mode
again.

25.XXX: HorL (H: V,, (min) < V,, <V, (max), L: V,_ (min) < V,, <V, (max))

/il Invalid Dout
When the address, clock and input pins are not described on timing waveforms, their pins must
be applied V,, or V,..

HITACHI



HM51W16400 Series, HM351W17400 Series

Timing Waveforms*?>

Read Cycle
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HM351W16400 Series, HM51W17400 Series

Early Write Cycle
wt tRC oo
- tRAS AL
- N
RAS N \
N 7
- tesH > l«_tCRP -
'Rep |, 'RSH .
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HM51W16400 Series, HM51W17400 Series

Delayed Write Cycle **
‘ tRc .
» tRAS o 1 tRP
\ \
RAS
N ] \
" tcsH o el tcrp
o« tRCD I, tRSH
tT, » tcAs -
A
CAs /
K 7T
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fow
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- — -
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_— C \
OE \ /
- :tOEZ
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Dout \ E g
Invalid Dout
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HMS51W16400 Series, HM51W17400 Series

Read-Modify-Write Cycle*'®

RAS

CAS

Address

Din

Dout

< tRwC .
< tras »| [« RP_,
-\
\ ).
tTV ‘
tRCD _ tcas o lo | tCRP
N
N 7
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tASR| [tRAH tasc| | tcaH
Y
Row Column
~
t t
tacs| e cwo 30
tawp tRWL
- tRWD | [ twe
4 \
( N /XXX XXX
X £
tbzc tDH
tDS_I
toED t
JDZO| | <CEH,
toEA
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g \
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- tAA . OEZ
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2 High-Z
Dout E; oh
terzll M
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HM51W16400 Series, HM51W17400 Series

RAS-Only Refresh Cycle

_ tRc

tRAS trp
RAS S /
: ]Z \

tr

[l B |

1

High-Z
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HMS51W16400 Series, HM51W17400 Series

CAS-Before-RAS Refresh Cycle

- tRC -
- AP | | 1RAS >l |« tRP |
X\ T
RAS / i N
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- > [—> |- > <> >
N | Tl 14 ' 4
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7
«—1CP ol twap| | twry tep
— A y
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Dout / //) High-Z
2z
/
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HM51W16400 Series, HM51W17400 Series

Hidden Refresh Cycle

RAS

CAS

Address

Dout

tr

tre

trc
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tcHR

| [<CRP,
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WR
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I

%

dwRH_
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e ¥

KOXKS RV, AKX
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_ tpzo| toED
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/ \
Dout ——
K 7
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HM51W16400 Series, HMS51W17400 Series

Fast Page Mode Read Cycle
tRasP
«—1CPRH <« BP ]
N 4 N
RAS N / \
N w,
tT‘ B
tcsH o tpc N IRsH,
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ors N N U x 1
N7 N/ \ 7
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Address Row Column 1 Column 2 Column N
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Ot XX X X ; )_< )<
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N
Dout %{Douﬂ h Dout 2 Dout N }—
N7
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HMS51W16400 Series, HM51W17400 Series

Fast Page Mode Early Write Cycle

RAS

tT

CAS

tRasp L tmp
N 7Z \
tcsH . tpc IRSH, |
trcD tcas tcp tcas | | tcp tcas | tCRP
NSNS
N 7
tRAH tasg teaH tasc| ftcad tasg tcad
\/
Address X X ) A {| Column 1 Column 2 Column N
twes| twen twes | twen twes | fwen

High-Z*

Dout

* twes 2 twes (min)
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HMS51W16400 Series, HM351W17400 Series

Fast Page Mode Delayed Write Cycle *'®

« trasP
|| lRP
_ X
RAS |\ \_
N /
tr,l |, tcp CRP
tcsH . tpc tRSH
tRco tcas __ tcas tcas
N M 7
CAS /N /
5 J . ]
tasc ol tASC SHJtASC
tcaH tcan tcan
Column 1 i Column 2 -Column N
tc tc_@; towl
jnwk
trcs trecs
) A OO
N_7
twp twp 3 twp
T Lind
tpzc o tpzc tog tpzc to
oy SI1OH toH
" Gin N in %in
D.n ME_ 1 i zimi_ N
- N N
tpzo tozo . tozo .
toep toED - toED
: LOEH e ! tOEH -) ! !ocﬁcz
)OO0 N NN X
terz,| torz,) toz, | .,
_liJoEZ Joez Sl lOEZ
% High-Z
Dout § ZL g
Invalid Dout Invalid Dout Invalid Dout
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HMS51W16400 Series, HMS51W17400 Series

Fast Page Mode Read-Modify-Write Cycle*'®

< tRasP >
trp
m— 5‘\ -
RAS
< £ I\
tr || _ tPRWC »
tep tcp <« 'BSH tCRF
«!RCD |, ftcAs - ICAS . LCAS
— ) ™\ - /1
CAS
\ N N /
JRAD
tAsR | tasc,| tasc
tRAH tcaH tcan
Address Row | Column 1 Column N
j thwD tcPw t:_v&l
tawp tawp tawn_ | |
towp | [tres) )| |, towp | ftros) [l | towp | | RWL
i \ \ N
v ; | /XX
tres ||, twp twe twp .
™. [ Ui | -
tpzc tDS Jpzc tos tpzc tos,
JoH ' |toH
. N '6: 6i
Din s 1 N
toep ™ toep
tozo| | || —* tpzg —>
LOEH e toEH
4 4 - 3
o Q00N A, NI N
| LZ 10HO toHO
tog toEA
tCAGe—+ tcade—s
taalet—» tanle
tRac | topae——>
le la
teiz” JoEZ  tciZ| Joez
[3( N L High-Z
Dout / /-
NA N
Dout 1 Dout 2
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HM51W16400 Series, HM351W17400 Series

Test Mode Cycle *"°

* kR

Set Cycle™ Test Mode Cycle _Reset Cycie_ | Normal Mode

=\ /AN NS
=\ |/ T\ N NS
w7\ 7 TNX

* CBR or RAS-only refresh
** Address, Din, OE: Hor L

Test Mode Set Cycle
- tRCc -
- trp - tRA - tRp >
‘- \ / \
RAS / \( \
trPC tCsR _tcHR tRPC_ tcR
L3 R
/ \ / X\ 4
= KA/ / \l/
«'CP o] | WTS | | JtWTH, ' |  tcP

WE X XA X XXX\ /XXX XXX XXX XX KX XX
R Vi

tOFF

Dout // ﬁ High-2
Y,

<
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HM51W16400 Series, HMS51W17400 Series

Self Refresh Cycle (L-version)*?" #7242

tRASS

\J

tcHs

tRP? |

i

tCRP
leg—

twRP | [tWRH

L0

High-Z

HITACHI
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