MICRON

ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

WIDE DRAM

1 MEG x 16 DRAM

5.0V SELF REFRESH (MT4C1M16C3/5/6/7 S)
3.0/3.3V, SELF REFRESH (MT4LC1M16C3/5/6/7 S)

FEATURES

* SELF REFRESH, or “Sleep Mode”
* Industry standard x16 pinouts, timing, functions

and packages
¢ High-performance CMOS silicon-gate process
¢ Single +5V only or +3.0/+3.3V only +10% power
supply
All device pins are TTL-compatible
Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR),
HIDDEN and BATTERY BACKUP (BBU)
Optional FAST-PAGE-MODE access cycle
BYTE WRITE access cycle
BYTE READ access cycle (MT4C1M16C3/5S only)
NONPERSISTENT MASKED WRITE access cycle
(MT4C1M16C5/7 S only)
1,024-cycle refresh in 128ms (ten rows and ten columns)
Low power, 2mW standby; 500mW active, typical (5V)

OPTIONS MARKING
¢ Timing
60ns access -6
70ns access -7
80ns access -8
* Power Supply
+5V £10% only 4C
+3.0/3.3V £10% only 41.C
* Refresh Rate
1,024 rows None
4,096 rows Contact Factory
* WRITE Cycle Access
BYTE or WORD via CAS 16C3 S
(nonmaskable)
BYTE or WORD via CAS 16C5S
(maskable)
BYTE or WORD via WE 16C6 S
(nonmaskable)
BYTE or WORD via WE 16C7 S
(maskable)
* Packages
Plastic SOJ (400 mil) DJ
Plastic TSOP (400 mil) TG

* Part Number Example: MT4C1M16C3DJ-7 $

PIN ASSIGNMENT (Top View)
42-Pin SOJ
(DC-7)
vee 01 42 [1 Vss
pot [ 2 411 pO16
pez [ 3 40 [1 pQi5
poa 4 39 [J DO14
DQ4 [ 5 38 [1 DO13
Vec [ 6 37 0 Vss
oas 7 36 [ bat2 .
Da6 [ 8 35 0 DQ11 44-Pin TSOP
pQ7 O 8 34 1 ba1e -
D8 [ 10 3301 Do (DD 6)
Ne | 11 32 1 NC
“WELNC [ 12 31 1 NCRCASL' oo ] ¢ 50 [T vss
*WEHME [ 13 30 [ CAS/CASH" par 2 49 [T pais
RAS O 14 29 1 OF pez [ 3 48 [T1 DQ15
NC {15 28 1 A9 Do3 T 4 47 M pats4
Ne O 16 27 0 A8 Do4 [ § 4 1 DQ13
vec [ 6 4 D vss
Aog 7 Bp a7 pas 0 7 4 M beiz
ALg 8 2 [ A8 Das 1] 8 43 [0 pan
A2 Q19 240 As par O 4 2 [T paio
A3l 20 230 A4 pas 0 10 41 [T pag
vee [ 21 22 [1 Vss NC [ 1t 40 [0 NC
NC 0 15 3% O Ne
‘WEUNC [0 16 35 [ NG/CASL®
“WERAWE O 17 34 [T CAS/ICASH"
AAS [ 8 33 @M OF
ne O 19 2 O A9
NC [ 20 3 [ A8
a0 0 2 0 M A7
a1 0 22 29 [O A
a2 M 3 2 [O As
a3 [ 2 27 [0 A4
Vee [ 25 26 [T1 Vss
*MT4C1M16C6/7 S / MTAC1M16C3/5 S
GENERAL DESCRIPTION

The MT4C1M163/5/6/7 S and MT4LC1M163/5/6/7 S
are randomly accessed solid-state memories containing
16,777,216 bits organized in a x16 configuration. The
MT4C1IM163/5/6/7 S and the MT4LCIM163/5/6/7 S are
the same DRAM versions except that the MTALC1IM163/5/
6/7 S is the low voltage version of MT4C1M163/5/6/7 S.
The MT4LCIM163/5/6/7 Sis designed to operate in either
a 3.0V £10% or a 3.3V £10% memory system. All further
references made to the MT4C1M163/5/6/7 S also apply to
the MT4LC1M163/5/6/7 S, unless specifically stated oth-
erwise. The MT4C1M16C6 S and MT4C1M16C7 Shaveboth
BYTE WRITE and WORD WRITE access cycles via two
write enable pins. The MT4CIM16C3Sand MT4C1M16C55S
have both BYTE WRITE and WORD WRITE access cycles

MT4(L)CIM16C3/5/6/7 S
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MICRON

ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

via two CAS pins. The MT4C1M16C5 S and MT4CIM16C7
S are also able to perform WRITE-PER-BIT accesses.

The MT4C1IM16C3 S and MT4C1IM16C6 S function in
the same manner except that WEL and WEH on
MT4CIM16C6 S and CASL and CASH on MT4C1M16C3 S
control the selection of BYTE WRITE access cycles. WEL
and WEH function in an identical manner to WE in that
either WEL or WEH will generate an internal WE.CASLand
CASH function in an identical manner to CAS in that either
CASL or CASH will generate an internal CAS,

The MT4C1M16Cé S WE function and timing are deter-
mined by the first WE (WEL or WEH ) to transition LOW
and by the last to transition back HIGH. Use of only one of
the two results in a BYTE WRITE cycle. WEL transitioning
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8),
and WEH transitioning LOW selects a WRITE cycle for the
upper byte (DQ9-DQ16).

The MT4C1M16C3 S CAS function and timing are deter-
mined by the first CAS (CASL or CASH) to transition LOW
and the last CAS to transition back HIGH. Use of only one
of thetworesultsina BYTEWRITE cycle. CASL transitioning
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8)
and CASH transitioning LOW selects a WRITE cycle for the
upper byte (DQ9-DQ16). BYTE READ cycles are achieved
through CASL or CASH in the same manner during READ
cycles for the MT4CIM16C3 S.

The MT4C1M16C5 S and MT4C1M16C7 S functionin the
same manner as MT4CIM16C3 S and MT4C1M16Cé6 S,
respectively and they have NONPERSISTENT MASKED
WRITE cycle capabilities. This option allows the
MT4CIM16C5S and MT4C1IM16C7 S to operate with either
normal WRITE cycles or NONPERSISTENT MASKED
WRITE cycles.

FUNCTIONAL BLOCK DIAGRAM

| MT4CTM16CE/7 S

ONLY
WEL o
WEH o-

WE

N
o/

! MT4CIM16C3/5 S
ONLY

CASL o CAS }
CASH o—

DATA-IN BUFFER

| MASK DATA REGISTER (1M16C5/7 S only)’ bat

NO. 2 CLOCK
GENERATOR

COLUMN- .

ADDRESS
BUFFER

.
DQ16

DATA-OUT
BUFFER

COLUMN
DECODER

AO o ||

Al o REFRESH i—] SELF-REFRESH 1024 -
CONTROLLER OSCILLATOR

A2 0 —+| and TIMER

A3 ) [ SENSE AMPLIFIERS

- L 1/0 GATING
Ad o REFRESH -
:Z ° COUNTER o 1024 x

A7 o

A8 o
A9 0 ROW-
ADDRESS
BUFFERS (10)
t
]
— NO.1CLOCK ||
RAS GENERATOR

ROW
DECODER

1024 x 1024 x 16
MEMORY
ARRAY

—

+——0 Vce

+— 0 Vss

MT4(L)ICIMIBCHS/B7 S
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MICRON

ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

PIN DESCRIPTIONS

soJ
PINS

TSOP
PINS

SYMBOL

TYPE

DESCRIPTION

14

18

RAS

Input

Row-Address Strobe: RAS is used to latch-in the 10 row-
address bits and strobe the WE and DQs on the MASKED
WRITE option (MT4C1M16C5 S and MT4C1M16C7 S only).

30

34

Input

Column-Address Strobe: CAS (MT4C1M16C6/7 S) is used
to latch-in the 10 column-address bits, enable the DRAM
output buffers, and strobe the data inputs on WRITE cycles.
CAS controls DQ1 through DQ16.

Column-Address Strobe Upper Byte: CASH (MT4C1M16C3/5 S)
is the CAS control for DQ9 through DQ16. The DQs for the
byte not being accessed will remain in a High-Z (high
impedance) state during either a READ or a WRITE access
cycle.

29

33

Input

Output Enable: OF enables the output buffers when taken
LOW during a READ access cycle. RAS and CAS
(MT4C1M16C6/7 S) or CASL / CASH (MT4C1M16C3/5 S)
must be LOW and WEL / WEH (MT4C1M16C6/7 S) or WE
(MT4C1M16C3/5 S) must be HIGH before OE will control the
output buffers. Otherwise, the output buffers are in a High-Z
state.

13

17

Input

Write Enable Upper Byte: WEH (MT4C1M16C6/7 S) is
WE control for the DQ9 through DQ16 inputs. If WE or
WEH is LOW, the access is a WRITE cycle. !f either WE
or WEH is LOW at RAS time on MT4C1M16C7 S, itis
also a MASKED WRITE cycle. The DQs for the byte not
being written will remain in a High-Z state (BYTE WRITE
cycle only).

Write Enable: WE (MT4C1M16C3/5 S) controls DQ1
through DQ16 inputs. If WE is LOW, the access is a
WRITE cycle. The MT4C1M16C5/7 S also uses WE to
enable the mask register during RAS time.

12

16

Input

Write Enable Lower Byte: WEL (MT4C1M16C6/7 S) is the
WE control for DQ1 through DQS8 inputs. If WEL is LOW, the
access is a WRITE cycle. If WEL is LOW at RAS time on
MT4C1M16C3 S, it is also a MASKED WRITE cycle. The
DQs for the byte not being written will remain in a High-Z
state (BYTE WRITE cycle only).

31

35

NC/CASL

Input

Column-Address Strobe Lower Byte: CASL (MT4C1M16C3/5 S)
is the CAS control for DQ1 through DQ8. The DQs for the
byte not being accessed will remain in a High-Z state during
either a READ or a WRITE access cycle.

17-20,
23-28

21-24,
27-32

AO-A9

Input

Address Inputs: These inputs are multiplexed and clocked by
RAS and CAS (or CASL / CASH) to select one 16-bit word

(or 8-bit byte) out of the 1 Meg available words.

MT4{LYCIM16CI/5/6/7 S
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ADVANCE
MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

PIN DESCRIPTIONS (continued)

SoJ TSoP
PINS PINS SYMBOL | TYPE DESCRIPTION
2-5,7-10, 2-5,7-10, DQ1-DQ16 | Input/ | Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the
33-36, 41-44, Qutput | addressed DRAM location. BYTE WRITEs can be performed
38-41 46-49 by using WEL / WEH (MT4C1M16C6/7 S) or CASL / CASH
(MT4C1M16C3/7 S) to select the byte to be written. For
READ access cycles, DQ1-DQ16 act as outputs for the
addressed DRAM location. All sixteen I/Os are active for
READ cycles (MT4C1M16C6/7 S). The MT4C1M16C3/5 S
allows for BYTE READ cycles.
11,15, 16, 30-32 | 11,15, 36, 40 NC - No Connect: These pins should be left either unconnected or
tied to ground.
1,6, 21 1,6,25 Vce Supply | Power Supply: +5V £10% (C) or 2.7V to 3.6V (LC)
22,37,42 26, 45, 50 Vss Supply | Ground

MT4(L)CIM16CY5/6/7 S Micran Semiconductor, Inc., reserves the right to change preducts or specifications withaut natice.
REV.3/93 3-250 ©1993, Micron Semiconductor, Inc.



ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

FUNCTIONAL DESCRIPTION

Each bit is uniquely addressed through the 20 address
bits during READ or WRITE cycles. These are entered 10
bits (A0-A9) at a time. RAS is used to latch the first 10 bits
and CAS the latter 10 bits.

The CAS control also determines whether the cycle will
be a refresh cycle (RAS-ONLY) or an active cycle (READ,
WRITE or READ-WRITE) once RAS goes LOW. The

MT4C1M16C6 S and MT4C1IM16C7 S each have one CAS

control while the MT4C1M16C3 S and MT4C1M16C5 S
have two, CASL and CASH.

The CASL and CASH inputs internally generate a CAS

signal functioning in an identical manner to the single
CAS input on the other 1 Meg x 16 DRAMs. The key
difference is each CAS controls its corresponding DQ

tristate logic (in conjunction with OE and WE). CASL

controls DQ1 through DQ8 and CASH controls DQ9 through
DQis.

The MT4C1IM16C3 S and MT4C1M16C5 S CAS

function is determined by the first CAS (CASL or CASH )
to transition LOW and the last one to transition back
HIGH. The two CAS controls give the MT4C1M16C3 S
and MT4C1M16C5 S both BYTE READ and BYTE WRITE
cycle capabilities.

READ or WRITE cycles on the MT4C1M16C3 S or
MT4CIMI16CS5 S are selected with the WE input while
either WEL or WEH perform the WE on the
MT4CIM16C6 S or MT4C1M16C7 S. The MT4C1M16C6 S
and MT4C1M16C7 SWE function is determined by the first
BYTEWRITE (WEL or WEH) to transition LOW and the last
to transition back HIGH.

A logic HIGH on WE dictates READ mode while a logic
LOW on WE dictates WRITE mode. During a WRITE cycle,
data-in (D) is latched by the falling edge of WE or CAS,
whichever occurs last. Taking WE LOW will initiate a
WRITE cycle, selecting DQ1 through DQ16. If WE goes
LOW prior to CAS going LOW, the output pin(s) remain
open (High- Z) until the next CAS cycle. If WE goes LOW
after CAS goes LOW and data reaches the output pins,
data-out (Q) is activated and retains the selected cell data
as long as CAS and OE remain LOW (regardless of WE or
RAS). This late WE pulse results in a READ-WRITE cycle.

The 16 data inputs and 16 data outputs are routed
through 16 pins using cormunon 1/0. Pin direction is con-
trolled by OE , WEL and WEH (MT4C1M16C6 S
and MT4C1IM16C7 S) or WE (MT4C1M16C3 S and
MT4CIM16C5 S).

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 CAS. CAS may be toggled-in by holding RAS LOW
and strobing-in different column-addresses, thus execut-
ing faster memory cycles. Returning RASHIGH terminates
the FAST-PAGE-MODE operation.

Returning RAS and CAS HIGH terminates a memory
cycle and decreases chip current to a reduced standby
level. The chip is also preconditioned for the next 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 128ms,
regardless of sequence. The CBR REFRESH cycle will also
invoke the refresh counter and controller for row-address
control.

BBU is a CBR REFRESH performed at the extended
refresh rate with CMOS input levels. This mode provides a
very low-current, data-retention cycle. RAS or CAS time
refers to the time at which RAS or CAS transition from
HIGH to LOW).

SELF REFRESH is similar to BBU except that the DRAM
provides its own internal clocking during sleep mode.
Thus, an external clock is not required, which provides
additional power savings and design ease. The DRAM's
SELF REFRESH mode is initiated by executing a CBR
REFRESH cycle and holding both RASand CASLOW for
a specified period. The industry standard for this value is
100us minimum ('RASS). The DRAM will remain in the
SELF REFRESH mode while RAS and CAS remain LOW.
Once CAS has been held LOW for 600us (!CHD), CASis no
longer required to remain LOW and becomesa “don'tcare.”
CASis a “don't care” until tCHS, at which time CAS must
be either HIGH or LOW.

The SELF REFRESH mode is terminated by taking RAS

HIGH for the time minimum of an operation cycle, typically
200ns ('RPS). Once the SELF REFRESH mode has been
terminated, it is recommended that the user perform a
refresh of all rows within the time of the external refresh rate
prior to active use of the DRAM. The external refresh rate is
typically 125ps per row-address. Once this burst has been
completed, the DRAM may be used in the functional mode
with distributed refreshes such as CBR or RAS-ONLY.

The alternative approach when exiting SELF REFRESH
mode is to utilize distributed refreshes once ‘RPS has been
met, provided CBR REFRESH cycles are employed. The
first CBR pulse should occur within the time of the external
refresh rate prior to active use of the DRAM to ensure
maximum data integrity and must be executed within three
external refresh rate periods.

MT4(L)IC1M16C3/5/8/7 S
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MICRON

ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

BYTE ACCESS CYCLE

The BYTE WRITE mode is determined by the use of
WEL and WEH or CASL and CASH. Enabling WEL/
CASL will select a lower BYTE WRITE cycle (DQ1-DQ8).
Enabling WEH or CASH will select an upper BYTE WRITE

cycle (DQ9-DQ16). Enabling both WEL and WEH or CASL
and CASH selects a WORD WRITE cycle.

The MT4C1IM16C3 S, MT4C1IM16C5 S, MT4C1M16C6 S
and MT4C1M16C7 S may be viewed as two 1 Meg x 8
DRAMSs that have common input controls, with the excep-
tion of the WE or CAS inputs. Figure 1 illustrates
the MT4C1M16C6 S BYTE WRITE and WORD WRITE
cycles and Figure 2 illustrates the MT4C1M16C3 S BYTE
WRITE and WORD WRITE cycles.

The MT4C1M16C3 S also has BYTE READ and WORD
READ cycles, since it uses two mi_nputs to control its
byte accesses. Figure 3 illustrates the MT4C1M16C3SBYTE
READ and WORD READ cycles.

MASKED WRITE ACCESS CYCLE
(MT4C1M16C5/7 S ONLY)

The MASKED WRITE mode control input selects normal
WRITE access or MASKED WRITE access cycles. Every
WRITE access cycle can be a MASKED WRITE, depending

on the state of WE at RAS time. A MASKED WRITE is
selected when mask data is supplied on the DQ pins and
WE is LOW at RAS time. The MT4CIM16C3 S and
MT4CIM16C6 S do not have the MASKED WRITE cycle
function.

The mask data present on the DQ1-DQ16 inputs at RAS
time will be written to an internal bit mask data
register and will then act as an individual write enable for
each of the corresponding DQ inputs. If a LOW (logic “0”)
is written to a mask data register bit, the input port for that
bit is disabled during the following WRITE operation and
no new data will be written to that DRAM cell location. A
HIGH (logic “1”) on a mask data register bit enables the
input port and allows normal WRITE operations to pro-
ceed. At CAStime, the bits present on the DQ1-DQ16 inputs
will be written to the DRAM (if the mask data bit was
HIGH) or ignored (if the mask data bit was LOW).

New mask data must be supplied each time a
NONPERSTENT MASKED WRITE cycle is initiated, even

-if the previous cycle’s mask was the same.

Figure4illustrates the MT4CIM16C7 SMASKED WRITE
operation and Figure 5 illustrates the MT4CIM16C5 S
MASKED WRITE operation.

MT4(L)CIM16CHS/6/7 S
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ADVANCE
MICRON MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

+—  WORD WRITE >

LOWER BYTE WRITE ———-—'—‘

RRS /N /-

m —_—
VE-I: '

STORED INPUT STORED |STORED © o INPUT STORED

DATA DATA DATA | DATA DATA DATA
(1] 1 eeen > [a (1] 1 - > [1]
1] 1 e > [1] (1] 1 - > [1]
1] 0 o > [o] | [o] 1 > 1]
LOWERBYTE | [1] 0 oo > [o] | [qf 1 > 1]
(DQ1-DQ8) 1] 0 e > [o] | [o] 1 > [1]
OF WORD 1] 1o > [1] | [ 1 > 1]
1] 1 - > i 1 1 - > [1]
1] 0 oo > o] | [o] 1 > [
g v s 1] | e [
0 1 s > [1 1 X e > [1
0] 0 - > 0] 5] X meee- > o]
UPPER BYTE 51 o > ol | tol X e > o
(DQ9-DQ16) o] 1 e > ] | [ R > [1]
OF WORD 0] P > [o] | [o] PR > [0]
(o] 1 mees > [1] (1] X oeeee > [1]
5 o~ [d | [ )

<+ ADDRESS0 . ADDRESS1 ——————

X =NOT EFFECTIVE (DON'T CARE)

Figure 1
MT4C1M16C6/7 S WORD AND BYTE WRITE EXAMPLE

MT4(L)CIMIBCVS/ET § 2 Micron Semiconducior, Inc., reserves the right to change products or specifications without notice.
REV. 383 3- 53 ©1993, Micron Semiconductor, Inc.
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ADVANCE
MICRON MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

‘ +—— WORD WRITE > | -« LOWER BYTE WRITE 4>l

RAS

cAsL . H

CASH : N/ ;
WE : § ‘
STORED INPUT INPUT STORED | STORED INPUT INPUT STORED
D_AI A DATA DATA DATA DATA DATA DATA DATA
1] 0 10| 10 ! L1
Rl o - 10| 10 1 11
10 1 L1 1] 0 10
LOWER BYTE 1 0 10| 0 1 1]
(DQ1-DQ8) 1] 0 - 0] 0] 1 1]
OF WORD 1 0 - 0] 10} 1 1]
11 0 10| 10 1 11
] 0 [0} 19} 1 1]
(0] X oo E > [1] [1] X -emoemesesoenoees > [1]
1 X ----- > 0 ------ > 0] 0] X mmmmommmeoeee- > 0]
UPPER BYTE 0] X oo > o1 g 1] X momommemmmeneeee g
(DQ9-DQ16) L1 X omes > 0 e > 10/ 10} X mommremmms > 9]
OF WORD 10} Xommees > 1 e > 1 1] X commmmemmoneees >
0 X oeee- > 1 ----- > | 1] L1 b G R LT > 1]
0 X eeees e > (1 1 X oo > [1]
0 ) QRS > 1 -eee- > [1] 1] X mmmmmeenmeeneee > [t]
+————— ADDRESS 0 > | - ADDRESS1 —»
X =NOT EFFECTIVE (DON'T CARE)
Figure 2

MT4C1M16C3/5 S WORD AND BYTE WRITE EXAMPLE

MT4(L)ICIM16CH5/6/7 S 3 2 4 Micron Semiconductor, Inc., reserves the right to change products ar specifications without notice.
REV. 3/93 = 5 21993, Micron Semiconductor, Inc.



ADVANCE
MICRON MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

| +—— WORD READ > LOWER BYTE READ 4>'

RAS

STORED OUTPUT  OUTPUT  STORED | STORED OUTPUT  OUTPUT  STORED
DATA DATA DATA DATA DATA DATA DATA DATA

al ! 1 AN RN ! ! il
LOWER BYTE L ! ! LA AN ! ! ul
(DQ1-DQ8) 10 0 0 o 1 0 0 10
OF WORD a ! ! oy ! ! L
a I 1 Y ! ! 1
al ! ! Y ! ! L
al [ > 1 RN AN ! ! L
L] LIRSEEES > 1 1] 1] 1 1 1]
B z 0 [0] 0] z z (o]

1 z - > 1 1 1 z - z 1

UPPER BYTE 0 Z - > 0 0 0 z - F4 0

(DQY-DQ16) (1] p R > 1 1 1 z - z 1
OF WORD B Z e > 0 0 0 z z o]
10 z 0 oY z z 19
|1 0] z 0 0 0 z - z |1 0]
10 z o] 0 0 z Zz 19|

<+—— ADDRESS 0 B ADDRES§ | ——
Z = High-Z
Figure 3

MT4C1M16C3/5 S WORD AND BYTE READ EXAMPLE

MT4(L)CIM18CY/S/B/7 S 3 2 Micron Semiconduclor, Inc., reserves the right to change products or specifications withowr notice,
REV. 3/83 = 55 ©1993, Micran Semiconductor, Inc.
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MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

’ +———— MASKED WRITE

RAS )\

NONMASKED WRITE ———» |

/ \

&as \ ./
WEL \ /i R/ V/
WEH VAN Y/ NN /
STORED MASK INPUT ~ STORED|STORED MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA
1] X 0 ------ > |o] 1] 1 1 eeees > 1]
1] X 0 ----- > |[o] o] 1 1 - > 1]
. 1 X 0 ------ > o 1 1 1 e > (1
LOWER BYTE ] X 0 nnee > [0 o] 1 T > [1]
(DQ1-DQA8) ] X R > [o] K 1 0 ----- > [0]
OF WORD l X 0 ----- > i i 1 0 ----- > i
| 1] X 0 ----- > 0] |1 [ 0 - > 1]
11] X 0 ----- > 0] 10] 1 0 eee- > |0}
[1] 0 X 1] [1] X S > [1]
1] 0 X I 1] X 0 ----- > [0
0 0 X 0 0 X L 1
UPPER BYTE o] 0 X o] (o] X 0 ----- : 1a]
(g‘gﬁ;v%?q‘g) o] 1 o> [0] | [0] X 1 o> 1)
0] 1 0 --nen > |[o] 0] X 1 eees > [1]
o] 1 1 e > [1 1] X 0 -eee- > [0]
0] 1 IR > 1] 1] X 0 ----- > [0]
<+————— ADDRESSO > | ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) [/} bON'T CARE
Figure 4
MT4C1M16C7 S MASKED WRITE EXAMPLE
NOTE: If WEL is LOW and WEH is HIGH when RAS goes LOW, then only DQs 1-8 will be masked. If WEL is HIGH

and WEH is LOW when RAS goes LOW, then only DQs 9-16 will be masked.

MT4({LICIMI6CYS/E7 §
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ADVANCE
MICRON MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

RAS

CAS

LOWER BYTE
(DQ1-DQ8)
OF WORD

UPPER BYTE
(DQ9-DQ16)
OF WORD

}-47 MASKED WRITE v' < NONMASKED WRITE 4>’

) P —

’ '

/N /. /A N/

STORED MASK INPUT  STORED | STORED MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA
[1] 0 X 1 1 X S JE—— > [1]
1] 1 0 - > [0] (0] X 1 - > [1]
1] 0 X 1] 1] X 1 s > [
1] 1 0 - > [o 0 X F— > 1
1] 0 X (1] (1] X 0 - > [o]
11 1 0 ----- > |o] o] X 0 ----- > [o]
1] 0 X 1] 1] X 0 e > [o]
[1] 1 [JRERE. > |0] o] X 0 -o-e- > |[o]
[1] 0 X [1] [1] X 1 - > [71]
1] 0 X 1] (1] X 0 --ee- > (0]
(0] 0 X (o] (0] X 1 e > [1]
(0] 0 X (0] (0] X 0 - > {0]
0] 1 0 --me- > [0] [0] X AR > [1]
0] 1 . > [0] (o] X S > [1]
(0] 1 1 > [1] 1] X 0 - > [0]
0] 1 IR— > [1] El X 0 ee-e- > [0

<+ ADDRESS 0 >| ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) DON'T CARE
Figure 5

MT4C1M16C5 S MASKED WRITE EXAMPLE

MT4{LICIMI6CSET S
REV. 393
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ADVANCE
MlCHDN MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

TRUTH TABLE: MTAC1M16C6/7 S

ADDRESSES
FUNCTION RAS | TAS | WEL | WEH [1]3 R 'c | DOs NOTES
Standby H H—X X X X X X | High-Z
READ L L H H L ROW | COL | Data-Out
WRITE: WORD L L L L X |ROW | COL | Data-In 3
(EARLY-WRITE)
WRITE: LOWER L L L H X ROW | COL | Lower Byte, Data-In, 3
BYTE (EARLY) Upper Byte, High-Z
WRITE: UPPER L L H L X ROW | COL | Lower Byte, High-Z, 3
BYTE (EARLY) Upper Byte, Data-In
READ-WRITE L L H-L H-L L—-H |ROW | COL | Data-Out, Data-In 1,3
PAGE-MODE | 1st Cycle L H—-L H H L ROW | COL | Data-Out
READ 2ndCycle| L H-L H H L n/a | COL | Data-Out
PAGE-MODE | 1st Cycle L H-L L L X ROW | COL | Data-In 1,3
WRITE 2nd Cycle L H-L L L X n/a | COL | Data-In 1,3
PAGE-MODE | 1st Cycle L H—-L | H—-L H—L L—-H |ROW | COL | Data-In 1,3
READ-WRITE (2nd Cycle| L H-L | H—-L H—L L—~H | n/a | COL | Data-Out, Data-In 1,3
HIDDEN READ L-H—-L| L H H L ROW | COL | Data-Out
REFRESH WRITE |[L-H—L| L L L X [ROW | COL | Data-In 1,2,3
RAS-ONLY REFRESH L H H H X |ROW | n/a | High-Z
CBR REFRESH H-L L H H X X X | High-Z
BBU REFRESH H-L L H H X X X | High-Z
SELF REFRESH H-L L H H X X X | High-Z

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active).
2. EARLY-WRITE only.
3. Data-in will be dependent on the mask provided (MT4C1M16C7 S only). Refer to Figure 4.

MT4(LICIMIECISET S 2 Micron Semicanductor, Inc., reserves the right to change products or specifications without notice.
REV. 3/93 3' 58 ©1993, Micron Semiconductor, (nc.



ADVANCE
MICRON MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

TRUTH TABLE: MT4C1M16C3/5 S

ADDRESSES

FUNCTION RAS | TASL | TASH WE 13 R It |DQs NOTES
Standby H H-X | H—X X X X X | High-Z
READ: WORD L L L H L ROW | COL | Data-Out
READ: LOWER BYTE L L H H L ROW | COL | Lower Byte, Data-Out

Upper Byte, High-Z
READ: UPPER BYTE L H L H L ROW | COL | Lower Byte, High-Z

Upper Byte, Data-Out
WRITE: WORD L L L L X |ROW | COL | Data-In 5
(EARLY-WRITE)
WRITE: LOWER L L H L X ROW | COL | Lower Byte, Data-In 5
BYTE (EARLY) Upper Byte, High-Z
WRITE: UPPER L H L L X | ROW | COL | Lower Byte, High-Z 5
BYTE (EARLY) Upper Byte, Data-In
READ-WRITE L L L H—-L L—H | ROW | COL | Data-Out, Data-In 1,2,5
PAGE-MODE | 1st Cycle L H-L | H-L H L ROW | COL | Data-Out 2
READ 2nd Cycle| L H-L | H-L H L nfa | COL | Data-Out 2
PAGE-MODE | 1st Cycle L H-L | H-L L X ROW | COL | Data-In 1,5
WRITE 2ndCycle| L H-L | H-L L X n/a | COL | Data-In 1,5
PAGE-MODE | 1st Cycle L H—-L | H-L H-L L—-H | ROW | COL | Data-Out, Data-In 1,2,5
READ-WRITE | 2nd Cycle L H—-L | H—L H-L L—-H | n/a | COL | Data-Out, Data-In 1,2,5
HIDDEN READ L-H—-L| L L H L ROW | COL | Data-Out 2
REFRESH WRITE |L—H—-L| L L L X ROW | COL | Data-In 1,35
'RAS-ONLY REFRESH L H H X X ROW | n/a | High-Z
CBR REFRESH H-L L L H X X X | High-Z 4
BBU REFRESH H—L L L H X X X | High-Z
SELF REFRESH H-L L L H X X X | High-Z

NOTE: 1. These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active).
2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active).
3. EARLY-WRITE only.
4. Only one CAS must be active (CASL or CASH).
5. Data-in will be dependent on the mask provided (MT4C1M16C5 S only). Refer to Figure 5.

MTHLICIMIBCYS/E7 S Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 3/03 3-259 ©1993, Micron Semiconductor, Inc.
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MICRON

ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss (5V) ....... -1V to +7V
Voltage on Vcc supply relative to Vss (3V) ....-1V to +4.6V
Operating Temperature, T (ambient)........... 0°C to +70°C
Storage Temperature (plastic) ............. -55°C to +150°C
Power Dissipation ..................
Short Circuit Qutput Current .........c.ccc.ceveevmerensersrecene 50mA

(Notes: 1, 3, 4, 8, 7, 42) (0°C < T, < 70°C; Voc = 5V £10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
deviceat these orany other conditions above those indicated
in the operational sections of this specificationis notimplied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect reliability.

DC OPERATING SPECIFICATIONS FOR 5V VERSION

NVYHAa 3dim I

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 A 1,44
Input High (Logic 1) Voltage, all inputs Vi 24 | Vcc+l Vv 1
Input Low (Logic 0) Voltage, all inputs ViL -1.0 0.8 \ 1
INPUT LEAKAGE CURRENT
Any input OV < VIN < Voe I -2 2 uA
(All other pins not under test = QV)
OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) loz -10 10 pA
OUTPUT LEVELS VoH 24 \
Output High Voltage (lout = -2.5mA)
Output Low Voltage (lout = 2.1mA) VoL 04 \

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION

(Notes: 1, 3, 4, 6,7, 43) (0°C < T, <70°C; Voc = 2.7V to 3.6V)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 27 3.6 \ 1,44
input High (Logic 1) Voltage, all inputs ViH 2.0 | Vcc+ \ 1
Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 \ 1
INPUT LEAKAGE CURRENT
Any input OV < Vin < Vee It -2 2 uA
(All other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vout < 3.6V) loz -10 10 uA
OUTPUT LEVELS VoH |..24 \
Output High Voltage (lout = -1.0mA)
Output Low Voltage (lout = 1.0mA) Vou 0.4 Vv

MT4(L)CIMI1B6CH5/6/7 S
REV. 393
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ADVANCE
MICRON MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

DC OPERATING SPECIFICATIONS FOR 5V VERSION
(Notes: 1, 3, 4, 6, 7, 42) (0°C < T, < 70°C; Ve = 5V +10%)

MAX
PARAMETER/CONDITION SYMBOL | -6 | -7 | -8 |UNITS| NOTES
STANDBY CURRENT: (TTL) (RAS = CAS = ViH) lcc 2 2 2 | mA
STANDBY CURRENT: (CMOS) (RAS = CAS = Vcc -0.2V) lccz 300 | 300 [ 300 | pA 25
OPERATING CURRENT: Random READ/WRITE
Average power supply current lcca 170 [ 160 | 140 [ mA |3, 4,44

(RAS, CAS Address Cycling: IRC = 'RC [MIN])

OPERATING CURRENT: FAST-PAGE-MODE
Average power supply current lcca 130 [ 120 | 110 [ mA |3, 4,44
(RAS = Vi, CAS, Address Cycling: 'PC = PC [MIN]; !CP, tASC = 10ns)
REFRESH CURRENT: RAS-ONLY

Average power supply current lces 170 [ 160 | 140 | mA |3,5,44
(RAS Cycling, CAS=V: tRC ='RC [MIN])
REFRESH CURRENT: CBR

Average power supply current lcce 170 (160|140 [ mA | 3,5
(RAS, CAS Address Cycling: 'RC = 'RC [MIN])

REFRESH CURRENT: BBU

Average power supply current during BBU REFRESH:
CAS = 0.2V or CBR cycling; RAS =RAS (MIN) to lecr 400 | 400 | 400 | pA | 3,42
300ns; WE, A0-A11 and DN = Vcc - 0.2V (DIN may be left open);

'RC = 125us (1,024 rows at 1255 = 128ms)

REFRESH CURRENT: SELF

Average power supply current during SELF REFRESH: CBR cycle with
RAS >'RASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; A0-A9 lccs 400 | 400 | 400 | pA 5
and DiN= Vce - 0.2V or 0.2V (DIN may be left open)

MT4(L)ICIM16CISET7 S Micron Semiconductor, inc., reserves the right ta change products or specifications without notice.
REV. 393 3-261 ©1993, Micron Semiconductor, inc.
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ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION

(Notes: 1, 3, 4, 6,7, 43) (0°C < T, <70°C; Vec = 2.7V 0 3.6V)

PARAMETER/CONDITION

SYMBOL

UNITS

NOTES

STANDBY CURRENT: (TTL) (RAS = CAS = VIH)

lcct

mA

STANDBY CURRENT: (CMOS) (RAS = CAS = Vcc -0.2V)

lcce

200

200

200

25

OPERATING CURRENT: Random READ/WRITE
Average power supply current
(RAS, CAS, Address Cycling: '1RC = 'RC [MIN))

lcca

170

160

140

mA

3,4,44

OPERATING CURRENT: FAST-PAGE-MODE
Average power supply current
(RAS = Vi, CAS, Address Cycling: 'PC = PC [MIN]; ICP, 'ASC = 10ns)

lcca

130

120

110

mA

3, 4,44

REFRESH CURRENT: RAS-ONLY
Average power supply current
(RAS Cycling, CAS = Vin: 'RC = 'RC [MIN])

lccs

170

160

140

mA

3, 4,44

REFRESH CURRENT: CBR
Average power supply current
(RAS, CAS, Address Cycling: IRC = 'RC [MIN])

lccs

170

160

140

mA

3,4

REFRESH CURRENT: BBU

Average power supply current during BBU REFRESH:

CAS = 0.2V or CBR cycling; RAS ='RAS (MIN) to

300ns; WE, A0-A11 and DiN = Vce - 0.2V (DIN may be left open),
'RC = 125us (1,024 rows at 125us = 128ms)

lcc7

400

400

400

3,42

REFRESH CURRENT: SELF

Average power supply current during SELF REFRESH: CBR cycle with
RAS > 'RASS (MIN) and CAS held LOW; WE = Vce - 0.2V; AD-A9

and DIN= Vcc - 0.2V or 0.2V (DN may be left open)

lccs

400

400

400

REv g T 3-262
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ADVANCE
MICRON MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

CAPACITANCE

(Note: 2)
PARAMETER SYMBOL | MAX | UNITS | NOTES
Input Capacitance: A0-A9 Cu 5 pF 2
Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)/ WE, OE Ci 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) (0°C < T, < +70°C)

AC CHARACTERISTICS -6 -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time ‘RC 110 130 150 ns
READ-WRITE cycle time 'RWC 155 180 200 ns
FAST-PAGE-MODE PC 35 40 45 ns 35
READ or WRITE cycle time

FAST-PAGE-MODE 'PRWC 85 95 100 ns 35
READ-WRITE cycle time

Access time from RAS 'RAC 60 70 80 ns 14
Access time from CAS ‘CAC 15 20 20 ns 15, 33
Qutput Enable 'OE 15 15 15 ns 33
Access time from column-address tAA 30 35 40 ns

Access time from CAS precharge 'CPA 35 40 45 ns 33
RAS pulse width 'RAS 60 100,000 70 100,000 80 100,000 ns

RAS pulse width (FAST-PAGE-MODE) 'RASP 60 100,000 70 100,000 80 100,000 ns

RAS hold time 'RSH 15 20 20 ns 40
RAS precharge time ‘RP 40 50 60 ns

CAS pulse width 'CAS 15 100,000 20 100,000 20 100,000 ns 39
CAS hold time 'CSH 60 70 80 ns 32
CAS precharge time 'CPN 10 10 10 ns 16, 36
CAS precharge time (FAST-PAGE-MODE] 'CP 10 10 10 ns 36
RAS to CAS delay time tRCD 15 45 20 50 20 60 ns 17, 31
CAS to RAS precharge time 'CRP 5 5 5 ns 32
Row-address setup time tASR 0 0 0 ns
Row-address hold time 'RAH 10 10 10 ns

'RAS to column- 'RAD 15 30 15 35 15 40 ns 18
address delay time

Column-address setup time tASC 0 0 0 ns 31
Column-address hold time 'CAH 10 15 15 ns 31
Column-address hold time ‘AR 50 55 60 ns

(referenced to RAS)

Column-address to 'RAL 30 35 40 ns

RAS lead time

Read command setup time 'RCS 0 0 0 ns 26, 31
Read comman@g_ld time tRCH 0 0 0 ns 19, 26, 32
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

CAS to output in Low-2 ‘cLz 3 3 3 ns 33

MT4(L)CIM16CY/B/6/T S Micron Semiconductor, Inc., resarves the right to change products or specifications without notice.
REV. 393 3'263 ©1983, Micron Semiconductor, Inc.
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ADVANCE
MICRON MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C)

AC CHARACTERISTICS -6 -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Output buffer turn-off delay tOFF 3 15 3 20 3 20 ns 20, 29, 33
WE command setup time wes 0 0 0 ns |21,286,31
Write command hold time WCH 10 15 15 ns 26, 40
Write command hold time 'WCR 45 55 60 ns 26
(referenced to RAS)

Write command pulse width WP 10 15 15 ns 26
Write command to RAS lead time RWL 15 20 20 ns 26
Write command to CAS lead time 'CWL 15 20 20 ns 26, 32
Data-in setup time DS 0 0 0 ns 22,33
Data-in hold time 'DH 10 15 15 ns 22,33
Data-in hold time DHR 45 55 80 ns

(referenced to RAS)

RAS to WE delay time 'RWD 85 95 105 ns 21
Column-address tAWD 55 60 65 ns 21
to WE delay time

CAS to WE delay time {CWD 40 45 45 ns 21,31
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh period (1,024 cycles) 'REF 128 128 128 ms 28
RAS to CAS precharge time 'RPC 0 0 0 ns

CAS setup time 'CSR 5 5 5 ns 5, 31
(CBR REFRESH)

CAS hold time 'CHR 15 15 15 ns 5,32
(CBR REFRESH)

WE hold time (MASKED WRITE and| 'WRH 15 15 15 ns 26, 27
CBR REFRESH)

WE setup time WRP 10 10 10 ns 26
(CBR REFRESH)

WE setup time ‘WRS 10 10 10 ns 26, 27
(MASKED WRITE)

OE setup prior to RAS during ORD 0 0 0 ns

HIDDEN REFRESH cycle

Output disable oD 3 15 3 15 3 15 ns 29, 41
OE hold time from WE during 'OEH 15 15 15 ns 28
READ-MODIFY-WRITE cycle

Last CAS going LOW 'CLCH 10 10 10 ns 34
to first CAS to return HIGH

Mask data to RAS setup time MS 0 0 0 ns 26, 27
Mask data to RAS setup time MH 15 15 15 ns 26, 27
RAS pulse width during tRASS 100 100 100 us 46
SELF REFRESH cycle

RAS precharge time during ‘RPS 150 150 150 ns 46
SELF REFRESH cycle

CAS hold time during ICHS -70 -70 -70 ns 46
SELF REFRESH cycle

CAS LOW to “don't care” during ICHD | . 600 600 : 600 us 29
SELF REFRESH cycle

MTa(L)CIMI6C/6/7 S 2 4 Micron Semicanduclor, Inc., reserves the right to change praducts or specifications withoul nolice.
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MICRON

ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

NOTES

1.
2.

3.
4.

10.

11.

12

13.

14.

15.
le.

17

18.

All voltages referenced to Vss.

This parameter is sampled. Vce = 5V or 3.0/3.3V
+10%;f =1MHz.

Icc is dependent on cycle rates.

Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.
Aninitial pause of 100ps is required after power-up
followed by eight RAS refresh cycles (RAS-ONLY or
CBR) before proper device operation is assured. The
eight RAS cycle wake-ups should be repeated any
time the *REF refresh requirement is exceeded.

AC characteristics assume T = 5ns.

Vi (MIN) and ViL (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VI (or between ViL
and ViH).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vit and
Vi {or between Vi and ViH) in a monotonic manner.
If CAS = Vm, data output is High-Z.

If CAS = Vi, data output may contain data from the
last valid READ cycle.

Measured with a load equivalent to one TTL gate and
50pF.

Assumes that 'RCD < 'RCD (MAX). If tRCD is greater
than the maximum recommended value shown in
this table, '/RAC will increase by the amount that
RCD exceeds the value shown.

Assumes that 'RCD 2 'RCD (MAX).

If CASis LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the Q buffer, CAS must be pulsed
HIGH for '*CPN.

. Operation within the '‘RCD (MAX) limit ensures that

'RAC (MAX) can be met. 'RCD (MAX) is specified as
a reference point only; if ‘RCD is greater than the
specified 'RCD (MAX) limit, access time is controlled
exclusively by ‘CAC.

Operation within the 'RAD limit ensures that 'RCD
(MAX) can be met. 'RAD (MAX) is specified as a
reference point only; if '‘RAD is greater than the
specified 'RAD (MAX) limit, access time is controlled
exclusively by tAA.

*The 3ns minimum is a parameter guaranteed by design.

19.

20.

21

22,

23.

24.

25.

26.

27.
28.

29.

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

t(};FF (MAX) defines the time at which the output
achieves the open circuit condition; it is not a
reference to Vou or Vor.*

TWCS, IRWD, tAWD and *CWD are restrictive
operating parameters in LATE-WRITE and READ-
MODIFY-WRITE cycles only. If ‘WCS > 'WCS (MIN),
the cycle is an EARLY-WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If 'RWD > tRWD (MIN), tAWD > tAWD
(MIN) and *CWD 2 *CWD (MIN), the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions is met, the state of Q (at access time and
until CAS or OE goes back to Vin) is indeterminate.
OF held HIGH and WE taken LOW after CAS goes
LOW results in a LATE-WRITE (OE-controlled) cycle.
These parameters are referenced to CAS leading edge
in EARLY-WRITE cycles and WE leading edge in
LATE-WRITE or READ-MODIFY-WRITE cycles.
During a READ cycle, if OE is LOW then taken HIGH
before CAS goes HIGH, Q goes open. If OE is tied
permanently LOW, LATE-WRITE and READ-
MODIFY-WRITE operations are not possible.

A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE = LOW and OE =
HIGH.

All other inputs at Vec -0.2V. -
Write command is defined as either WEL or WEH or
both going LOW on the MT4CIM16C6/7 S. Write
command is defined as WE going LOW on the
MT4CIM16C3/5 8.

MT4CIM16C5/7 S only.

LATE-WRITE and READ-MODIFY-WRITE cycles
must have both tOD and 'OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. The
DQs will provide the previously read data if CAS
remains LOW and OE is taken back LOW after tOEH
is met. If CAS goes HIGH prior to OE going back
LOW, the DQs will remain open.

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

MT4LICIMIBCHEST S
REV. 393
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ADVANCE
MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

NOTES (continued)

30. Notes 31 through 41 apply to MT4C1M16C3/5 S only.

31. The first CASx edge to transition LOW.

32. The last CASx edge to transition HIGH.

33. Output parameter (DQx) is referenced to correspond-
ing CAS input; DQ1-DQ8 by CASL and DQ9-DQ16
by CASH.

34. Last falling CASx edge to first rising CASx edge.

35. Last rising CASx edge to next cycle’s last rising CASx
edge.

36. Last rising CASx edge to first falling CASx edge.

37. First DQs controlled by the first CASx to go LOW.

38. Last DQs controlled by the last CASx to go HIGH.

39. Each CASx must meet minimum pulse width.

40. Last CASx to go LOW.

41. All DQs controlled, regardless CASL and CASH.

42, BBU current is reduced as 'RAS is reduced from its
maximum specification during BBU cycle.

43, The 5V version is restricted to operate between 4.5V
and 5.5V only.

44, The 3.0/3.3V version is restricted to operate between
2.7V and 3.6V only. The -6 speed version is only valid
for Ve = 3.0V to 3.6 V whereas the -7 and -8 speed
versions are valid for Vcc = 2.7V to 3.6V.

45. Column-address changed once while RAS = Vi and
CAS = V.

46. When exiting the SELF REFRESH mode, a complete
set of row refreshes should be executed in order to
ensure that the DRAM will be fully refreshed.
Alternatively, distributed refreshes may be utilized,
provided CBR refreshes are employed.

MT4{LICIMIECHS/E7 S
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ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

READ CYCLE

hilo}
Ras RP
J— Vi = p
ms v N
fosH
'RSH 'RRH
TSk
| ‘cRP file] tcas  'oien
CASHCASL VM x
o€AS  VIL -
AR
RAD 'RAL |
1, [ 1, !
ASR RAH ASC ‘caH
ADDR v“_ _m ROW )m( COLUMN W ROW
‘ J RS 'RCH
e W v/
orWE It -
l -
‘Rac
I
Icac oFF
‘oz
Vor - l&m
e vz OPEN VALID DATA OPEN
i 'oE | toD
|
p— ViH -
® i 7 7 /
tRe
tRas . AP
RAS vlr Z 7
fcsH
sk
i
| ‘cRP Lleh) ‘cas  loloM
CASHCASL ¥mH - F
oCAS VIl -
'aR
'RAD 'RAL
1, 1) 1, 1
| ASR ‘ RAH ‘ ASC 'CAH
M
owt |
TRWL )
1 1
'WCR
wes twen
K
l'wns twhp Ll
ELWEH VM
VI % NOTE 1 ¥
pHR
ts || tMH ‘s oM
v
oa y3i ﬂ NOTE 1 0 ﬁ VALID DATA W
— Vv
IR

NOTE:

DONT CARE

B unoerineD

1. Applies to MT4C1M16C5 S and MT4C1M16C7 S only. WE selects between normal WRITE and MASKED

WRITE at RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS tlme) The DQ
inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). W
DQ inputs on MT4C1M16C3 S and MT4C1M16C6 S are “don’t care” at RAS time.

L, WEH and
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ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

MICRON

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

NvHAd 3AIM l

NOTE:

rwe 1
'RAS | i |
vy =
ms vl / \
osH
‘RsH
Pt
| ‘cre lacp cas Leley]
CASH.CASL v:[‘ - f
orTAS -
tRap tRAL
fasR 'RAH tasc tcaM
_ |
abpR it _m ROW m COLUMN 0< ROW
| tRWD towL |
-]
tRcs _| lowp tawL
|
1, \
l‘wn§ 'wnH| AWD | WP
WELWER Viy - py—
oW Vi
‘an
'RAC
‘cac s || 4
y D: ‘D,
M, MM l toz —| | | | —en|
Vou - J
oa v - NOTE 1 OPEN X VALDD Gy VALID Dy OPEN
oe J top, QEH
) |
= Vi
GE i T /“ W
!
tRASP AP,
vy =
as v -
sH trc ‘RSH
(2 lcap RCD 1 lcas, teLeH cp Icas, lctcH [ tep teas, fole, ePN i
CASHCASL ¥m = f \
orCAS TIL X
taR
'RAD AL
lASh RAH tasc lcan, tASC CAH, ‘asC, fcaH, I
M -
aooR it Aow COLUMN m COLUMN W COLUMN W /)( ROW
Res — "—'RCS - |-'—‘Rcs ‘nc?i [=—1RRH
l‘—lk ‘ROH—| lo—- TRCH —=| [—- " |
WELWER ViH -
' 1 tan T '™
' 'AaC i topa ’ tcPa
I
lorg ‘o loFp fcac
feac | JOFE AC |-2FE | —| J—torF
oLz —=| |—— oz —| - ez —| —
VOH { VaLD VALID ¥ VALID
0 vp OPEN DATA DATA DATA OPEN
‘e I tog toe I log oE [&
= v
® W VY b/ 7

DON'T CARE

B unoerinen

1. Applies to MT4C1M16C5 S and MT4C1M16C7 S only. WE selects between normal WRITE and MASKED
WRITE at RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ
inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and
DQ inputs on MT4C1M16C3 S and MT4C1M16C6 S are “don’t care” at RAS time.
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ADVANCE
MICRON MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

FAST-PAGE-MODE EARLY-WRITE CYCLE

'rASP 1P |
s YW A
s vy J L
crp ‘csH o 'RSH

L B
1 lcrp 'RCD 1CAs, 'CLCH, cr cAS, GLCH, op 1CAS, 'CLCH, L teeN

\ L 1, U 1, 1,
| ASR, RAH, 'ASC, ICaH, l 'ASC, cAH ASC CAH,

v —
o 0 T o o /TR ) ST

|‘M5 ‘MHI I ‘ps ‘OH | os oH ios oH

I
VoH =
0Q vo NOTE 1 VALID DATA VALID DATA VALIO DATA
= Vv -
® T 7 7 7 7

A

s

=

=

S
Nvdad 3AIM l

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

‘RaSP lap
pE— ¥
ms vy L ’ L

CsH trc /trwe tRSH

i ‘cre tRcD Icas, 'oLcH tep fcas, loien ‘cp teas. toleH
CASHCASL Vin — f 3 4
orCAS VL ~_/

ADDA

DON'T CARE

K& unperiNeD

NOTE: 1. Applies to MT4AC1M16C5 S and MT4C1M16C7 S only. WE selects between normal WRITE and MASKED
WRITE at RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ

inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and
DQ inputs on MT4C1M16C3 S and MT4C1M16C6 S are “don’t care” at RAS time.
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WvHa 3dim .

ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

MICRON

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

tRasP L_tRP )
R VAV
Aas vz
| RsH
csH tpc
1. 'cre tRCD cas tcpp cAS cen |
— V] =
cAs vt T T\ N )
AR
1RAD IRAL
'ASR tRAH_ | tasc tcaH tasc tCAH
ADDR WM =
v ROW COLUMN coLumMn ] ROW
l H tow |
f 11 1
RCS .| RWL
I twe
wes weH
— vy -
e i N I
} 'os || foH
o VK / VALID DATA / /
M /
fcac
t t
CLZ tOFF,
v NOTE 1
OH — VALID
Q OPEN OPEN
VoL — DATA A
taa
Rac
— v
= 0 7/

NOTE: 1. Do not drive data prior to High-Z; that is completion of 1OFF. ICPP is equal to 'OFF + IDS(MIN) + guardband
between data-out and driving new data-in.
CBR REFRESH CYCLE
(A0-A9, OF = DON'T CARE)
RP RAS | RP RAS
E \
RPC
tepN | _tesa IcHR 'RPC, fosh {CHR ,
CASHCASL Vin - 7|‘ l
orGAs VIL -
pa K OPEN
rp| | W (=Re| | Jway
TR d N N T
DON'T GARE
B unperineD
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ADVANCE

MT4(L)C1M16C3/5/6/7 S
1 MEG x 16 WIDE DRAM

BBU REFRESH CYCLE
(A0-A9, OE = DON'T CARE)

NV4HAd 3AIM l

1258
Rl 1
RPC
teen | tosm ICHR WPC tcsp || R
T y
v |Mﬁ | WA, L M| '
v Ry X Y
SELF REFRESH CYCLE (“SLEEP MODE”")
(A0-A9, OE = DON'T CARE)
- 'RASS (not RA‘?()) NOTE 1 S (i NoTE 2
RAS 5:{‘ :J tapc ()() [ ‘_/\_(‘s_/—\_/—
‘cPN csr oo tons |
= v of T
* szH: 'WRP 4 ()S—Om‘ WRP WRH
=\ 777} NI T Y/ 7

V/A DONT CARE
@ UNDEFINED

NOTE: 1. Once 'RASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode.

2. Once 'RPS is satisfied, a compete burst of all rows should be executed.

Micron Semiconductor, Inc., reserves the right lo change products or specifications without notice.
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WvHAa 3aIMm l

ADVANCE
MlanN MT4(L)C1M16C3/5/6/7 S

1 MEG x 16 WIDE DRAM

RAS- ON RESH CYCLE
(ADDR = A0- A9 OE; WEH or WE = DON'T CARE)

'RC
RAS tap
ms v
|-'C¢, RPG |
cnsil«su z:[‘ . r ¥ 7
s tasR 'RAH
o lgr - oo
HIDDEN REFRESH CYCLE 24
(WEL, WEH or WE = HIGH; OE = LOW)
{READ) (REFRESH)
tRas .. tras
s Y —
i tcrp RCD tRsH fcHR
CAS:%(;ASH xir: ————
taR
'RAD RAL
tasA tRAH tasc, tean
ADDR x:f:m ROW N coLumn 0
tan
’ \RaC
"2:; — |=—torr
DOx ng E OPEN: VALID DATA b— oPeN—
toe o |
o x:{, :/ loro )/
DON'T CARE
m UNDEFINED
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