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HMS514400B/BL Series

HMS514400C/CL Series
1,048,576-word X 4-bit Dynamic Random Access Memory

HITACHI

The Hitachi HM514400B/BL, HM514400C/CL
are CMOS dynamic RAM organized 1,048,576-
word x 4-bit. HM514400B/BL, HM514400C/CL
have realized higher density, higher performance
and various functions by employing 0.8 um CMOS
process technology and some new CMOS circuit
design technologies. The HM514400B/BL,
HM514400C/CL offer Fast Page Mode as a high
speed access mode. Multiplexed address input
permits the HM514400B/BL, HM514400C/CL to
be packaged in standard 300-mil 26-pin plastic
SOJ, standard 400-mil 20-pin plastic ZIP and 26-
pin plastic TSOP II.

Features

* Single 5 V (£10%)
* High speed
— Access time
60 ns/70 ns/80 ns (max)

* Low power dissipation
— Active mode

605 mW/550 mW/495 mW (max)
— Standby mode 11 mW (max)
0.55 mW (max) (L-version)

* Fast page mode capability
* 1024 refresh cycles : 16 ms

1024 refresh cycles : 128 ms (L-version)
* 3 variations of refresh

— RAS-only refresh

— CAS-before-RAS refresh

— Hidden refresh
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* Test function
* Battery back up operation
— HM514400BL Series (L-version)

— HMS514400CL Series (L-version)



HM514400B/BL, HM514400C/CL Series

Ordering Information

Access Access
Type No. time Package Type No. time Package
HM514400BS-6 60 ns 300-mil 26-pin HM514400CZ-6 60 ns 400-mil 20-pin
HM514400BS-7 70 ns plastic SOJ HM514400CZz-7 70 ns plastic ZIP
HM514400BS-8 80 ns (CP-26/20D) HM514400CZ-8 80 ns (ZP-20)
HM514400BLS-6 60 ns HM514400CLZ-6 60 ns
HM514400BLS-7 70 ns HM514400CLZ-7 70 ns
HM514400BLS-8 80 ns HM514400CLZ-8 80 ns
HM514400CS-6 60 ns HM514400BTT-6 60 ns 26-pin
HM514400CS-7 70 ns HM514400BTT-7 70 ns plastic TSOPII
HM514400CS-8 80 ns HM514400BTT-8 80 ns (TTP-26/20D)
HM514400CLS-6 60 ns HM514400BLTT-6 60 ns
HM514400CLS-7 70 ns HM514400BLTT-7 70 ns
HM514400CLS-8 80 ns HM514400BLTT-8 80 ns
HM514400BZ-6 60 ns 400-mil 20-pin HM514400CTT-6 60 ns
HM514400BZ-7 70 ns plastic ZIP HM514400CTT-7 70 ns
HM514400BZ-8 80 ns (ZP-20) HM514400CTT-8 80 ns
HM514400BLZ-6 60 ns HM514400CLTT-6 60 ns
HM514400BLZ-7 70 ns HM514400CLTT-7 70 ns
HM514400BLZ-8 80 ns HM514400CLTT-8 80 ns




HM514400B/BL, HM514400C/CL Series

Pin Arrangement

HM514400BS/BLS Series HM514400BZ/BLZ Series
HM514400CS/CLS Series HM514400CZ/CLZ Series
1 OE
o1 1[ | | ]26 Vs cAS 2 | |
]
o2 2 [ | |25 o4 oa 4 | 3 V03
WE | 5 Vg
WE 3| | |24 w03 o1 6|
RAS 4| | |23 cas _ | 7 1102
il WE 8 | |
A9 5[ | - ]22 oE | 9 RAS
A9 10| |
111 A0

Ao 9 |  ]18 A8 Al 12) N P
A1 10[ | - J17 A7 A3 141 s

VCC
A2 1] | - J16 ne A4 16| |
1 |17 A5
A3 12 | - ]15 A5 A6 18| 1
1 |19 A7
Vee 13 |14 A4 A8 20| |
\_/
(Top view) (Bottom view)

HMS514400BTT/BLTT Series
HM514400CTT/CLTT Series

o1 1 [ | O | |26 Vgs
o2 2 | | | |25 104
WE 3 [ | | |24 w03
RAS 4 [ | | |23 cAs

ro 9 [ | | |18 A8
A1 10 | 17 A7
A2 11 | |16 A6
A3 12 | |15 A5
Vec 13 [ | | |14 A4

(Top view)




HM514400B/BL, HM514400C/CL Series

Pin Description

Pin name Function

A0 to A9 Address input

A0 to A9 Refresh address input
I/01 to 1/04 Data-in/Data-out

RAS Row address strobe
CAS Column address strobe
WE Read/Write enable

OE Output enable

Vee Power (+5 V)

Vss Ground
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HM514400B/BL, HM514400C/CL Series

Absolute Maximum Ratings

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

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

Parameter Symbol Min Typ Max Unit
Supply voltage Vss 0 0 0 \%
Vce 4.5 5.0 5.5 \Y
Input high voltage ViH 2.4 — 6.5 V
Input low voltage VL -1.0 — 0.8 V

Note: 1. All voltage referred to Vgss.



HM514400B/BL, HM514400C/CL Series

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

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes
Operating current lcct — 110 — 100 — 90 mA RAS, CAS cycling 1,2
trc = min
Standby current lcca —_ 2 - 2 — 2 mA TTL interface
RAS, CAS =V|y
Dout = High-Z
— 1 — 1 — 1 mA CMOS interface
RAS, CAS
>Veec-0.2V
Dout = High-Z
Standby current lccz — 100 — 100 — 100 pA CMOS interface 4
(L-version) RAS, CAS =V|y
WE, OE, Address and
Din = V|H or V||_
Dout = High-Z
RAS-only lces — 10 — 100 — 90 mA trc=min 2
refresh current
Standby current lccs — 5 — 5 — 5 mA RAS=V|y,CAS=V|_ 1
Dout = enable
CAS-before-RAS lccs — 10 — 100 — 90 mA trc=min
refresh current
Fast page mode lcc7 — 110 — 100 — 90 mA tpc=min 1,3
current
Battery back up lcc1o — 200 — 200 — 200 pA trc=125us 4
current tras <1 us
(Standby with W_E =V, CAS=V,_
CBR refresh) OE, Address and
(L-version) Din=V|yqorV|_
Dout = High-Z
Input leakage current I -10 10 -10 10 -10 10 pA O0V<LVing7V
Output leakage ILo -10 10 -10 10 -10 10 pA OV<Vout<7V
current Dout = disable
Output high voltage VoH 24 Vgc 24 Ve 24 Vo V High lout = -5 mA
Output low voltage VoL 0 04 O 04 0 04 V Low lout = 4.2 mA

Notes: 1. Igc depends on output load condition when the device is selected. Igc 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, Voc—-02V<<V|y<6.5VandoVvV<V <02V



HM514400B/BL, HM514400C/CL Series

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

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Ci — 5 pF 1
Input capacitance (Clocks) Cio — 7 pF 1
Output capacitance Cio — 7 pF 1,2

(Data-in, Data-out)

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

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

* Input rise and fall times : 5 ns
* Input timing reference levels : 0.8 V, 2.4 V
* Output load : 2 TTL gate + Cr, (100 pF) (Including scope and jig)



HM514400B/BL, HM514400C/CL Series

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

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycle time trc 110 — 130 — 150 — ns
RAS precharge time trRp 40 — 50 — 60 — ns
RAS pulse width tRAS 60 10000 70 10000 80 10000 ns 19
CAS pulse width tcas 15 10000 20 10000 20 10000 ns 20
Row address setup time tAsrR 0 — 0 — 0 — ns
Row address hold time tRAH 10 — 10 — 10 — ns
Column address setup time tasc 0 — 0 — 0 — ns
Column address hold time tcaH 15 — 15 — 15 — ns
RAS to CAS delay time tRCD 20 45 20 50 20 60 ns 8
RAS to column address delay time tRAD 15 30 15 35 15 40 ns
RAS hold time tRsH 15 — 20 — 20 — ns
CAS hold time tcsH 60 — 70 — 80 — ns
CAS to RAS precharge time tcrRpP 10 — 10 — 10 — ns
OE to Din delay time tobp %5 — 20 — 20 — ns
OE delay time from Din tozo 0 — 0 — 0 — ns
CAS setup time from Din tozc 0 — 0 — 0 — ns
Transition time (rise and fall) tr 3 50 3 50 3 50 ns 7
Refresh period tREE — 16 — 16 — 16 ms
Refresh period (L-version) tREF — 128 — 128 — 128 ms




HM514400B/BL, HM514400C/CL Series

Read Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS tRAC — 60 — 70 — 80 ns 2,3,17
Access time from CAS tcac — 5 — 20 — 20 ns 3,413,

17
Access time from address taa — 30 — 35 — 40 ns 3,5,13,
17

Access time from OE toac — 15 — 20 — 20 ns 3,17
Read command setup time trcs 0 — 0 — 0 — ns
Read command hold time to CAS tRcH 0 — 0 — 0 — ns 18
Read command hold time to RAS tRRH 0 — 0 — 0 — ns 18
Column address to RAS lead time tRAL 30 — 35 — 40 — ns
Output buffer turn-off time toFF1 0 15 0 20 0 20 ns
Output buffer turn-off time to OE torE2 0 15 0 20 20 ns
CAS to Din delay time tcop %5 — 200 — 20 — ns
OE pulse width toep %5 — 20 — 20 — ns
Write Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time twcs 0 — 0 — 0 — ns 10
Write command hold time twcH 15 — 15 — 15 — ns
Write command pulse width twp 10 — 10 — 10 — ns
Write command to RAS lead time tRWL 15 — 20 — 20 — ns
Write command to CAS lead time towL 15 — 20 — 20 — ns
Data-in setup time tps 0 — 0 — 0 — ns 11
Data-in hold time tDH 15 — 15 — 15 — ns 11

10



HM514400B/BL, HM514400C/CL Series

Read-Modify-Write Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time trwe 150 — 180 — 200 — ns
RAS to WE delay time tRWD 80 — 95 — 105 — ns 10
CAS to WE delay time tcwp 35 — 45 — 45 — ns 10
Column address to WE delay time tawD 50 — 60 — 65 — ns 10
OE hold time from WE toEH 15 — 20 — 20 — ns
Refresh Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS setup time (CBR refresh cycle) tcsr 10 — 10 — 10 — ns
CAS hold time (CBR refresh cycle)  tcHr 10 — 10 — 10 — ns
RAS precharge to CAS hold time tRPC 10 — 10 — 10 — ns
CAS precharge time in normal mode  tcpn 10 — 10 — 10 — ns
Fast Page Mode Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode cycle time tpc 40 — 45 — 50 — ns
Fast page mode CAS precharge time tcp 10 — 10 — 10 — ns
Fast page mode RAS pulse width trASC — 100000 — 100000 — 100000 ns 12
Access time from CAS precharge tacp — 35 — 40 — 45 ns 3, 13,

17

RAS hold time from CAS precharge  trucp 35 — 40 — 45  — ns

11



HM514400B/BL, HM514400C/CL Series

Fast Page Mode Read-Modify-Write Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode read-modify-write tPcMm 80 — 95 — 100 — ns
cycle time
Fast page mode read-modify-write tcpw 55 — 65 — 70 — ns 10
cycle CAS precharge to WE delay
time
Test Mode Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Test mode WE setup time tws 0 — 0 — 0 — ns
Test mode WE hold time twH 10 — 10 — 10 — ns
Counter Test Cycle

HM514400B/BL, HM514400C/CL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS precharge time in counter test  tcpt 40 — 40 — 40 — ns

cycle

12



HM514400B/BL, HM514400C/CL Series

Notes: 1.
2.

2

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

AC measurements assume tT = 5 ns.

Assumes that trcp < trep (Mmax) 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 trcp > trep (Max) and trap < trap (Max).
Assumes that trcp < trep (Max) and trap = trap (Max).

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

Vi (min) and V| (max) are reference levels for measuring timing of input signals. Also,
transition times are measured between V|4 and V).

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

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

twes, tRwb, tcwp, tcpw and tawp are not restrictive operating parameters. They are included in
the data sheet as electrical characteristics only; if tycs = 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 trwp = trwp (Min), tcwp = tcwp (Min), tcpw = tcpw (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 referred to CAS leading edge in an early write cycle and to WE leading
edge in a delayed write or read-modify-write cycle.

trasc defines RAS pulse width in fast page mode cycles.

Access time is determined by the longest among taa, tcac and tacp.

An initial pause of 100 us 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 by control
address bits - - - CAO. This test mode operation can be performed by 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 trac, taa, tcac, 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.

Either trcH or tRry Must be satisfied

tras (min) = trywp (Min) + tryr (Min) + t1 in read-modify-write cycle.

tcas (min) = towp (min) + tocwe (min) + t1 in read-modify-write cycle.

13



HM514400B/BL, HM514400C/CL Series

Timing Waveforms*21

Read Cycle
-t tRC >
- tRAS >
\ / \
RAS N /|
N\ A trp -
tcrRp
t >
T,! e <« 'RSH
trcD B tcas
< | tcsH .
\ /
CAS \ Z
N /
< URAD | tRAL
t t
ASR tR|/-\=H tASC | CAH
/
Address Row Column
N\
tRCS|« >
tRCH >
/ \
XK = XK
. teac -
T taa g elila
Y \L
Dout \ Dout 7
tRAC W
“ " <l ltoFR2
~ bzc g Joa tepp
on YOO —— e (000X
_ tpzo | < oo
. _toep
OE < "/
N /

Notes: 21. [ "] HorL (H: Vi (min) < Vin < Vi (max), L: Vi (min) < ViN < Vi (max))
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HM514400B/BL, HM514400C/CL Series

Early Write Cycle
-~ tRC -
‘ trRAS _
-\
RAS X_ ; tRP_ 1\
tr| | - 'RSH .
gD trRep . tcas < tcrP .
B tcsH .
\
CAS N
7
tAsr| |tRAH tasc| | tcaH
il -
Address Row Column
twes| | twcH -
v QOO0 /XXX
N /
tbs tpH
|
Din Din
High-Z*
Dout g

" twes = twes (min)
* OE : HorlL
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HM514400B/BL, HM514400C/CL Series

Delayed Write Cycle
-t tRC -
B tRAS .| 1< tRP
— \
RAS \ \
\ /
- tcsH .| |4 _tCRP
- tRCD - tRSH .
tr | |, B tcas -
\ /
CAS \ /
\ 7
tASR tRAH tA%,C - tewe >
> T L_tean tRXVL _
Address Row Column j§<>©<><><><><><><><
tres twe
- /
WE
N /
t
DS | tpy
-
L : L
/'t /N
tpzc _
) 1 topp
tDZ0 |« —] toEH
Dout /_
Invalid Dout*
toFF2
o B / L
OE /
* Invalid Dout comes out, when OE is low level.
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HM514400B/BL, HM514400C/CL Series

Read-Modify-Write Cycle

RAS

CAS

Address

Din

Dout

- tRwC .
- tRAS o 1< tRP
\ \
- £
tr | |
- tRCD tcas »| l{_tCRP
N
N 7
tRAD
tas _|R tRAH t ASC tcaH
Y
Row \ Column
tRCS |a—l» tCWD L
B tAWD _ trRwL
- tWP
/ A
QOGO N OOONKK
tRWD \ /
tcac tDH
trac tps
-t > al e
_tpzc
High-Z
T
/
z:Dout
_ toac
_ toFF2 t OEH _
Ll | Ll
tpzo —» » topp

~N |
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HM514400B/BL, HM514400C/CL Series

Hidden Refresh Cycle

o JUXXA

3 tRC tRC .
trRAS | [ tRP tRAS <RP
— (Read) (Refresh) (Refresh) —\
RAS N \
N T
tT
> tcrpP
tRsSH tCHR -
tReD || tcas -
\ /
CAS N /
tagc| | /
tASR traD |<rt* tRAL
) i t
tRAH CAH
/
Address Row \  Column
<—tRCH
«|»{RRH
tRCS (<>
_ t A
- » tAA
t
< IRAC . o« OFF1
£ \
Dout ( Dout 757
tpzc
- > tOFF2 = >
tcpp
High-Z S
Din N 9 {
/ t \
bzo | toac 0D
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HM514400B/BL, HM514400C/CL Series

Fast Page Mode Read Cycle

B tRASC -
tRHCP | | tRP
o \ / )
RAS \ / \
t N /
T e
- tcsH > < tpc . JRsH,
<« tRCD  lteas || tep | |tcas,| [, tep | | tcas .| ['CRA
\ / \ / \ /
CAS \ \ \
N\
tASR | - tRAL
" ¥<__trRAD |
tRAH  tasc tcAH tasgtcAH |tasc tCcAH
o - /
Address Row Column Column ><>§ Column ><><><><><
N N
tRCS tRes B tRRH
~ tres ||| tRCH || tRCH | | treH
/ \ / \ / \
we XXX/ 7 \X? \
tbze, tpbzc . tpzc
teob | |- tcop, |, tcop
. >O<><><><§K High-Z zixs High-Z zix;; High-Z ZM
/ i i
toop, | |V teac tCAC
LCAQ h ;AA' <tAA <_»ODD
t > - >
tRAC | <BP tace tacp JoFF1
tOFF1 tOFF1
7(‘ N [ _XK < !bzg 71_ T\
Dout q Dout }—4{ Dout |/ | Dout 57
tOACL—7 N/ t N7
t - tpzo «-toDD 7S » tOFF2
DZO LOFF2[* > | »
< toFF2
_ toep toep|, 7 X | tOEP
N\ / \ / N '/
toac
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HM514400B/BL, HM514400C/CL Series

Fast Page Mode Early Write Cycle

tRASC | trRP
o \
RAS N\ \
tr tRSH
tcsH tpc
tReo  tcas || tcp | tcas | tcp || tcas tcrpP
\ / \ / \
CAS N/ \ \
N/
tAsr| [tRAH tasc| |tcaH tasc| [tcaH tasc | tcaH
Address M Column MUmn
twes| |tweH twes| |tweH twcH
P twcs
e lWX VAKX
] /
T
t tpH
tps oH tDs - (tbs | |tDH;
Din Din Din M Din
High-Z

Dout

*

HorL
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HM514400B/BL, HM514400C/CL Series

Fast Page Mode Delayed Write Cycle

‘ tRASC L RO
_ \ / \
RAS \ / \
N_ /
tt
11 tcsH . trc X _tRsH
tReo tcas || tcp | tcas | tep || tcas tcrP
\ Y \ Y \
CAS \_ / \_ / \_
N N 7 NI
o mfion |5
) tasc { AR
RAH - t
. tCAll-I ASG e
] \ Y
Address Row Column Column Column
T / N
towL towL tcwL
» - - -— -
trRCS_ twp twe |l
twp tRwL
- / TN /N |-
WE N \
N\ /
tRcs
<> tpH
tDS_I
\
Din Din
/
toEH
High-Z D g
Dout
toop, | _

21



HM514400B/BL, HM514400C/CL Series

Fast Page Mode Read-Modify-Write Cycle

trASC _ L'ff
o \
RAS \
N\ +
trcD . tpcm _
t
Lol = tcp tcp tCRT
\ tcas S/ tcas i tcas
CAS _tRAD _ X- 1/ N\ / U
- > 7 X
tRAH tace ||
- - >
t tcAH
tASR.| 3 CAH CAH|
" | tasc| | tasc [+ tasc
/ + ZL
Address Row Column _Column _‘Column ><
N\
tawp _(tCwL B tAWD :tcwl_ B tcpw i.CW,L
" < | t
tres | | | tCWD . tres| | el tCWD o— t AWD | [ RWE
- tRwD VBl [T tepw twe | ]B-C»S towo ) e
o 4 l_\ / N \
WE
- A X \
t
tcac DS tos Aﬂ’ tos
el la t .
tozc[ tpH hzclicae tbH  tpzc tDH
o ORI oHTH o (XX
A tcac
P trRAC N
toac toeH toEH
oo - D
Dout x_D Ou_‘l
7
toFF2
tDZQ P > tbzo
_ / A / Y\ / L
oE Y \X\ / \ A/
7| | topp N 7| | topp N7 toop
toep Y
toep — oEP
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HM514400B/BL, HM514400C/CL Series

Test Mode Cycle
__Set Cycle*™ | Test Mode Cycle | _Reset Cycle | Normal Mode
RAS J w 4/_\ J
o / W/\J V
//l/
" / W
//l/
* CBR or RAS-only refresh
** Address, Din, OE: H or L
Test Mode Set Cycle

WE-and-CAS-Before RAS-Refresh Cycle

Bl tRC -
> trRP - tRAS - trRp -
/ \ / \
RAS / \ \
\
tRPC tcsr _ tcHR {RPC {crp
tt | |
/ N / RN
CAS /
/
tcpn <tWs i twH o | tePN

WE

RN £ AOOAK

Address

{OFF1

High-Z
Dout g
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HM514400B/BL, HM514400C/CL Series

CAS-Before-RAS Refresh Cycle

CAS

Dout

A

P tRc .
. trp _ tRAS ‘ tRp
/ X\ /
\
tT
T tRPC tcrP
teen,  tesr | | terr tecen ]
= N,
trPC”
tws twH

A

\

~

e S,

L OFF1

High-Z

N |

2

24




HM514400B/BL, HM514400C/CL Series

RAS-Only Refresh Cycle

tRAS B tRp

RAS \\ N

L RPC tcrP

- 7 T 1Y
CAS

tASR trRAH

v

Address Row

Dout High-Z

* Refresh address : A0 — A9 (AX0 — AX9)
«* \WE : HorlL
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HM514400B/BL, HM514400C/CL Series

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

RAS

CAS

WE

Dout

‘ tRAS . trp _
\ Zz \|
tt E / N
tcsr | | tcHR tepT  tRsH tcrp
b tcas o
i /
tasc| tcAH _
/
Address Column
N
IRed
~ RRH|
tws | | twH tRes | B i
Ipzc tcop
High-Z
o XX KRR XX
tcac
taa [
- > tOFF1
/ \
{ Dout z—
N 7
tOFF2re—>
tpzol ™1 tOAC t
toep 0D
N / : : : j
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HM514400B/BL, HM514400C/CL Series

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

trAs
\
RAS \
tT‘ ~
tcsr tcHR tcpT trRSH
tcas
CAS N\
N
tAsC tcaH
-
Address Column
Ctws | [twH twes| | twen
o 7 T
WE
S _
tps tpH
Din Din
High-Z
Dout g

ot QOUOONRIRAN
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