MICRON

MT4C1670/1 L
64K x 16 DRAM

DRAM

64K x 16 DRAM

STATIC COLUMN MODE, LOW
POWER, EXTENDED REFRESH

FEATURES

¢ Industry standard x16 pinouts, timing, functions
and packages

High-performance, CMOS silicon-gate process
Single +5V +10% power supply

All device pins are fully TTL compatible
Refresh modes: RAS-ONLY, CAS-BEFORE-RAS
(CBR), HIDDEN and BATTERY BACKUP (BBU)
Optional STATIC COLUMN MODE access cycle
* BYTE WRITE access cycle (MT4C1670 L only)

¢ NONPERSISTENT MASKED WRITE access cycle
(MT4C1671 L only)

256 cycle extended refresh distributed across 32ms
Low power, ImW standby; 225mW active, typical

L * & ® @

OPTIONS MARKING
* Timing
70ns access -7
80ns access -8
100ns access -10
¢ Write Enable
Byte or Word MT4C1670 L
Word only MT4C1671 L
* Mask Enable
Not Available MT4C1670 L
Always Available MT4C1671 L
¢ Packages
Plastic SOJ (400 mil) DJ
Plastic TSOP (400 mil) TG
Plastic ZIP (475 mil) Z

NOTE: Available in die form Please consult factory for die data sheets.

¢ Part Number Example: MT4C1670D}-7 L.

GENERAL DESCRIPTION

The MT4C1670/1 L are randomly accessed solid-state
memories containing 1,048,576 bits organized in a x16 con-
figuration. The MT4C1670 L has both BYTE and WORD
WRITE accesscycles while the MT4C1671 L has only WORD
WRITE access cycles.

The MT4C1670 L functions in a similar manner to the
MT4C1671 L except that replacing WE with WEL and
WEH allows for BYTE WRITE access cycles. WEL and
WEH function in an identical manner to WE: either WEL or
WEH will generate an internal WE through an AND gate
(Inverted NOR gate).
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The MT4C1670 L “WE” function and timing are deter-
mined by the first BYTE WRITE (WEL or WEH ) to transition
LOW and the last to transition back HIGH. Use of only one
ofthe tworesultsina BYTE WRITE cycle: WEL transitioning
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8)
or WEH transitioning LOW selects a WRITE cycle for the
upper byte (DQ9-DQ16).

The MT4C1671 L has NONPERSISTENT MASKED
WRITE capability.

MT4C 18701 L
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MICRON

MT4C1670:1 L

64K x 16 DRAM

FUNCTIONAL BLOCK DIAGRAM
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MICRON MT4C16701 L

64K x 16 DRAM

PIN DESCRIPTIONS
SOJ PIN ZIP PIN TSOP PIN
NUMBERS | NUMBERS | NUMBERS SYMBOL TYPE DESCRIPTION
14 24 16 RAS Input | ROW Address Strobe: RAS is used to clock-in the 8

row address bits and strobe the WEL, WEH and DQ
inputs for the MASKED WRITE function.

29 39 31 CAS Input | Column Address Strobe: CAS is used to clock-in the 8
column address bits, enable the DRAM output buffers,
and strobe the data inputs on WRITE cycles.

28 38 30 Ot Input | Output Enable: OF enables the output buffers when
taken LOW during a READ access cycle. RAS and
CAS must be LOW and WEL and WEH must be HIGH
before OE will control the output buffers. Otherwise the
output buffers are in a High-Z state.

13 23 15 WE/WEL* | Input | Write Enable Lower Byte: WEL on MT4C1670 L is
WE control for the DQ1 through DQ8 inputs. WE on
MT4C1671 L controls DQ1 through DQ16 inputs. If
(WEL or WEH)/WE is LOW, the access is a WRITE
cycle. The DQ outputs for the byte not being written
will remain in a High-Z state (byte WRITE cycle only).

12 22 14 NC/WEH* | Input | Write Enable Upper Byte: WEH on MT4C1670 L is WE
control for the DQY through DQ16 inputs. If (WEL or

WEH)/MWE is LOW, the access is a WRITE cycle. This
pin is a no connect on the MT4C1671 L as it has only

WORD WRITE access cycles.
15-19, 25-29, 17-21, AQ-A7 Input | Address Inputs: These inputs are multiplexed and
22-24 34-36 24-26 clocked by RAS and CAS to select one 16-bit word out
of the 64K available words.
2-9, 11,12, 2-9, DQ1-DQ16 | Input/ | Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs
32-39, 14-17, 36-43 Output | to the addressed DRAM location. BYTE WRITEs can
2,18, 19, be performed by using WEL or WEH to select the byte
3-9 to be written. For READ access cycles, DQ1-DQ16 act

as outputs for the addressed DRAM ocation. All 16
1/Os are active for READ cycles (there is no BYTE

READ cycle).
10, 25,26, | 1,20,31, | 13,27-29, NC - No Connect: These pins should be either left
27,31 32,37 35 unconnected or tied to ground.
1,11,20 | 13,21,30 | 1,13,22 Vce Supply | Power Supply: +5V £ 10%

21,30,40 | 10, 33,40 | 23,32, 44 Vss Supply | Ground

NOTE: *MT4C1671 LIMT4C1670 L
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MICRON

MT4C1670.1 L
64K x 16 DRAM

FUNCTIONAL DESCRIPTION

Each bit is uniquely addressed through the 16 address-
bits during READ or WRITE cycles. These are entered 8 bits
(A0-A7) at a time. RAS is used to latch the first 8 bits and
CAS the latter 8 bits.

READ or WRITE cycles on the MT4C1671 L are selected
with the WE input while either WEL or WEH perform the
“WE" on the MT4C1670 L. The MT4C1670 L “WE" function
is determined by the first BYTE WRITE (WEL or WEH) to
transition LOW and the last one 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 %E
whichever occurslast. Taking WE LOW willinitiatea WRITE
cycle, selectmg 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 theselected cell data as longas CASand
OE remain LOW (regardless of WE or RAS). This late WE
pulse results in a READ-WRITE cycle.

The 16 datainputsand 16 data outputs are routed through
16 pins using common I/O, and pin direction is controlled
by OF, WEL and WEH (MT4C1670L) or WE (MT4C1671 L).

STATIC COLUMN operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row address (A0-A7) defined page boundary. The STATIC
COLUMN cycle is always initiated with a row address
strobed-in by RAS followed by a column address strobed-
inby CAS. CAS may be toggled by holding RAS LOW and
strobing-in different column addresses, thus executing faster
memory cycles. Faster STATIC COLUMN WRITE cycles
must have CAS or WE toggled strobing-in the different
column addresses. Returning RAS HIGH terminates the
STATIC COLUMN 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, RAS-ONLY, CAS-BEFORE-RAS, or HID-
DEN refresh) so that all 256 combinations of RAS addresses
(A0-A7) are executed at least every 32ms, regardless of
sequence. The CAS-BEFORE-RAS refresh cycle will also
invoke the refresh counter and controller for row address
control.

BATTERY BACKUP MODE (BBU) is a CBR refresh
performed at the extended refresh rate with CMOS input
levels. This mode provides a very low current, data reten-
tion cycle. RAS must be clocked by an external source
during the BBU MODE or “SLEEP MODE".

BYTE WRITE ACCESS CYCLE (MT4C1670 L ONLY)

The BYTE WRITE mode is determined by the use of
WEL and WEH. Enabling WEL will select a lower BYTE
WRITE cycle (DQ1-DQ8) while Enabling WEH will select
pper BYTE WRITE (DQ9-DQ16). Enabling both WEL

an u|
and WEH selects a WORD WRITE cycle.

The MT4C1670 L may be viewed as two 64K x 8 DRAMS,
which have common input controls, with the exception of
the WE input. Figure 1 illustrates the MT4C1670 L BYTE
and WORD WRITE cycles.

MASKED WRITE DESCRIPTION (MT4C1671 L
ONLY)

Every WRITE access cycle may 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 MT4C1671 L is only
word selectable when WE is LOW at RAS time (the
MT4C1670 L does not have a MASKED WRITE cycle func-
tion).

The data (mask data) present on the DQ1-DQ16 inputs at
RAStime 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
isdisabled during the subsequent 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 CAS time, 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 MASKED
WRITE cycle is initiated, even if the previous cycle's mask
was the same mask.

Figure 2 illustrates the MT4C1671 L MASKED WRITE
operation (Note: RAS or CAS time refers to the time at
which RAS or CAS transition from HIGH to LOW).

MT4C1670/1 L
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MICRON MT4C1670:1 L

64K x 16 DRAM

‘ -~ WORD WRITE E— | -« LOWER BYTE WRITE ——>|

RAS \ / /-

CcAS \ / ) /

WEL \ / \ /

STORED INPUT STORED | STORED INPUT STORED
DATA DATA DATA | DATA DATA DATA

1 1 e > [1] [1] 1 e > [1]
1 1 meeee > 1] 1 e > [1]

1 0 - > o] 0] 1 e > 1
LOWER BYTE| [1] 0 - > (0] (0] 1 s » E
(DQ1-DQ8) ! 0 oo > [o] | [o] 1 > [1]
OF WORD LR > [+ [ 1 > 1]
1 1 > (1] 1] 1 > 1]
1 0 --e-- > o] o] 1 e > [1]
(0] 1 - > [1] (1] X eeee- > [1]
[ 1 e > (1] 1] X e-ee- > [1]

0 - > 0 X e > [o
UPPER BYTE e TR Y X )
(DQ9-DQ16) o . > M X s > [T
OF WORD }_
0 [ R > [0] o] X e > [0]
0 1 - > 1] X -e--- » 1)
o 0 ----- > 0] 0] X eeees > [0]

<«——— ADDRESS 0 > | - ADDRES§1 ———————————»
X = NOT EFFECTIVE (DON'T CARE)
Figure 1
MT4C1670 L WORD AND BYTE WRITE EXAMPLE
MT4CIB70/ L 2 1 55 Micron Tachnology, Inc . reserves the right 1o change products or spacifications without notice.
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MlCHDN MT4C1670.1 L

64K x 16 DRAM

‘ *———— WORD MASKED WRITE ——————» f ————— WORD NON-MASKED WRITE ——v)

w T \__JIh

STORED MASK INPUT  STORED | STORED MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA
0 X 1 [1] X R > ’Z
1 0 -oee- > [o o] X 1 e > [
1 ) X 1 1 X TR T
LOWER BYTE 7 : 0 eene > (o 0T X 1 e > 17
(8[9\1/\;8%%) 1 0 X 1 ] x Q eee- > [0
1 1 0 - > [0 0 X 0 oo > [o
1 a X 1 1] X o - > [o]
1 1 0 ---e- > Lo] X 0 - > BL
1 0 X ] E;] X . > [q]
Y ) X 1 1 X 0 -eee- > [o
] 0 X 0 FB‘ X 1 e > [7]
UPPER BYTE H ~
[} ) X 0 0 X 0 --e- > |o
(gggw%cgg) 0 1 0 oee > [0 0| X T > 1]
—- !
0 1 0 ---e- > [0 0 X [RRERRES > |1
0 1 T > |1 1 X 0 - > [o
[ 1 1 ens » j X 0 - > |o]
<— — ADDRESSO —| - ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) DON'T CARE
Figure 2
MT4C1671 L MASKED WRITE EXAMPLE
MT4C1870n L 2_1 56 Micron Technokigy, nm‘r-mmmmmmummw‘mm,
REV. 492
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MlCRDN MT4C1670/1 L

64K x 16 DRAM

TRUTH TABLE: MT4C1670 L rzn
ADDRESSES E

FUNCTION RAS | CAS | WEL | WEA OF ‘R 'c | Das 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 | DataIn E

(EARLY-WRITE) —

WRITE: LOWER L L L H X ROW | COL [ Lower Byte, Data in r?|

BYTE (EARLY) Upper Byte, High-Z

WRITE: UPPER L L H L X ROW | COL | Lower Byte, High-Z c

BYTE (EARLY) Upper Byte, Data In m

READ-WRITE L L H-L H—L L—-H | ROW | COL | Data Out, Data In 1 >

STATIC COLUMN [1st Cycle L L H H L ROW | COL [ Data Out g

READ 2nd Cycle| L L H H L n/a | COL | Data Out

STATIC COLUMN [1st Cycle L L L L X ROW | COL | Data[n 1

EARLY-WRITE [2nd Cycle] L L L L X n/a | COL | Datan 1,3

STATIC COLUMN | 1st Cycle L L H-L H—-L L—H | ROW | COL | Data Out, Data in 1

READ-WRITE |2nd Cyclel L L H—L H-L L—H n/a | COL | Data Out, Data In 1

HIDDEN READ L-H-L| L H H L ROW | COL | Data Out

REFRESH WRITE [L—-H—-L]| L L L X ROW | COL | DataIn 1,2

RAS-ONLY L H X X X ROW | n/a |High-Z

REFRESH

CAS-BEFORE-RAS H—L L X X X X X | High-Z

REFRESH

BATTERY BACKUP H—L L X X X X X | High-Z

REFRESH

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active).
2. EARLY-WRITE only.
3. Either CAS or WEL / WEH must latch in each additional column address and input data.

MT4G1670/1 L 2 1 57 Micron Tetnnology, 10C.. reserveis the nght Io change products or specificalions withaut notice.
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MlanN MT4C16701 L

64K x 16 DRAM

% TRUTH TABLE: MT4C1671 L
S ADDRESSES
FUNCTION RAS | CAS WE OF 'R 'c [Dos NOTES
- Standby H H—X X X X X | High-Z
READ L L H L ROW | COL | Data Qut
E WRITE: WORD L L L x | Rrow | coL|Datain 1
o= | (EARLY-WRITE)
'?1 READ-WRITE L L H-—L L—+H | ROW | COL | Data Out, Data in 1
STATIC COLUMN 1st Cycle L L H L ROW | COL | Data Out
O | reap 2ndCycle | L L L | na | COL|DataOut
m STATIC COLUMN | 1st Cycle L L L X ROW | COL | Data In 1
> EARLY-WRITE 2nd Cycle L L L X n/a | COL | Dataln 1,3
g STATIC COLUMN 1st Cycle L L H-L L-H | ROW | COL | Data Out, Data In 1
READ-WRITE 2nd Cycle L L H-L L—H n/a | COL | Data Out, Data In 1
HIDDEN READ L-H—-L| L L ROW | COL | Data Out
REFRESH WRITE L—~H-L L L X ROW | COL | Dataln 1,2
RAS-ONLY L H X X ROW | n/a | High-Z
REFRESH
CAS-BEFORE-RAS H—-L L X X X X | High-Z
REFRESH
BATTERY BACKUP H-L L X X X X | High-Z
REFRESH

NOTE: 1. Data-in will be dependent on the mask provided. Refer to Figure 2.
2. EARLY-WRITE only.
3. Either CAS or WEL / WEH must latch in each additional column address and input data.

MT4C1670/1 L 2 1 58 Micron Technology, Inc . reservs the nght 1o changa products or speciications without nolice.
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MT4C1670/1 L

64K x 16 DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc Supply Relative to Vss ... -1.0V to +7.0V
Operating Temperature, T, (Ambient) ......... 0°C to +70°C
Storage Temperature (Plastic) .................... -55°C to +150°C
Power Dissipation ...........cco.....
Short Circuit Output Current

*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 indicated
inthe operational sections of this specification is notimplied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect reliability.

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

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

PARAMETER/CONDITION

SYMBOL | MIN | MAX | UNITS | NOTES

Supply Voltage

Vce 4.5 55 \ 1

Input High (Logic 1) Voltage, All Inputs

ViH 2.4 | Vce+1 \ 1

Input Low (Logic 0) Voltage, All Inputs

Vio -1.0 0.8 \ 1

INPUT LEAKAGE CURRENT
Any Input OV < Vin < Vee
(Al other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vout < 5.5V) loz

OUTPUT LEVELS
Output High Voltage (lout = -2.5mA)
Output Low Voltage (lout = 2.1mA)

pA
0 | 10 | pA
Vv

VoH 2.4 -

VoL 0.4 \

MAX

PARAMETER/CONDITION

SYMBOL -7 | -8 | -10 |UNITS| NOTES

STANDBY CURRENT: (TTL)
(RAS =TAS = Vin)

Icct 2 2 2 mA

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

lcc2 300 | 300 (300 [ nA 25

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

lccs 120 | 115] 90 | mA |3, 4,31

OPERATING CURRENT: STATIC COLUMN
Average power supply current
(RAS = Vi; CAS, Address Cycling: !'SC = 'SC (MIN))

loca 110 | 95 | 80 | mA |3,4,31

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

lecs 120 | 115 90 | mA | 3,31

REFRESH CURRENT: CAS-BEFORE-RAS (CBR)
Average power supply current
(RAS, CAS, Address Cycling: 'RC = 'RC (MIN))

lcce 120 | 115 90 | mA 3,5

REFRESH CURRENT: BATTERY BACKUP (BBU)

Average power supply current during BATTERY BACKUP refresh:
CAS 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to
1,000ns; WE, A0-A9 and Din = Vce - 0.2V or 0.2V (Din may be left
open), 'RC = 125us (1,024 rows at 125us = 128ms)

lcc7

400

400

400

3,5,28

MT4C16701 L
REV. 482
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MlanN MT4C1670.1 L

64K x 16 DRAM

CAPACITANCE

(Note: 2)
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: AQ-A7 Ci 5 pF 2
Input Capacitance: RAS, CAS,(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, 23) (0°C £ To < +70°C; Vce = 5V £ 10%})

WvHA 3diM l M3N

AC CHARACTERISTICS -7 -8 -10

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time ‘RC 130 150 180 ns
READ-WRITE cycle time RWC 175 185 220 ns
STATIC-COLUMN READ or WRITE 'sc 45 50 55 ns

cycle time

STATIC-COLUMN READ-WRITE ISRWC 95 100 120 ns

cycle time

Access time from AAS 'RAC 70 80 100 ns 14
Access time from CAS 'CAC 25 35 40 ns 15
Output Enable time I0E 25 35 40 ns

Access time from column address AA 40 45 55 ns

Access time from CAS precharge 'CPA 45 50 55 ns

RAS pulse width 'RAS 70 100,000 80 100,000 100 100,000 ns

RAS pulse width (STATIC COLUMN) | 'RASC 70 100,000 80 100,000 100 100,000 ns

RAS hold time 'RSH 20 35 40 ns

RAS precharge time ‘AP 50 60 70 ns

CAS pulse width ICAS 25 100,000 35 100,000 40 100,000 ns

CAS hold time 'CSH 70 80 100 ns

CAS precharge time 'CPN 10 10 15 ns 16
TAS precharge time (STATIC COLUMN) | CP 10 10 10 ns

RAS 10 CAS delay time 'RCD 20 45 20 45 25 60 ns 17
CAS to RAS precharge time ICRP 5 10 10 ns

Row address setup time 'ASR 0 0 0 ns

Row address hoid time 'RAH 10 12 15 ns

RAS to column IRAD 15 35 17 40 20 55 ns 18
address delay time

Column address setup time 'ASC 0 0 0 ns

Golumn address hold time 'CAH 15 15 20 ns

Column address hold time ‘AR 55 60 70 ns
(referenced to RAS)

Column address to 'RAL 35 45 55 ns

RAS lead time

Read command setup time 'RCS 0 0 0 ns 26
Read command hold time 'RCH 0 0 1] ns 19, 26
(referenced to CAS)

Read command hold time 'RRH 0 10 10 ns 19
(referenced to RAS)

CAS to output in Low-Z 'cLz 0 0 0 ns

Output buffer turn-off delay OFF 0 20 0 20 0 20 ns 20, 30
:‘Ercclaglzou L 2_1 60 Micren Technology, inc., reserves the nght 10 change m;m;m?:;



MlCHDN MT4C1670/1 L

64K x 16 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7,8,9,10, 11, 12, 13, 23) (0°C < T, < +70°C; Vcc = 5V + 10%)

AC CHARACTERISTICS -7 -8 -10
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Output Disable time ‘oD 15 20 20 ns 30
Write command setup time WCSs 0 0 0 ns 21,26
Write command hold time 'WCH 15 15 20 ns 26
Write command hold time '‘WCR 50 60 70 ns 26
(referenced to RAS)
Write command pulse width wp 15 15 20 ns 26
Write command to RAS lead time 'RWL 20 35 40 ns 26
Write command to CAS lead time ICWL 20 35 40 ns 26
Data-in setup time DS 0 0 0 ns 22
Data-in hold time DH 15 15 20 ns 22
Data-in hold time 'DHR 50 60 70 ns
{referenced to RAS)
RAS to WE delay time ‘RWD 90 100 125 ns 21
Column address AWD 65 70 80 ns 21
to WE delay time
CAS to WE delay time 'CwWD 50 55 70 ns 21
Transition time (rise or fall) P T 3 50 3 50 3 50 ns 9,10
Refresh period (256 cycles) 'REF 32 32 32 ms 28
RAS to CAS precharge time 'RPC 0 10 10 ns
CAS setup time 'CSR 10 10 10 ns 5
(CAS-BEFORE-RAS refrash)
CAS hold time ICHR 15 25 30 ns 5
(CAS-BEFORE-RAS refresh)
MASKED WRITE command to RAS WRS 0 0 0 ns 26, 27
setup time
MASKED WRITE command to RAS 'WRH 15 15 15 ns 26, 27
hold time
Mask data to RAS setup time MS 0 0 0 ns 26
Mask data to RAS hold time MH 15 15 15 ns 26
OF hold time from WE during 'OEH 10 20 20 ns 29
READ-MODIFY-WRITE cycls
OE setup prior to RAS during tORD 0 0 0 ns
HIDDEN REFRESH cycle
Last WRITE to column address 'LWAD 20 30 20 35 25 45 ns
delay
Access time from last WRITE tALW 65 75 95 ns
Output data enable from WRITE ‘ow tAA tAA AA ns
Output data hold time from tAOH 5 5 5 ns
column address
'RAS hold time referenced to OE 'ROH 10 10 10 ns
Column address hold time 'AH 5 5 10 ns
referanced to AAS HIGH
CAS pulse width in 'cSC 'CAS 'CAS ICAS ns
STATIC-COLUMN mode
Write command inactive time Wi 10 10 10 ns
:;cc:’s‘zm L 2_1 61 Micran Tachnology, Inc.. reserves the nght to change products :; g;cnmlc;t:‘n; :::::w not::

WVHAad 3diMm l M3N



WVHAd 3dIM l M3N

MT4C1670.1 L
64K x 16 DRAM

N

LN

@

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

OTES
All voltages referenced to Vss.
This parameter is sampled. Vcc =5V £10%, 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 outputs 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 100ys is required after power-up
followed by any eight RAS cycles before proper
device operation is assured. The eight RAS cycle
wake-up should be repeated any time the 4ms refresh
requirement is exceeded.

AC characteristics assume T = 5ns.

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

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

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

Measured with a load equivalent to 1 TTL gates and
50pF.

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

Assumes that 'RCD > {RCD ( MAX).

If CAS is LOW at the falling edge of RAS, data out (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, then access time is
controlled exclusively by 'CAC.

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

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

20. 'OFF ( MAX) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vo or Vor.

21. 'WCS, tRWD, 'tAWD and ‘CWD are restrictive
operating parameters in LATE-WRITE and READ-
MODIFY-WRITE cycles only. If 'WCS 2 'WCS (MIN),
the cycle is an EARLY-WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If 'RWD 2 'RWD (MIN), tAWD > 'tAWD
(MIN) and *CWD 2 !CWD (MIN), the cycle is a LATE-
WRITE and the data output will contain data read
from the selected cell. If neither of the above
conditions are met, the state of data out are indeter-
minate. OE held HIGH and WE taken LOW after CAS
goes LOW results in a LATE-WRITE (OE controlled)
cycle,

22. These parameters are referenced to CAS leading edge
in early WRITE cycles and WE leading edge in LATE-
WRITE or READ-MODIFY-WRITE cycles.

23. If OE is tied permanently LOW, LATE-WRITE or
READ-MODIFY-WRITE operations are not possible.

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

25. All other inputs at Vcc -0.2V.

26. WRITE command is defined as either WEL or WEH

or both going LOW on the MT4C1670 L. WRITE

command is defined as WE going LOW on the

MT4C1671 L.

Must be held LOW to ensure MASKED WRITE is

enabled and must be held HIGH to ensure MASKED

WRITE is disabled.

28. BBU current is reduced as 'RAS is reduced from its
maximum specification during the BBU cycle.

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

30. The DQs open during READ cycles once ‘OD or ‘OFF
occur. If CAS goes HIGH first, OE becomes a “don’t
care.” If OE goes HIGH and CAS stays LOW, OE is
not a “don’t care;” and the DQs will provide the
previously read data if OF is taken back LOW (while
CAS remains LOW).

31. Column address changed once while RAS = Vi and
CAS = Vin.
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MlCHDN MT4C1670/1 L

64K x 16 DRAM

READ CYCLE

'ac

'RAS tnp
moW
AR
'RAD RAL tar
. lash RAH .
V !
woon Vi 777 o W p——— T von
csh
{ tomp I, Aco ICAS cap
as wI /
'ACH
*ACS tRSH 'RRK
aE w
tROM
= LI
toe
IcAg
[P aa | Jotr
‘oz
ba &g{‘: OPE m VALID DATA OPEN —
‘aac
EARLY-WRITE CYCLE
'RC )
'RAS e )
ms v H
tawR
. B0
|4"5—“.. _ﬂ.l s, : ean |
ADDR 5:[‘% AOW W R COLMN T M
'RAD tasH
[ ‘cRp fosm
| Teas
m oW/
ew
AL
twes weH
[ |m )W_"!l we
WELWER
&* xr' ﬂ NOTE | W A 1/ / ///
‘.'ﬂf.L‘m. ‘.-.'DS ow
oa 38{1: @{ NOTE § W ﬁ( VALID DATA OPEN
| LY
| wer
= i T
77/} boNT caRe
R unpeFineD

NOTE: 1. Applies to MT4C1671 L only; WEL, WEH and DQ inputs on MT4C1670 L are “don’t care” at RAS time. 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.

MTAG1670/1 L 2-1 63 Micron Tachnokogy. Inc.. reservas the right o changa products or specificalions without notice.
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MICHDN MT4C1670.1 L

64K x 16 DRAM

READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
l SR ‘RAK ' R
won T o WO o I o
‘'cRP ::: i
cAS
o o ‘.
WELWER |M§ M‘ ™ :::: I(:::: |
ﬁ :}r o NOTE 1 KZZ% l y /// /
o v /77 //f/
ik = ‘oo l“_us. oH

M,
| | ez ‘—*'1
ba t:gr - NOTE 1 OPEN4®( VALID DATA H VALIO DATA }— OPEN —
— R L

'RAC

STATIC-COLUMN READ CYCLE

'Rasc tap
— Yin -
AAS M r\ \
tsh| | | tran 's¢ 's¢ ‘RAL | tAH
ADDR Ve - ROW COLUMN ‘x COLUMN COLUMN
Vi - | ADDRESS N ADORESS | ADDRESS ADDRESS
‘RAD aSC lcas Icas ‘crp |
AR 'cp tRsH |
— Vin -
CAS i - N /] AR
_l'Rcs 'RCH | 1 'RCS 1RCH,
WEL WER | e |
e W iy N T
ﬁ [
'ROH

= W T

T

‘0E
icac
1A ALY
1oFF
‘RAC woH hanne
Vion - VALID &2
oo viol - oata I VALID DATA
‘oz .|

DON'T CARE

B unperINED

NOTE: 1. Applies to MT4C1671 L only; WEL, WEH and DQ inputs on MT4C1670 L are “don't care” at RAS time. 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.
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MT4C1670/1 L
64K x 16 DRAM

STATIC-COLUMN EARLY-WRITE CYCLE

'RASC ap
pu— |
ms vl o J P’
TAwR tsc \
RAL
'RCD
\ASA TRAH lcan fcan
] [ A ==
M 4
ACOR vy @{ ROW w COLUMN )@( COLUMN }@( coLumn
L
1RAD s ‘asc
esc | ‘ep | teap
—_ Vi - —
€A vy N\ N
I asc _ 's¢ . tcw
L3 twp -y
H-’ﬂi annl wes | | wek twt 1WCS | tweH twi wp
a7 S 7 — lm
s | | v 'os || oW ios oM | I‘os toH |
Vou -
v Y 7K e AR X 7 S
l ‘OHR

X T T

o
L

STATIC-COLUMN EARLY-WRITE CYCLE

(CAS CONTROLLED)
tRASC tap
ms VWD N
AR tRAL
‘tRAD
, t._."s" A Llc_‘". I‘fﬂ‘ .'i‘_“.‘
apoR i :9{ ROW }@{ GOLUMN COLUMN }@( COLUMN
'RCO ‘sc ‘asc tASH
| lese ‘e loso cp L tere
iy | | [
eAs vy C £
sg owL
bl \wp !l
| ey | | wey wog | | twey| (| wes | | won || v owe | ‘
WEL WEH
PR S 1) T || YT |y
|} L I.'E. BN Jos, .'ﬂ.l }.‘P_S. .'ELI
o Yo W e JO{ O A/ S Y
OHR
w® W T T T 7,
[/} ponT cane
B unpeFiNeD

NOTE: 1. Applies to MT4C1671 L only; WEL, WEH and DQ inputs on MT4C1670 L are “don’t care” at RAS time. 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.

Micran Technology, Inc . resarves the nght to change products of specifications without notice.
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MT4C1670.1 L

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

tRASC 'Re
M 7 M
SR {RAH
ADDR 5::_‘ Auggél_ss; E COLUMN ADDRESS @g COLUMN ADDRESS W /// ﬁ / M
tRAD tasc toAH -—
ISAWC tRAL 'crp
- \J:tl: i 1LWAD tRWL
1Aco tewp
o l lwag twgnl tAwD {awo | low ‘
we;e,\é‘vﬁux:rz p— / s SL"LP.P %L /
= Vg ' : |OI-H | i
O VIL—//////i//// 'AI!W )
"oe "™ lop
WS || MH o
s || toH T e
[o00] wgf:—g NOTE 1 M DW:RNW/// //// // / ’/
L. 'mc BATA ouT DATASUT DON'T CARE
R unDEFINED

NOTE: 1. Applies to MT4C1671 L only; WEL, WEH and DQ inputs on MT4C1670 L are “don't care” at RAS time. 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.
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MICRON MT4C1670/1 L

64K x 16 DRAM

RAS-ONLY REFRESH CYCLE
(ADDR = A0-A7,0E; WEL, WEH or WE = DON'T CARE)

'Ac

. | cAP MI
cAs vt T i ‘ ‘ X /
G/ S /A
CAS-BEFORE-RAS REFRESH CYCLE
(AO-A7; WEL, WEH or WE,and OE = DON'T CARE)
] Y
ey || tcsr ichR RPC, tcsR M}A
BATTERY BACKUP REFRESH CYCLE
(A0-A7; WEL, WEH or WE,and OE = DON'T CARE)
1258
s WD N
1APC
_— Jopn | i‘ 'csh CHR ReC. | tosh | lonR,
) DON'T CARE
@ UNDEFINED
:RCLG“;OH L 2_1 67 Micron Technology. Inc , reserves the right to change alodmx;:mi:fg?\n:x:zmﬂﬁ:
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MICRON MT4C1670 1 L

64K x 16 DRAM

HIDDEN REFRESH CYCLE 2¢
(WEL, WEH or WE = HIGH; OE = LOW)

AR ! __
s WS N if
< MASR_||_ 'RaH ‘inAo tasc ::::
soor Y 7777K_ mow o KL,
| e |

na ‘é}gr K OPEN VALID DATA b OPEN—
‘oE 1+ D, |

= W I W i

DON'T CARE

B unpEFINEG

MT4C167041 L 2 1 68 Micron Technology, (nc, reservas the nght to change products or specifications without nolice.
REV. 492 - ©1892, Micron Tachnology, tric.



