MICRON

MT4C4004J
1 MEG x 4 DRAM

DRAM

1 MEG x 4 DRAM

5V, QUAD CAS PARITY,

FEATURES

* Four independent CAS controls, allowing individual
manipulation to each of the four data input/output
ports (DQ1 through DQ4).

» Offers a single chip solution to byte-level parity for
36-bit words when using 1 Meg x 4 DRAMs for
memory

¢ Emulates WRITE-PER-BIT at design-in level, with

simplified timing constraints

High-performance CMOS silicon-gate process

Single +5V £10% power supply

Low power, 3mW standby; 225mW active, typical

All inputs, outputs and clocks are TTL-compatible

1,024-cycle refresh in 16ms

Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR)

and HIDDEN

OPTIONS MARKING
* Timing

60ns access -6

70ns access -7
¢ Packages

Plastic SOJ (300 mil) DJ

* Part Number Example: MT4C4004]DJ-7

KEY TIMING PARAMETERS
SPEED | 'RC | 'RAC | 'PC | taa | 'cac | ‘mP

-6 110ns | 60ns 35ns 30ns 15ns 40ns
-7 130ns | 70ns 40ns 35ns 20ns 50ns
GENERAL DESCRIPTION

The MT4C4004] is a randomly accessed solid-state
memory containing 4,194,304 bits organized in a x4 con-
figuration. This 1 Meg x 4 DRAM is unique in that each
CAS(CAST through CAS4) controls its corresponding data
1/Oportin conjunction with OE (thatis, CAST controls DQ1
1/0 port, CAS2 controls DQ2, CAS3 controls DQ3 and
CAS4 controls DQ4).

The best way to view the Quad CAS function is to
imagine the CAS inputs going into an OR gate to obtain an
internally generated CAS signal functioning in an identical
manner to the single CAS input on a standard 1 Meg x 4
DRAM device. The key difference is that each CAS controls

FAST PAGE MODE
PIN ASSIGNMENT (Top View)
24/26-Pin SOJ
(DA-2)

DQ1 41 26 0 Vss
DQ2 42 25 0 DQ4
WE {3 24 1 DQ3
RAS 04 230 CAS4

CAS1 (5 22 0 OE
CAS2 06 21 p CAS3

A9 08 19 0 NC

A0 09 18 0 A8

A1 010 17 0 A7

A2 011 16 0 A6

A3 [ 12 150 A5

Vee 013 14 1 A4

its corresponding DQ tristate logic (in conjunction with OF
and WE) on the Quad CAS DRAM.

During READ or WRITE cycles, each bit is uniquely
addressed through the 20 address bits, which are entered 10
bits (A0-A9) at a time. RAS is used to latch the first 10 bits,
and the first CASis used tolatch the latter 10bits. READ and
WRITE cycles are selected with the WE input. A logic HIGH
on WE dictates READ mode while a logic LOW on
WE dictates WRITE mode.

During a WRITE cycle, data-in (Dx) is latched by the
falling edge of WE or the first CAS, whichever occurs last.
If WE goes LOW prior to the first CAS going LOW, the
output pin(s) remain open until the next CAS cycle. If WE
goes LOW after data reaches the output buffer, data-out (Q)
is activated and retains the selected cell data until the
trailing edge of its corresponding CAS occurs (regardless of
WE or RAS). This late WE pulse results ina READ-WRITE
cycle (OE switching the device from a READ to a WRITE
function). The four data inputs and four data outputs are
routed through four pins using common I/0, with pin
direction controlled by WE and OE.
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MICRON

MT4C4004J
1 MEG x 4 DRAM

GENERAL DESCRIPTION (continued)

FAST PAGE MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-A9) page boundary. The FAST
PAGE MODE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address strobed-
in by the first CAS. CAS may be toggled-in by holding
RAS LOW and strobing-in different column-addresses,
thus executing faster memory cycles. Returning RASHIGH
terminates the FAST PAGE MODE operation.

Returning RAS and all four CAS controls HIGH termi-
nates a memory cycle and decreases chip current to a

reduced standby level. Also, the chip is preconditioned for
thenext cycle during the RASHIGH time. Memory cell data
is retained in its correct state by maintaining power and
executing any RAS cycle (READ, WRITE) or RAS refresh
cycle (RAS ONLY, CBR, or HIDDEN) so that all 1,024
combinations of RAS addresses (A0-A9) are executed at
least every 16ms, regardless of sequence. The CBR RE-
FRESH cycle will invoke the internal refresh counter for
automatic RAS addressing.

FUNCTIONAL BLOCK DIAGRAM

QUAD CAS
WE o
CAS1
CAS2 o DATA-IN DQi
iy BUFFER DQ2
_ —a DQ3
CASA o—y ' | DQ4
DATA-OUT
UFFER
NO.2 CLOCK |+ L L
GENERATOR
*EARLY WRITE __
[} DETECTION CIRCUIT ° OF
I
—— COLUMN-
ADDRESS coLoMn
DDRES: DECODER
A0
ﬁ; REFRESH SENSE AMPLIFIERS
r CONTROLLER| 1O GATING
Ad ¥
A5 REFRESH
A6 COUNTER [
A7 —
A8 r = S5 1024x1024x4
A9 ROW- =8 i o8 MEMORY
ADDRESS 29 =0 2 ARRAY
BUFFERS (10) T gl g S
T a g n T
(&)
— NO. 1 CLOCK
RAS o GENERATOR vee

*NOTE:

+——0 Vss

1. WE LOW prior to first CAS LOW, EW detection circuit output is a 1.

2. First CAS LOW while WE HIGH, EW detection circuit output is a 0; (OE will now determine 1/0).
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MT4C4004J
MICRDN 1 MEG x 4 DRAM

pra
TRUTH TABLE m
ADDRESSES DOx E
FUNCTION RAS | CASx | CASy | WE | OF R It | (DQy always High-2) -
Standby H |H—X|H-X | X X X X High-Z
READ L L H H L |Row | coL Data-Out |
EARLY WRITE L L H L X | Row | coL Data-In 19
READ-WRITE L L H | H-L [ L-H |ROW | coL | Data-Out,Data-In g
FAST-PAGE-MODE | 1st Cycle L [H-L| H H L | row | coL Data-Out o
READ 2nd Cycle L [H-L]| H L na | COL Data-Out .Y
FAST-PAGE-MODE | 1st Cycle L [H-L| H L X | Row | coL Data-In >
EARLY-WRITE 2nd Cycle L |[H-L]| H L X na | COL Data-In
FAST-PAGE-MODE 1st Cycle L H—L H H—-L | L—H | ROW | COL | Data-Out, Data-In g
READ-WRITE 2nd Cycle t |H-L| H |H-L |[L=H | na | cOL | Data-Out,Data-In
RAS-ONLY REFRESH L H H X X |ROW | na High-Z
HIDDEN READ L-H—L| L H H L |rRow | coL Data-Out
REFRESH WRITE L~H-L| L H L X | Row | coL Data-In
CBR REFRESH H-L | L H H X X X High-Z

MT4C4004 2.43 Micron Technology, inc., reserves the nght to change products or specifications withoul notica.
D17.pm5 - Rev. 2/05 - ©1995, Micron Tachnology, Inc.



MICRON

MT4C4004J
1 MEG x 4 DRAM

<

Tl ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Vss ....

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.

Operating Temperature, T, (ambient) .......... 0°C to +70°C This is a stress rating only and functional operation of the
Storage Temperature (plastic) _-55°C to +150°C device at these or any other conditions above those indi-
Power DiSSIPAtioN ..........ccococireeremmevenmeememerenesecssonrenrenns 1w cated in the operational sections of this specification is not
Short Circuit Output CUrrent ..........ccecveerceieecenerecenees 50mA implied. Exposure to absolute maximum rating conditions
% for extended periods may affect reliability.
O ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
g (Notes: 1, 6, 7) (Vcc =5V £10%)
g PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vee 4.5 5.5 Vv
Input High (Logic 1) Voltage, all inputs VIH 24 |Vcec+l \
Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 )
INPUT LEAKAGE CURRENT
Any input OV < VIN < 6.5V It -2 2 HA
(All other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vour < 5.5V) loz -10 10 pA
OUTPUT LEVELS VoH 24 \
Output High Voltage (lout = -5mA)
Output Low Voltage (louT = 4.2mA) VoL 0.4 \
MAX
PARAMETER/CONDITION SYMBOL| -6 -7 | UNITS |NOTES
STANDBY CURRENT: (TTL) lcct 25 25 mA
(RAS = CAS = VIH)
STANDBY CURRENT: (CMOS) lccz 1 1 26
(RAS = CAS = Ve -0.2V)
OPERATING CURRENT: Random READ/WRITE
Average power supply current lcca 110 100 mA | 3,4,
(RAS, CAS, Single Address Cycling: 'RC= 'RC [MIN}) 39
OPERATING CURRENT: FAST PAGE MODE
Average power supply current lcca 80 70 mA | 3,4,
(RAS = Vi; CAS, Address Cycling: 'PC='PC [MIN]) 39
REFRESH CURRENT: RAS ONLY
Average power supply current lccs 110 100 mA 3,
(RAS Cycling, CAS = Vin: 'RC='RC [MIN]) 39
REFRESH CURRENT: CBR
Average power supply current lcce 110 100 mA 3,5
(RAS, CAS, Address Cycling: 'RC='RC [MIN])
MT4C4004J Micron Technalogy. Inc., reservas the right to change products or specificalions without notice.
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MlCHDN MT4C4004J

1 MEG x 4 DRAM

CAPACITANCE
PARAMETER SYMBOL [ MIN MAX | UNITS | NOTES
Input Capacitance: AO-A9 Cn 5 pF 2
Input Capacitance: RAS, CAS1-4, WE, OE Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13, 23, 25) (Vcc =5V +10%)

Wv4dd Ndd . M3N

AC CHARACTERISTICS -6 -1
PARAMETER SYM MIN MAX MiN MAX UNITS NOTES
Access time from column-address TAA 30 35 ns
Column-address hold time (referenced to RAS) AR 45 50 ns
Column-address setup time 'ASC 0 0 ns 27
Row-address setup time 'ASR 0 0 ns
Column-address to WE delay time 'AWD 55 65 ns 21
Access time from CAS 'CAC 15 20 ns 15, 29
Column-address hold time 'CAH 10 15 ns 27
CAS pulse width ICAS 15 10,000 20 10,000 ns 35
CAS hold time (CBR REFRESH) 'ICHR 10 10 ns 5, 25, 28
Last CAS going LOW to first CAS to return HIGH 'CLCH 10 10 ns 30
‘CAS to output in Low-Z cLz 0 0 ns 29
CAS precharge time ‘cp 10 10 ns 16, 32
Access time from CAS precharge 'CPA 35 40 ns 29
CAS to RAS precharge time ‘CRP 10 10 ns 28
CAS hold time 'CSH 60 70 ns 28
CAS setup time (CBR REFRESH) 'CSR 10 10 ns 5, 25,27
'CAS to WE delay time 'CWD 40 50 ns 21,27
Write command to CAS lead time ‘cwL 15 20 ns 28
Data-in hold time DH 10 15 ns 22,29
Data-in hold time (referenced to RAS) 'DHR 45 55 ns
Data-in setup time DS 0 0 ns 22,29
Output disable 'OD 15 20 ns 38
Output Enable 'OE 15 20 ns 23
OE hold time from WE during OEH 15 20 ns 37
READ-MODIFY-WRITE cycle
Output buffer turn-off delay 'OFF 3 15 3 20 ns [20,29,38
OE setup prior to RAS during 'ORD 0 0 ns
HIDDEN REFRESH cycie
FAST-PAGE-MODE READ or WRITE cycle time tPC 35 40 ns 31
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I\’"CHDN MT4C4004J

1 MEG x 4 DRAM

N

ITl ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
E (Notes: 6,7, 8,9,10, 11,12, 13, 23, 25) (Voo = 5V +10%)

- AC CHARACTERISTICS -6 -1
PARAMETER SYM MIN MAX MiN MAX UNITS NOTES
FAST-PAGE-MODE READ-WRITE cycle time PRWC 85 100 ns 31
T‘ Access time from RAS 'RAC 60 70 ns 14
v RAS to column-address delay time 'RAD 15 30 15 35 ns 18
g Row-address hold time 'RAH 10 10 ns
Column-address to RAS lead time RAL 30 35 ns
O [ FASpuise width fRAS 60 10,000 70 10,000 ns
o RAS pulse width (FAST PAGE MODE) RASP 60 | 100,000 | 70 |100,000| ns
> Random READ or WRITE cycle time ‘RC 110 130 ns
RAS to CAS delay time 'RCD 20 45 20 50 ns 17,27
g Read command hold time (referenced to CAS) 'RCH 0 0 ns 19, 28
Read command setup time 'RCS 0 0 ns 27
Refresh period (1,024 cycles) 'REF 16 16 ms
RAS precharge time 'RP 40 50 ns
RAS to CAS precharge time 'RPC 0 0 ns
Read command hold time (referenced to RAS) ‘RRH 0 0 ns 19
RAS hold time 'RSH 15 20 ns 36
READ-WRITE cycle time 'RWC 150 180 ns
RAS to WE delay time 'RWD 90 100 ns 21
Write command to RAS lead time RWL 15 20 ns
Transition time (rise or fall) T 3 50 3 50 ns
Write command hold time "WCH 10 15 ns 36
Write command hold time (referenced to RAS) 'WCR 45 55 ns
WE command setup time wes 0 0 ns 21,27
Write command pulse width wp 10 15 ns
WE hold time (CBR REFRESH) WRH 10 10 ns
WE setup time (CBR REFRESH) 'WRP 10 10 ns

MT4C4004. 2.4 6 Micron Technology, Inc., reserves tha right to change products or spedilications without notice.
D17.pm5 - Rev. 2/95 - ©1995, Micron Technology, Inc.



MICRON

MT4C4004J
1 MEG x 4 DRAM

NOTES

1. Allvoltages referenced to Vss.

2. This parameter is sampled. Vcc = 5V £10%;f = 1 MHz.
3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle
time and the outputs open.

19.

20.

Either 'RCH or ‘RRH must be satisfied for a READ
cycle.

tOFF (MAX) defines the time at which the output
achieves the open circuit condition, and is not
referenced to VoH or VoL. The 3ns minimum is a
parameter guaranteed by design.

5. Enables on-chip refresh and address counters. 21. tWCS, 'RWD, tAWD and !CWD are not restrictive

6. The minimum specifications are used only to indicate operating parameters. ‘WCS applies to EARLY
cycle time at which proper operation over the full WRITE cycles. If tWCS = FWCS (MIN), the cycle is an
temperature range is assured. EARLY WRITE cycle and the data output will remain

7. Aninitial 100ps pause is required after power-up an open circuit throughout the entire cycle. If
followed by eight RAS refresh cycles (RAS ONLY or IRWD = IRWD (MIN), 'tAWD = tAWD (MIN) and
CBR) before proper device operation is assured. The {CWD > '{CWD (MIN), the cycle is a READ-MODIFY-
eight RAS cycle wake-ups should be repeated any WRITE, and the data output will contain data read
time the 'REF refresh requirement is exceeded. from the selected cell. If neither of the above

8. AC characteristics assume T = 5ns. conditions is met, the state of data-out is indetermi-

9. VH (MIN) and ViL (MAX) are reference levels for nate. OE held HIGH and WE taken LOW after CAS
measuring timing of input signals. Transition times goes LOW results in a LATE WRITE (OE-controlled)
are measured between Vin and VIL (or between ViL cycle. 'WCS, 'RWD, tAWD and !CWD are not
and Vin). applicable in a LATE WRITE cycle.

10. In addition to meeting the transition rate specification, 22. These parameters are referenced to CASx leading
all input signals must transit between ViH and Vit (or edge in EARLY WRITE cycles and WE leading edge
between ViL and VIH) in a monotonic manner. in LATE WRITE or READ-MODIFY-WRITE cycles.

11. If CASx = Vi, data output is High-Z. 23. If OE is tied permanently LOW, READ-WRITE or

12. If CASx = Vi, data output may contain data from the READ-MODIFY-WRITE operations are not permis-
last valid READ cycle. sible and should not be attempted.

13. Measured with a load equivalent to two TTL gates 24. A HIDDEN REFRESH may also be performed after a
and 100pF. WRITE cycle. In this case, WE = LOW and OE=HIGH.

14. Assumes that 'RCD < 'RCD (MAX). If ‘RCD is greater 25. One to three CAS controls may be HIGH throughout
than the maximum recommended value shown in this any given CAS cycle, even though the timing wave-
table, 'RAC will increase by the amount that 'RCD forms show all CAS controls going LOW. If one goes
exceeds the value shown. LOW, it must meet all the timing requirements listed or

15. Assumes that '/RCD 2 'RCD (MAX). the data for that I/O buffer may be invalid. At least one

16. If at least one CAS is LOW at the falling edge of RAS, of the four CAS controls must be LOW for a valid CAS
Q will be maintained from the previous cycle. To cycle to occur.
initiate a new cycle and clear the Q buffer, all four 26. All other inputs at Vcc-0.2V.

CAS controls must be pulsed HIGH for 'CP. 27. The first CASx edge to transition LOW.

17. Operation within the 'RCD (MAX) limit ensures that 28. The last CASx edge to transition HIGH.

'RAC (MAX) can be met. 'RCD (MAX) is specified as a 29. Output parameters (DQx) are referenced to corre-
reference point only; if 'RCD is greater than the sponding CASx input; DQ1 by CAS1, DQ2 by CAS2,
specified RCD (MAX) limit, then access time is etc.

controlled exclusively by ‘CAC. 30. Last falling CASx edge to first rising CASx edge.

18. Operation within the ‘RAD (MAX) limit ensures that 31. Last rising CASx edge to next cycle’s last rising CASx
'RAC (MIN) and 'CAC (MIN) can be met. 'RAD edge.

(MAX) is specified as a reference point only; if RAD is 32. Last rising CASx edge to first falling CASx edge.
greater than the specified 'RAD (MAX) limit, then 33. First DQx controlled by the first CASx to go LOW.
access time is controlled exclusively by tAA. 34. Last DQx controlled by the last CASx to go HIGH.
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MICRON

MT4C4004J
1 MEG x 4 DRAM

NOTES (continued)

35. Each CASx must meet minimum pulse width.

36. Last CASx to go LOW.

37. LATE WRITE and READ-MODIFY-WRITE cycles
must have both tOD and '*OEH met (O HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. If OF is
taken back LOW while CAS remains LOW, the DQs
will remain open.

38. The DQs open during READ cycles once *OD or *OFF
occur. If CASx goes HIGH before OE, the DQs will
open regardless of the state of OE. If CASx stays LOW
while OFE is brought HIGH, the DQs will open. IF OE
is brought back LOW (CASx still LOW), the DQs will
provide the previously read data.

39. Column-address changed once each cycle.

MT4C40040
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MICFIDN MT4C4004J

1 MEG x 4 DRAM

READ CYCLE

i)
'RAS il
V-
mAS vy _
tesH '
. 'omp ReD
VN ?
o v o
tar
'RaD [ (R | ol
!
o lasR RaH asc ’ |I‘CAH ’
Vi 2
ADDR Vi ROW COLUMN / ROW
| 'RCs ‘ I “ 'RCH I
l<__.. LU
VN =
WE v /‘72; /
I *
i
'rac
I
tcac {oFF
oz
VioH — oo,
bax Vlgr— OPEN VALIDDATA p———————OPEN
" 3

= e I 7

EARLY WRITE CYCLE

tRe
| 'RAS ‘ Rp

T — L—A
ms v C

osH

tcrp tRcD I cas |
fereH
_— -
CAsx it C

AR
'RAD 'RAL
| o ASR 'RAH tasc Toan |
| | l
v
a0DR vl m Fow m coLumN ,W M( ROW
| towl ]
TRWL ’
|
wer
wes wek
wp.
w Al I
DHR [
|
! ‘os I [
08 | L
v
oax vigH m VALID DATA X/
== Vg -
OE i C
[/} bonT care
B8 unpeFINED
FIRST TO LAST CAS TO TRANSITION
(minimurm of 1, maximum of 4)
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MICRON

MT4C4004J
1 MEG x 4 DRAM

RAS

CASx

ADDR

Ma
Vi

Vi
ie

We VH

Dax

— V
& i -

ViH

RAS VL

V)
M

Casx vyt

ADDR 3:{‘

WE UM

DOx

ME
ViL

VioH —
VioL =

ViL

VioH
VioL —

viL

Vi =
ViL -

READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE cycles)

tRwC

'RAS

tesH

| ‘crP

‘ReD,

tRsH

tcas |

‘e

'RAD

'RAH

—

COLUMN

Il trwo

|
|

Rasp

I

OPEN

DON'T GARE

B unpeFINED

IRST TO LAST CAS TO TRANSITION
{minimum of 1, maximum of 4)
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MICFIC.IN MT4C4004J

1 MEG x 4 DRAM

FAST-PAGE-MODE EARLY-WRITE CYCLE

'RASP P W

vy ,L—_L
ms vl
‘csH ‘ G . REH
1 che taco cp |
_— - i
s Y - ‘J@
tar
tRAD tRAL !
1, C t, 1 1, t
ASR RAH ASC ' ‘AH | ASC “ } K‘:AH | l ]
M
AoDR  vlff ROW GOLUMN ’(6,/,2; ﬁt COLUMN / COLUMN K’/Z?Z? ROW
LI Iltew | P11 tem | I ltowe |
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| weR | trwe |
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|

|
oH _, ps \ o
I | '
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VioL A

FAST-PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE cycles)

'RASP [ JBP.
pu— -
e il Z H

‘esH | tPRWC RsH
BCD ' cas | P icas 1o ler .‘ icas .

tcrp
iR,
== Vg =
casx vt _ﬁ

‘AR
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2SR, [ RAH_,

Vi S
ADDR  yft ROW COLUMN % coLMn COLUMN ROW
| [ 1] trwp | ‘ ‘ H‘RWLII
!
ReS ! ‘ towl—e| [l ewiw| [l - | towmr
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We it \
'an
|
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o1z ~=||=
bax ViSH =
vier = OPEN
tog—>

DONTT CARE

R unoerineo

IRST TO LAST CAS TO TRANSITION
(minimum of 1, maximum of 4)
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MICRON

MT4C4004J
1 MEG x 4 DRAM

RAS-ONLY REFRESH CYCLE
(WE and OE = DON'T CARE)

‘RC

Ras

vy =
ms v

Ichp

tapg
]

S é

ASR 'RaH ‘

’—o—-—

o Y2 R /—
CBR REFRESH CYCLE #*
(Addresses and OE = DON'T CARE)
L ?* i
fcsh cHR ‘mec ., tesm || leHR
ep feich ‘ereH
S ann B I
Do YIOH™: H ||
- Lo | e o
= 7 K%
HIDDEN REFRESH CYCLE 24
(WE = HIGH; OE = LOW)
(READ) {REFRESH)
'RAS . RP RAS [
LR N l/
1 erp trRcb | 1o tRSH 'cHR |
| oLeH |
s Y ’ |
I task_ | |_ than tasc_[[Lloar |
ADDR x}[‘:mi ROW }m COLUMN W
g 1
oax YIOH = OPEN m VALID DATA f— oPeN—
= U Pl Vi

DON'T CARE

BB UNDEFINED

FIRST TO LAST CAS TO TRANSITION

{minimum of 1, maximum of 4)
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