MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,
-55,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

DESCRIPTION

This is a family of 4194304-word by 4-bit dynamic RAMS,
fabricated with the 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 double-layer metal process combined with twin-well
CMOS 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.

PIN DESCRIPTION

Pin name Function
Ap ~Any Address inputs
DQq ~DQg Data inputs / outputs
RAS Row address strobe input
CAS Column address strobe input
w Write control input
OE Output enable input
Vece Power supply (+5V)
Vss Ground (0V)

FEATURES
RAS TAS Address OF Power
Type Name access access access access Cycle dissipa-
time time time time time tion
(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) (typ.mW)
M5M416400CXX-5,-58 50 13 25 13 90 495
M5M416400CXX-6,-6S 60 15 30 15 110 405
M5M416400CXX-7,-7S 70 20 35 20 130 340
XX=J, TP

+ Standard 26 pin SOJ, 26 pin TSOP
+ Single 5V £ 10% supply
* Low stand-by power dissipation

5.5mW (Max) CMOS Input level

2.2mW (Max) CMOS Input level
» Low operating power dissipation

M5M416400Cxx-5,-5S.......ccocvveruenne. 605.0mW (Max)

M5M416400Cxx-6,-6S..........ccvervenne. 495.0mW (Max)

M5M416400CXX-7,-7S.....ooevveeeanne. 415.0mW (Max)
+ Self refresh capability *

self refresh current..........ccoovnine 200.0 pA (Max)

 Fast-page mode, Read-modify-write, RAS-only refresh

* CAS before RAS refresh, Hidden refresh capabilities
Early-write mode and OE to control output buffer impedance

+ All inputs, output TTL compatible and low capacitance
* 4096 refresh cycles every 64ms (Ag ~ Aqq)
* Applicable to self refresh version (M56M416400CJ,TP-5S,-6S,

-7S:option) only

APPLICATION
Main memory unit for computers, Microcomputer memory, Refresh
memory for CRT

PIN CONFIGURATION (TOP VIEW)

vee[ o ~ P8 vss
pat [2] 25 DQ4
DQ2 [3] 24 bQs
w [4 23 CAS
BAs [E z 3 oF
A [6 ";" 21 As
pr
At [8] g 19 As
Ao [B] § (1§ A7
A1 [0 171 A6
Az [ 78 As
As [iZ] g A4
vee [i3] 14 vss

Outline 26POD-B (300mil SOJ)

vee [0 ~7 bg vss
par [Z] 25 bQs
DQz2 [3] 4] DQ3
w [a 23 CAS
mAS (3 & b3 oF
A1t (€] § 1) A9

[°2d

o

(=4
Ato [B] =3 g As
A0 [3] 3 g A7
At [ig 17 As
A2 ] 7§ As
A3 [iZ] ELY
vee [3] [4) vss

Outline 26P3D-E (300mil TSOP)
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

FUNCTION

The M5M416400CJ, TP provide, in addition to normal read, write, and read-modify-write operations, a number of other functions, e.g., fast

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 RAS s W oF a;(::,ss aC;;l:g;Z Input Output Refresh Remark
Read ACT ACT NAC ACT APD APD OPN VLD YES Fost
Wite (Early write) ACT ACT ACT DNC APD APD VLD OPN YES page
Write (Delayed write) ACT ACT ACT DNC APD APD VLD VD YES mode
Read-modify-write ACT ACT ACT ACT APD APD VLD VLD YES identical
RAS-only refresh ACT NAC DNC DNC APD DNC DNC OPN YES
Hidden refresh ACT ACT NAC ACT APD DNC OPN VLD YES
Self refresh ACT ACT NAC DNC DNC DNC DNC OPN YES
TAS before RAS refresh ACT ACT NAC DNC DNC DNC DNC OPN YES
Stand-by NAC DNC DNC DNC DNC DNC DNC OPN NO

Note: ACT: active, NAC: nonactive, DNC: don’t care, VLD: valid, IVD: invalid, APD: applied, OPN: open

BLOCK DIAGRAM

COLUMN ADDRESS

STROBE INPUT GAG
ROW ADDRESS RAS

STROBE INPUT

WRITE CONTROL W

ADDRESS INPUTS <

7 Ao
Al
A2
A3
Ad
As
A6
A7
As
Ag
A10

AT

CLOCK GENERATOR
CIRCUIT

D

AOW & COLUMN
ADDRESS BUFFER

A0~Ag9

A0~
A1

ROW DECODER

(16777216 BITS)

=&
zz
COLUMN DECODER gad
~A=
] - 1 83
28]

MPLIFIER & 10 CONTROL |+ g
AMPL / Ay

MEMORY CELL L]

4
DATA OUT!
BUFFERS

_ DQ1
DQ2
DQ3
DQa

OE OQUTPUT ENABLE
Ot INPUT

-

Vee (5V)

VsS (0V)

DATA
INPUTS / QUTPUTS

2 MITSUBISHI

ELECTROMIC DEVICE GROLUP



MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage -1~7 \%
vV, Input voltage With respect to Vgg -1~7 \Y
Vo Output voltage -1~7 \%
lo Output current 50 mA
Py Power dissipation Ta =25°C 1000 mwW
Topr Operating temperature 0~70 °C
Tstg Storage temperature -65 ~ 150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0 ~70°C, unless otherwise noted) (Note 1)
Limits
Symbol Parameter i Nom Viox Unit
Vee Supply voltage 4.5 5 5.5 \Y
Vss Supply voltage 0 0 0 \%
Vi High-level input voltage, all inputs 24 55 \
ViL Low-level input voltage, all inputs -1.0** 0.8 \Y
Note 1: All voltage values are with respect to Vgg
**. V) (min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to Vgg.)
ELECTRICAL CHARACTERISTICS
(Ta=0~70°C, Vgc =5V £ 10%, Vss = 0V, unless otherwise noted) (Note 2)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vou High-level output voltage lon =-5.0mA 24 Vee
VoL Low-level output voltage loL =4.2mA 0 0.4
loz Off-state output current Q floating OV < Vg1 < 5.5V -10 10 HA
I Input current 0V < V|y £5.5V, Other inputs pins = 0V -10 10 HA
Average supply current M5M416400C-5,-5S | RAS, TAS cycling 110
lectav) | from Vg, operating M5M416400C6,-65 | tre = tyc = min. 90 mA
(Note 3,4) M5M416400C-7,-7S output open 75
RAS = TAS =V, output open 2
Icca Supply current from Vg, stand-by (Note 5) RAS = CAS = Voo 02V 05 mA
Average supply current M5M416400C-5,-55 RAS cycling, CAS = V4 110
lccs (av) | from Ve, refreshing M5M416400C-6,-6S trc = min. 90 mA
(Note 3) M5M416400C-7,-7S output open 75
Average supply current M5M416400C-5,-5S RAS =V, CAS cycling 80
lcca (av) | from Ve, Fast-Page-Mode M5M416400C-6,-6S tpc = min. 70 mA
(Note 3,4) M5M416400C-7,-7S output open 60
Average supply current from Vg, M5M416400C-5,-5S CAS before RAS refresh cycling 110
lcce (av) | CAS before RAS refresh mode M5M416100B-6,-6S | trc = min. 90 mA
(Note 3) M5M416100B-7,-7S output open 75

Note 2: Current flowing into an IC is positive, out is negative.

3:
4:

Icct (AV), Iccs (AV), lcca (AV) and Igce (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.

Icc1 (AV) and Igcs (AV) are dependent on output loading. Specified values are obtained with the output open.
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

CAPACITANCE
(Ta=0~70°C, Vgc =5V £ 10%, Vgs = 0V, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
Cia) Input capacitance, address inputs 5 pF
Ci(oE) Input capacitance, OE input 7 pF
Cyw) Input capacitance, write control input Vi=Vss 7 pF
C\(RAS) Input capacitance, RAS input i/|==1 gA5Hr:Vrms 7 pF
C\(cas) Input capacitance, CAS input 7 pF
Cio Input/Output capacitance, data ports 8 pF
SWITCHING CHARACTERISTICS
(Ta=0~70°C, Vgc =5V £ 10%, Vss = 0V, unless otherwise noted, see notes 5, 12, 13)
Limits
Symbol Parameter M5M416400C-5,-5S M5M416400C-6,-6S M5M416400C-7,-7S Unit
Min Max Min Max Min Max
teac Access time from CAS (Note 6, 7) 13 15 20 ns
trRAC Access time from RAS (Note 6, 8) 50 60 70 ns
tan Column address access time (Note 6, 9) 25 30 35 ns
tcpa Access time from CAS precharge (Note 6, 10) 30 35 40 ns
toea Access time from OFE (Note 6) 13 15 20 ns
torz Output low impedance time from CAS low (Note 6) 5 5 5 ns
torr Output disable time after CAS high (Note 11) 0 13 0 15 0 15 ns
toez Output disable time after OE high (Note 11) 0 13 0 15 0 15 ns

Note 5: Aninitial pause of 500 us is required after power-up followed by a minimum of eight initialization RAS cycles. The initialization cycles should be done either by RAS-only
refresh cycles or by CAS before RAS refresh cycles only.
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) of RAS inactivity before
proper device operation is achieved.
After the initialization cycles, RAS should be kept either higher than V(min) or lower than V, (max) except RAS transition time.
6: Measured with a load circuit equivalent to 2 TTL loads and 100pF.
Assumes that trcp 2 tRep(max) @nd tasc = tasc(max)-
8: Assumes that trcp < trop(max) @nd traD < tRAaD(max)- If tRep OF trap is greater than the maximum recommended value shown in this table, trac Will increase by amount that
trcp exceeds the value shown.

X

9: Assumes that trap 2 tRaD(max) @nd tasc < tasc(max)-
10:  Assumes that tcp < tcp(max) @nd tasc = tasc(max)-
11: torrmax) and togz defines the time at which the output achieves the high impedance state (Joyt <[+ 10 wA|) and is not reference to Vopmin) OF VoL(max)-
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles)

(Ta=0~70°C, Ve =5V 10%, Vgs = 0V, unless otherwise noted, see notes 12, 13)

Limits
Symbol Parameter M5M416400C-5,-58 M5M416400C-6,-6S M5M416400C-7,-7S Unit
Min Max Min Max Min Max

tRer Refresh cycle time 64 64 64 ms
trRp RAS high pulse width 30 40 50 ns
trep Delay time, RAS low to CAS low (Note 14) 18 37 20 45 20 50 ns
tcrp Delay time, CAS high to RAS low 10 10 10 ns
trpc Delay time, RAS high to CAS low 0 0 0 ns
tepN CAS high pulse width 10 10 10 ns
trAD Column address delay time from RAS low (Note 15) 13 25 15 30 15 35 ns
tasr Row address setup time before RAS low 0 0 0 ns
tasc Column address setup time before CAS low (Note 16) 0 10 0 10 0 10 ns
tRAH Row address hold time after RAS low 8 10 10 ns
teaH Column address hold time after CAS low 13 15 15 ns
tbze Delay time, data to CAS low (Note 17) 0 0 0 ns
tbzo Delay time, data to OF low (Note 17) 0 0 0 ns
tcop Delay time, CAS high to data (Note 18) 13 15 15 ns
toop Delay time, OF high to data (Note 18) 13 15 15 ns
tr Transition time (Note 19) 1 50 1 50 1 50 ns

Note 12:  The timing requirements are assumed ty = 5ns.
131 Viyminy) @nd V) (max) are reference levels for measuring timing of input signals.
14: trcp(max) is specified as a reference point only. If trep is less than trep(max) access time is trac- If trep is greater than trep(max), access time is controlled exclusively by
teac or taa. trep(min) is specified as trep(min) = tRAH(mIn) + 2tH + tasc(min)-
15: traD(max) IS specified as a reference point only. If trap 2 trap(max) @nd tasc < tasc(max) access time is controlled exclusively by taa.
16:  tasc(max) is specified as a reference point only. If trep 2 trep(max) @nd tasc 2 tasc(max) access time is controlled exclusively to tcac.
17: Either tpzc or tpzo must be satisfied.
18: Either tgpp or topp must be satisfied.
19:  ty is measured between V)ymin) and Vi max)-

Read and Refresh Cycles

Limits
Symbol Parameter M5M416400C-5,-58 M5M416400C-6,-6S M5M416400C-7,-7S Unit
Min Max Min Max Min Max
trc Read cycle time 90 110 130 ns
trAS RAS low pulse width 50 10000 60 10000 70 10000 ns
tcas CAS low pulse width 13 10000 15 10000 20 10000 ns
tesH CAS hold time after RAS low 50 60 70 ns
trsH RAS hold time after CAS low 13 15 20 ns
tres Read setup time after CAS high 0 0 0 ns
treH Read hold time after CAS low (Note 20) 0 0 0 ns
tRRH Read hold time after RAS low (Note 20) 10 10 10 ns
trAL Column address to RAS hold time 25 30 35 ns
toch CAS hold time after OF low 13 15 20 ns
torn RAS hold time after OF low 13 15 20 ns

Note 20: Either tgcy or trry Must be satisfied for a read cycle.

2 MITSUBISHI

5 ELECTROMIC DEVIGE GROUP



MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

Write Cycle (Early Write and Delayed Write)

Limits
Symbol Parameter M5M416400C-5,-58 M5M416400C-6,-6S M5M416400C-7,-7S Unit
Min Max Min Max Min Max
twe Write cycle time 90 110 130 ns
tras RAS low pulse width 50 10000 60 10000 70 10000 ns
tcas CAS low pulse width 13 10000 15 10000 20 10000 ns
tosu CAS hold time after RAS low 50 60 70 ns
trRsH RAS hold time after TAS low 13 15 20 ns
twes Write setup time before CAS low (Note 22) 0 0 0 ns
twen Write hold time after CAS low 8 10 10 ns
tewt TAS hold time after W low 13 15 20 ns
tRwL RAS hold time after W low 13 15 20 ns
twp Write pulse width 8 10 10 ns
tps Data setup time before CAS low or W low 0 0 0 ns
ton Date hold time after CAS low or W low 8 10 15 ns
toen OF hold time after W low 13 15 20 ns
Read-Write and Read-Modify-Write Cycles
Limits
Symbol Parameter M5M416400C-5,-58 M5M416400C-6,-6S M5M416400C-7,-7S Unit
Min Max Min Max Min Max

trRwe Read write/read modify write cycle time (Note 21) 131 155 180 ns
trAS RAS low pulse width 91 10000 105 10000 120 10000 ns
tcas CAS low pulse width 54 10000 60 10000 70 10000 ns
tesh TAS hold time after RAS low 91 105 120 ns
trsH RAS hold time after CAS low 54 60 70 ns
tres Read setup time before TAS low 0 0 0 ns
tcwp Delay time, CAS low to W low (Note 22) 36 40 45 ns
trwD Delay time, RAS low to W low (Note 22) 73 85 95 ns
tawp Delay time, address to W low (Note 22) 48 55 60 ns
tewL CAS hold time after W low 13 15 20 ns
tRwL RAS hold time after W low 13 15 20 ns
twp Write pulse width 8 10 10 ns
tbs Data setup time before W low 0 0 0 ns
toH Data hold time after W low 8 10 15 ns
= OF hold time after W low 13 15 15 ns

Note 21:  tryyc is specified as tryyc(min) = trac(max) * topb(min) * tRWL (min) * tRP(min) * StT:
Note 22:  tycs. towp: trwp @nd tawp and, tepyyp are specified as reference points only. If tyycs > tycg(miny the cycle is an early write cycle and the DQ pins will remain high impedance
throughout the entire cycle. If tcwp 2 tewp(min) tRwo 2 tRwo(min), tawp = tawp(miny @nd tcpwp > tcpwp(min) (for fast 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 CAS or OE goes
back to V) is indeterminate.
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle)

(Note 23)
Limits
Symbol Parameter M5M416400C-5,-58 M5M416400C-6,-6S M5M416400C-7,-7S Unit
Min Max Min Max Min Max

tpc Fast page mode read/write cycle time 35 40 45 ns

tPrRWC Fast page mode read write/read modify write cycle time 76 85 95 ns
trAS RAS low pulse width for read write cycle (Note 24) 85 125000 100 125000 115 125000 ns
tcp CAS high pulse width (Note 25) 8 12 10 15 10 15 ns
teprH RAS hold time after CAS precharge 30 35 40 ns
tcpwp Delay time, CAS precharge to W low (Note 22) 53 60 65 ns
Note 23: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle.

24 tras(min) is specified as two cycles of CAS input are performed.
25: tcpmax) is specified as a reference point only.
CAS before RAS Refresh Cycle
(Note 26)
Limits
Symbol Parameter M5M416400C-5,-58 M5M416400C-6,-6S M5M416400C-7,-7S Unit
Min Max Min Max Min Max

tesr CAS setup time before RAS low 10 10 10 ns
teHr CAS hold time after RAS low 10 10 15 ns
trRsR Read setup time before RAS low 10 10 10 ns
tRHR Read hold time after RAS low 10 10 15 ns

Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode.

SELF REFRESH SPECIFICATIONS

Self refresh devices are denoted by “S” after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are
same as normal devices.

ELECTRICAL CHARACTERISTICS

(Ta=0~70°C, Vgc =5V £ 10%, Vss = 0V, unless otherwise noted) (Note 2)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
CAS before RAS refresh cycling
or RAS cycling & CAS <0.2V
Average supply current OE & WE<0.2V
from VCC or OE & WE > V¢ - 0.2V
lccs(av) Slow-Refresh cycle M5M416400C (S) Ag~Aq 0.2V 500 LA
(Note 5) orAg~Aq1 2Vcc-0.2V
trer = 128ms (4096 cycles)
output = OPEN
tRAs = tRASmin. ~ 500ns
Average supply current
fromVCC
lccoav Slow-Refresh cycle M5M416400C (S) RAS =CAS <0.2V 200
(AV)
(Note 5) output = OPEN
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

TIMING REQUIREMENTS

(Ta=0~70°C, Ve =5V 10%, Vgs = 0V, unless otherwise noted, see notes 12, 13)

Limits
Symbol Parameter M5M416400C-5S M5M416400C-6S M5M416400C-7S Unit
Min Max Min Max Min Max
trASS Self Refresh RAS low pulse width 100 100 100 us
trPs Self Refresh RAS high precharge time 90 110 130 ns
tcHs Self Refresh RAS hold time -50 -50 -50 ns
trRsR Read setup time before RAS low 10 10 10 ns
tRHR Read hold time after RAS low 10 10 15 ns

SELF REFRESH ENTRY & EXIT CONDITIONS

1. In case of distributed refresh
The last / first full refresh cycles (4K) must be made within tyg / tgy before / after self refresh, on the condition
of tys < 64ms and tgy < 64ms.

NS tsN
.............. ”I |....”| ] Self refresh period ”1'.....”” cecsacmeans
DISTRIBUTED REFRESH DISTRIBUTED REFRESH
<4K/ 64 ms > <4K /64 ms >

2. In case of burst refresh

The last / first full refresh cycles (4K) must be made within tyg / tgy before / after self refresh, on the condition
of tNS + tSN < 64ms.

NS SN
"“ "'l |"| I Self refresh period I "“ "" ""
BURST REFRESH BURST REFRESH
<4K/64ms > <4K /64 ms >
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

TEST Mode SET Cycle
Limits
Symbol Parameter M5M416400C-5,-58 M5M416400C-6,-6S M5M416400C-7,-7S Unit
Min Max Min Max Min Max
twsr W setup time before RAS low 10 10 10 ns
twHR W hold time after RAS low 10 10 15 ns

Note 27: The test mode function is initiated by a W and CAS before RAS cycle (WCBR cycle) as specified in timing diagram.
The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle.
During the test mode, the device is internally organized as 16-bits wide (1M bytes depth). No addressing or CA, CA is required.
During a write cycle, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written into 4-bits memory cells,

respectively. During a read cycle, each DQ (output) pin shows the test result of the 4-bits, respectively. High state indicates that they are same. Low state indicates that they
are not same.

During the test mode operation, only WCBR cycle can be used to perform refresh.

#1

DQ1O—

‘ JUDGE DQ1

DQ2QO—

-

DQaQO— JUDGE DQs
#11

#12

#13

#14
DQaO— JUDGE DQa4
#15

#16

i
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

Timing Diagrams Read Cycle

Note 28

OO

Z Z z 2 Z Z Z indicates the invalid output.

Indicates the don't care input.

(Note 28)
tRC
tRAS tRP
N ViH— )
RAS /
ViL—
{CsH
- tRPC tCRP
tcrpl | tRCD it tRSH ol lewl .
tCAS
— ViH=7
CAS \ /
ViL -
tRAD tRAL tasr
tASR (| >
o RAri B scy tCAH > {CPN >
ViH— ROW COLUMN 5 ROW
Ao~A11 ADDRESS IADDRESS ADDRESS
ViL— A0~At11 A0~A9
tRCS tRCH
. V!H_ 4 "
W
ViL—
tozc
e > teoe
VIH— .
DQ1~DQ4 Y Hi-Z
LA RAS
(INPUTS)  y, — 4 KRR
tcac
tAA torF
toLz d
VOH— i ’ i
DQ1~DQ4 Hi-Z Hi-Z
ATA VAL
(OUTPUTS) yq — ‘@ DATA VALID
tRAC OEZ
P -
tozo tOEA toop
 locH
— ViH—
OE
ViL—
tORH N

;:;0:0;:&; VIH(min)< VINZ VIH(max) of ViL(min)S VINZ VIL(max)
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

Write Cycle (Early Write)

twe
{RAS trRP
_ Vi
RAS " \ /
ViL— \
tcsH
tCRP {RCD tasH tRPC  ICRA
- fcas
J— VIH—
\ /%
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o tRAH wsc tcAH ot
pe—
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-~ X CIZSR 2,000, 0.0.0.9. 0. 0.0 0.0.0.0.0.0.0. ROW
Ro=hn w—@ pr @ DDRESS  IERAURXRXIXXLLLXXXLK  apoRESs
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— V= R S TS S oo S o S o) -
W $.0.0.0.0.0.0.9.9.0.0.0.0.0.0.0
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tDS toH
P
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

Write Cycle (Dela

yed Write)

twe
tRAS tRP
< — >
I ViH— ) X
RAS \ /
ViL—
CSH
1cRP tRCD {RSH i IRPC (CRP
» -y f—
tCAS !
. ViH— i
oA \ /
ViL— X
1ASR tRAH . lasc . tCAH . tASR
ViH= ROW COLUMN oW
Ao~At1 ADDRESS ADDRESS ‘ ADDRESS
ViL— AO~AT1 AO~A9 ]
{RCS
. VIH—
w
ViL=
tWCH
t0zC
r—m tos {DH
DQI~DQ4 ViH— N Hi-Z DATA { S v:v:;::'%v’v:z’z‘v zv
(INPUTS) ;- VALID 2525 55
tcLz
DQI~DQa VYOH™ Hi-Z ’/ hi-Z
(OUTPUTS) 0, — \'d A
toez toeH
tozo > =
e tooD

P

S
00020000 0 0202020000020 %0202 % %
R R SRRRNAIAS

LP.9.9.9.9.9.!

oteleds
ode%els.

&

!
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

Read-Write, Read-Modify-Write Cycle

tRweC
tRAS tRP
__ ViH— )
RAS / \
Vie—
tcsH
tcrP tRCD tAsH o Jtnpc tcRP
i 1 tcas 1T 1
— ViH—
w \ AR
ViL— tRAD -
tASR tRAH tasc tcAH tasr
VIH— ROW 4 COLUMN ROW
Ao~Ar1 ADDRESS ADDRESS ADDRESS
ViL- AO~A A A0~A9
tawD »
tACS tcwp | tow
- tRWD . tRWL
twp
_ ViH— KX K PEILH R X KT
W G0 0,00 000 0000
" Neialalotelolelatotelols:
tos
tozc toH
- N Y AYAT A AT AT AT AT A
pQi~DQs V™ \ Hi-Z DATAVALID  RSIOSITORO0RITS
(INPUTS) = tcac | +%8%% %% % %%
taa
tclz
DQi~DQs VoH- Hi-Z DATA Hi-Z
(OQUTPUTS) o — VALID
tRAC » tooD
tbzo toEA 1062 tOEH

& &

TR SS
G.0.0.9.9.0.9
G020 0. 0.0 0.0
SRR

PP

2

90%0%0%6%%0%6%0 %% %% %

P 00000

&S
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

RAS-only Refresh Cycle

tRC

) tRAS trP

[ Vik-——
RAS \ /

ViL—

t
CRP *t—tﬂ:i tclnP "

__ VIH— ;
CAs A

ViL -

tASR tRAH tASR

ViH— PPN 009‘900 (AN A A KR R A A K
AoAnt row WK SRS RIERIRARRL L LXK RALRHX LSS

Vi —m ADDRESs IR RS
_ VIH— PN P P P 0 P P 5 PN S N o NN P P P 70 P00 P P00 % 50 PN PP 20 P8 PN P 0 0 P PN N PO PN PN P N PN % P P P PN Do P P
w S S SSEEIKS
DQ1~DQ4 CHIH I KK A I I I I A A A A A A HKHAAA S SN
(INPUTS) G R R R R R KRS SR
DQi~DQs VOH- Hi-Z

(OUTPUTS) v, —

IREAEKRK

oV VeV aVavav,
OTITOTITOTO

A

O RIS
LSSV CS LV EIEE IO OISO 09.0.0.9,

2 MITSUBISHI

ELECTRO®MIC DEVICGE GQROUP

14



MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

CAS before RAS Refresh Cycle, Slow Refresh Cycle

RAS

CAS

Ao~A11

|

DQ1~DQu
{(INPUTS)

DQ1~DQ4

ViH—

ViL—

ViH—
ViL—

ViH—

ViL—

ViH—

ViL—

VIH—
ViL=

VOH—

(OUTPUTS) yjo —

{RC (t tRC N
trP tRAS » tras tRp
tRPC  ICSR tcHR tRPC  ICSR {CHR tAPC tcRp
4 P - ! >
/ [ [ \
‘ ’
tCPN tasr
M-
{(
@ ROW XSOLUMN
DDRESS/\ADDRESS
If P2
tRCH tF{t‘sEJ tRHR tRSR tRHR trCcs
""""" M ot P Py P, oo P FDIIN P A N PO A A PN PN P PN 0 P P P AN NN N IS P N N AN P P
B R R R R R IR
ARIAHKHRNRAANR] (f.O.OAAAOAAA.0.0.0‘0.0.0.0;0‘0‘04&0‘0.0‘0.0.0‘0‘0.&0.
tOFF

\ e Hi-Z

ogeiotatetoteloalototeteletuletete!
ER R R RRRRRRIRRRRARK

(Ko
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

Hidden Refresh Cycle (Read)

(Note 29)
1RC tRC
tRAS tRP tRAS tRP
— ViH~ )
RAS \ X
ViL—
tcrp tRCD tRSH tcHR
ViH-
CAS
ViL—
tRAD sh
tasR| | tmaH tasc] 1CAH
ViH— ROW COLUMN % oW
~ ADDRESS ADDRESS
Ao~Art ViL— A0~A11 Ao~Ag § ADDRESS
tRCS
tRAL 1RRH {RSR| [tRHR
— ViH= A 7
7
ViL=
tozc tcoD
DQi~DQs V- Hi-Z 7
(INPUTS) - \
tcac
» taa {OFF
teLz
VOoH— Hi-Z Hi-Z
DQ:~DQ« - DATA VALID
(OUTPUTS) g —
tRAC toEZ
tozo toEA . to00
tORH

ViH—

ViL—

R R R
K

RRXHHRLRS

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle.
Timing requirements and output state are the same as that of each cycle shown above.

Any in any cycle,

trsr & tryr should be satisfied not to enter TEST MODE.
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

Fast Page Mode Read Cycle

tRAS tRP >
- VIH= —
RAS \ / \
ViL=
tCsH tPc tRSH
tcrP tRCO tcas tcp tcas tep tcas | |
oA [ N /N /
tCPRH
{CAH tasc | (tcAH tasc | lican 1AsA
L e (> |t— P
Ao~Al1 ! coww-z@ gCO_UMN-S ‘ ADDRESS
tRAL tRCH
1RRH
JRos > tRCH »1e1tRCS tRCH tRCS >
_ ViH—
w
ViL—
tozc toze toze teoo
DQi~DQs VM- A Hi-Z X Hi-Z A
(INPUTS) \
tcac toFF, tcac OFF tcac {OFF
taa taa taa
—»letcLz loz toLz
DQi~DQs VOH™ Hi-Z DATA DATA DATA
(OUTPUTS) o, — VALID-1 VALID-2 VALID-3 [T
1RAC " tcPa 1CPA
tbzo 1OEA | toez t0EA foez 10EA | | toEZ
> e Ind —
tocH toCH [ I tocH
== =
OE M
~ £ 4
D20 1020 topp
> > le—>| —>
tonD 100D tORH
; 2 MITSUBISHI
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

First Page Mode Write Cycle (Early Write)

RAS

CAs

Ao~A11

|

DQ1~DQa
(INPUTS)

DQ1~DQa

{RAS

tRP

ViH—~ !\

viL—=

tCcsH trc

tcrr

tRCD

tcas fcp

{cas

tRSH

tep

tcas

ViL—

tRAH

tcaH tasC| | tcaH

tasR
Lo

tasc

1ASC | | tcan

ROW
ADDRESS
AO~A {1

COLUMN-1
Ao~Ag

tAsSR

COLUMN-3 @

ROW
ADDRESS

tWCH eS| | twe Wes| | twen
DS tDH tDs, tOH tDS {DH
— | > \ (- P
Vin-TTXZTLLTILTLL S
AR I KA KM K H X DATA DATA DATA
K AR IR KA XA AKX ) N )
V00690 %6%6%0% % %% %% %' A WLl VALID-2 VALID-3
VoH— Hi-Z

(OUTPUTS) yg—

SRREIBLBKE
EIERRERRRREERLRKLEKLS

P

VIH— TR RRIARRIKRIT LT R TR R R AR ZRRZARZIRR R R AR AR RZRRTR R RIS
SRR T SRS IIRIIIK LXK LR ILALHX LA LA A
SR LRIRRRRS L RRERRERRLRARRS
X 2020262020226 20 %2020 2 0% 220 2o te 2 %0 220 % 2e %2

.
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

Fast-Page Mode Write Cycle (Delayed Write)

Vlu——j\

tRAS

tre

RAS

ViL—-
— ViH—
CAS

ViL—

VIH—
Ao~At1

ViL—
W
DQ1~DQa
(INPUTS)
DQ1~DQs Vor—

(OQUTPUTS) g —

tesH tRSH
1cRP RCD tcas - tPC
N g T tcp tCAS
tRWL
tASA| |tRaH tasc CAH tAsC tcAH tcwe | 1ASR
M [— > i — |4 ad
ROW COLUMN-1 ROW
@ ADDRESS @ Ao~A9 COLUMN-2 ADDRESS
tewL tRCS
tRCS -
> twp twp
\ \
TWCH tWCH
tos ton , tozc tos toH
™ ™ ! ' .
Hi-Z DATA Hi-Z DATA  RASKKIIS
VALID-1 VALID-2 0,:,0,:‘:":‘:‘
tcLz tewz
Hi-Z y Hi-Z ) Hi-Z
YA,
tOEZ ¥ toez
tozo tozo toEH
la-»{ tODD - »+—ta—tODD »
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

Fast Page Mode Read-Write, Read-Modify-Write Cycle

tRAS trP
. ViH— Y
RAS \ / \
ViL-
tCsH : R
tcrP tRCD 1CAS tPRWC
1T T " tcp tcas
_ ViH—
335 \ /N /
ViL-, tRAD
ta tA tasr
S"Iz’ tRAHV tasc + tCAH - SC < tcaAH . tCWLV o
ViH— ROW COLUMN-1 ROW
e RN e M
tawo tawp
tcwe
IRCS tcwo s | IRCS e tcwp
twP) twe
_ (TN 9. 9-9-9.9.9_
o B \_ | 4 \
ViL—, A’A’A‘A‘A’A’A N
tRWD tcPwp
10ZC
Joze s - toH o s toH .
DQi~DQs  VIH- b \ Hi-Z DATA O Hi-Z XM pata p:‘:‘:‘:;:
A VALID-1 VALID-2  JACSESCSENS
(INPUTS) = tcac teac LK
an ta
tcu_z—J—q— —4—+ICLZ
DQ1 ~DQ4 VOH" Hi-Z } v[ ':GTDA \ Hi-Z " DATA Hi-Z
(OQUTPUTS) - )
Vou tRAC
tobD
z0 {oEA
(o174 02O

2 MITSUBISHI
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

Self Refresh Cycle

_ tRP tRASS RPS .
— VIH—
RAS f \ \
ViL—
trPC
tRPC
tcsR tcHs tcrP
>
I ViH—
CAS
ViL— X
tCPN tASR
ViH— ROW
Ao~A11 ADDRESS
ViL=
tRCH tRSR tRHR
— ViH~
w
ViL—
DQi~DQs  VH~
(INPUTS) =
| foFF
_— Hi-Z
DQ1~DQs VOH \ :
(QUTPUTS) 0, — /
toEz
. ViH—
OE
ViL—
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MITSUBISHI LSIs

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM

TEST Mode SET Cycle
tRP < tRAS e
N ViH—
RAS _/ \ \
ViL—
tRPC
tcsR RPC  ICRP)
toHR ) il
— ViH-
o5 / %@r
ViL—,
tcPN |
tasr
prY
ViH— ROW
Ao~A11 ADDRESSX
ViL=
tron  WSR tWHR
- k PN AW P P PP AP PP PP PGP P AP . 4
W o R R R SRR
ViL- R R R e R R RIS
vy R R R R R R R R R T R R R oo o oL
B s
(NPUTS) 1y, XXX RIRRIIRHRA IR AR RIAARN KRR ARSI K IALRI R IR IHAN
toFF
DQi1~DQ4 VoH— Hi-Z

(OUTPUTS) o —

_ VIH— T
OE RIRKIRKES
(R £.9.0.9.0.9.9.9.%,

OO ORI IHKAR
OO RO R A AR A A H AR ORI KA
LRRRLRLIXRERERRLRLRRLAASRLAERLRRRRRRRRARHK

&

Note 30: This cycle can be used for initialized cycle after power-up, however entried into Test Mode.
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