MITSUBISHI LSls

M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

DESCRIPTION

This is a family of 65536-word by 16-bit dynamic RAMSs, fabricated
with a high performance CMOS process, and is ideal for
large-capacity memory systems where high speed, low power
dissipation,and low costs are essential.

The use of quadruple-layer polysilicon process combined with
silicide technology and a single-transistor dynamic storage stacked
capacitor cell provide high circuit density at reduced costs.
Multiplexed address inputs permit both a reduction in pins and an
increase in system densities.

Self or extended refresh current is small enough for battery
back-up application.

This device has 2W and 1TAS terminals with a refresh cycle of
256 cycles avery 4ms.

FEATURES
HAS TAS Address OE Cycle Power
dissipa-
Type rame %o | e | e | me- | me | “ton
(max ns) [(max.ns) |(max.ns) | (max.ns) | (min.ns} | {typ.mW)
M5M411665AXX-5.-55 50 13 25 13 90 625
M5M4 11665AXX-6,-65 60 15 30 15 110 550
M5M411665AXX-7,-7S 70 20 35 20 130 475
XX=TP2, J
® TP2: 44 pin TSOP(I1)/400mil, J: 40 pin SOJ/400mil
@ Single 5V +10% supply

® | ow stand-by power dissipation
CMOS Input level -~
CMOS Input level -
® Operating power dissipation

5.5 MW(Max)
550 pW(Max)*

MBEM411665AxX- 5,58 wwororvvomrmssmssssssessesee 688 mW(Max)

M5M411665Axx- 6,65 - - 605 mW(Max)

MBMAT1665AXX- 7,7 «roewersosssrsossisse s 523 mW(Max)
o Self refrash capability *

Se" refresh Cu"ent ............................................... 150 uA(max)
@ Extended refresh capability

Extended refresh currgnt T 150 pA(max)

o Hyper-page mode (256-column random access), Read-modify-
write, RAS-only refresh,CAS before RAS refresh, Hidden refresh
capabilities.

® Early-write mode, OF and W to control output buffer impedance

® 256 refresh cycles every 4ms (Ao ~A7)

@ 256 TAS before RAS refresh cycles every 32ms (Ao ~A7)* for
extended refresh

@ Byte control for Read / Write operation(2W,1CAS type)

* :Applicable to self refresh version(M5M411665AXX-5S,-6S,-78
:option) only

APPLICATION
Microcomputer memory, Refresh memory for CRT, Frame Bulfer
memory for CRT.

PIN DESCRIPTION
Pin Name Function
Ao~A7 Address Inputs
DQ1~DQ1s Data Inputs / Qutputs
BAS Row Address Strobe Input
TAS Column Address Strobe Input
W Lower Byte Control Write Contral Input
ow Upper Byte Control Write Control Input
OF Output Enable input
Vee Power Supply (+5V)
Vss Ground (0V)

PIN CONFIGURATION (TOP VIEW)

(sVivee [ ko] Vss(ov)
D1 E DQte
DQ2 5] 8] DQ1s
o0 7] 7] DQ14
Das 5] e] DQ1s
DQs [€] 5] DQ12
DQs E 24} DQN
par [&] DQio
DCs [5] DQe
NG [] NC

(sV)vee [i] 0] Vss(OV)
ow [Z] 0] TR
w 3] 28] 5E
mA% [ NC

Ao [iE] 2s] NC
A1 [ig] Es]NC
Az [ 2] A7
A3 E 23] As
As i3] 22] As

(5Vivee 1] Vss{OV)

DQ1

d

O

B
LdLVS99L LYNSN

Outline 42P3U-E(300mil 42 pin TSOP)
NC: NO CONNECTION
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HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

DQs
DQs
DQr
DQe

PIN CONFIGURATION (TOP VIEW)

{5V)Vee 44 Vss(0V)
DQ 430Qne
DQe 4J0Q15
DQa 4JDCh4
DQs DQ13

(5V)vee |e j3g] Vss(OV)

CdlvS99L VNS
8
]
Q

NC NC
w NC
ow \ 3 ko739
RAS ¢ OF
NG IdrErKJandAAare sINC

from TP1 and J

o Bveds: s th

owever it is the
9] same as 2] As
4MDRAM(x16).

Outline 44P3W-R(400mil 44 pin TSOP)
NC : NO CONNECTION

BLOCK DIAGRAM
Vec (5)
RQW ADDRESS
STROBE WA CLOCK GENERATOR
T AU e Vas (V)
COLUMN ADORESS STROBE
INPUT TAS gﬁ
LOWER 25
v%nanvyemc% Ut W » UPPER 2 z;
— ) Q2 | LOWER DATA
WRITE CONTROL WPOF OW ) _ I [NeuTs/ouTPuTS
3 0ce
£3F
{ 3 |
Vee (5V)
 AD~AT v
COLUMN DECODER gi %8 (OV)
1 I 83
AOQ
A SENSE REFRESH DG
& AMPLIFIER & 1 /0 CONTROL Dow yersnoara
A2 3 g - NPUTS / QUTPUTS
ADDRESS INPUTS { A% 8 2 g bate
M : <t ]|
AS § MEMORY CELL %3 1
A6 (1,045,578 BITS)
A7 Ve (BV)
Vas (OV)
— O BE OUTPUT ENABLE
- - - _ _ INPUT
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HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

FUNCTION

In addition to normal read,write, and read-modify-write operations
the M5M411665 ATP2, AJ provides a number of other functions,e.g.,

Hyper Page Mode, RAS-only refresh,and delayed-write.
The input conditions for each are shown in Table 1.

Table 1. Input conditions for each mode

Inputs input / output
Operation Row |Column Lower Upper Refresh | Remark
RAS w w TAS OE address |address D Q D Q
Read ACT | NAC | NAC | AcT | acT | apD | APD | OPN | viD | opPN | vio | vES
E:i:iey ACT | AcT | acT | acT | onc | apD | aPD | viD | oPn | vip | opN | YES
Upper
early ACT | NAC | ACcT | acT | ODNC | APD | APD | ONC | OPN | viD | oPN | YES
Lower
sarly ACT | AcT | Nac | AcT | ONC | aPD | APD | viD | oPN | DNC | OPN | YES
Hyper
Delayed page
wiite ACT | ACT | ACT | ACT | ACT | APD | APD | VLD | OPN [ VLD | OPN | YES |mode
Upper identical
dg,‘;ysd ACT | NAC | ACT | ACcT | AcT | aAPD | APD | DNC | OPN | viD | OPN | YES
Lower
delayed ACT | acT | Nac | acT | acT | AP0 | APO | viD | oPN | DNC | oOPN | YES
ﬁg‘c‘,ﬂ;_w ACT | acT | acT | acT | acT | APD | aPD | viD | oPn | D | oPN | YES
g&"x’ ACT | NAC | ACT | ACT | ACT | APD | APD | DNC | OPN | viD | OPN | YES
'ﬁ"M""v‘,’,’ ACT | acT | NAC | AacT | AcT | AaPD | aPD | viD | OPN | DNC | OPN | YES
ms-n AcT | onc | onc | nac | ONc | apD | DNc | onc | opn | One | opn | ves
Hidden
refrogh ACT | NAC | NAC | AcT | AcT | oNc | ONC | OPN | viD | oPN | viD | vES
(CE?;::;’::)“ AcT | onc | onc | act | onc | one | onc | onc | oen | onc | oen | ves
ggz'resh, ACT | oNC | ONC [ AcT | onc | one | one | bnc | opn | DNC | oPN | vES
Stand-by NaC | onc | oNc | onc | onc | one | onc | onc | opN | one | opn | NO

Note ‘ACT ; active

DNC ; dont care VLD ; valid

IVD ; invalid APD ; applied OPN ; open NAC; nonactive
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ABSOLUTE MAXIMUN RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —{~7 v
Vi Input_voltage With respect to Vss —1~7 Vi
Vo QOutput voltage =1~7 \
o Qutput current 50 mA
Pg Power_dissipation Ta=25C 1000 mw
Topr Operating temperature 0~70 C
Te Storage temperature —65~150 T

RECOMMENDED OPERATING CONDITIONS (Ta=0~70'C, unless otherwise noted) (Note 1)
Limlits

Symbol Parameter Min Nom | Max Unit
Vce Supply voltage 4.5 5.0 5.5 v
Vss Supply voltage 0 0 0 \

ViH High-level input voltage, all inputs 24 6.0 v
ViL Low-level input voltage, all inputs —0.5%* 0.8 v
Note 1 : All voltage values are with respect to Vss
bl : ViL(min) is -2 .0V when pulse width is less than 25ns.(pulse width is with respect 10 Vss.)
ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc= 5V110%, Vss=0V, unless otherwise noted) (Note 2)
N Limits

Symbol Parameter Test conditions Min Typ Max Unit
VOH High-level output voltage IoH = —2mA 24 Vee \
VoL Low-level output voltage loL = 2mA 0 0.4 v
loz Off-state output voltage Q floating,0V S Vours5.5V —10 10 #A
1 Input current 0V3ViHS6.0V, Other inputs pins =0V [ —10 10 uA

Averags supply current M5M411665A-5,-5S | paS, TAS cycling 125
lcctavy | from Vee M5M411685A-6,-65 |tRC = twe =min. 110 mA
operating  (Note 3.4.5) [\45M411665A-7,-75] output open 95
FAS = TAS = ViH, output open 2
lcc2 Supply current from Vcc , stand-by TAS = CAS = Voc 0.5V 1.0 mA
(Note 6) | output open 0.1*
Average supply current M5M411665A-5,-58| BAE cycling, CAS= VIH 125
lcc3avy | from Vee,RAS only M5M411665A-6,-68 | tRe=min. 110 mA
refreshmode  (Note 3,5) [M5M411665A-7,-7S| output open 95
Average supply current M5M411665A-5,-55| BAS-VIL, TAS cycling 125
lccaavy | from Ve Hyper Page M5M411665A-6,-6S| tec=min. 110 mA
Mode (Note 3.4.5) IM5M411665A-7,-7S| output open 95
Aver:?e supply current M5M411665A-5.-5S| ZAS before AT refresh cycling 115
locsiay) | Lo O ks aesn | MBM411665A6,-65| tRc=min. 100 | mA
mode {Note 3.,5) [M5M411665A-7,-75| output open 85
RAS cycling CAS < 0.2V or TAS
before RAS refresh cycling
RAS < 0.2V or & Vee-0.2V
:‘V;’i’gc‘i:s“pp'y current TASS 0.2V or 2 Voc-0.2V
tecemy * Ergtended-Refresh mode WS 02Vor & Voc0.2v 150 HA
(Note 6) | OF = 0.2V or & Vec-0.2V
Ao~A7 & 0.2V or & Vee-0.2V
DQ = open
tRC = 125 pus, tRAS=tRAS min ~1p s
| rrent from Vi = .
o+ | G eabimods o (Noto®) | v can 150 | wA

Note 2: Currant flowing into an IC 1s positive, out is negative.
3:1cc1(av), ICCa (Av) IcC4 (AV), and ICC8 (AV; are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.

Address transient between RAT and TAS happens once or less. Address transient during TAS cycle happens once or less.
4:lcc1(Av) and ICC4 (Av) are dependent on output loading. Specified vaiues are obtained with the output open.

5: Column Address can be changed once or less while FAS=ViL and TAS=VIH.
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CAPACITANCE (Ta=0~70'C, Vcc= 5V110%, VSS=0V, unless otherwise noted)

Symbot Parameter Test conditions Min LEE :s Max Unit
Cia) Input capacitance, address inputs Vi=Vss 5 pF
Ci{cLg Input capacitance, clock inputs fa1MH2 7 pF
Ciro Input/Output capacitance, data ports Vi=25mVrms 7 pF

SWITCHING CHARACTERISTICS (Ta=0~70C, Vcc= 5V 10%, Vss=0V, unless otherwise noted) (Note 6,14,15)
Limits
Symbol Parameter M5M411865A-5,-55 | M5M411665A-6,-65 | MEM411665A-7,-7S Unit
Min Max Min Max Min Max
tcac Access time from TAS low (Note 7,8) 13 15 20 ng
tRAC Access time from RAS low (Note 7,9) 50 60 70 ns
WA Column address access time {Note 7,10} 25 30 35 ns
tCPA Access time from TAS precharge {Note 7,11) 28 33 38 ns
10EA Access time from OF low (Note 7) 13 15 20 ns
fOHC Output hold time from TAS {(Note 13) 5 5 5 ns
toHR Qutput hold time from RAS (Note 13 5 5 5 ns
tcwz Output low impedance time from TAS low {Note 7) 5 5 5 ns
toEZ Qutput disable time after GF high {Note 12) 13 15 20 ns
WEZ Qutput disable time after WE high (Note 12) 13 15 20 ns
tOFF Output disable time after TAS high (Note 12,13) 13 15 20 ns
{REZ QOutput disable time after RAS high (Note 12,13) 13 15 20 ns
Note 8:An initial pause of 500 us is required after pawer-up followed by a minimum of aight initialization cycles (any combination of cycles containing a FAS
clock such as FAS-Only refresh).

Nate the RAS may be cycled during the initial pause . And any 8 RAS or RAS/TAS cycles are required after prolonged periods (greater than 4 ms) of
FAS inactivity before proper device operation is achieved.

7: Measured with a load circult equivalent to 1TTL loads and 50pF.
The reference levels for measuring of output signals are 2.0V(VOH) and 0.8V(VOL).

8: Assumes that tRCO & tRCD(max) and tASC & tAsC(max) and tcP & tcP(max). g

9: Assumes that tRCD S tRCD{max) and tRAD & tRAD{max). If tRCD or tRAD is greater than the maximum recommended value shown in this table,
tRAC will increase by amount that tRCD exceeds the value shown.

10: Assumaes that tRAD & tRAD(max) and tASC S tAsC(max).

11; Assumes that {CP S tcP(max) and tASC & tASC(max).

12: tOEZ (max), tWEZ{max) , tOFF(max) and tREZ{max) defines the time at which the output achieves the high impedance state ( IOUTS | t10pA | )
and is not reference to VOH{min) or VoL(max).

13: Output is disabled after both FAS and TAS go to high.

MITSUBISHI
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M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Hyper-Page Mode Cycles)
(Ta=0 ~70C, Vcc = 5V 1:10%, Vss=0V, unless otherwise noted) (Note 14,15)

Limits
Symbol Parameter MIM4A11665A-5,-55 | MEMA11685A-8,-65 | MEM411885A-7,-78 Unit
Min Max Min Max Min | Max
| trer Refresh cycle time 4 4 4 ms
tREF Refresh cycle time* 32 ms
tRP RAS high pulse width 30 40 50 ns
tRcD Delay time, RAT low to TAS low (Note 16) | 18 32 20 20 42 ns |
tcrRP Delay time, TAT high to FAS low 5 5 5 ns |
tRPC Delay time, RAS high to TAS low 0 0 0 ns
fcPN TAS high puise width 8 10 13 ns
tRAD Column address delay time from FAS low (Note 17) | 13 25 15 30 15 35 ns
| tasn Row address setup time before FAT low 0 0 0 ns
tasc Column addraess setup time before TAS low (Note 18) 0 10 0 13 0 13 ns
tRAH Row address hold time after AT low 8 10 10 ns
fcAH Column address hold time after TAS low 8 10 10 ns
toze Delay time, data to TAS low (Note 19) 0 0 0 ns
020 Delay time, data to OF low {Note 18) 0 0 0 ns
{ROD Delay time, RAS high to data {Note 20) 13 15 20 ns
tcoD Delay time, CAS high to data {Note 20 13 15 20 ng
oDD Delay time, OF high to data (Note 20) | 13 15 20 ns
1 Transition time {Note 21) 1 50 1 50 1 50 ns

Note 14  The timing requirements are assumed IT = 2ns. .
15 : Vii{min) and ViL(max) are reference levels for measuring timing of input signais.

16 : tRcD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCO(max), access
time is controlled exclusively by {CAC or tAA.

17 : thaD(max;} is specified as a reference point only. if tRAD & tRAD(max) and lASC & tAsc(max), access time is controlied exclusively by tAA.

18 © tasc(max) is specified as a reference point only. If tRCO & tRCD(max) and tASC & tAsc(max), access time is controlled exclusively by tCAC.

18 [ Either tDZC or t0ZO must be satisfied.

20 : Either tRDD or tcoD or toDD must be satisfied.

21 7 is measured between VIH(min} and ViL(max).

Read and Refresh Cycles

Limits
Symbol Parameter MSM4 11865A-5,-55 | MSM411885A-8,-65 | MEM411665A-7.-78 Unit
Min Max Min Max Min Max

tRC Read cycle time 90 110 130 ns
tRAS FAS low pulse width 50 | 10000 60 | 10000 70 | 10000 ns.
CAS TAS low pulse width 8 | 10000 10_ | 10000 13__[ 10000 ns
csH TAS hold time atter RAS low 40 48 55 ns
{ASH HAS hold time after TAS low 13 15 20 ns
tACs Read Setup time before TAS low 0 0 0 ns
tRCH Read hold time after TAS high (Note 22) 0 0 0 ns
tRAH Read hold time after RAS high {Note 22) 0 0 0 ns
tRAL Column address to RAS hold time 25 30 35 ns
tCAL Column address to TAS hold time 13 18 23 ng
tORH HAS hold time after OF low 13 15 20 ns
tOCH CAS hold time after OF low 13 15 20 ns

Note 22: Either tRCH or tRRH must be satisfied for a read cycle.

MITSUBISHI
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Write Cycle (Early Write and Delayed Write)

Limits
Symbol Parameter M5M411665A-5,55 | M5SMA11665A-6,-85 | MSM411665A-7,-75 Unit
Min Max Min Max Min Max
twe Write cycle time 90 110 130 ns
tRAS FAS low pulse width 50 | 10000 60 | 10000 70 [ 10000 ns
tcas TAS low pulse width 8 | 10000 10 | 10000 13 | 10000 ns
tesH TAS hold time after HAS low 40 48 55 ns
tRSH RAS hold time after CAS low 13 15 20 ns
twes Wirite setup time before TAT low {Note 24) 0 0 0 ns
tWCH Write hoid time after TAS low 8 10 13 ns
towL TAS hold time after W low 8 10 13 ns
tRwL FAS hoid time after W low 8 10 13 ns
twp Write pulse width 8 10 13 ns
tos Data setup time before TAS low or W low 0 0 0 ns
tOH Data hold time atter TAS low or W low 8 10 13 ng
Read-Write and Read-Modify-Write Cycles
Limits
Symbol Parameter MS5M411665A-5,-55 | MEM411665A-6,-65 | MSMA11665A-7,-7S Unit
Min Max Min Max Min Max
tRWC Read write / read modify write cycle time {Note 23)| 109 133 161 ns
tRAS RAS low pulse width 75 | 10000 89 | 10000 107 | 10000 ns
tcas TAS low pulse width 38 | 10000 44 | 10000 57 | 10000 ns
fcsH TAS hold time after RAS low 70 82 99 ns
tRSH FAS hold time after TAS low 38 44 57 ns
tRcs Read setup time before TAS low 0 0 0 ns
tcwo Delay time, CAS low to W low {Note 24) 28 32 42 ns
tRWD Delay time, RAS low to W low (Note 24)| 65 77 92 ns
AWD Delay time, address to W low (Note 24) 40 47 57 ns
{OEH OE hold time after W low 13 15 20 ns

Noyr 23 | tRWC is specified as tRWC(min)=tRAC({max)+toDD(min)+tRWL(Min)+tRP(Min)+5tT.
24 : twes, tcwD,1RWD and tawD and,ICPwWO are specified as reference points only. It twcs&twcs(min) the cycle is an early write cycle and the DQ pins
will remain high impedance throughout the entire cycle. If tcwo&tcwb{min), tRWDZtRWD (min), tAwDZ tawD(min) and tCPWD &tCPWD{min) (for
Hyper Page Mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. If neither of the
above condition (delayed write) of the DQ (at access time and until TAS or DE goes back to Vit ) is indeterminate.
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Hyper Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle,
Read Write Mix Cycle, Hi-Z control by TF or W) (Note 25)

Limits
Symbol Parameter MBM4116654-5,-55 | M5M411665A-6,-65 | MSMA11665A-7,-78 Unit
Min Max Min Max Min | Max
thPC Hyper Page Mode raad / write cycle time (Note26) | 20 25 30 ns
tHPRWC Hyper Page Mode read write / read modify write cycle time 57 66 79 ns
tooH Output hold time from TAS low 5 5 5 ns
tRAS HAS low pulse width for read write cycle (Note27)| 85 |100000( 77 |100000| 82 |100000 ns
tcp TAS high pulse width (Note28)| g 13 10 16 13 18 ns
{CPRH RAS hold time after TAS precharge 28 a3 38 ns
{CPWD Delay time, TAS precharge to W low (Note24)| 43 50 60 ns
teHoL Hold time to maintain the data Hi-Z until TAS access 7 7 7 ns
tOEPE OF Pulse Width (Hi-Z control) 7 7 7 ns
twPE W Pulse Width (Hi-Z controf) 7 7 7 ns
tHCWD Delay time, TAZ low to W low_after read 28 32 42 ng
tHAWD Delay time, Address to W low after read 40 47 57 ns
tHPWD Delay time, TAZ precharge to W low_after read 43 50 _60 ns
tHCOD Delay time, TAS low to OF high after read 13 15 20
{HACD Delay time, Address to OE high after read 25 30 35 ng
tHPOD Delay time, TAS precharge to OF high after read 28 33 38 ns
Note 25: All previously specified timing requirements and switching ch istics are applicable 1o their respective Hyper Page Mode cycle.
26: tHPC(min) is specified in the case of read-only and early write-only in Hyper Page Mode.
27: tRas(min) is specified as two cycles of TAS input are performed.
28: tcP(max) is specified as a reference point only.
TAS before RAE Refresh Cycie (Note 29)
Limits
Symbol Parameter MEM411685A-5,-5S | MSM411665A-6,-85 | MBMA11685A-7,-75 Unit
Min Max Min Max Min Max
tcsh TAS setup time before FAS low 5 5 5 ns
CHR TAS hold time after RAS low 10 10 15 ns
Note 29 Eight or more TAS before FAS cycles instead of eight AT cycles are necessary for proper operation of TAS before FAS refresh mode.
Self Refresh Cycle* (Note 32)
Limits
Symbol Parameter MEM411865A-5,-65 | MSM411665A-6,.65 | MEM4116865A-7,-78 Unit
Min [ Max Min | Max Min Max
{RASS CBR self refresh RAS low pulse width 100 100 100 HS
tRPS CBA self refresh RAS high precharge time 90 110 130 ns
cHS CBR self refresh TAS hold time - 50 — 50 — 50 ns

‘ MITSUBISHI
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Timing Diagrams (Note 30)

Read Cycle
tRc
tRAS e tRP N
VIH- '
i \ \_
ViL—
tRPC
tesH
CRP tRCD tASH
tcrP
tcas ,
R 1o Vin—
ViL—
tRAD tRAL
tCAL
tASR Al 1ASC Mp tCAH peR
ViH— ROW ROW
Ao~A7 ViL— ADDRESS ADDRESS
I
' tRRH
tRCS v
tRCH
Vin—
TwW/IW ViL—
I“IDZC tcop
DQ1~DQis  VIH- Hi-Z
(INPUTS) ViL—
tcac tREZ =
» T b
tAA toHIFl + "IfWEZ
toz tOFF
L" foHe
VoH— Hi-Z X Hi-Z
DQ1~DQhe
(OUTPUTS) VoL— DATA VALID )—
» {0EZ
{pEA
tocH tooo
ViK—
GE ViL—
1ORH
Indicates the don't care input.
Note 30 VIH(min) S VIN S VIH{max) or VIL{min) S VIN SViL(max)
% Indicates the invalid output.
* MITSUBISHI
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Early Write Cycle
we
tRAS i

ViH— )
s - \

viL tRPC

tcR tc_sﬁ "
P
tRCD {RSH cRP
fcas

A ViK-~

ViL—

VIH—
Ao~A7 ViL— ADDRESS

WCH
— POV Vv v VvYVvVV VY VPV V VOV V VP

woow o R R RRXXX

ViL— SO0, 0.9.0.0.0.9.0.0,0.0.0.0.6.0,0.0.0.0,

tDH

DQi~DQis  ViH—
(INPUTS) - DATA VALID
DQi~DQis  VOH™ Hi-Z
(OUTPUTS)  voL—

VlH — .'.'.'.'."""'
SE 0200022 %%%

viL—  SSOEEEELEEEK

OCOSOOOOO
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Byte Early Write Cycle
twe
tRAS |1 N
RS ViH— !\ ’
ViL— tRPC \_

tcsH

tcAp tRCD

tRSH

w \

tcas tcre |-0

tASR | |tRAH {CAH

{AsR

ROW
ADDRESS

tRAH [

: ViH— XX
Ao~A7 SR
ViL—
twes
ow St 0s 0,0 0 0 00 00
{or EW) IR0 0. 0.0.0.0.0.0.5.0.0.6
w
(or TW)
DQs~DQs
(or DQe~DQ1s)
(INPUTS)

DQ1~DQs VoH—

Hi-Z

(or DQe~DQE) o —
(OUTPUTS) '

toH

DQe~DQ1s
{or DQ1~DQ8)
{INPUTS)

DATA VALID

DQe~DQns VoH—

Hi-Z

{or DQ1~DQe)
{outPuTs) Vou-—
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MITSUBISHI LSls
M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Delayed Write Cycle

twe N
tRAS . tRP
Ve Y
FAS " \
ViL—
tcsH
tCRP
tRCD tAsH
M tRPC tcHP
tcAS
v —
TAS " \ /
ViL—
tASR
1A
SR | | tRar V\Fg. tcAH 'l
Ro~A7 Vik— ROW COLUMN ROW
ViL— ADDRESS ADDRESS ADDRESS
1 1
trRcs
ViH—
wW/TW
ViL—
tweH
tozc
DQ-DQis  VHT XSO Hi-Z
(INPUTS) viL— XX ¢ y’
DO1~DQis  VOH— Hi-Z HI-Z

(OUTPUTS)  voL-—

OO e
SRS 0% -

MITSUBISHI
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MITSUBISHI LSis

M5M411665AJ,TP2-5,-6,-7,-55,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Byte Delayed Write Cycle
twe
M > trRP N

s ViH~- )

ViL— , \__

CSH
tcRP tReD R tRSH
> tRPC tCRP
tCAS

TAS VIH—

ViL—

{CAH sh

ViH— COLUMN [+ ROW

Ao~A7 ViL— ADDRESS [+ ADDRESS
' o tow, ] '
tAWL
twp
ow VIH—
(or TW) ViL— \
tWCH K| tRCH R
¥ tRRH
™w ViH—
(or UTW) Vie=
toze tcop
DQ1~DQe Vi TOTOTOZOIT0TOTO T Hi-Z
m g&;oom) Seteletedeleted
)
oz toop
DQ1~DQs Hi-Z
(or DQe~DQn6)
(ouTPUTS) VoL~
toez
to!
DQe~DQts ViH— R T Hi-Z
N ¢ X O CR X X X
%?b: ES.}S? Q8) - SRR
tez
?thgogos) VoH— Hi-Z o Hi-Z
or DQ1~
(OUTPUTS)  VoL— 44 I
020 ¥ltoez toEH
+—>ltopo

oF VIH—

ViL—

P



MITSUBISHI LSIs

M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Read-Write, Read-Modify-Write Cycle

o B
b5
i X
F a %%
& a PO
g < o¥e%
a o [ OO
£ 2 2%
0%
002
Y o 0000
woooe
50
W %%
%%
5 N
3 I
a
H]
>l
[
<
3 8
3
9 <3
& z8| 8| 2 =
3 2 .
82 2
! <
ﬂ a Q
3 e &
. g
[~]
s g N
I
z 2
w
13
€
o « =]
[ m <
[
I
= b ) E L 33
s s $3 53 >3
© o
oF a5
~ akE aa
< = g Le
1
e}
m m 2 B ag g0

'O‘Mrrsuslsm

4-16



MITSUBISHI LSIs

M5M411665AJ,TP2-5,-6,-7,-5S5,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Byte Read-Write, Read-Modify-Write Cycle

Ao~A7

(or TW)

w
(or TW)

DQ1~DQe
(or DQe~DQ1s)
(INPUTS)

DQ1~DQe
(or DQe~DQ1e)
(OUTPUTS)

DQs~DQ1e
(or DQ1~DQs)
(INPUTS)

DQe~DQ1s
(or DQ1~DQs)
(OQUTPUTS)

tRwC
tRAS AP
ViH~ !\ X
ViL— L
tesH
CRP tRCO tRSH
tRPC  tCRP
fcas
o \ /
ViL—
tRAD
tasR tRAH tasr
usc W fCAH
ViH— ROW COLUMN ROW
ViL— ADDRESS ADDRESS ADDRESS
AwD ' fewL
tRCS _lewo tRWL
twp N|
ViH— »
ViL—
"tRCH
l. tRRH
fcoo
Hi-Z
tcac to0D
taa 1
fcz
VoH~— Hi-Z DATA Hi-Z
VoL— VALID,
tRAC
[ toez
fozc
ViH— Hi-Z
VL= tcac
tAA
cLz
VoH— Hi-Z ATAY Hi-Z
toEA




MITSUBISHI LSis

M5M411665AJ,TP2-5,-6,-7,-55,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Read Cycle
tRas tRP
ViH-— \
ViL—
tesH » tHeC N tRSH
tcAp tRcD |, lcas top tcas fcp ICAS cAp
w \ /N N /
ViL—
tRAD tCPRH
tASR
tAsSR ICAH tcaH C {CAH
l-u OM—OI tasc e .F—t h———tl
ViH— ROW ROW
Ao~A7 Vi &DRESS COLUMN-1 COLUMN-2 COLUMN-3 ADORESS
] 1 v 1 —
1,_tRCS tRAL RRH |
tCAL R tcAL tcAL RcH
Vin—
wW/TwW v
-
tWEZ
tozc oD |
tcoD
DQi~DQws  VIH— Hi-z
(INPUTS) Vi~ feAC tcac tCAC ez
A L) | A foHR i
tcz tooH tooH Lol
-
DQi-DQe VoW~ Hi-Z DATA DATA DATA ii‘
(OUTPUTS) VoL-— VALID-1 VALID-2 VALID-3
tRAC tcPA {CPA
o Vi R R R
ViL— SRR AR AN XA
MITSUBISHI
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MITSUBISHI LSIs

M5M411665AJ,TP2-5,-6,-7,-55,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Early Write Cycle

Ao~A7

DQ1~DQis
(INPUTS)

DQ1~DQ16
(OUTPUTS)

tRAS

tRP

ViIH—
ViL— \.
twpc N tASH
tcas tcp fcas tcp tCAS tcrP
ViH— \ [ \
ViL—
L teat " tcAL
I " o
toan by ey gy Lo =
VIH—~ ROW
Vi— COLUMN-1 COLUMN-2 COLUMN-3 ADDRESS
! 1
ICH twes | |twed
ViH—~
ViL—
iDs H DS | {{DH s | [toH
ViH-— DATA DATA DATA
ViL— VALID-1 VALID-2 VALID-3
Von— Hi-Z
VoL —
ViH—
ViL~

z MITSUBISHI
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MITSUBISHI LSIs

M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Byte Early Write Cycle

tRas tAP
Vih— \
ViL— \_
{csH tHPC tRSH ”
tere tRco teas || e tcAs tcp tcAs tcRP
ViH— w N
ViL—
le fcAL le fCAL
W toaM wsc | | o wsc | | toun i
SR tRAH C AH
tASC |
Vin— ROW ROW
Ao~A7 ViL— @ADDRESS COLUMN-1 COLUMN-2 COLUMN-3 ADDRESS
s 1 I 1 1 ! 1
tweH c8 twes tWCH
Vii—
w ViL—
tARH
je—% tRCH
0 0 050,0,9.0,0.0.059
w ViL— 208553
DQ1 ~DOe VIH— *
(or DQo~DQ1e) b
(INPUTS) ViL—
DO1~DQe VOH— HI-Z
(or DQe~DQ16)
(OUTPUTS)  VoL—
DQe~DQhe ViH— L. e
(%) COOOC AT DATA
or DO ~DQs > X XX L ¢ M
}!NPUTS) " vi- ole%e 0% %! eSS0 VALID-3
DQe~DQs _ K
(o DQ1~DQs) Vor Hl-Z
(OUTPUTS) VoL-—
W V.V VY VT V.V V.V NV A AN/
or & e et e e te e et e e tetetatateletetetotel

0.0 0.8.0.0.0.8.0.0.00.¢0000000.0

ELECTRIC



MITSUBISHI LSls

M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Read-Write, Read-Modify-Wtite Cycle

ELECTRIC

tRAS tRP
ViH~— |
s \_
ViL—
tosH RAWL
) ! tHPRWC
tcrp tRCD tcAs . tcp tcAs tcap
Vin--
o \ /
ViL~
tRAD
tasr tRAH uES’ tcan
ViH— ROW
Ao~A7 Vi DDRES COLUMN-1
1
tAwD iowL tAwWD
JRcs tewo trcs tewp
[ we | [
VIH—
w/TW ViL—
tRWD tcPwo
tozc tos tOH tozc tD§ H
“ |
DQi~DQ1s  VIH-— Hi-Z DATA Hi-Z ATA
(INPUTS) VALID-1 VALID-2
tcac teAC
—>
tAA taa
1
tcLz tcLz
DQ1~DOw  VoH— HI-Z DATA Hi-Z | DATA Hi-Z
(QUTPUTS) vy — VALID VALID
tRAC tooo tcPA toDo
T W toEZ
tozo tOEA M toez tDlig’l toEa tOEH
W W AW W W W oW oW NN A NN N PN
- s, RS
0a00%6%000% %% %% %% % e e %%
MITSUBISHI



MITSUBISHI LSIs

M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Byte Read-Write, Read-Modify-Write Cycle

tRAS tRP
Vik— T
e \ \_
ViL—
osH tRWL ¥
tcRP {HPRWC
tRCD tcas tcp tcAS {cRP
ViH— { \
ViL—
. __tRAD
usT” tRAH MFE. toAH e “l'"- "Fﬁ.
ViH~ AOW ROW
Ao ~ A7 Vi @DDRESS COLUMN-2 DRESS
I 1 |
tawD
tRCs tcwp tewL tcwo
tAcS Iu we | |
twp
oW hu
tRAH
tRCS
tRCH
oW VIH—
ViL—
P tRy#p tcpwo
tpzc tcoDp
DQ1~DQa _ -.
(or DQo~DQ1e) V™ Hi-Z
(INPUTS) ViL—- y
e tcac toop
tcwz o a4
o Vo Hi-Z oAt HI-Z Hi-Z
{OUTPUTS)  yq— VAT
f“’ {RAC 1 1¢ tOEZ
tozc tos tH tozc tDs toH
e Hi-Z DAT. DATA
(INPUTS) VIL — VALID-1 VALID-2
tcac
tAA
tewz
DQe~DQ6  Vow - | HiZ DATA Hi-Z
{or DQ1~DQs) VALID
{OUTPUTS)  VoL— ) 2
I+ RAC ) e tODD tcpa
2 T
tozo (toea | T 10FZ ng3¢| 10EA
st VIH--
ViL—
MITSUBISHI
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MITSUBISHI LSIs

M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Mix Cycle (1)
tRAS tRP
Vin— \
RA&S ViL— \_
_._w{WL
tesH tHPC HPRWG
tcjp tRCD tcas | | teP ) tcas tcp tcas tCRP
ViH—
s &7 N/ /
ViL—
1hAD tewL tASR
tAsR tRAH tasc | [tcaH tasc | |tcan
=|' le—
ViH— ROW N
Ao~A7 COLUMN-1 COLUMN-2
Vi— DDRESS i
twes twer
LJACS
tcaL tCAL
ViH— \
WITW /
tozc tos | [ton tozc tosi| toH |
| le- e < l
DQ1-DQe VT Hi-Z DATA ATA
(INPUTS) ViL— ALID-2 ALID-3
tcac
taa
->He tWEZ
tcz towz
DQI~DQ1e Vor— Hi-Z DATA Hi-Z Hi-Z
(OUTPUTS)  voL— vaye
tRAC tCPA
tozo
toez
oF
tooo Y000

x MITSUBISHI
ELECTRIC 4 23



MITSUBISHI LSIs

M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BiT) DYNAMIC RAM

Hyper Page Mode Mix Cycle (2)
VIH—
RAS viL—
tHPC
ViH— \ ’
RS ViL— /
fcp tcAs tCAS
tsc | tCAH tasc tcAM
ViH—
Ao~A7 VL COLUMN-1 COLUMN-2
-
1
tcaL
¥ | tReH toa
* 'l twes tweH
Vin— /
w/ow ViL—
tHCWD
tHAWD
tos toH toze
tHPWO "
DQ1~DQ1e ViH— Hi-Z DATA Hi-Z
(INPUTS) ViL— VALID-2
tCAC
taa
icPa IWEZ ¢
DQI-DQis  YOH~ V 7 7 y DATA © Hi-Z
(OUTPUTS)  voL— 2/ X/ /] VALID-1
tHcoD
tHAOD tOEA

foEZ tozo
tHPOD '-‘I

5E ViH—
ViL—
tooD

MITSUBISHI
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MITSUBISH! LSlis

M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Read Cycle (Hi-Z control by OF)

tRAS tRP
ViH~— )
RAS ViL— \
{CSH tHPC N tRSH
teRe | tRCD tcas tcP | fcas tcp tcas {CRP
» »
ViH~ , X A
CAS ViL— tRAD N
{CPRH
A tasc || toan tsc | | toaw tsh
tas| tRAH se ksl tCAH r_’ »
ViH—-
. HOW ROW
Ao~A7 Viw DDRESS COLUMN-1 COLUMN-2 COLUMN-3 ADDALSS
| | J f
tRCS tRAL tRRH q
| tRCH
Vin—
w/iw ViL—
twEZ
L tozc tRDD i)
tcop
DQ1~DQ1s
(INPUTS)
tcac tREZ
[TV tOHR
N 1oFF
oLz toHC
DQ1~DQ1e DATA Hi-Z DATA
{OUTPUTS) VALID-2 y VALID-3 )-
tcPA
tCHOL toEz
toEZ
o 5
toePE tooo
Amrrsuaasm
ELECTRIC 4-25



MITSUBISHI LSls
M5M411665AJ,TP2-5,-6,-7,-55,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Read Cycle (Hi-Z control by W)

tRas R tap
VIiH— Y
RAS ViL— , \_
tcsH tHPC trsH
tcRp tRco tcas tcp tcas | tep tcas tcRP
EAS VIH— ’
ViL—
tRAD {CPRH
tasA tRAH tasc ks tCAH tasc tcAH tasc teAH SR
c ‘
— i 1
ViH— ROW I ROW
RosA7 ViL— DDRESS, COLUMN-1 COLUMN-Z [ole |LmN.3 ROW o
1 1 l 1
tRCS tRAL tRAH
tRCH ""I‘ o] tros tReH
ViH—
W/ TW u{
ViL—
tozc »H-He-twpe wop  [EZ
tcoo
DQi~DQie  ViH— Hi-Z )
(INPUTS) Vil
tCAC {CAC tcac tREZ
1AA foHR
tOFF
tctz tDOH 5_2 tcLz ToHe
DQ1~DQ16 VoH - Hi-Z DATA DATA Hi-Z DATA }_
(QUTPUTS) v, VALID-1 . VALID-2 J VALID-3
tRAC 4
tcPA tcPA ‘{
| loEz
_ T 9.0 0 .00 0900 ‘
oF Vir ZRRRRRRRA
ViL— L) . 0.0.90.0.9.0.6
. .
tooo

MITSUBISHI
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MITSUBISH; LSls

M5M411665AJ,TP2-5,-6,-7,-5S5,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

RAS-only Refresh Cycle
tre

tRAS tRP .

T ViH— \ X
ViL— \
{CAP
{CRP
tRPC

Ao~A7

DQ1~DQ1e
{INPUTS)

DQ:~DQ1s
(QUTPUTS)

— LA S AAAN S AAAAAAAAARAAAARAAN/
Vi tosssetesatoretateteteleteteleletetolols!
ViL— OO0 0.0.0,0.0,0.00.0.0.0000.0.0.0.0.9.0.

KRR

Pedetele e tede %!

VOoH— Hi-Z
VoL—

V‘H_ AAAAANRAR X RN LAAAAAA A AR X AAAAAA N A )
0XRAREHALLRAULEHILHALHIRKIRRHKR LAY LHANLIAULRAANAK &
LBl 6.6.¢.0.8.0.0.4.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0,0.0.0,0.0.0.0.0.0.0..0.0.0.0.0.0.0.0.0.0.0.0.0.0.5.0.1

* MITSUBISHI
ELECTRIC 4-27



MITSUBISHI LSIs

M5M411665AJ,TP2-5,-6,-7,-55,-6S,-7S
HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

TAS betore RAS Refresh Cycle, Extended Refresh Cycle *

toFF
toHe

‘r

Hi-Z

{

tOEZ

) toHR

ViH—

ViH—
ViL—

a 3V N
5 N 0%0%0
3 Tote?
_ #hede
el
PAXX]
W .OOOOQ
-‘.’0‘
¢ alele
£ #le%
o
4
I
I
2
»
P
P
4 * 4
2 2%
ﬁ %
N -
N ¥
4
o
&
2 «
£ g
y
%
o 3 T o
£ = g £
o
a.
£ _ ¥
7 ¥ A
L ~w— —7

ViH—
ViL—
ViH—
ViL—

wW/Tw
DQ1~DQhe
(INPUTS)

Ao~A7

VoH—
VoL—

DQ1~DQ1s
(OUTPUTS)

o s
ELECTRIC
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MITSUBISHI LSIs

M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Hidden Refresh Cycle (Read) (Note 31)

Ao~A7

DQ1~DQ1e
(INPUTS)

DQ1~DQss
(OUTPUTS)

Vin—
Vi~

Vin—
ViL—

Vik—
ViL—

ViH—
ViL—

ViH—
ViL—

tRe trRC
tRAS RP tRAS trRP
\ f \
rorp al tRCO tRSH {CHR
1
tRAD
WA | [1RAH | tasc tcaH et
ROW COLUMN M ROW
ADDRESS ADDRESS M ADDRESS
tRAL tARH
tRCH
tcoo Eg;g
tRDD
Hi-Z
tREZ
tcac toHR
tAA
{OFF
tew toHe
Hi-Z Hi-Z
DATA  VALID y
tRAC
D tOEA t0EZ
*tooo

Note 31: Early write, delayed write, read write or read-modefy write cycle is applicable instead of read cycle.
Timing requirements and output state are the same as that of each cycle shown above.

* MITSUBISHI
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MITSUBISHI LSis

M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Self Refresh Cycle (Note 32)

tCRP

coLumm

ADDRESS

trPs

tRPC

tcHs

tRP

{CSR

tRPC

fcenN

{

DORESS,

X/
020%,
XRHKK

AAARAANS
’0 O

/
()

R/

*

AAAAAN) 060‘0'0 N/

&4

¥

&
&

0
X

S

&
&
S¢S

.

OOOO
43009,

5

OGO
X )
SLRAHAHN

&
P

Q

5

O
&
ot

.0

> b

.08
®,

9,

L)

A

XX

XXX

A’A

£

SO

Hi-Z

tRRH
tRCH

tROD
tcoo

Hi-Z

tREZ

{OFF

toMC

»to00

toez

- toHR

ViL— 4

ViH—

Vin—
ViL—~

Ao~A7

VIH—
ViL—

w/TIw

ViH—

~DQus
(INPUTS)

DQ1

ViL—

VoH—

DQ1~DQ16
(OUTPUTS)

VoL—

VIH—

* MITSUBISHI
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MITSUBISHI LSls

M5M411665AJ,TP2-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 1048576-BIT(65536-WORD BY 16-BIT) DYNAMIC RAM

Note32 : SELF REFRESH ENTRY & EXIT CONDITIONS

(1) In case of distributed refresh

The last and first full refresh cycles (256) must be done within tNs and tsN  before and after self refresh ,
on the condition of tvs = 4 ms and tsn < 4 ms.

tNs tsN
F—h| H
-------------- =TT [T
DISTRIBUTED REFRESH DISTRIBUTED REFRESH
<256/4ms> <256/4ms >

{2) Incase of burst refresh

The last and first full refresh cycles (256) must be done within tns and tsN  before and after self refresh ,
on the condition of tns = 4 ms and tsN S 4 ms.

tns BN
m W 1 M m
BURST REFRESH BURST REFRESH
< 256 / 4ms > <256/4 ms >




