ADVANCE

MT4LC1M16C3(S)
1 MEG x 16 DRAM

N

m

DRAM

=
1 MEG x 16 DRAM mm

3.3V FAST PAGE MODE,
OPTIONAL SELF REFRESH

FEATURES

¢ JEDEC- and industry-standard x16 timing, functions,
pinouts and packages

High-performance CMOS silicon-gate process

Single power supply: +3.3V £0.3V

All device pins are TTL-compatible

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

BYTE WRITE and BYTE READ access cycles
1,024-cycle refresh (10 row-, 10 column-addresses)
Low power, 3mW standby; 225mW active, typical
Optional SELF REFRESH mode, with Extended
Refresh rate (8X)

OPTIONS MARKING
¢ Timing

60ns access -6

70ns access -7

80ns access -8
e Refresh Rate

Standard and 16ms period None

SELF REFRESH and 128ms period S
* Packages

Plastic SOJ (400 mil) DJ

Plastic TSOP (400 mil) TG

Part Number Example: MT4LCIM16C3TG-7 5

GENERAL DESCRIPTION

The MT4LC1M163(S) is a randomly accessed solid-state
memory containing 16,777,216 bits organized in a x16 con-
figuration. The MT4LC1M16C3 has both BYTE WRITE and
WORD WRITE access cycles via two CAS pins (CASL and
CASH). These function in an identical manner to a single
CAS of other DRAMs in that either CASL or CASH will
generate an internal CAS.

The MT4LC1M16C3 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
ofthetworesultsina BYTE accesscycle. CASL transitioning
LOW selects an access cycle for the lower byte (DQ1-D(Q8)
and CASH transitioning LOW selects an access cycle for the

upper byte (DQ9-DQ16).

Nv4dd

PIN ASSIGNMENT (Top View)

42-Pin SOJ
(DC-7)

Vee 01 420 Vss
Dot g2 410 DQ16
paz 03 400 D15
po3 0 4 397 DQ14
pQ4 05 380 DQI3
Voc 06 370 Vss
DQs ﬁ 7 30 DQ12
pas {8 30 Datt
par [ @ 341 DQIo
pas 0 10 330 DQ9
NC O 11 320 NC
NC [ 12 31 CASL
WE 013 30p CASH
RAS [ 14 290 OF
NC 315 280 A9
NC O 16 2710 A8
a0 017 60 A7
A1 018 250 A6
A2 019 241 A5
A3 20 230 A4
vee 0 21 221 Vss

44/50-Pin TSOP
(DD-6)

MT4LCIM16C3(S)
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ADVANCE
MT4LC1M16C3(S)

1 MEG x 16 DRAM

FUNCTIONAL DESCRIPTION

Each bit is uniquely addressed through the 20 address
bits during READ or WRITE cycles. These are entered ten
bits (AD-A9) at a time. RAS is used to latch the first ten bits
and CAS the latter ten bits. The CAS function is determined
by the first CAS(CASL or CASH) to transition LOW and the
last one to transition back HIGH. The CAS function also
determines whether the cycle will be a refresh cycle (RAS
ONLY) oranactive cycle (READ, WRITE or READ WRITE)
once RAS goes LOW.

The CASL and CASH inputs internally generate a CAS
signal functioning in an identical manner to the single
CAS input of other DRAMSs. The key difference is each
CAS input ( CASL and CASH ) controls its corresponding
DQ tristate logic (in conjunction with OE and WE). CASL
controls DQ1 through DQ8 and CASH controls DQ9 through
DQ16. The two CAS controls give the MT4CIM16C3 both
BYTE READ and BYTE WRITE cycle capabilities.

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 CASgoes 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 datainputsand 16 data outputs arerouted through
16 pins using common I/0O. Pin direction is controlled by
OFE and WE

FAST PAGE MODE

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 RAS HIGH 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 RAS HIGH 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
(128ms on S-version), regardless of sequence. The CBR
REFRESH cycle will also invoke the refresh counter and
controller for row-address control.

BYTE ACCESS CYCLE

The BYTE WRITEs and BYTE READs are determined by
the use of CASL and CASH. Enabling CASL will select a
lower BYTE access (DQ1-DQ8). Enabling CASH will select
an upper BYTE access (DQ9-DQ16). Enabling both CASL
and CASH selects a WORD WRITE cycle.

The MT4C1IM16C3 may be viewed as two 1 Meg x 8
DRAMs that have common input controls, with the excep-
tion of the CAS inputs. Figure 1 illustrates the BYTE WRITE
and WORD WRITE cycles. Figure 2 illustrates BYTE READ
and WORD READ cycles.

SELF REFRESH

SELF REFRESH is similar to CBR except that the DRAM
provides its own internal clocking during SLEEP mode.
Thus, an external clock is not required. This results in
additional power savings and design ease. The DRAM's
SELF REFRESH mode is initiated by executing a CBR
REFRESH cycle and holding both RAS and CAS LOW fora
specified period. The industry standard for this value is
100us minimum (‘RASS). The DRAM will remain in the
SELF REFRESH mode while RAS and TAS remain LOW.
Once CAS has been held LOW for *CHD, CASis no longer
required to remain LOW and becomes a “don’t care.” CAS
is a “don’t care” until 'CHS, 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, '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 125us per
row-address. Once thisbursthas been completed, the DRAM
may be used in the functional mode with distributed re-
freshes, 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 and must be
executed within three external refresh rate periods. This
will ensure maximum data integrity.

MT4LCTIM16CI(S)
REV, 4/94
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MT4LC1M16C3(S)

1 MEG x 16 DRAM

CASL

CASH
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(DQ1-DOB)Y
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(DQ9-DQ16)
OF WORD

RAS
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LOWER BYTE
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UPPER BYTE
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|<‘ WORD WRITE 4»'47 LOWER BYTE WRITE ——>|

STORED  INPUT  INPUT  STORED | STORED INPUT INPUT  STORED
DATA  DATA DATA DATA | DaTA DATA DATA DATA
1 [ IR > [o] 0 1 = [1]
1 0 » |0 Q 1 > 1
[} 1 > (7] 1 ° -> (0]
1 o > [o] [ 1 - > [1]
1 0 > [0 q 1 > [1]
1 0 > [o] [ 1 > 1]
1 o - > [o] [o] 1 > [
1 o - > [0] [g] 1 > [t
0 X > 1 e 1] 1 X - > [1]
T X > 0 ----» [0 ) b3 -> (0]
° x > 1 - 1] 1 X > [1]
1 X > 0 > [0 0 X > [o]
o x > 1 een [ [ x > [1]
0 x > 1 [ 1 X - > [1]
o x N e Kl 1 X - 7]
X e Rk X - 1]
ADDRESS 0 ADDRESS 1

/SN

X = NOT EFFECTIVE (DON'T CARE}

|

Figure 1
WORD AND BYTE WRITE EXAMPLE

WORD READ

LOWER BYTE READ —v|

o /N

STORED  OUTPUT  OUTPUT  STORED | STORED OUTPUT  OUTPUT  STORED
DATA DATA DATA DATA | DATA DATA DATA DATA
1 1 > 1] 1 1 e 1 K
1 [ 1 ] 1 > 1 1]
0 0 o [0] [ > 0 [o]
1 1 1 1 1 > 1 1
[1] 1 [ 1] 1 > 1 1]
[1] 1 1 7] 5 1 1
&Y ! ! ] > 1
v|_ 1 1 |_ -1 1
z o o [} z > Z [9]
1 2z 1 1 [ z >z i1
) z o ! o z >z [o]
(1] z 1 I 1 z >z ]
[o] z o (o] 0 z >z (9]
|o] z [ [o] Ch z > Z [9]
o] z 0 [o] [o] z z [o]
CREr S - I ¢ C5: o
ADDRESS 0 | ADDRESS 1

2= Highz

Figure 2
WORD AND BYTE READ EXAMPLE
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MlCHDN MT4LC1M16C3(S)
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1 MEG x 16 DRAM m

=
TRUTH TABLE -
ADDRESSES

FUNCTION RAS | TASC |TASH | WE | OF | ® | 't |bos notes | O
Standby H H—X | H—X X X X X | High-Z m
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 g

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
(EARLY WRITE)
WRITE: LOWER L L H L X ROW | COL | Lower Byte, Data-In
BYTE (EARLY) Upper Byte, High-Z
WRITE: UPPER L H L L X ROW | COL | Lower Byte, High-Z
BYTE (EARLY) Upper Byte, Data-In
READ WRITE L L L H-L L—H | ROW | COL | Data-Out, Data-In 1,2
PAGE-MODE | 1st Cycle L H—-L | H—L H L ROW | COL | Data-Out 2
READ 2nd Cycle L H—-L | H—L L n/a | COL | Data-Out 2
PAGE-MODE | 1st Cycle L H—L | H—L L X ROW | COL | Data-in 1
WRITE 2nd Cycle L H—L | H—~L L X n/a | COL | Data-In 1
PAGE-MODE | 1st Cycle L H—-L | H—~L H—L L—H | ROW | COL | Data-Out, Data-In 1,2
READ-WRITE |2nd Cycle| L H—L | H—L H-L L—H | n/a | COL | Data-Out, Data-In 1,2
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 1,3
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
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).

MT4LCIM16C3(S) Micron Semiconductor, Inc , reserves the night to change products or specifications withaut notice.
REV. 4194 1 -307 51994, Micron Semicenductor, Inc.



ADVANCE
MT4LC1M16C3(S)

1 MEG x 16 DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Ve Supply Relative to Vss......... -1V to +4.6V
Operating Temperature, T (ambient) 0°C to +70°C
Storage Temperature (plastic) .................... -55°C to +150°C
Power Dissipation .............c.cocmervecnccnmrnnsrosnnsnnnnnn. W
Short Circuit Output Current ........ccoececovicercrironnnnns 50mA

DC OPERATING SPECIFICATIONS
(Notes: 1, 6, 7, 42) (Vce = +3.3V £0.3V)

*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
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 3.0 3.6 \
Input High (Logic 1) Voltage, all inputs Vi 2.0 | Vcoc+1 \
Input Low (Logic 0) Voltage, all inputs ViL -1.0 0.8 Vv
INPUT LEAKAGE CURRENT

Any input OV < Vin < Vee I -2 2 nA
(All other pins not under test = QV)

OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vout < 3.6V) loz -10 10 HA
OUTPUT LEVELS VoH 2.4 \
Output High Voltage (lout = -2.0mA)

Output Low Voltage (lout = 2.0mA) VoL 0.4 \

ELECTRICAL CHARACTERISTICS AND DC OPERATING SPECIFICATIONS

Notes: 1,6, 7, 4 = +3.3V 0.

(Notes: 1, 6 2) (Vcc = +3.3V £0.3V) MAX
PARAMETER/CONDITION SYMBOL -6 | -7 | -8 [UNITS| NOTES
STANDBY CURRENT: (TTL) (RAS = CAS = ViH) lcct 2 2 2 mA
STANDBY CURRENT: (CMOS) (RAS = CAS = Vcc -0.2V) Icce 1 1 mA 25
OPERATING CURRENT: Random READ/WRITE
Average power supply current lccs 150 | 140 { 130 | mA |3, 4, 26
(RAS, CAS Address Cycling: 'RC = 'RC [MIN))

OPERATING CURRENT: FAST PAGE MODE

Average power supply current Icca 80 [ 70 | 60 | mA {3,4,26
(RAS = Vi, CAS, Address Cycling: 'PC = tPC [MIN]; 'CP, tASC = 10ns)

REFRESH CURRENT: RAS ONLY

Average power supply current lccs 150 | 140 | 130 | mA 3
(RAS Cycling, CAS=ViH: 'RC = 'RC [MIN])

REFRESH CURRENT: CBR

Average power supply current lcce 150 | 140 [ 130 [ mA 3,5
(RAS, CAS Address Cycling: 'RC = 'RC [MIN])

REFRESH CURRENT: Extended (S-only)

Average power supply current during BBU REFRESH:

CAS = 0.2V or CBR cycling; RAS ='RAS (MIN); lec7 150 | 150 | 150 | uA 3,5
WE, AD-A9 and DIN = Vcc - 0.2V (DIN may be left open);

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

REFRESH CURRENT: SELF (S-only)

Average power supply current during SELF REFRESH: CBR cycle with

RAS = 'RASS (MIN) and TAS held LOW; WE = Vcc - 0.2V; AD-A9 Iccs 150 | 150 | 150 | pA | 5,27
and DIN= Vcc - 0.2V or 0.2V (DN may be left open)

MT4LC1M16C3(S}
REV 4/94
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MlanN MT4LC1M16C3(S)
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1 MEG x 16 DRAM 7]
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CAPACITANCE

(Note: 2)
PARAMETER SYMBOL | MAX | UNITS | NOTES
Input Capacitance: Addresses Cu 5 pF 2
Input Capacitance: RAS, CASL,CASH, WE, OE Cr2 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) (Voo = +3.3V £0.3V)

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 150 180 200 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 IRAC 60 70 80 ns 14
Access time from CAS ICAC 15 20 20 ns 15, 33
Output Enable OE 15 15 15 ns 33
Access time from column-address 1AA 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 20 45 20 50 20 60 ns 17, 81
CAS to RAS precharge time 'CRP 5 5 5 ns 32
Row-address setup time 'ASR 0 0 0 ns
Row-address hold time ‘RAH 10 10 10 ns

'RAS to column-address delay time 'RAD 15 30 15 35 15 40 ns 18
Column-address setup time 'ASC 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 RAS lead time 'RAL 30 35 40 ns

Read command setup time ‘RCS 0 0 0 ns 26, 31
Read command hold time 'RCH 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-Z ‘cLz 3 3 3 ns 33,30

MT4LC1M16C3(S) Micron Semiconductor, inc.. reserves the right lo change products or specifications without nolice.
REV. 4/34 1 -309 1994, Micron Semiconductor, Inc.



ADVANCE
MT4LC1M16C3(S)

ON 1 MEG x 16 DRAM

(Notes: 6,7, 8, 9,10, 11, 12, 13) (Vcc = +3.3V £0.3V)

=
:
- ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
O
X
=

AC CHARACTERISTICS -6 -7 -8

PARAMETER SYmM MIN MAX MIN MAX MIN MAX UNITS NOTES
Output buffer turn-off delay 'OFF 3 15 3 20 3 20 ns 20, 30, 33
'WE command setup time wWCs 0 0 0 ns 21, 26, 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 60 ns

(referenced to RAS)

RAS to WE delay time 'RWD 85 95 105 ns 21
Column-address to WE delay time 'AWD 55 60 65 ns 21
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 16 16 16 ms 28
Refresh period - S option (1,024 cycles)] 'REF 128 128 128 ms 28
RAS to CAS precharge time ‘RPC 0 0 0 ns

CAS setup time (CBR REFRESH) ICSR 5 5 5 ns 5, 31
CAS hold time (CBR REFRESH) 'CHR 15 15 15 ns 5,32
WE hold time (CBR REFRESH) "WRH 10 10 10 ns 26
WE setup time (CBR REFRESH) 'WRP 10 10 10 ns 26
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, 30, 41
OF hold time from WE during tOEH 15 15 15 ns 28
READ-MODIFY-WRITE cycle

Last CAS going LOW ICLCH 10 10 10 ns 34
to first CAS to return HIGH

RAS pulse width during RASS 100 100 100 us 27
SELF REFRESH cycle

RAS precharge time during RPS 110 130 150 ns 27
SELF REFRESH cycle

CAS LOW to “don't care” during 'CHD 15 15 15 ns

SELF REFRESH cycle

MT4LCIM1BCI(S) 1 1 O Micron Semiconductor, Inc , reserves the right to change products or specilications without notice.
REV. 4/94 '3 21994, Micron Semiconductor, Inc.
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ADVANCE
MT4LC1M16C3(S)

1 MEG x 16 DRAM

NOTES

1.

2
3.
4

“o

10.

11
12.

13.

14.

15.

16.

17.

18.

19.

All voltages referenced to Vss.

. This parameter is sampled. Vcc = +3.3V;f = 1 MHz.

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.

An initial pause of 100us 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.

Vix (MIN) and ViL (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between Vix and VIL (or between ViL
and Vin).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vid and
VI (or between Vi and VIH) in a monotonic manner.
If CAS = Vin, 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,
50pF and VoL = 0.8V and Von = 2.0V.

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

Assumes that 'RCD = 'RCD (MAX).

1f 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.

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

20.

21.

22,

23.

24,

25.

26.
27.

28.

29.

tOFF (MAX) defines the time at which the output
achieves the open circuit condition; it is not a
reference to VOH or VOL.

WS, 'RWD, FAWD and 'CWD are restrictive
operating parameters in LATE WRITE and READ-
MODIFY-WRITE cycles only. If tWCS = 'WCS (MIN),
the cycle is an EARLY WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If RWD = 'RWD (MIN), 'AWD > 'AWD
(MIN) and 'CWD = {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 Vi) 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 OF 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 0.2V or Vee -0.2V.
Column-address changed once each cycle.

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.

LATE WRITE and READ-MODIFY-WRITE cycles
must have both tOD and tOEH 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 'OEH
is met. If CAS goes HIGH prior to OF going back
LOW, the DQs will remain open.

The DQs open during READ cycles once ‘OD or 'OFF
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 OE
is brought back LOW (CAS still LOW), the DQs will
provide the previously read data.

MTALCIM16C3US)
REV. 4/94

1-311

Micren Semiconductor, Inc., reserves the right to change praducts or specifications without notice.
1994 Micron Semiconductor, Inc.

N

II\IVH(] I M



ADVANCE
MT4LC1M16C3(S)

1 MEG x 16 DRAM

design.

31. The first CASx edge to transition LOW.

32. The last CASx edge to transition HIGH.

33. Qutput 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.

<
g
- NOTES (continued)
30. The 3ns minimum is a parameter guaranteed by
O
>

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

36. Laft 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.

MT4LCIM16C3(S)
REV. 4/79¢

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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ADVANCE

MT4LC1M16C3(S)
1 MEG x 16 DRAM

READ CYCLE

'RC
RAS RP
V<
ms vtz
tosH
tRSH 'RRH
CRP tRCD tcas _ toieH
TASLandCASA Vi ~
Wi N
Ll
RaD 1RAL |
. 'ASR tRAH tasc cAH '
_ |
ADDR VT Aow ]ﬁm COLUMN W ROW
tRes ‘ tReH
WE v - b
viL / W /
tan
| RAC
Ll
cho e
laz
Vion —
b yloH __OPEN—®[ VALID DATA OPEN
i toe |._toD
|
— Vi
= W ) /
'RC
'RAS | RP
Vi = —
s JH
Ras vy _
tosH
'RSH
L
i tcap ‘AcD lcAs  'cew
CASLandTASH vy —
w o Z ]
AR
RAD RAL
‘ tasr tRAH | tasC tcaH
v
ADDR vt m ROW COLUMN W ﬁ( AOW
tewl |
1
tAwL
1
weR
wes weH
twe
WE vy
Vie
‘oHR
!
'os on
b ylod VALID DATA
VioL -
— v
Uy -

DON'T CARE

B unperFinED

MT4LC1M16C3(S)
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ADVANCE
MT4LC1M16C3(S)

1 MEG x 16 DRAM

RAS

Wvdd I M3N

CASL and CASH

ADDR

M
M

TASK and CASH

]l

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

Rwe
tRas \ Ll
M l
-
osh
lasH
L ‘cRP 'RCD tcas fcLeH
Mo
w-_/
AR
‘RAD RaL
[ [ \ 1
| ASR RAH | ASC GAH
Vg
L/, S /), ST T
| RWD towL |
Ires | ‘owo tAwL
! tawp twp
IR Jy
v
i i T
tan
Rac
‘oA
' os_|| toH
oz —= | |._.._>1
Viod — J
V:gt = pEN%_ VALID O ¢y 7 VALID O OPEN
toe ' top, tOEH
. "]
vy 7
w7 T, /A[ / X
'RASP AP,
tcsH | PC trsH
1< CRP laco Jcas, loLeH tcp tcas ‘oicH | tep lcas, ‘e ePN
AR
'RAD ‘RaL
1ASF RAH, | lasc CAH, tASC, caH, 'ASC, ‘A, |
&/ ST /) XS /), T ), T ) =
f =—lacs — I--—‘ncs |—’l [=—tRRH
'_._ RCS, \oH—] f‘ trcH —=] 14 ACH
tan i 1an 1 tan
‘aac ’ opa i toPA
k
‘cac loFp Teac lorg. cac o Jomiore
oLz —= o z == [— oy z | |-
VALID VALID VALID
OPEN DATA DATA oata P OFEN
tog ‘oE 1 ‘on lon

L

7

loe

j

/ V/

i

DON'T CARE

B unoermen

MT4LCIM16CI(S)
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ADVANCE

MICRON MT4LC1M16C3(S)

N

1 MEG x 16 DRAM m

FAST-PAGE-MODE EARLY-WRITE CYCLE

Nvda l M

'RASP AP |
vy
ms v T
cae 'csh trc tRSH
'cRe 'RGD cas, toLeH, ‘op cAs 'CLCH, ‘ep \Gas, 'oLoH, L CPN
I
TASLandTASH Y =
-/
ar
'RAD RAL
tasA, tRaH tasc, caH *ASC can, tasc, tcaH
v
aoR vl ROW COLUMN coLuMN coLumMN ROW
w
fowl | towl | tow |
| -
twes weH ' wes WeH twes weH
wp ‘WP we
WE vy
W %) Vi
| twen RWL ‘
\ DHR
! 'os on | 'ps 'oH 'ps. oH

- |
oo v:gf — % VALID DATA @ﬂ: VALID DATA W VALID DATA w

= Vg
oE UM

FAST-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE CYCLES)
o ‘csH PG /'RWC tRSH m\;
e thco tcas, 'oLoH lteP \CAS, ‘CLCH <GP tcas, tocH opN
"CABL and TASH 5:[‘ :J l — o
) |<'Aii> L Ran, | lasg] fcan Jasg||, tcan ‘ _‘&q tcan |
AooR -yl :m ROW 4’@ GOLUMN COLUMN W COLUMN W

i

Yy
_ | RWD_ -~ WL
RCS | . \ N
1 ‘WL - Cwi e - - 'CwL
byp | |t twp | | -] [
‘AWD tawp 1awo
‘cwp ‘owo fewo
WE VM
[
an
4 .
| RAG LT I
DS - CPA
- 1gaC —=|
| Cz | f-—
VioH — O AL VALD
DO v - Q (R AR OPEN
—| |=—top P
— tog—e| |- |
= N =
OE ! T ‘(«ZZ’ZZE

V7] bonT caRe

@ UNDEFINED

MT4LCIMI6C3(S) 1 3 1 5 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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ADVANCE
MT4LC1M16C3(S)

1 MEG x 16 DRAM

RAS ONLY REFRESH CYCLE
(ADDR = A0-A9, OF; WE = DON'T CARE)

RC

Wvda I M3N

'Ras tre
ms oD :
| 1CRP RPC l
TASLand GASH /M — g X /
‘ASR RAH
ADDR ¥:[‘ z ROW )0 / / / 62272272( ROW
Qv -
FAST-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)
RasP 1 RP__
s Wi N
RSH
tcsh e
. lcap RCD icas icrp cas CPN |
CASLanaCASH (M ~ ]\
AR
RAD 'RAL
tasR IRAH tasc tcan tasC 'CaH
ADDR wﬁ' m AowW @( COLUMN W / 0; GOLUMN W /x ROW
fowt |
tRes I W, |
twe
twes tweH
% Yt 7777 | Y,
DS DH

|
° i T T 1, SR I,

tcac
t t
clz LoFE
NOTE 1
VoH - VALID
[+] PEN OPEN
VoL = k_DATA
taa
RAC

TE U j;;;3>
OE vy

DONT CARE

R unoeFneD

NOTE: 1. Do not drive data prior to High-Z; that is completion of tOFF. 'CPP is equal to ‘OFF + IDS(MIN) + guardband
between data-out and driving new data-in.

MT4LCIM16CI(S) 1 31 6 Micron Semiconductor, Inc., reserves the right to change products or specilications without notice.
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ADVANCE

MT4LC1M16C3(S)

MICRON 1 MEG x 16 DRAM

CBR REFRESH CYCLE
(AO-A9, OE = DON'T CARE)

'Rp tRAS RP RAS
s il N !
tRPC
leen | lcsr ICHR 'APC tcsh CHR
CASLanaCASH Y = f ]K /
DQ I OPEN
| twRP 1WRHi | wRp tWHHi
we e e Xy K
SELF REFRESlﬁYCLE (“SLEEP MODE”)
(A0-A9, OE = DON'T CARE)
- tRASS (ot RA(T(; NOTE 1 tHps wores
RAS 3:[‘ :J RPc N (’() V RPC S‘_/_\—%‘/\_/i
CPN icsh toHD . 'LciN.
Sty T
bo Y1z —— {§— oren —

W\ 7T

KA

7

X

DON'T CARE
m 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.
MT4LCIMI6C3(S) Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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ADVANCE
MT4LC1M16C3(S)

1 MEG x 16 DRAM

HIDDEN REFRESH CYCLE 2
(WE = HIGH; OE = LOW)

WvHdd l M3N

(READ) (REFRESH)
'RAS L tRp | 'ras
=2 VIH- }—J‘\
RAS v '_ N J X 4
L leap 'RcD tRSH 'cHR
V= | ———
ChsLanaGASH vliZ 1
'AR
'RAD RAL
tasR 'RAH. asc cAH
Vi | 3
ADDR V:E_m( ROW m COLUMN W
taa
RAC
tcac
1 — |[=torF
cLz
VIoH —
DO vigl' OPEN VALID DATA f— oPeEN—
o8 top,
Yy ‘orD
WS T ) A

DON'T CARE

B unoerineD

MTALCTMI6C3(S) 1-318 Micron Semiconductor, Inc., reserves the right to change products or specifications without natice.
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